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Abstract
The liver has a high regenerative capacity after acute liver injury, but this is often
impaired during chronic liver injury. The existence of a dedicated liver stem cell
population that acts as a source of regeneration during chronic liver injury has
been controversial. Recent advances in transgenic models and cellular
reprogramming have provided new insights into the plasticity of the liver
epithelium and directions for the development of future therapies. This article
will highlight recent findings about the cellular source of regeneration during
liver injury and the advances in promoting liver regeneration.
Key words: Liver regeneration; Stem cells; Cellular plasticity
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population. Nevertheless, more evidence is beginning to reveal that cellular plasticity in
the liver plays a role in liver regeneration. This mini-review highlights recent findings
about plasticity in the liver epithelium.
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INTRODUCTION
The liver is the largest internal organ in humans, and has exceptional regenerating
capacity. The liver epithelium mainly consists of hepatocytes and cholangiocytes, with
70%-85% of the liver consisting of hepatocytes. Hepatocytes function in drug
metabolism, protein synthesis and bile secretion. The biliary tree is a threedimensional branching structure lined by cholangiocytes to form tubular networks.
These networks transport bile for storage in the gall bladder, or to the duodenum for
the breakdown of fats. The liver is relatively quiescent compared to other epithelial
organs such as the skin and intestines, with minimal hepatocyte proliferation during
homeostasis[1,2]. The average lifespan of a hepatocyte ranges from 200-400 d[3]. It is
believed that the liver has a ‘’two-tiered’’ regeneration system, where hepatocytes
proliferate and regenerate the liver upon acute liver damage, and the liver progenitors
or oval cells orchestrate the regeneration process during chronic liver injury when
hepatocyte proliferation is impaired [4] . Recent advances in lineage-tracing and
imaging techniques have provided new perspectives in addition to the original ‘’twotiered’’ idea. This review will focus on recent advances in stem cell biology and tissue
repair to highlight the plasticity of the liver epithelium during regeneration.

REGENERATIVE POTENTIAL OF CHOLANGIOCYTES
The existence and the regenerative potential of hepatic progenitor cells (HPCs) or oval
cells have been debatable. HPCs are a subpopulation of cells in the liver characterised
by their oval shape and high nucleus to cytoplasm ratio when hepatocyte
proliferation is inhibited[5]. Expansion of HPCs was observed in rat models of chronic
liver injury in which hepatocyte proliferation is inhibited by the administration of 2acetylaminofluorene (2-AAF). This was also observed upon hepatic injury such as
carbon tetrachloride (CCl4) or partial hepatectomy (PHH)[6,7]. In addition to rat studies,
HPC activation was also observed in mouse studies and human chronic liver
disease[8-11]. In particular, the presence and contribution of a facultative liver stem cell
population in human liver regeneration are highlighted by studies showing shared
mitochondrial DNA mutations between HPC and the regenerative nodules in
cirrhotic patients, suggesting their common origin[12,13].
HPC activation is a part of the dynamic change of the liver in response to chronic
liver injury called ductular reaction (DR). Besides HPC activation, DR also includes
immune cell infiltration, remodelling of the extracellular matrix, and myofibroblast
activation [10,14,15] . Label-retaining assays that determine the cycling speed of the
ductular cell populations have suggested multiple potential niches for slower cycling
ductular cells after injury. These include the intralobular bile ducts, areas around
periductal mononuclear cells, peribiliary hepatocytes, and the Canal of Hering[16].
However, most studies that characterised DR relied on immunohistochemistry of
paraffin-embedded sections, which has the limitation of being two-dimensional and
lacking spatial information. This leads to the confusion that the DR observed is the
activation of endogenous liver stem cells that leave their stem cell niche, migrate
towards the site of injury and differentiate into hepatocytes. However, an elegant
study performed by Kamimoto and colleagues used three-dimensional imaging
techniques to demonstrate that instead of leaving their niche and migrating, the
biliary tree undergoes complex remodelling without diverging from the main
structure[17,18]. Furthermore, they also observed that cholangiocytes do not proliferate
uniformly, which fits with the previous label-retaining studies suggesting
heterogeneity in the proliferative capacity of cholangiocyte populations. These
indicate the presence of HPC populations within the biliary epithelium with different
regenerative potentials. However, the identity of HPCs within cholangiocytes remains
elusive, as there are no specific markers to differentiate HPCs from
cholangiocytes [19,20] . Nevertheless, subpopulations of cholangiocytes have been
identified with markers such as Leucine-rich repeat-containing G-protein coupled
receptor 5 (LGR5), ST14, Trop2, neural cell adhesion molecule (NCAM), MIC-1C3,
CD133, etc[21-26].
Advances in transgenic mice and gene editing technologies in the past decades
have facilitated lineage-tracing studies of cholangiocytes in the background of chronic
liver injury, which is mainly induced by the administration of special diets. For
example, the choline-deficient, ethionine-supplemented (CDE) diet and the
methionine choline-deficient (MCD) diet can induce hepatocellular injury [8,27] .
Alternatively, cholestatic injury can be induced by the administration of a 3,5diethoxycarbonyl-1,4-dihydrocollidine (DDC) diet[28]. Lineage-tracing studies using
the Cre-lox system and traceable proteins such as GFP, RFP and B-galactosidase
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facilitate the identification of the origin and regenerative potential of cholangiocytes
during homeostasis, chronic liver injury and post-recovery. However, lineage-tracing
studies performed by multiple groups showed mixed results about the regenerative
potential of cholangiocytes[24,29-31]. Rodrigo-Torres et al[29] and Espanol-Suner et al[30]
used a tamoxifen-inducible Cre system controlled under the Hepatocyte Nuclear
Factor 1B (HNF1B) and Osteopontin (OPN) promoters, respectively, to label
cholangiocytes during homeostasis. They both showed that cholangiocytes can
differentiate into hepatocytes following chronic liver injury. However, the
contribution of biliary cells towards hepatocytes are minimal in these studies (<
3%) [29,30] . On the contrary, when Cre is controlled under the transcription factor
Forkhead box L1 (Foxl1) promoter, the degree of cholangiocyte-derived hepatocytes
increases up to 29%, and ablation of the Foxl1 population results in impaired DR and
liver regeneration[32-34]. The higher contribution from the Foxl1 population compared
to the Hnf1b and the Opn population might be due to the former study’s use of a
constitutive Cre system, and the latter study’s use of an inducible Cre system, in
which the cell-labelling efficiency can be limited due to variable Cre penetrance. In
contrast, the constitutive Cre system will always have the caveat that any cells that
transiently expressed the promoter gene will be labelled, causing less accurate results.
It is also worth noting that several studies do not show direct differentiation of
cholangiocytes into hepatocytes following liver injury, which will be discussed in the
sections below (Figure 1).
The existence of HPCs remains controversial, largely due to the mixed results
obtained from different lineage-tracing studies[31,35,36]. Technical factors such as the
selection of the promoter that controls the expression of Cre recombinase is one of the
causes for this discrepancy. For example, it has been shown that some hepatocytes
express Sox9 after tamoxifen injection or liver injury, which may result in the labelling
of hepatocytes, potentially leading to the erroneous conclusion that overestimates the
contribution from cells with biliary origin [35,37-39] . Furthermore, it is known that
hepatocytes have a propensity to express certain biliary markers like osteopontin
upon stress[40]. It seems that biliary markers such as Krt19 are an exception to this
phenomenon, as Krt19 is not expressed by hepatocytes following injury, making it
one of the most common markers used for lineage-tracing studies[39]. It is worth
investigating whether other biliary markers such as EpCAM or Trop2 share similar
characteristics to Krt19 during liver injury [25] . Another potential reason for the
discrepancy might be the variable in injury models applied. For example, different
studies have used different percentages of ethionine in water (0.1%-0.15%)[33,35]. The
level of ethionine controls the severity of injury by inhibiting hepatocyte proliferation,
which is crucial for the activation and differentiation of cholangiocytes into
hepatocytes. The level of injury can also be affected by age, gender, the intake of
ethionine-supplemented water and special diets. As the intake of diets is highly
variable across individual mice, this might lead to the discrepancy observed due to
the high regenerative capacity of hepatocytes. A recent study performed by Deng et
al[41] showed that Krt19-positive cells can differentiate into hepatocytes following longterm liver injury induced by the DDC diet. This shows the importance of selecting an
appropriate injury model to investigate the true regenerative potential of
cholangiocytes.
In comparison to dietary models, lineage-tracing studies involving liver injury
induced by transgenic approaches appears to result in a more robust contribution of
hepatocytes from non-hepatocyte sources [42,43] . Transgenic approaches to induce
hepatocyte senescence through the deletion of Mdm2, a negative regulator of p53, has
been developed to simulate human chronic liver disease. In this system, where the
inducible Ah-Cre is controlled by the Cyp1a promoter, hepatocytes can be targeted by
the administration of B-Naphthoflavone to trigger a senescence phenotype, hence
causing a robust DR and the regeneration of the liver parenchyma contributed by a
non-hepatocyte source [42,44] . Besides inducing cellular senescence, hepatocyte
proliferation can also be disrupted by the deletion of the ItgB1 gene[45]. Hepatocytes
that have defective ItgB1 have impaired proliferation due to disrupted HGF
signalling[45]. Overexpression of p21, a cyclin-dependent kinase inhibitor, has also
been used to impair hepatocyte proliferation through the delivery of AAV8 vector
packaged with the p21 codon [43] . When combining the inhibition of hepatocyte
proliferation (Itgb1 knockout or AAV8-p21 delivery) with dietary-induced chronic
liver injury, biliary cells can commit to both biliary and hepatocyte fates[43]. Although
the contribution of cholangiocytes into hepatocytes does not lead to full repopulation,
it is still a significant contribution (25%) compared with previous models.
Furthermore, suppression of the Wnt/β-catenin pathway in hepatocytes promotes the
differentiation of cholangiocytes into hepatocytes[46]. However, it remains unclear
whether full repopulation of the liver from cholangiocytes can be achieved. The loss
of ItgB1, the Wnt pathway or p21 overexpression in all hepatocytes do not completely
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Figure 1

Figure 1 Schematic summarising potential non-hepatocyte sources of regeneration. Lineage-tracing models using Cre recombinase controlled under a
cholangiocyte-specific promoter have shown cholangiocytes giving rise to hepatocytes. Alternatively, Sox9+ hybrid hepatocytes have been shown to give rise to both
cholangiocytes and hepatocytes.

resemble the mechanisms of human liver disease. Nevertheless, the impairment of
hepatocyte regenerative capacity promotes the differentiation of cholangiocytes as a
proof-of-principle to demonstrate the regenerative capacity of cholangiocytes. Despite
this, the complex regulatory process that triggers cholangiocytes to differentiate into
hepatocytes remains to be identified. It was recently reported that Histone deacetylase
1 (HDAC1) regulates the commitment of cholangiocytes to biliary epithelial and
hepatocyte fates through controlling Sox9 expression in zebrafish and mouse. This
reveals extra molecular pathways that work in conjunction with the previously
identified Wnt and Notch pathways in regulating liver regeneration[14,47]. Nevertheless,
it remains to be tested whether promoting endogenous regeneration through the
activation and differentiation of biliary cells to repopulate the liver parenchyma is
plausible.
Besides the advances achieved in lineage-tracing studies, the development of the
organoid culture system pioneered by the Clevers group revolutionised the field of
regenerative medicine. First established in 2009 by Sato et al[48], organoid culture was
used to culture intestinal stem cells that express the Wnt target gene leucine-richrepeat-containing G protein-coupled receptor 5 (Lgr5). This technology was then
applied by the same group to the liver to form liver organoids, and is now widely
used by researchers for in vitro modelling, drug screening and gene sequencing[24,49,50].
Endogenous lineage-tracing of Lgr5-expressing cells using the Lgr5-IRES-creERT2
reporter mice showed that Lgr5-expressing cells can contribute to both cholangiocytes
and hepatocytes after liver damage[24]. Interestingly, Lgr5 expression is not detected in
healthy liver, but only detected in cholangiocytes after injury. This indicates that Lgr5
is transiently expressed in a subpopulation of cholangiocytes that activate Wnt
signalling and repopulate the liver when required. However, the origin and identity
of this trans-amplifying population in the liver during quiescence remains to be
investigated. Identifying the origin of the Lgr5 population will reveal whether either
there are predetermined residential liver stem cells, or cholangiocytes obtain
regenerative capacity stochastically and regenerate the liver parenchyma during
injury. Although the controversy regarding the existence of a dedicated liver stem cell
population remains, subpopulations of cholangiocytes have been identified.
Furthermore, it appears that the cells of the liver epithelium (i.e. cholangiocytes and
hepatocytes) can obtain cellular plasticity and differentiate into the other
compartment when one compartment is significantly damaged.
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EXOGENOUS REPOPULATING CAPACITY OF
CHOLANGIOCYTES
In contrast to lineage-tracing studies, there are more convincing results in
transplanting isolated or in vitro-cultured cholangiocytes[42,51-53]. Transplantation assays
have been widely used by the liver research community to prove the repopulating
capacity of different cell populations. As the most effective treatment for liver disease
is whole organ transplantation, it is common to seek alternatives using cells isolated
from the liver to overcome the challenges faced in allogenic transplantations. Most
transplantation assays are designed in a way that selective advantages are provided to
the donor population, and this is often achieved by causing defects to the host
hepatocytes. The most widely used models are the fumarylacetoacetate hydrolasemice
(Fah)-deficient and the urokinase-type plasminogen activator-overexpressing (uPA)
mice[54,55].
The Fah-deficient mice lack the functional fumarylacetoacetate hydrolase (Fah), a
metabolic enzyme required for the last step of the tyrosine catabolism pathway. Fah
mice develop liver diseases and die within 12 hours after birth from hypoglycaemia[54].
This defect can be corrected by blocking the accumulation of hepatotoxins through the
administration of 2-(2-nitro-4-trifluoro-methylbenzyol)-1,3-cyclohexanedione (NTBC)
to partially recover liver function [56] . The administration of NTBC prolongs the
lifespan of Fah mice and enables this strain to be suitable for liver repopulation[57]. On
the other hand, the uPA transgenic mice have the mouse urokinase-type plasminogen
activator (uPA) gene under the control of the mouse albumin enhancer/promotor.
Hepatocyte-specific expression of uPA causes liver toxicity and chronic liver injury,
hence creating a selective advantage for transplanted hepatocytes[55,58]. However, the
limitations of this model are the narrow time transplantation window after birth and
the poor breeding efficiency of this strain. In addition, only homozygous animals are
good recipients for liver cell transplantation[59]. Immunocompromised variants of
these strains have also been developed, and transplantation of human or rodent
hepatocytes has shown promising repopulation capacity after xenotransplantation[60-62].
With hepatocyte transplantation as the gold-standard for the liver-repopulating
transplantation assay, the liver-repopulating capacity of isolated HPCs were
investigated using similar assays. HPCs can be enriched by density gradient
centrifugation from the liver non-parenchymal fraction after protease digestion[21,25,53].
Fluorescence-activated cell sorting (FACS) is often used to isolate a pure HPC
population. However, HPCs do not have a specific marker and often share surface
markers (e.g., c-kit, Thy-1) with other cell types such as haematopoietic cells[6,63,64]. This
raised doubts about whether HPCs originate from the bone marrow, but
transplantation assays and lineage-tracing studies have proven that HPCs originate
from cholangiocytes and not the bone marrow[42,53]. Multiple surface markers have
been used to isolate cholangiocyte subpopulations with liver-repopulating capacity,
which include EpCAM, Trop2, CD24, CD133, LGR5, c-kit, CD44, Thy-1, etc[22,25,42,51,53,57].
Due to the relatively low numbers of isolated cells, most studies culture the isolated
cells in vitro before transplantation. Upon transplantation, cells can differentiate into
hepatocytes and self-renew[21,22,24,25,42,51,53,63]. However, the magnitude of repopulation is
still relatively low compared to primary hepatocyte transplantation, which remains a
challenge for using HPCs in cell therapy[65]. Refinements to increase the degree of
repopulation, either by targeting the engraftment efficiency or the differentiation
capacity, are required. Nevertheless, an advantage of using biliary-derived cells for
transplantation is that cholangiocytes are more resistant to protease digestion than
hepatocytes and can be cultured in vitro, which is difficult to achieve for primary
hepatocytes. In addition to regenerating damaged hepatocytes, human liver
organoids derived from cholangiocytes have also been used to regenerate extrabiliary
bile ducts in vivo after being seeded with biodegradable scaffolds [66] . The use of
cultured cholangiocytes to regenerate damaged liver epithelium seems promising.
However, the heterogeneity of cells within the culture, and whether prolonged
culture alters the characteristics and the long-term stability of the cells, need to be
further investigated.

THE PLASTICITY OF HEPATOCYTES
The liver is deemed a highly regenerative organ mainly due to the remarkable
regenerative capacity of hepatocytes. The proliferative capacity of hepatocytes is well
characterised such that when acute liver injury occurs, hepatocytes initiate a series of
pathways to restore the lost mass[67]. These studies are mostly performed using the
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PHH model, where a substantial portion of the liver is resected. It was commonly
presumed that proliferation is the main mechanism used by hepatocytes to
compensate for the loss of liver mass. However, a study by Miyaoka and colleagues
show that hepatocyte hypertrophy (i.e. increase in hepatocyte size) contributes
concurrently with proliferation to compensate for the loss of liver mass[68,69]. However,
this regeneration process does not promote regrowth of the original resected lobes,
but instead, the replacement of the original mass occurs at the remnant lobes. It has
been showed that YAP/Hippo signalling plays a major role in controlling the
restoration of the liver mass to its original size[70]. However, it needs to be noted that
in the PHH model, the remnant lobes are not affected by any injury, which is
uncommon in most clinical cases of acute liver failure. Patients have substantial
inflammatory effects or senescence in the liver, such as paracetamol overdose.
The use of the Adeno-associated Virus (AAV) vector, a small (approximately 5 kb
long), non-enveloped virus for transgene delivery specifically into hepatocytes, allows
researchers to lineage-trace hepatocytes during homeostasis and injury[71]. Gao et al[72]
isolated AAV serotype 8 (AAV8), which has a 10-100-fold higher liver tropism
compared to other AAV serotypes. Malato et al [ 7 1 ] used the hepatotropism
characteristic of the AAV8 to introduce Cre recombinase controlled under the
hepatocyte-specific transthyretin (Ttr) promoter to target hepatocytes, which has a
higher specificity than the widely used Alb-Cre. They lineage-traced the labelled
hepatocytes under the context of homeostasis, acute liver injury, and biliary injury.
During homeostasis and acute liver injury, they did not find any evidence that
hepatocytes are derived from the biliary compartment. However, they observed a
small amount of biliary-derived, periportal hepatocytes following bile duct ligation
and DDC injury, suggesting a population within the cholangiocyte population that
can differentiate into hepatocytes following injury. However, this conclusion is based
on the authors’ observation of unlabelled hepatocytes located at the periportal region,
instead of positively lineage-traced biliary cells. The same group went further to
investigate whether cholangiocytes can differentiate into hepatocytes following
chronic liver injury using the CDE diet regime, which predominantly damages
hepatocytes[36]. Surprisingly, in contrast to the DDC model, the authors observed
minimal (less than 1%) production of hepatocytes by cholangiocytes after chronic liver
injury. This was further confirmed with a positive lineage-tracing model using CK19CreER;R26R-RFP mice. Furthermore, the authors also showed that mesenchymal cells
cannot differentiate into hepatocytes after chronic liver injury. Yanger et al[31] further
investigated the source of newly formed hepatocytes following chronic liver injury
using CK19-CreER; R26R-YFP mice by applying different types of injury, including
DDC, CDE and CCl4 administration, as well as an alpha-naphthyl-isothiocyanate
(ANIT) diet. Similar to what Schaub et al [36] observed, they did not detect any
production of hepatocytes from YFP-labelled biliary cells after injury, regardless of
the timing of cell labelling before or during injury. These suggest that quiescent
cholangiocytes or activated atypical duct cells cannot differentiate into hepatocytes
following injury. They further characterised the source of regenerating hepatocytes
following liver injury using an AAV8 vector packaged with a Cre recombinase
controlled under a hepatocyte-specific Thyroid Binding Globulin promoter (AAV8TBG-Cre). Hepatocytes from R26R-YFP mice are labelled with YFP after AAV8-TBGCre administration. They observed no reduction in the amount of YFP-labelled
hepatocytes following treatment with the panel of injury models mentioned above,
including the widely used CDE and DDC. This suggested that the newly formed
hepatocytes derived from self-duplication of pre-existing hepatocytes rather than
from other cell populations[31].
These observations require further follow-up investigation as to whether there is a
population of hepatocytes that possess a higher regenerative capacity[31,35,36,71]. Wang et
al [73] reported that a population of pericentral hepatocytes that express the Wnt
responsive gene Axin2 migrate towards the periportal region during homeostasis.
This Axin2+ population also expresses the hepatoblast marker Tbx3, and
differentiates into Tbx3-negative hepatocytes. Furthermore, the Axin2+ population
proliferates faster, is mostly diploid and its Axin2 expression is dependent on the Wnt
signals provided by the endothelium at the central vein. This reawakened the
streaming liver hypothesis proposed by Zajicek et al[74] 30 years ago, which claims that
hepatocytes from the portal region gradually advance towards the central region
during homeostasis. In this study, however, the stream starts from the opposite
direction instead (Figure 2). However, recent studies showed that despite the presence
of Wnt activity in the pericentral hepatocytes, this population does not possess
proliferative advantages over other hepatocyte populations during homeostasis and
acute injury[75]. Instead, proliferation rates across the three acinar zones are similar,
and regeneration is performed by hepatocytes with high levels of telomerase
expression[76].
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Figure 2

Figure 2 Schematic summarising the regenerative potential of hepatocytes.In vivo, periportal and pericentral hepatocytes regenerate the liver with different
regenerative mechanisms. In vitro, hepatocytes can be converted into liver progenitors with extrinsic factors.

Another report by Font-Burgada et al[77] suggests that a population of hepatocytes
named hybrid hepatocytes (HybHP) resides close to the biliary epithelium and
expresses Sox9 during homeostasis. In both chronic liver injury models of CCl 4
administration as well as the MUP-uPA transgenic model, HybHP repopulate the
damaged population and manage to differentiate into zone 3 hepatocytes with the
expression of glutamine synthetase. Interestingly, under the CDE diet regime, they
found that most HybHP were killed, but no contribution of hepatocytes from the
biliary cells was observed albeit the existence of extensive DR. Furthermore, they
found HybHP can transdifferentiate into biliary-like cells that express biliary markers
like Sox9, Opn, and Ck19 when induced with cholestatic injury from a DDC diet.
Transcriptional analysis revealed the hybrid character of HybHP, as this population
expresses a cluster but not all of genes that are usually expressed by cholangiocytes.
However, it remains to be investigated whether this population can fully differentiate
into mature cholangiocytes, and this might explain the differences in the observations
made by Malato et al[71] and Yanger et al about whether hepatocytes can differentiate
into cholangiocytes after injury. Upon transplantation into the immunodeficient Fah/-Rag2-/-Il2rg-/- transgenic model, HybHP exhibit higher repopulation capacity than
conventional hepatocytes or HPC. Despite their regenerative capacity, neither HybHP
nor HPC preferentially give rise to hepatocellular carcinoma (HCC), suggesting
tumorigenesis is a random event that occurs equally in all cell types rather than
preferentially in certain cell populations. In addition, the HybHP phenotype was also
observed by Tarlow et al[78] after chronic liver injury, in which hepatocytes can obtain a
biliary phenotype with the expression of the cholangiocyte marker MIC-1C3 (hepPD).
Although they share similar surface marker expression, the transcriptional profile of
hepatocytes and biliary-derived MIC-1C3-expressing cells are different, and these two
populations behave differently in vitro, with the former maintaining a more hepaticlike profile. These Sox9-expressing hepPD cells can also differentiate back into
hepatocytes after injury[78]. Both the Tarlow and Font-Burgada studies demonstrated
the plasticity of hepatocytes after injury, and the heterogeneity of hepatocytes within
the liver does not only restrict to their zonation and drug metabolic functions, but also
occurs in the context of their regenerative potential. Interestingly, the conversion of
hepatocytes into biliary-like cells was observed in the DDC model but not in the
Thioacetamide (TAA) model[18]. This might due to the pathophysiology caused by
different injury models, in which the DDC is a model for cholestatic liver injury whilst
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the TAA model is a hepatotoxic injury model. This highlights the plasticity in the liver
when cholestatic injury occurs, and that hepatocytes can transdifferentiate into
biliary-like cells due to damage in the biliary compartment. On the other hand, when
hepatocyte proliferation is impaired, cholangiocytes can differentiate into
hepatocytes.
The plasticity of hepatocytes after chronic liver injury is also recapitulated in vitro
by the conversion of mature hepatocytes in mice and rats into progenitor-like cells
using a cocktail of small molecules that consists of ROCK-inhibitor(Y-27632), TGF-β
inhibitor (A-83-01) and Wnt agonist (CHIR99021) [79] (Figure 2). The chemicallyinduced liver progenitors (CLiPs) can be cultured long-term, as well as differentiate
into hepatocytes and biliary cells in vitro and in vivo after transplantation. The
development of CLiPs has overcome the limitation that primary hepatocytes could
not maintained be in prolonged culture in vitro, and the low cell number of the
regenerative progenitor cells in vivo. This opens a new possibility of using CLiPs for
cell therapy. Whether all hepatocytes or only a subpopulation can be reprogrammed
into CLiPs, and the applicability of using human hepatocytes for CLiPs generation,
remains to be investigated in order to translate this into future therapy.

CELLULAR REPROGRAMMING FOR LIVER REGENERATION
The 2006 discovery of induced pluripotent stem cells (iPSCs) by the expression of
Yamanaka factors (Oct3/4, Sox2, Klf4, c-Myc) in fibroblasts sparked broad interest in
cellular reprogramming[80]. Hepatocyte-like cells have been generated from embryonic
stem cells (ESCs) and iPSCs using multistep protocols in vitro[81-83]. When co-cultured
with other cell types such as mesenchymal and endothelial cells, iPSC-derived
hepatocytes can form three-dimensional ‘’liver buds’’. The liver buds can form
vascular networks with the host vasculature after cranial transplantation[84]. These
cells are potentially promising for drug screening, disease modelling, and cell
replacement therapy. However, ethical issues, efficacy and long-term stability of these
cells in vivo remains a challenge to translate these into therapy[85,86]. Besides using
ESC/iPSC-derived hepatocytes, researchers also considered the possibility of
bypassing the reprogramming into pluripotency by shortening the multistep
reprogramming protocol, or even directly converting adult somatic cells into
functional hepatocytes[87,88]. The overexpression of two transcription factors including
Hnf4a with the combination of either Foxa1, Foxa2, or Foxa3 can induce
reprogramming in vitro of cultured mouse embryonic and adult fibroblasts into
hepatocyte-like (iHep) cells. These cells maintained hepatic function in vitro and
contribute to the regeneration of the liver parenchyma after transplantation[88]. Direct
reprogramming of hepatic myofibroblasts into hepatocytes in vivo with adenovirus
has also shown decreased fibrosis in mice[89]. Advances in cellular reprogramming
have opened a new area of regenerative medicine. However, the efficiency, epigenetic
memory and stability of transdifferentiated hepatocytes remains a challenge for the
therapeutic use of cells generated by genetic reprogramming.

CONCLUSION AND FUTURE DIRECTIONS
A lot has been learned about liver plasticity in recent years, especially regarding
hepatocytes. It appears that cellular plasticity in the liver is bidirectional and injurydependent, where hepatocytes are able to transdifferentiate into biliary-like cells
under certain conditions. However, when the proliferative capacity of hepatocytes is
impaired, cholangiocytes become the facultative liver stem cells that differentiate into
hepatocytes. It remains to be investigated whether compartmentalised stem cell
populations exist within the liver as in other epithelial organs, or if the acquisition of
stem cell properties by cholangiocytes is a stochastic event[90,91]. Nevertheless, it seems
that the plasticity of hepatocytes and cholangiocytes reflects what has been observed
in other organs such as the skin and intestines, where residential stem cells acquire
plasticity and differentiate after injury[90,92]. Future studies involving next generation
sequencing at the single-cell level will provide us with new perspectives on cell
identity and the involvement of epigenetic alterations during regeneration.
Advancements in our understanding of tissue repair, cellular reprogramming and
bioengineering will be beneficial for developing models for drug screening, and may
even translate into cell therapy. Modulation of the regenerative niche will hopefully
enhance the endogenous regenerative capacity of the liver (Figure 3).
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Figure 3

Figure 3 Schematic showing the importance of understanding tissue repair and stem cell biology, and their contributions to developing future therapies to
promote liver regeneration. Studies focusing on understanding the mechanisms of tissue repair have suggested that cell populations with high cellular plasticity
include both cells of the biliary tree and hepatocytes. The fields of stem cell biology and regenerative medicine have used signals and key factors required during
embryonic development to produce hepatocyte-like cells derived from either adult or embryonic sources. In conjunction, these will advance the liver regeneration field.
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Abstract
BACKGROUND
The bacteria Campylobacter jejuni (C. jejuni) is commonly associated with GuillaneBarré syndrome (GBS) and irritable bowel syndrome (IBS), but studies have also
linked it with Miller Fisher syndrome, reactive arthritis and other disorders, some
of which are autoimmune. It is possible that C. jejuni and its toxins may be crossreactive with some human tissues and food antigens, potentially leading to
autoimmune responses.
AIM
To measure the immune reactivity of C. jejuni and C. jejuni cytolethal distending
toxin (Cdt) antibodies with tissue and food antigens to examine their role in
autoimmunities.
METHODS
Using enzyme-linked immunosorbent assay (ELISA) methodology, specific
antibodies made against C. jejuni and C. jejuni Cdt were applied to a variety of
microwell plates coated with 45 tissues and 180 food antigens. The resulting
immunoreactivities were compared to reactions with control wells coated with
human serum albumin (HSA) which were used as negative controls and with
wells coated with C. jejuni lysate or C. jejuni Cdt which served as positive
controls.
RESULTS
At 3 SD above the mean of control wells coated with HSA or 0.41 OD, the mouse
monoclonal antibody made against C. jejuni showed moderate to high reactions
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with zonulin, somatotropin, acetylcholine receptor, β-amyloid and presenilin.
This immune reaction was low with an additional 25 tissue antigens including
asialoganglioside, and the same antibody did not react at all with another 15
tissue antigens. Examining the reaction between C. jejuni antibody and 180 food
antigens, we found insignificant reactions with 163 foods but low to high
immune reactions with 17 food antigens. Similarly, we examined the reaction of
C. jejuni Cdt with the same tissues and food antigens. The strongest reactions
were observed with zonulin, intrinsic factor and somatotropin. The reaction was
moderate with 9 different tissue antigens including thyroid peroxidase, and
reaction was low with another 10 different antigens, including neuronal antigens.
The reaction of C. jejuni Cdt antibody with an additional 23 tissue antigens was
insignificant. Regarding the reaction of C. jejuni Cdt antibody with different food
antigens, 160 out of 180 foods showed insignificant reactions, while 20 foods
showed reactions ranging from low to high.
CONCLUSION
Our findings indicate that C. jejuni and its Cdt may play a role in inflammation
and autoimmunities beyond the gut.
Key words:Campylobacter jejuni; Cytolethal distending toxin; Tissue antigens; Food
antigens; Autoimmune reactivities; Cross-reactivity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In a search for a possible mechanism for the involvement of Campylobacter
jejuni (C. jejuni) in irritable bowel syndrome, inflammatory bowel disease, reactive
arthritis, Guillane-Barré syndrome and other disorders, we examined the
immunoreactivity of C. jejuni-specific antibodies with a variety of human tissues and
food antigens. We found that C. jejuni antibodies showed a significant level of immune
reaction with many human tissues and food antigens. These results may open new
avenues of research in investigating the role of this bacteria in multiple autoimmunities
beyond the gastrointestinal tract.

Citation: Vojdani A, Vojdani E. Reaction of antibodies to Campylobacter jejuni and cytolethal
distending toxin B with tissues and food antigens. World J Gastroenterol 2019; 25(9): 10501066
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1050.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1050

INTRODUCTION
Campylobacter jejuni (C. jejuni) is a Gram-negative spiral-shaped bacteria that belongs
to the group of Epsilonproteobacteria, which can inhabit mucosal tissues of the
gastrointestinal (GI) tract[1]. C. jejuni currently is the most common bacteria associated
with food contamination and bacterial gastroenteritis worldwide. This bacterium is
found in environmental niches such as agricultural land and riverine water sources
that have been contaminated by the fecal materials of wild birds or agricultural
animals. The major sources for disease induction are meat products from farm
animals, mainly poultry, pigs and cattle. In many cases these bacteria live quietly
within the GI tract of poultry, causing no obvious systems of disease due to their
evolutionary relationship with chickens and other birds. Initial colonization of a
chicken flock occurs when birds are about 2 wk old, later on spreading throughout the
chicken population[2]. This bacterium makes its way into the human gut when an
individual consumes insufficiently-cooked contaminated chicken meat or drinks
contaminated water. Depending on the genetic makeup of the individual host, the
bacteria may then induce diseases both within and beyond the gut[3]. In humans, C.
jejuni has been associated with different GI conditions, including irritable bowel
syndrome (IBS), inflammatory bowel disease (IBD), Barrett’s esophagus and colorectal
cancer. Moreover, C. jejuni has also been reported to be involved in extraintestinal
manifestations, including bacteremia, reactive arthritis, lung infections, brain
abscesses, meningitis, and the autoimmune conditions known as Guillain-Barré and
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Miller Fisher syndromes in a very small percentage of infected individuals [2,4-7] .
Guillain-Barré syndrome (GBS) is an acute post-infection autoimmune disease in
which the immune system attacks the gangliosides of the peripheral nervous system,
resulting in peripheral neuropathy and complete loss of movement[8].
GBS stems from the mimicry between the C. jejuni surface structural molecule
called lipooligosaccharide and the ganglioside found in the human nervous system.
Exposure of the immune system to the C. jejuni cellular antigens can induce crossreactive antibodies that target not only the bacteria but also specific antigens of the
nerve cells such as ganglioside GM1, GM1b, GD1a and GQ1b[9-11]. This continuous
immune attack against gangliosides seems to be responsible for the symptoms of
paralysis in a small percentage of patients with a specific genetic makeup[12,13].
Cytolethal distending toxin (Cdt) is another virulence factor produced by C. jejuni
and other enterobacters; secreted via outer membrane vesicles, Cdts have the capacity
to disrupt epithelial tight junction proteins (e.g., occludin, claudin) and induce the
epithelial barrier dysfunction observed in patients with IBD and IBS[1,14-18].
Animal models have shown that IBS may be linked to changes in the microbiome
and the production of bacterial cytotoxins. Introduction of C. jejuni to rats in one
study resulted in changes in stool form, small intestine bacterial overgrowth (SIBO),
and the increased rectal intra-epithelial lymphocytes characteristic of humans with
IBS[19]. The effects in this study appeared to be due to changes in gut neuroanatomy,
with a notable reduction in interstitial cells of Cajal (ICC). Furthermore, rats infected
with a mutant C. jejuni strain lacking Cdt exhibited significant mitigation in the IBSlike phenotype compared to those infected with wild-type C. jejuni; this suggests that
Cdt had an important role in the development of IBS in this animal model[19-21].
Moreover, rabbit anti-bacterial cytotoxin antibody has been found to exhibit affinity
to enteric ganglia and ICC through molecular mimicry and the production of crossreactive antibodies.
Based on the affinity of bacterial cytotoxin antibodies to ICC and ganglia, it has
been concluded that these cross-reactive antibodies play a role in the pathophysiology
of IBS by affecting gut motor function, leading to SIBO[22,23].
Bacteria use these cytotoxins or enterotoxins to penetrate the gut epithelial cells and
change the dynamic of cytoskeletal proteins (vinculin, talin, actinin and others).
Through elegant experiments, it was determined that enterotoxins utilize a
mechanism of cross-reactivity with host proteins such as vinculin and talin, allowing
them to bind to the vinculin and talin, causing the loss of cytoskeletal proteins in the
intestinal wall[22-24]. Additionally, levels of these circulating antibodies to bacterial
cytotoxins and cytoskeletal proteins correlated with the development and levels of
SIBO in these animals[23]. These circulating antibodies against bacterial cytotoxins and
their cross-reaction with cytoskeletal proteins are linked to autoimmunity against
cytoskeletal proteins and reduction in their functionality. In addition to the animal
model of bacterial cytotoxin-induced autoimmunity, these measurements were
performed on humans with diarrhea-predominant IBS (D-IBS), Crohn’s disease,
ulcerative colitis, celiac disease and controls. It was shown that anti-bacterial
cytotoxins and anti-vinculin antibodies were significantly higher (P < 0.001) in D-IBS
individuals compared to celiac disease, IBD and healthy subjects[25]. The detection of
these antibodies in blood with a sensitivity of 92% as shown in this study suggests
that IBS may have an organic basis.
The three-dimensional structure of Cdt is highly compatible with the structure of
the deoxyribonuclease I (DNase I) from different mammalian species[26,27].
Furthermore, there is a significant amino acid similarity between Cdt and DNAse I.
Due to this DNAse I reactivity, exposure to Cdt would produce epithelial cell damage
altering the functional capacity of the tissues and facilitating bacterial invasion into
the underlying tissue, resulting in severe diarrhea and the loss of absorbed nutrients.
When the epithelium is damaged, bacteria collectively gain entry into the underlying
connective tissue where microbial products can affect processes and pathways in
infiltrating inflammatory cells, culminating in the destruction of the epithelial barrier
and the underlying tissue[28,29]. This results in increased intestinal permeability to large
macromolecules, including food antigens that escape enzymatic digestion[30,31].
The integrity and functionality of barrier proteins of epithelial layers are regulated
by intercellular adherent junctions such as actinin, talin and vinculin, which are
generally called cytoskeletal proteins. It is generally believed that Cdts and other
inflammatory stimuli increase transepithelial permeability to large molecules by
inducing junctional disassembly, and reorganization of F-actin cytoskeleton[32,33].
Due to its unique structure, vinculin not only binds to talin and α-actinin, but also,
due to molecular mimicry, to a bacterial cytotoxin called invasin protein, which
bacteria use to bind to the N-terminal domain of vinculin in order to invade the
epithelial cells. This is the best example of how a bacterial toxin subverts vinculin’s
functions, causing F-actin depolymerization through a remarkable level of molecular
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mimicry of talin-vinculin interaction to activate vinculin. Therefore, mimicry of
vinculin and talin by bacterial toxin could be a general mechanism for bacterial
invasion of the host cells[34-36].
This mucosal inflammation commonly leads to epithelial barrier compromise and
increases in body exposure to the external environmental triggers, thereby further
aggravating the consequences of enhanced gut permeability. Thus, understanding the
mechanisms involved in the disruption of tight junctions and the reorganization of
adherens junction proteins such as vinculin, talin and α-actinin is important in
developing strategies to remove the triggers and repair the barriers which play such
an important role in health and diseases[37-39].
It has been demonstrated that C. jejuni cross-reacts with basal ganglia, and its
bacterial cytotoxins cross-react with DNase, talin and vinculin, and that through its
binding to these structural proteins it can breach the epithelial cell barrier. Therefore,
the goal of this study was to examine possible cross-reactivity between C. jejuni and
its toxins with other tissue antigens as well as food proteins to which the human body
is exposed on a daily basis.

MATERIALS AND METHODS
Antibody and antigens
Mouse immunoglobulin G (IgG) monoclonal anti-C. jejuni whole cell suspension and
affinity-purified rabbit anti-C. jejuni Cdt IgG isotype was purchased from Creative
Diagnostics (Shirley, NY, United States). C. jejuni lysate was prepared from C. jejuni
NCTC11168 strain after its growth on Mueller-Hinton agar under microaerophillic
conditions at 42 °C. C. jejuni Cdt peptide was purchased from BioSynthesis,
Lewisville, TX, United States.
Proteins, parietal cell antigen, intrinsic factor, fibrinogen, laminin, thyroid
peroxidase (TPO), thyroglobulin, myeloperoxidase, collagen type V, and
neuraminidase were purchased from MP Biologicals (Solon, OH, United States).
Cardiolipin, actin, myelin basic protein (MBP), tropomyosin, ganglioside GM1,
insulin, liver microsomes, transglutaminases, enolase, β-amyloid protein, tau protein,
somatotropin, human serum albumin (HSA), dipeptidylpeptidase, Saccharomyces
cerevisiae, and lipopolysaccharides were purchased from Sigma-Aldrich (St Louis,
MO, United States).
Glial fibrillary acidic protein (GFAP), brain-derived neurotrophic factor (BDNF),
myoglobin platelet glycoprotein, a-synuclein, acetylcholine receptor, lysosome, and
elastase were purchased from Calbiochem (San Diego, CA, United States).
Different peptides of occludin, zonulin, claudin-5, aquaporin-4 (AQP4), presenilin,
fibulin, protein disulfide isomerase (PDI), cerebellar, rabaptin-5 (rab-5), enteric nerve
neuronal nuclear antigen (NNA), glutamate-R, dopamine-R, and glutamic acid
decarboxylase 65 (GAD-65), all with purity greater than 90%, were synthesized by
Biosynthesis (Lewisville, TX, United States).
One hundred and eighty different food extracts were prepared according to the
procedure described in our earlier study[40]. Briefly, food products including grains,
seeds, beans, nuts, fruits, vegetables, meats, seafood, spices and gums were purchased
in either raw, modified or cooked form. For the preparation of antigens, 10 g of food
products were put in a food grinder using 75% ethanol, and another 10 g were put in
the grinder with 0.1 mol/L phosphate buffer saline (PBS) pH 7.4. After mixing for 1 h
each preparation was kept on the stirrer for 12 h at 4 °C, then centrifuged at 20000 g
for 15 min. The liquid layers were then removed and dialysed. Finally, the solutions
were combined, protein concentration was measured, and the combined solution was
kept at -20 °C until it was used in the enzyme-linked immunosorbent assay (ELISA).

Reaction of anti-C. jejuni and anti-C. jejuni Cdt with different tissue and food
antigens
Proteins and peptides at a concentration of 1 mg/mL were diluted 1:100 in 0.1 mol/L
carbonate buffer; 100 mL or 1 mg of each antigen was added to a series of Costar
microtiter ELISA plate wells. After incubation for 8 h at room temperature (RT) and
18 h at 4 °C, plates were washed 3 times using ELISA washer, and 200 mL of 2% BSA
was added to each well and incubated for 24 h at 4°C in order to block the nonspecific
binding of the antibody to the antigen-coated wells. For this immunoreactivity study,
100 mL of monoclonal mouse anti-C. jejuni at a dilution of 1:200 was added to one
series of ELISA coated plates and 100 mL of affinity-purified rabbit anti-C. jejuni Cdt
dilution of 1:100 was added to another series of ELISA microwell plates. Both primary
antibodies were diluted with 2% BSA in 0.01 mol/L PBS containing 0.05% Tween 20.
Each antibody was added to quadruplicate wells that were coated with a variety of
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tissues and food antigens. The ELISA plates were incubated for 60 min at 25 °C. After
washing 5 times with 0.01 mol/L PBS 0.05% Tween 20, 100 mL of alkaline
phosphatase- labeled anti-rabbit or anti-mouse IgG at a dilution of 1:300 were added
to appropriate wells and incubated again for 1 h at RT. The enzyme reaction was
started by adding 100 mL of paranitrophenyl phosphate at a concentration of 1
mg/mL in diethanolamine buffer containing 1 mmol/L MgCl2 and sodium azide at a
pH of 9.8. The reaction was stopped 45 min later with 50 mL of 1 mol/L NaOH, and
the color intensity was read by an ELISA reader at 405 nmol/L.
To determine the specificity of mouse monoclonal and rabbit polyclonal antibodies,
these antibodies were replaced with the same dilution of non-immunized serum and
added to quadruplicate wells. Furthermore, the antibodies and other reagents were
added to 4 wells coated with HSA and 4 wells coated with 2% BSA alone; these were
then used as negative controls. After the addition of other reagents to these control
wells, the ODs were measured.

Binding of serially diluted anti-C. jejuni and anti-C. jejuni Cdt to tissue and food
antigens
For the demonstration of the specificity of anti-C. jejuni lysate and anti-C. jejuni Cdt
antibodies binding to different tissue and food antigens, 2 sets of 5 different strips of
ELISA plate, each containing 8 wells, were coated respectively with C. jejuni lysate,
zonulin, somatotropin, presenilin and ω-gliadin. In the second set of microplate wells,
the first strip was coated with C. jejuni Cdt followed by the other antigens on each
microwell strip. In addition to C. jejuni and Cdt antigens the additional 4 antigens
were chosen as being representative of the antigens that showed from moderate to
strong immune reactivity with the anti-C. jejuni and C. jejuni Cdt. C. jejuni or Cdt
antibody that had been serially diluted from 1:200-1:25, 600 was then added to
appropriate sets of microtiter plate wells. After incubation, washing and addition of
secondary antibodies, and completion of other required ELISA steps, the ODs were
recorded at 405 nmol/L.

Inhibition of anti-C. jejuni antigens and Cdt antibodies binding to C. jejuni, tissue
and food antigens with the same antigens in liquid phase
For this inhibition study, 100 µL of diluents was first added to all wells of 5 different
rows of microtiter plates coated with C. jejuni antigens, zonulin, somatotropin,
presenilin, or ω-gliadin. Twenty microliter of 0.1 mol/L PBS was added to the first
well of each row; to the additional rows of the antigen-coated wells, 20 µL of PBS
containing 1.5-96 µg of C. jejuni, zonulin, somatotropin, presenilin, or ω-gliadin was
added respectively and incubated for 1 h at RT. After the addition of 100 µL of rabbit
anti-C. jejuni and C. jejuni Cdt, incubation, washing, and further addition of the
secondary antibody or anti-rabbit IgG, and completion of all ELISA steps, the ODs
were recorded at 405 nmol/L, and the percentage of inhibition of this antigenantibody reaction was calculated in proportion to the antigen concentration in the
liquid phase.

Statistical analysis
Statistical analysis using Microsoft Excel’s t test function was performed.
Comparison of the ODs of all wells used as controls to the ODs of the C. jejuni
antibody reactivity against all tested tissue and food antigens was performed. A
Bonferroni adjustment account for type 1 errors with multiple comparisons was set to
adjust the alpha (P > 0.001). The P-values are listed in Figures 1-4.

RESULTS
Based on earlier studies about the structure of C. jejuni lipooligosaccharide, its
mimicry with ganglioside, and the detection of antibodies against them in patients
suffering from Guillain-Barré and Miller Fisher syndromes[9-13], we measured the
degree of immune reactivity of mouse monoclonal antibody made against C. jejuni
with many tissue antigens and a variety of food proteins and peptides. Using ELISA
methodology, we first found that unimmunized mouse serum did not react with C.
jejuni lysate and all 45 different tissue antigens including HSA used in the
examination. The ELISA ODs for all these reactions were within 3 SD above the mean
of control values or 0.41. To interpret the results of the antibody level measurements,
we used the following key: 0-0.41 OD = insignificant; 0.42-1.0 = low; 1.1-1.6 =
moderate; 1.61-2.2 = high; > 2.21 = very high.
As was expected, the strongest reaction was observed between anti-C. jejuni
antibody and C. jejuni lysate with an OD of 3.9, which is very close to the maximum

WJG

https://www.wjgnet.com

1054

March 7, 2019

Volume 25

Issue 9

Vojdani A et al. C. jejuni antibody reacts with antigens
Figure 1

Figure 1 Reaction of mouse monoclonal anti-Campylobacter jejuni with tissue antigens. Compared to the monoclonal antibody’s reaction with Campylobacter
jejuni (C. jejuni) lysate as positive control and human serum albumin (HSA) or unimmunized mouse serum as negative control, the reaction of this antibody with 15
tissue antigens is insignificant, with 25 additional antigens is low, with β-amyloid, zonulin, acetylcholine receptor, somatotropin and presenilin ranges from moderate to
high, and with C. jejuni lysate is very highly positive. The variation of quadruplicate ODs was less than 10% for all determinations. Comparison of the means of the
antibody reactivity to various tissue antigens with the means of controls resulted in insignificant values (P > 0.05) for 15 different tissue antigens and highly significant
P values (P < 0.00001) for the others. 0-0.4 OD = insignificant; 0.42-1.0 = low; 1.1-1.6 = moderate; 1.61-2.2 = high; > 2.21 = very high. tTG: Transglutaminase; mTG:
Microbial transglutaminase; DPPIV: Dipeptidyl peptidase-4; TPO: Thyroid peroxidase; PDI: Protein disulfide isomerase; GFAP: Glial fibrillary acidic protein; H. AQP4:
Human aquaporin-4; MBP: Myelin basic protein; HSA: Human serum albumin.

detection limits of the assay (OD of 4.0) (Figure 1). In relation to reactivity with
different tissue antigens, the C. jejuni antibody reacted from moderate to high with βamyloid (OD of 1.6), zonulin (1.7), acetylcholine receptor (2.0), somatotropin (2.1) and
presenilin (2.2). With 25 additional tissue antigens, this immune reaction was low,
with ODs ranging from 0.5-1.0. The same mouse monoclonal antibody did not react at
all with another 15 antigens, including HSA. The ODs for these 15 antigen-antibody
reactions were below 0.27, which is considered as ELISA background (Figure 1).
Looking at the reaction between this monoclonal antibody and 180 different food
antigens, our study found no reaction with 163 food antigens, but a low reaction (OD:
0.5-0.94) with 17 different food antigens (Figure 2).
Since the structure of C. jejuni Cdt highly mimics the structure of DNase I, which
controls the progression of the epithelial cell cycle[27], and immunity against it links
vinculin and other cytoskeletal proteins to the pathophysiology of IBS [21-25] , we
examined the reaction of anti-C. jejuni Cdt with the same tissue proteins and food
antigens. With tissue proteins, as expected, we found the strongest reaction between
C. jejuni Cdt antibody and C. jejuni Cdt with an OD of 3.3, followed by the reaction of
Escherichia coli (E. coli) Cdt with an OD of 2.8; both of these are considered very high
reactions. The next strongest reactions of Cdt antibody were observed with
somatotropin, intrinsic factor and zonulin with ODs of 2.0 or slightly greater, which
are considered high. With 9 tissue antigens [adherent junction, transglutaminase
(tTG)-2, microbial transglutaminase (mTG), TPO, islet cell, a-enolase, GFAP,
dopamine-R1, and platelet glycoprotein], reaction with this antibody resulted in ODs
of 1.1-1.6 (moderate). The reaction of this Cdt antibody with E. coli lipopolysaccharide
(LPS), a-myosin, claudin-5 and 8 different neuronal or associated antigens (enteric
nerve, S100B, AQP4, MBP, asialoganglioside GM1, presenelin and GAD-65) resulted in
ODs of 0.6-1.09 (low). The reactions of this antibody with an additional 3 different
tissue antigens were insignificant (Figure 3). In relation to the immunoreactivity of
this antibody with a variety of food antigens, 160 out of the 180 antigens showed
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Figure 2 Reaction of mouse monoclonal anti-Campylobacter jejuni with different food antigens. Compared to the monoclonal antibody’s reaction with
Campylobacter jejuni (C. jejuni) antigens as positive control and human serum albumin or unimmunized mouse serum as negative control, the reaction of this antibody
with 163 food antigens is insignificant, and with 17 additional antigens is low. The variation of quadruplicate ODs was less than 10% for all determinations.
Comparison of the means of the antibody reactivity to various food antigens with the means of controls resulted in insignificant values (P > 0.05) for 163 different food
antigens and highly significant P values (P < 0.00001) for the other 17 antigens. HSA: Human serum albumin.

practically no reaction (mean OD of 0.27 ± 0.18), but the remaining 20 tested food
antigens had reactions ranging from low to very high. The strongest reaction was
observed with watermelon, followed by pumpkin+squash, carrot, peanut, peanut
agglutinin, banana, peanut butter, potato, garlic, yam, kiwi, seaweed, gums, wheat
and milk proteins (Figure 4).

Demonstration of analytical specificity of anti-C. jejuni and anti-Cdt antibodies
binding to representative antigens
The analytical specificity of mouse monoclonal anti-C. jejuni and rabbit anti-Cdt
binding to different tissue and food antigens was confirmed by serial dilution and
inhibition studies. As shown by the ODs summarized in Figure 5A and B, the binding
of these antibodies to the specific and cross-reactive antigens declined significantly in
proportion to the dilutions. For example, anti-C. jejuni antibody at a dilution of 1:400
gave an OD of 3.6, a dilution of 1:3200 resulted in an OD of 2.2, and a dilution of
1:25600 gave an OD of 0.5. The reaction of this same anti-C. jejuni antibody with crossreactive antigens such as zonulin, somatotropin, presenilin and ω-gliadin also
declined in proportion to dilutions (Figure 5A). Similar results were obtained when
serially diluted anti-C. jejuni Cdt was applied to fixed concentrations of Cdt, zonulin,
somatotropin, presenilin and ω-gliadin (Figure 5B).
To further demonstrate the specificity of these antibody reactions between either C.
jejuni or C. jejuni Cdt and zonulin, somatotropin, presenilin and ω-gliadin, different
amounts of antigen concentrations ranging from 0-96 µg were added to the liquid
phase of the ELISA plates that were coated with optimal concentrations of the same
antigens. Compared to the controls (buffer with no antigens) shown in Figure 6A and
B, the addition of higher concentrations of specific tissue and food antigens to the
liquid phase, followed by the addition of primary antibodies, resulted in significant
inhibition of anti-C. jejuni and anti-C. jejuni Cdt antibodies binding to the specific as
well as cross-reactive antigens. This decline in antibody-antigen reaction due to the
addition of antigens in liquid phase was more obvious when higher concentrations of
the antigens were used as inhibitors (Figure 6A and B).
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Figure 3 Reaction of affinity-purified rabbit anti-Campylobacter jejuni cytolethal distending toxin with different tissue antigens. Compared to the reaction
with Campylobacter jejuni (C. jejuni) cytolethal distending toxin (Cdt) as positive control and human serum albumin (HSA) or unimmunized rabbit serum as negative
control, the reaction of this antibody with 20 tissue antigens is insignificant, with an additional 5 tissue antigens slightly higher than the mean of the 20 but still
insignificant; with Escherichia coli (E. coli) lipopolysaccharide (LPS), α-myosin, claudin-5 and 8 different neuronal or associated antigens (enteric nerve, S100B, AQP4,
myelin basic protein, asialoganglioside GM1, presenelin and glutamic acid decarboxylase-65) is low, with adherent junction, transglutaminase-2, microbial
transglutaminase, thyroid peroxidase, islet cell, a-enolase, glial fibrillary acidic protein, dopamine-R1, and platelet glycoprotein is moderate, with somatotropin, intrinsic
factor and zonulin is high, and with E. coli Cdt is very highly positive. The variation of quadruplicate ODs was less than 10% for all determinations. Comparison of the
means of the antibody reactivity to various food antigens with the means of controls resulted in insignificant values (P > 0.05) for 25 different tissue antigens and highly
significant P values (P < 0.00001) for the other antigens. E. coli: Escherichia coli; Cdt: Cytolethal distending toxin; LPS: Lipopolysaccharide; tTG: Transglutaminase;
mTG: Microbial transglutaminase; DPPIV: Dipeptidyl peptidase-4; TPO: Thyroid peroxidase; GAD-65: Glutamic acid decarboxylase-65; GFAP: Glial fibrillary acidic
protein; H. AQP4: Human aquaporin-4; MBP: Myelin basic protein; Glutamate-R: Glutamate receptor; HSA: Human serum albumin.

DISCUSSION
The aim of this study was to evaluate the immunoreactivity of specific antibodies
made against C. jejuni and C. jejuni Cdt with different tissue and food antigens in
order to demonstrate the possible role that this bacteria plays beyond food poisoning,
GBS, or IBS and its overlap with SIBO [22-25,41] . Many investigators have clearly
established C. jejuni as the most prevalent cause of food-related enteritis
worldwide [1,3-5,42-47] . This bacterium releases a very strong toxin called Cdt that
contributes to microbial virulence and possible disease pathogenesis by acting as a triperditious toxin that impairs host diseases[47]. The precise mechanisms by which C.
jejuni and its toxins contribute to the development of the aforementioned clinical
conditions is largely unknown. Consequently, the focus of our research was to
identify tissue and food proteins that have the potential to cross-react with C. jejuni
antigens. We therefore applied C. jejuni-specific antibodies to tissue antigens that are
major components of intestinal barriers, tissue enzymes, enteric nerve, thyroid, heart,
joints, pancreas, growth hormone, blood-brain barriers, and brain tissues with their
receptors. Overall the reaction of these antibodies with proteins such as claudin-5,
adherent junction and zonulin were from low to high. More specifically, the reactions
of both C. jejuni and C. jejuni Cdt with zonulin were high, but with adherent junction
was from low to moderate (Figures 1 and 3). We were not surprised by these findings,
since it has been shown that C. jejuni interacts directly with intestinal epithelial cells
and induce the production of inflammatory cytokines such as TNF-α and IFN-g that
have synergistic effects on barrier integrity[48]. Moreover, C. jejuni infection has been
linked to the pathophysiology of chronic functional bowel changes through the
structural mimicry between vinculin and bacterial virulence factors such as Cdt, and
the autoimmune reactivity against them[23,24]. Interestingly, although the antibodies
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Figure 4

Figure 4 Reaction of affinity-purified rabbit anti-Campylobacter jejuni cytolethal distending toxin with different food antigens. Compared to the reaction with
Campylobacter jejuni (C. jejuni) antigens as positive control and HSA or unimmunized rabbit serum as negative control, the reaction of this antibody with 160 out of
180 food antigens is insignificant, and with 20 additional antigens ranges from low to very high. The variation of quadruplicate ODs was less than 10% for all
determinations. Comparison of the means of the antibody reactivity to various food antigens with the means of controls resulted in insignificant values (P > 0.05) for
160 different food antigens and highly significant P values (P < 0.00001) for the other 20 antigens. E. coli: Escherichia coli; Cdt: Cytolethal distending toxin; LPS:
Lipopolysaccharide; HSA: Human serum albumin.

used in our study reacted strongly with C. jejuni lysate, C. jejuni and E. coli Cdt, the
same antibodies did not react with vinculin, as shown in Figures 1 and 3. The ODs
generated from the reaction of these antibodies with vinculin were less than 0.4. This
lack of reaction between C. jejuni antibodies and vinculin in contrast with their strong
reaction with zonulin and adherent junction could be related to the immunogens used
for the preparation of these antibodies. At this point the nature of these Cdt crossreactive antibodies is not clear, and more research is needed in order to examine their
roles in IBS, SIBO and autoimmune disorders.
The enteric nerve system (ENS) consists of a mesh-like network of neurons that
governs the function of the GI tract and is capable of autonomous functions such as
coordination of the reflexes[49]. The main antigen of the ENS is the enteric nerve
neuronal nuclear antigen (enteric nerve NNA); antibodies against this antigen are
detected in patients with irritable bowel syndrome[50]. Rabbit anti-bacterial cytotoxin
antibody has been found to exhibit affinity to enteric ganglia and ICC through
molecular mimicry and the production of cross-reactive antibodies. In previous
studies, a single exposure of rats to C. jejuni resulted in SIBO in 26% of the rats. In
double-exposed rats SIBO was detected in 46% (P < 0.05). Anti- bacterial cytotoxins
and cytoskeletal proteins were detected in all rats exposed to C. jejuni[22,23].
Based on the affinity of bacterial cytotoxin antibodies to ICC and ganglia, it was
concluded that these antibodies play a role in the pathophysiology of IBS by affecting
gut motor function, leading to SIBO[23]. As shown in Figure 3, the anti-C. jejuni and
anti-Cdt reacted moderately with enteric nerve antigens. This may indicate that
mimicry between Cdt and enteric nerve NNA plays a role in the pathophysiology of
IBS. We also found that C. jejuni antibodies reacted from moderately to strongly with
tissue and microbial transglutaminases.
tTGs are a group of enzymes that catalyze various posttranslational modifications
of glutamine residues in proteins and peptides[51]. Tissue transglutaminases such as
tTG-2 and tTG-3 are known as endogenous transglutaminases. Antibodies against
tTG-2, tTG-3 and tTG-6 are detected in patients with celiac disease (CD), dermatitis
herpetiformis, and gluten ataxia[52,53-55]. The exogenous mTG is a universal protein
cross-linker and translational modifier of peptides made from Streptoverticillium
mobaraense that imitates the function of endogenous tTGs[56]. It is used industrially as
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Figure 5

Figure 5 Demonstration of analytical specificity by dilution study. A: Reaction of various dilutions of mouse monoclonal anti-Campylobacter jejuni (C. jejuni)
bacteria antibody with the same concentrations of C. jejuni = blue rhombus, zonulin = red square, somatotropin = green triangle, presenilin = purple circle, and ωgliadin = blue circle. B: Reaction of various dilutions of mouse monoclonal anti-C. jejuni bacterial cytolethal distending toxin (Cdt) antibody with the same
concentrations of C. jejuni Cdt = blue rhombus, zonulin = red square, somatotropin = green triangle, presenilin = purple circle, and ω-gliadin = blue circle. CDT:
Cytolethal distending toxin; C. jejuni: Campylobacter jejuni.

meat glue to bind lesser cuts of meat and other kinds of food together. Studies
indicate that the widespread use of mTG in different industries has contributed to the
surge of CD and nonceliac gluten sensitivity (NCGS)[56,57].
Cross-reaction between C. jejuni antigens and different transglutaminases may
indicate the involvement of C. jejuni not only in the induction of SIBO/IBS but of CD
and NCGS as well. Guillain-Barré syndrome-related C. jejuni is very often used for the
demonstration of the bi-directional signaling that exists between the GI and the
brain[13]. This concept of a “gut-brain axis” was covered extensively in the March 2018
issue of Nature Collections by Katrina Ray[58]. In this collection of articles, it was
shown that the disruption of the gut-brain axis has been implicated in the
etiopathogenesis or manifestation of a diverse range of neurodevelopmental,
psychiatric, and neurodegenerative diseases, including autism spectrum disorder,
depression, Alzheimer’s disease, and Parkinson’s disease [58] . In turn, common
pathophysiological mechanisms have been associated with GI comorbidity [58] .
Everything is interconnected: the gut can influence the brain, the brain can influence
the gut, and they both can influence and be influenced by the immune system.
In view of this, we set out to study the immune reactivity of anti-C. jejuni antibodies
with a variety of neuronal antigens that have been associated with various
neuroimmune and neurodegenerative disorders[59,60]. The antibodies used in our study
reacted from moderate to high with these neural antigens: MBP, asialoganglioside
GM1, S100B, GFAP, AQP4, glutamate receptor, acetylcholine receptor, β-amyloid and
presenilin (Figures 1 and 3). Antibodies against some of these antigens and peptides
are detected in the sera and cerebrospinal fluids (CSF) of patients with neuroimmune
and neurodegenerative disorders[60,61]. These antibodies are also found but at much
lower levels in the blood of many healthy individuals[62]. Overall, high levels of Aβ
protein, presenilin, GFAP and MBP have been linked with neurodegeneration and
diseases such as AD, Parkinson’s disease (PD), and multiple sclerosis (MS)[61-67]. Since
we have shown that C. jejuni antibodies react with these neural antigens, C. jejuni and
its toxin may therefore play a role in neurodegenerative disorders including AD
through molecular mimicry.
Aquaporin 4 (AQP4) and S100B have been linked to increased permeability of the
blood-brain barrier (BBB), neuromyelitis optica (NMO), and dementia, among
others[66,67]. Glutamate receptor (glutamate-R), dopamine receptors and glutamic acid
decarboxylase 65 (GAD-65) are associated with neuroautoimmunity, including
Sydenham’s chorea and gluten ataxia[68,69]. Finally, application of the anti- C. jejuni to
TPO, a-enolase and somatotropin resulted in moderate to strong reactions (Figures 1
and 3).
Although thyroid autoantibodies are used for confirming the diagnosis of thyroid
autoimmunities[70-72], many infectious agents such as Yersinia enterocolitica, Helicobacter
pylori (H. pylori), Candida albicans, B. burgdorferi, and, as our own study now
demonstrates, C. jejuni, may contribute to the presence of these antibodies in
blood[73-75]. a-enolase or non- neuronal enolase, in addition to its enzymatic activity,
performs many physiological functions in eukaryotes and prokaryotes[76]. Antibodies
against this enzyme have been detected in a variety of infections and autoimmune
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Figure 6

Figure 6 Demonstration of analytical specificity by inhibition study. A: Inhibition of the reaction of mouse monoclonal anti-Campylobacter jejuni (C. jejuni)
antibody binding to C. jejuni antigens = blue rhombus, zonulin = red square, somatotropin = green triangle, presenilin = purple circle, and ω-gliadin = blue circle with
different concentrations of the same antigen in liquid phase. B: Inhibition of the reaction of affinity-purified rabbit anti-C. jejuni cytolethal distending toxin antibody
binding to C. jejuni cytolethal distending toxin = blue rhombus, zonulin = red square, somatotropin = green triangle, presenilin = purple circle, and ω-gliadin = blue
circle with different concentrations of the same antigen in liquid phase.

diseases. In infections, it seems that anti-a-enolase could play a role in limiting
microbial tissue invasion by binding to bacterial surface enolase [77-78] , while in
autoimmunities the a-enolase antibody could induce tissue injury through the
initiation of immune complex formation and the activation of complement
cascade[79-82].
Finally, as shown in Figures 1 and 3, both C. jejuni and C. jejuni Cdt antibodies
reacted strongly with somatotropin or human growth hormone (HGH). In addition to
growth promotion, other significant effects of HGH are stimulation of protein
synthesis, enhancement of immune function, and activation of lipolysis. In a recent
review article, it was shown that the gut microbiota communicates with the host’s
tissue and cells, including adipocytes[83]. Thus, alteration in the composition of the gut
microbiota and their metabolites can affect not only the serum level of HGH but also
different organs of the human body [84-87] . Although the underlying molecular
mechanisms are unknown, the production of antibodies against C. jejuni and their
strong reaction with somatotropin may result in the binding of these antibodies to
HGH, thus preventing its binding to the HGH receptor and inhibiting its potent
pleiotropic biological effects. In our earlier studies[40,88], we showed that in addition to
infections, many food antigens or peptides contribute to the increased levels of
antibodies that are detected in patients with type 1 diabetes, thyroid autoimmunity
and Alzheimer’s disease [40,59,88,89] . Therefore, similar to these other studies, we
measured the immunoreactivities of C. jejuni antibodies with 180 different food
antigens. Results depicted in Figures 3 and 4 show that although the C. jejuni bacterial
antibody had low reactions with 17 out of 180 foods, the C. jejuni Cdt antibody
reactions were from moderate to high with 19 out of 180 food antigens or peptides
(Figure 4). Detection in the blood of these C. jejuni antibodies that cross-react with
different food antigens such as watermelon, pumpkin, squash, carrots, peanut
agglutinin, wheat, milk, and gums is clinically significant if macromolecules from
food escape enzymatic digestion due to C. jejuni and its toxins. In the state of altered
intestinal permeability, a heightened rate of food antigens is detected in the systemic
circulation. The reaction of C. jejuni cross-reactive antibodies in the presence of C1q
complement results in the formation of food immune complexes. It has been
suggested that if these circulating soluble immune complexes are not removed by the
liver, they may then play a significant role in allergies and a variety of inflammatory
and autoimmune disorders[31,90,91]. Furthermore, our findings may provide new insight
into the diversity of C. jejuni toxins that mimic mammalian tissue antigens, as well as
the ways by which C. jejuni can bind with cell surface glycans on different foods and
then use them as vehicles for C. jejuni toxic invasion into the blood. This could initiate
not only autoimmunities but also neurodegenerative disorders such as Alzheimer’s
disease and Parkinson’s disease.
While the presence of antibodies in the blood is not by itself an indication of
specific autoimmune disease, the binding of anti-C. jejuni and its Cdt to a variety of
tissue antigens may contribute to the molecular mechanism that is involved in the
induction of not only IBS, SIBO, and GBS but many other autoimmune and
neurodegenerative disorders with which these tissue antibodies are associated. The
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reaction of C. jejuni and C. jejuni Cdt antibody with neural antigens and growth
factors such as α-amyloid, presenilin, S100B, GFAP, AQP4, somatotropin, enteric
nerve and more justifies the addition of C. jejuni and its toxins to the list of microbes
that are implicated in the etiology of Alzheimer’s disease. This suggestion is further
supported by our recent study, where we show that anti-Aβ-42 antibody not only
reacted moderately with E. coli, Salmonella, and C. jejuni, but also reacted very strongly
with C. jejuni Cdt, and, in decreasing degrees, with E. coli and Salmonella Cdts[59].
Therefore, by identifying the triggers such as C. jejuni and its toxin that induce the
production of cross-reactive tissue antibodies, it may be possible to develop
therapeutic protocols to treat patients with autoimmune disease. In this particular
case, the treatment for toxin- producing C. jejuni could result first in the reduction of
the antigenic load, followed by the reduction of tissue antibodies in the blood. This
offers some hope for alleviating the symptoms of patients with autoimmune
disorders. Otherwise, the release of bacterial antigens and toxins into the blood and
their binding to the formed antibodies can result in the generation of immune
complexes and activation of the C1q complement that may induce tissue damage and
cell death through an apoptotic process.
Given that the intestinal microbiome has been shown to signal extraintestinal
organs[83], it is not surprising that alterations in the composition of the gut microbiota
due to food-borne C. jejuni has been linked to different diseases. Thus, modulation of
the composition of the gut microbiota with medication, prebiotics, probiotics and
dietary intervention represents a promising therapeutic avenue for the management
of autoimmune disorders that affect about 10% of the world population[92].

ARTICLE HIGHLIGHTS
Research background
The bacteria Campylobacter jejuni (C. jejuni) is commonly associated with GBS and IBS, but
studies have also linked it with Miller Fisher syndrome, reactive arthritis and other disorders,
some of which are autoimmune. It is possible that C. jejuni and its toxins may be cross-reactive
with some human tissues and food antigens, potentially leading to autoimmune responses.
Cross-reaction between C. jejuni antigens and different transglutaminases may indicate the
involvement of C. jejuni not only in the induction of small intestine bacterial overgrowth
(SIBO)/irritable bowel syndrome (IBS) but of celiac disease (CD) and nonceliac gluten sensitivity
(NCGS) as well. C. jejuni is very often used for the demonstration of the bi-directional signaling
that exists between the gastrointestinal tract and the brain. The disruption of the gut-brain axis
has been implicated in the etiopathogenesis or manifestation of a diverse range of
neurodevelopmental, psychiatric, and neurodegenerative diseases. In turn, common
pathophysiological mechanisms have been associated with gastrointestinal comorbidity.
Everything is interconnected.

Research motivation
Our earlier research showed that antibodies against amyloid-beta peptide reacted strongly with
different tissue and food antigens. Infections have been shown to be involved in the
pathogenesis of various disorders. Our earlier study showed that anti-amyloid-beta-42 antibody
reacted very strongly with C. jejuni cytolethal distending toxin (Cdt). C. jejuni and its toxins
have been shown to be involved not only in IBS, Guillain-Barré syndrome (GBS), SIBO, Miller
Fisher syndrome and the like, but in various extragastrointestinal conditions as well, including
some that involve the brain. This inspired us to investigate whether perhaps C. jejuni and its
toxins were reacting to certain tissues or foods, resulting in food reactivity, molecular mimicry,
or even autoimmunity and neurodegenerative disorders. One of the most crucial problems was
finding reagents of sufficient quality and purity in order to achieve accurate and reliable results
in our study’s testing, and we tried different sources before finally finding and using mouse
monoclonal anti-C. jejuni and rabbit affinity-purified anti-C. jejuni Cdt isotypes. This enabled
our study to accurately detect and measure antibody levels to a degree that had not previously
been possible, and the employment of high quality highly-purified reagents should greatly
increase the accuracy of similar lab testing or even lab testing in general in future research. The
findings of our study regarding immunoreactivity of C. jejuni and its Cdt antibodies with many
human tissues and food antigens may indicate a more widespread role of this bacteria in many
autoimmune and neurodegenerative disorders. This deserves the initiation of further studies.

Research objectives
To measure the immune reactivity of C. jejuni and C. jejuni Cdt antibodies with tissue and food
antigens to examine their role in autoimmunities.

Research methods
Using enzyme-linked immunosorbent assay (ELISA) methodology, specific antibodies made
against C. jejuni and C. jejuni Cdt were applied to a variety of microwell plates coated with 45
tissues and 180 food antigens. The resulting immunoreactivities were compared to reactions with
control wells coated with human serum albumin (HSA) which were used as negative controls
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and with wells coated with C. jejuni lysate or C. jejuni Cdt which served as positive controls.

Research results
Monoclonal antibody made against C. jejuni showed moderate to high reactions with zonulin,
somatotropin, acetylcholine receptor, β-amyloid and presenilin. This immune reaction was low
with an additional 25 tissue antigens, and the same antibody did not react at all with another 15
tissue antigens. Examining the reaction between C. jejuni antibody and 180 food antigens, we
found insignificant reactions with 163 foods but low to high immune reactions with 17 food
antigens. Similarly, with C. jejuni Cdt antibody, the reactions with tissues were strongest with
zonulin, intrinsic factor and somatotropin, moderate with 9 different tissue antigens including
thyroid peroxidase, low with another 10 different antigens, including neuronal antigens, and
insignificant with an additional 23 tissue antigens. Between C. jejuni Cdt antibody and different
food antigens, 160 out of 180 foods showed insignificant reactions, while 20 foods showed
reactions ranging from low to high. Further research with the proper reagents and samples from
patients with autoimmune and neurodegenerative disorders can lead to the clinical application
of the methods and specific antibody tests used in this study.

Research conclusions
C. jejuni and its toxins are involved in different autoimmune and neurodegenerative disorders
beyond the gut. C. jejuni and its toxins play a major role in a variety of autoimmune and
neurodegenerative disorders through molecular mimicry. Many investigators have clearly
established C. jejuni as the most prevalent cause of food-related enteritis worldwide. It has been
associated with a range of gastrointestinal conditions, including inflammatory bowel disease
(IBD), Barrett’s esophagus, and colorectal cancer, and has also been reported to be involved in
extragastrointestinal manifestations, including bacteremia, lung infections, brain abscesses,
meningitis, and reactive arthritis. Monoclonal and affinity-purified antibodies against C. jejuni
and its toxins have moderate to strong reactions with a variety of tissue and food antigens.
Studies have shown that chronic exposure to C. jejuni and its toxin Cdt could induce epithelial
cell damage, facilitating not only bacterial invasion but also the penetration of undigested food
antigens into the submucosa and into the circulation. This body exposure to these external
triggers may initiate an immune response in which antibody production against the bacterial
food toxins and food antigens may result in cross-immunoreactivity with a variety of tissue
antigens, thereby setting the stage for multiple autoimmune reactivities beyond the gut. Reaction
of antibodies against C. jejuni and its toxins with tissue and food antigens, which has not
previously been studied. The reaction of C. jejuni and C. jejuni Cdt with different tissue
antigens, including neural tissues, and different food antigens were made possible by finding the
proper reagents of high quality and purity. The results of our study confirmed that there is crossreactivity between C. jejuni and its toxins with other tissue antigens as well as food proteins to
which the human body is exposed on a daily basis. This reaction may be due to molecular
mimicry and may contribute to the pathogenesis of autoimmune and neurodegenerative
disorders. Treatment for C. jejuni should therefore be a part of the strategy for prevention and
treatment of autoimmune and neurodegenerative disorders.

Research perspectives
The availability and use of excellent and highly purified reagents such as monoclonal mouse and
affinity-purified rabbit antibodies can help us to accurately detect and measure in the blood
levels of antibodies that had previously been overlooked or ignored but which may actually
have important roles in devastating diseases. The reaction of antibodies made against
Campylobacter jejuni with so many human tissues and food antigens encourages future
research in the role that this organism may play in multiple autoimmune diseases. Future
research should seek to further confirm the involvement of C. jejuni and its toxins in
autoimmune and neurodegenerative disorders, and then expand the search to examine the
possible involvement of other pathogens. The best method for ensuring the most accurate and
reliable results in testing for C. jejuni and other pathogens is to use only specific antibodies that
are of high quality and high purity.
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Abstract
BACKGROUND
Studies show that the antifibrotic mechanism of taurine may involve its inhibition
of the activation and proliferation of hepatic stellate cells (HSCs). Since the
molecular mechanism of taurine-mediated antifibrotic activity has not been fully
unveiled and is little studied, it is imperative to use “omics” methods to
systematically investigate the molecular mechanism by which taurine inhibits
liver fibrosis.
AIM
To establish a network including transcriptomic and protein-protein interaction
data to elucidate the molecular mechanism of taurine-induced HSC apoptosis.
METHODS
We used microarrays, bioinformatics, protein-protein interaction (PPI) network,
and sub-modules to investigate taurine-induced changes in gene expression in
human HSCs (LX-2). Subsequently, all of the differentially expressed genes
(DEGs) were subjected to gene ontology function and Kyoto encyclopedia of
genes and genomes pathway enrichment analysis. Furthermore, the interactions
of DEGs were explored in a human PPI network, and sub-modules of the DEGs
interaction network were analyzed using Cytoscape software.
RESULTS
A total of 635 DEGs were identified in taurine-treated HSCs when compared with
the controls. Of these, 304 genes were statistically significantly up-regulated, and
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331 down-regulated. Most of these DEGs were mainly located on the membrane
and extracellular region, and are involved in the biological processes of signal
transduction, cell proliferation, positive regulation of extracellular regulated
protein kinases 1 (ERK1) and ERK2 cascade, extrinsic apoptotic signaling
pathway and so on. Fifteen significantly enriched pathways with DEGs were
identified, including mitogen-activated protein kinase (MAPK) signaling
pathway, peroxisome proliferators-activated receptor signaling pathway,
estrogen signaling pathway, Th1 and Th2 cell differentiation, cyclic adenosine
monophosphate signaling pathway and so on. By integrating the transcriptomics
and human PPI data, nine critical genes, including MMP2, MMP9, MMP21,
TIMP3, KLF10, CX3CR1, TGFB1, VEGFB, and EGF, were identified in the PPI
network analysis.
CONCLUSION
Taurine promotes the apoptosis of HSCs via up-regulating TGFB1 and then
activating the p38 MAPK-JNK-Caspase9/8/3 pathway. These findings enhance
the understanding of the molecular mechanism of taurine-induced HSC
apoptosis and provide references for liver disorder therapy.
Key words: Taurine; Hepatic stellate cells; Differentially expressed genes; Liver
fibrogenesis; Transcriptomic; Protein-protein interaction network
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We report our results derived from integrating transcriptomic and proteinprotein interaction data by methods of microarrays, bioinformatics, protein-protein
interaction network, and sub-modules, which allowed us to identify the key targets genes
involved in taurine-promoted hepatic stellate cell (HSC) apoptosis. This study
demonstrates for the first time that taurine promotes the apoptosis of HSCs via upregulating TGFB1 and then activating the p38 MAPK-JNK-Caspase9/8/3 pathway.
MMP2, MMP9, MMP21, TIMP3, KLF10, CX3CR1, TGFB1, VEGFB, and EGF may be
the important targets of taurine in HSCs.

Citation: Liang XQ, Liang J, Zhao XF, Wang XY, Deng X. Integrated network analysis of
transcriptomic and protein-protein interaction data in taurine-treated hepatic stellate cells.
World J Gastroenterol 2019; 25(9): 1067-1079
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1067.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1067

INTRODUCTION
Hepatic fibrosis is a pathological condition that may gradually develop into liver
cirrhosis or even hepatocellular carcinoma (HCC) if left without effective treatment[1,2].
Unfortunately, effective clinical therapies to halt disease progression are still lacking.
In the development of liver ﬁbrosis, the central event is that quiescent hepatic stellate
cells (HSCs) become activated and then transdifferentiate into myofibroblast-like cells.
The process of HSC activation may be the important target to halt the development of
hepatic fibrosis, but it occurs quickly. Accordingly, researchers have focused on the
regulatory pathways of HSC activation upon injurious stimuli by activating or
repressing gene transcription, epigenetic regulation, and post-transcriptional control.
To date, they have identified many target genes implicated in HSC activation,
including TGFB1, Foxf1, JunD, and C/EBP[3,4]. It is reported that deletion of one Foxf1
allele can slow down or inhibit HSC activation[5]. Similarly, knockout of JunD, which
encodes a functional component of the AP1 transcription factor complex[6], alleviated
CCl4-induced hepatic fibrosis via the reduction of activated HSCs and downregulation of hepatic TIMP-1 expression [7] . Furthermore, phosphorylation of the
transcription factor C/EBP by RSK kinase promoted the survival of quiescent HSC[8].
There could be no doubt that the regulatory pathways and key genes included in the
process of HSC activation would be essential to develop therapeutic strategies against
fibrogenic diseases.
Taurine, also known as 2-aminoethanesulfonic acid (C2H7NO3S), is a beta amino
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acid with a simple structure and mostly appears in the free state in organism. It plays
a protective role in various cells and tissues[9]. It is reported that taurine can protect
the liver against several forms of hepatic damage, including ischemia-reperfusion
injury, hepatic carcinoma, and hepatic abnormality, which were demonstrated by
animal experiments[10-15]. Furthermore, Miyazaki et al[13] investigated how taurine
influences the hepatic fibrogenesis in rats or HSCs, and finally discovered that taurine
could inhibit the proliferation of activated HSCs. In our previous studies, the methods
of microculture tetrazolium and flow cytometry were performed to compare the
apoptosis rate between taurine-treated and non-treated HSCs, and the results showed
that taurine can inhibit cell proliferation and promote cell apoptosis significantly[16,17].
Thus, supplementation with taurine should be considered a therapeutic approach to
lessen the severity of liver injury and hepatic fibrosis. However, life is so complex that
the therapeutic mechanism of any drug may involve a variety of genes and pathways
in regulating biological networks. The molecular mechanism of taurine remains
unclear, and therefore, it is difficult to use taurine for precision therapies in liver
diseases. With the discovery and development of high-throughput research methods,
the technology of microarray and bioinformatics give us an opportunity to analyze a
number of genes related to complex refractory effects of traditional Chinese medicine.
It is well known that the phenotype of a cell, ranging from the components to the
functions, is ultimately up to its gene expression profiles. Analyzing the changes of
gene expression profiles after treatment by medicine may help reveal their action
mechanisms.
In the current study, we performed gene microarray and bioinformatics methods
on taurine-treated human HSCs and control HSCs, which revealed differentially
expressed genes (DEGs) between taurine-treated HSCs and control cells.
Subsequently, the DEGs were subjected to the analysis of gene ontology (GO)
function and Kyoto encyclopedia of genes and genomes (KEGG) pathway. And then,
we further explored the interactions of DEGs in a human protein-protein interaction
(PPI) network and sub-modules via Cytoscape software. The overall goals were to
provide therapeutic targets of taurine and to have an in-depth insight into the
molecular mechanisms by which taurine protects the liver.

MATERIALS AND METHODS
Materials
Human HSCs (LX-2) were purchased from XiangYa Central Experiment Laboratory,
Central South University, Changsha, Hunan Province, China. Taurine was provided
by Yuanlong Pearl Co. Ltd., Beihai, Guangxi Zhuang Autonomous Region, China.
Dulbecco’s minimum essential medium (DMEM) was obtained from Hyclone (Logan,
UT, United States). Fetal bovine serum (FBS) was purchased from Biochrom AG
(Berlin, Germany). Streptomycin sulfate and penicillin were supplied by North China
Pharmaceutical, China. Distilled water was ﬁltered through a Milli-Q system
(Millipore, Bedford, MA, United States).

Culture and treatment of HSCs
HSCs were cultured in DMEM supplemented with 10% FBS, 100 U/mL penicillin,
and 100 U/mL streptomycin in an incubator at 37 °C and 5% CO2. The fresh culture
medium was replaced every other day. When the cell density achieved approximately
80% confluence, cells were trypsinized and resuspended in DMEM at a density of 1 ×
105/mL. For taurine-treated cells, the supernatant was discarded after centrifugation,
and the cells were incubated for 48 h in DMEM containing 40 mmol/L taurine, while
the control group was incubated in DMEM containing the same concentration of
HSCs without taurine.

Illumina microarray chip analysis
Illumina Bead Chip (San Diego, CA, United States) was constructed as a gene
expression microarray chip. Each slide (HumanHT-12_V4) contained 47323 DNA
probes (887 controls, 46436 tests). Total RNA from HSCs was extracted with Trizol
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. RNA
samples, with an A260/A280 ratio ranging between 1.7 and 2.1, were subjected to
denatured agarose gel electrophoresis for testing RNA integrity, followed by labeling
through an Illumina® RNA Amplification kit (Ambion, Austin, TX, United States)
according to the instructions of the manufacturers. RNA was converted to labeled
cRNA and quantified as previously described[18].
Hybridization, washing, and detection were performed using the Illumina Gene
Expression System Buffer Kit for HumanHT-12_V4 Bead-Chips (Illumina, San Diego,
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CA, United States) according to the manufacturer’s protocol. Briefly, an aliquot (11.3
μL) containing 850 ng cRNA was mixed with Hybridization Mix (22.7 μL), followed
by incubating at 65 °C for 5 min. And then 34 μL reaction solution was transferred to
Human HT-12_V4 Bead-Chip array, and incubated for 16 h at 55 °C with rotation.
After hybridization, Bead-Chips were fully washed in supplied wash solutions 5-10
times on a shaker. For detection, Bead-Chips were transferred to a fresh wash tray
containing streptavidin-Cy3 (1 μg/mL; Amersham Biosciences, Piscataway, NJ,
United States) and rocked for 10 min, and then dried by centrifugation at 275 g for 4
min at 20 °C after washing. Arrays were scanned using Illumina Bead Array Reader
and Bead Scan software, and subsequently analyzed using the software of Illumina
Bead Studio Application (San Diego, CA, United States).

Microarray data acquisition and preprocessing
Raw data was obtained as “.IDAT” and “.SDF” format using Genome Studio software
(Illumina, San Diego, CA, United States), and then imported into the R environment
for further processing. Subsequently, quantile normalization was carried out in R
using the lumi package with the Bioconductor open source software
(http://www.bioconductor.org/).

Microarray data quality control and analysis
Text or excel files for each RNA hybridization were created by the Illumina ®
GenomeStudio Gene Expression Module (Version 1.0), and then analyzed in R3.2.5
(http://www.R-project.org/). The Limma package[19]
(http://www.ncbi.nlm.nih.gov/pubmed/16646809) was used to perform background
adjustment, summarization, and quantile normalization. Normalization was made
using the robust multichip average (RMA) pre-normalization algorithm [20] . Data
quality assessment was accomplished by using various quality control measures.
Specifically, box plots are utilized to compare probe intensity levels among the arrays
of the dataset. The median lines were not significantly different from each other after
normalization. For each replicate array, gene expression ratios were generated by
comparing each probe-set signal value from taurine-treated samples to that from
control samples. DEGs were then identified by the Limma package with multiple
testing correction using the Benjamini-Hochberg false discovery rate. The statistically
significant DEGs were calculated using volcano plot analysis with the absolute value
of log2 fold change (FC) (|log2FC| ≥ 1.5) and a P-value < 0.05. Moreover, DEGs were
visualized by hierarchical clustering analysis.

Gene ontology function and Kyoto encyclopedia of genes and genomes pathway
enrichment analysis
In order to explore their function, the DEGs with known identities or homologous
sequences and known functional definitions were categorized using the Database for
Annotation, Visualization and Integrated Discovery (https://david-d.ncifcrf.gov, ver.
6.8) that is applied based on three categories of GO, namely, biological process (BP),
molecular function (MF), and cell component (CC). Genes were excluded if they were
only with expressed sequence tag identification or genomic coordinates that could not
be annotated. Pathway enrichment analysis was performed via the KEGG database to
identify functional categories of statistically significant genes, which were defined as
pathways exhibiting significant P-values (P < 0.05) with at least three overlapping
genes. The biological networks were generated by comparing the input list of DEGs to
a reference list from human databases.

PPI network
Human PPI networks were downloaded from the Human Protein Reference
Database [21] . The human PPI network was then used to construct an interaction
network of DEGs, and Cytoscape (http://cytoscape.org/, ver. 3.4.0) was used to mine
the function modules. The sub-module in the interaction network was further
explored using the MCODE plug-in in Cytoscape (the cut-off was set at 3).

Statistical analysis
Microarray data processing and normalization were analyzed in R3.2.5
(http://www.R-project.org/), applying an RMA algorithm. Significance was
calculated using a t-test without multiple testing correction, selecting all transcripts
with a minimum change in expression level of 1.5-fold together with a P-value less
than 0.05. PPI network was analyzed using CytoNCA, which is a plugin of Cytoscape
for network evaluation and topological analysis, including degree centrality,
betweenness centrality, and closeness centrality, for hub gene screening. Proteins
were defined as nodes, and PPI associations were defined as edges in the PPI
network.
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RESULTS
Effects of taurine on gene expression in HSCs
The results were consistent with our previous findings which demonstrated that
taurine could up- and down-regulate gene expression in HSCs[22]. In the present study,
635 genes showed significantly differential expression in taurine-treated HSCs as
compared with the control under the threshold of |log2FC| ≥ 1.5 and P < 0.05. Of
these, 304 (47.87%) were found to be up-regulated, while 331 (52.13%) were downregulated.

GO analysis of differential genes in taurine-treated HSCs
GO enrichment analyses were conducted on 304 differentially up-regulated and 331
down-regulated transcribed genes, which were classified into three main GO
categories, including BP, MF, and CC. The distribution of annotated genes across
different GO categories is shown in Table 1. The results indicated that DEGs were
mainly involved in the MF of identical protein, calmodulin, protease, hormone,
peptidoglycan, beta-amyloid, and calcium ion binding activity; olfactory receptor,
steroid hormone receptor, and transmembrane signaling receptor activity; protein
kinase, metalloendopeptidase, protein tyrosine kinase, metallopeptidase, serine-type
peptidase, and transferase activity. In the light of the BP analysis, DEGs were
involved in the processes of signal transduction, positive regulation of transcription
from RNA polymerase II promoter, proteolysis, positive regulation of transcription,
DNA-templated, negative regulation of cell proliferation, positive regulation of ERK1
and ERK2 cascade, and regulation of apoptotic process. In addition, DEGs were
mainly located in the plasma membrane, integral component of plasma membrane,
external side of plasma membrane, basement membrane, apical plasma membrane,
integral component of membrane, extracellular region, presynapse, cell surface, and
proteinaceous extracellular matrix.

Pathway analysis of DEGs in taurine-treated HSCs
In order to further identify the specific biological pathways of differential genes
associated with taurine treatment, the KEGG database was applied. As a result, 30
significantly enriched pathways with DEGs were identified (P < 0.05) and are listed in
the Figures 1 and 2, which included mitogen-activated protein kinase (MAPK)
signaling pathway, peroxisome proliferators-activated receptor signaling pathway,
estrogen signaling pathway, Th1 and Th2 cell differentiation, cyclic adenosine
monophosphate signaling pathway and so on (P < 0.05).

Analysis of the PPI network of DEGs
The interaction between protein and protein plays an important role in various BP. In
the PPI network, the protein and the interaction are defined as the node and the edge,
respectively. The present PPI network is comprised of 371 nodes and 882 edges
(Figure 3). In this network, the ellipse nodes have higher degrees, the second is the
triangle nodes, and the diamond nodes is the least. The ellipse nodes include 64 genes,
such as JAK2, PRKACB, MAPK14, CYP19A1, RAP1A, TGFB1, ESR1, NPS, NR3C1,
DNAH8, PIKFYVE, EGF, EGFR, BDNF, MMP9, and SRC. Of these, 32 were upregulated, and 32 down-regulated. The number of edges of each node is quite large
(for example, 45 in SRC, 41 in PRKACB, MAPK14, and EGF, 40 in EGFR, and 33 in
PIKFYVE). Thus, it indicated that the genes with more nodes are more important to
the protective mechanism of taurine. Subsequently, we analyzed the network with a
plugin of Cytoscape named MCODE, and obtained 11 clusters, which are showed in
Table 2 and Figure 4.

DISCUSSION
In the present study, we explored the mechanism of taurine on human HSCs in more
details based on the gene microarray data, identified the DEGs in the taurine-treated
samples by a SAM-based method, analyzed the GO functions and KEGG pathways of
DEGs, and further investigated the DEGs by interaction network and sub-module
analysis.
The DEGs identified included matrix metalloproteinases (MMP2, MMP9, and
MMP21), and their specific tissue inhibitor (TIMP3). It is generally recognized that
metalloproteinases enhance cancer cell growth while their specific tissue inhibitor
suppress. A collection of studies has indicated that TIMP3 could regulate the
bioavailability of cytokines and growth factors to control inflammation and modulate
the survival of cells in the liver. Studies targeting the hepatic fate, including liver
regeneration[23], systemic inflammation[24], Fas-dependent hepatotoxicity[25], and high-
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Table 1 Gene ontology enrichment results of differentially expressed genes
GO

Count

P-value

Description

Enriched GO biological process of DEGs
GO:0007165

52

0.001

Signal transduction

GO:0006508

24

0.015

Proteolysis

GO:0008283

18

0.03

Cell proliferation

GO:0070374

13

0.004

Positive regulation of ERK1 and ERK2 cascade

GO:0001666

12

0.009

Response to hypoxia

GO:0018108

10

0.029

Peptidyl-tyrosine phosphorylation

GO:0001501

9

0.04

Skeletal system development

GO:0050907

8

0.018

Detection of chemical stimulus involved in sensory perception

GO:0002576

8

0.026

Platelet degranulation

GO:0006302

7

0.011

Double-strand break repair

GO:0050731

7

0.028

Positive regulation of peptidyl-tyrosine phosphorylation

GO:0097191

6

0.006

Extrinsic apoptotic signaling pathway

GO:0007269

6

0.014

Neurotransmitter secretion

GO:0043406

6

0.025

Positive regulation of MAP kinase activity

Enriched GO chemical component of DEGs
GO:0005886

148

0.000

Plasma membrane

GO:0005887

66

0.000

Integral component of plasma membrane

GO:0005576

59

0.027

Extracellular region

GO:0009897

13

0.017

External side of plasma membrane

GO:0005604

7

0.023

Basement membrane

GO:0098793

6

0.033

Presynapse

Enriched GO molecular function of DEGs
GO:0042802

33

0.010

Identical protein binding

GO:0005509

32

0.009

Calcium ion binding

GO:0004888

14

0.007

Transmembrane signaling receptor activity

GO:0005516

12

0.016

Calmodulin binding

GO:0005215

12

0.025

Transporter activity

GO:0004222

9

0.013

Metalloendopeptidase activity

GO:0004713

9

0.031

Protein tyrosine kinase activity

GO:0008237

8

0.007

Metallopeptidase activity

GO:0002020

8

0.022

Protease binding

GO:0003707

6

0.019

Steroid hormone receptor activity

GO:0008236

6

0.030

Serine-type peptidase activity

GO:0003705

6

0.036

Transcription factor activity, RNA polymerase II distal enhancer sequence-specific binding

GO:0001540

5

0.014

Hormone binding

GO:0001206

4

0.002

Peptidoglycan binding

GO: Gene ontology; DEGs: Differentially expressed genes.

fat diet-induced nonalcoholic fatty liver disease[26] or steatohepatitis[24], have confirmed
TIMP3 as a key controller of inflammation, cell death, and cell survival in the liver,
again suggesting it as a tumor suppressor gene. It is noteworthy that TIMP3 is also
found silenced in human cancers. Meanwhile, convincing evidence showed that
TIMP3 loss slowed the progression of hepatic tumorigenesis and the development of
malignancy despite eliciting heightened inflammation in response to carcinogen.
Notably, gene deletion of TIMP3 could be dispensable by the immediate engagement
of several tumor suppressor pathways to protect from carcinogen-induced HCC.
These pathways include tumor necrosis factor signaling[27]. It will be seen from these
that changes of these genes may be directly related to the protective effect of taurine
against liver disease.
Moreover, Kruppel-like factor 10 (KLF10) is found to be up-regulated by taurine
with an FC value of 2.83. It is a tumor suppressor, directly inhibits the expression of
collagen I and PDGFRβ, and promotes HSCs apoptosis. Evidence indicates that
haploinsufficiency of KLF10 led to fibrosis worsening in rats[28]. The up-regulation of
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Figure 1 Kyoto encyclopedia of genes and genomes pathway analysis of the differentially expressed genes. The color represents different pathways. The
larger area represents more DEGs enriched in the pathway. DEGs: Differentially expressed genes; cMAP: Cyclic adenosine monophosphate; MAPK: Mitogenactivated protein kinase; PPAR: Peroxisome proliferator-activated receptor.

KLFs by statins promoted the expression of the vasoprotective gene via a KLF2-nitric
oxide-guanylate cyclase-mediated paracrine mechanism [29] . It is suggested that
taurine-increased apoptosis of HSCs may be associated with the function that upregulates KLF10 and then directly represses collagen I and PDGFRβ expression.
Immune regulation, one of the cellular events in injured/inflamed hepatic tissue
microenvironment, is also well known to directly lead to the activation of HSCs in a
etiology-specific or -independent manner [30] . Investigation into the divergent
immunomodulatory activities of quiescent and activated HSCs in vitro has revealed
that activated HSCs induce T-cell hyporesponsiveness[31]. The identified DEGs also
include pro-fibrogenic inflammatory chemokines and their receptors such as C-X3-C
motif chemokine receptor 1, which could increase activated HSC apoptosis[32]. These
processes are fundamental to promote HSC apoptosis and the action mechanism of
taurine may be directly associated with these regulation processes.
Based on the BP analysis of GO function, it is demonstrated that the DEGs were
mainly involved in negative regulation of the cell proliferation, epidermal growth
factor receptor signaling pathway, and regulation of apoptotic process. Several
important pathways have been identified, including the MAPK signaling pathway,
calcium signaling pathway, GnRH signaling pathway, and inflammatory mediator
regulation of TRP channels. The MAPK signaling pathway is an intracellular signaling
transduction pathway, including extracellular signal regulated kinase (ERK), Jun Nterminal kinase (JNK), p38, and ERK-5, and its major function is to control gene
expression in response to cell proliferation, differentiation, and migration. In this
intracellular signaling transduction pathway, JNK and p38 MAPK family members
take effects in a cell context- and cell type-specific manner to integrate signals that
affect proliferation, differentiation, survival, and migration [33] . Indeed, previous
studies showed that ERK, JNK, and p38 MAPK regulate the activation of HSCs during
the development process of liver fibrosis[30]. Moreover, it is reported that JNK may be
involved in regulating activated HSC apoptosis by death receptors DR4/DR5 and
pro-apoptosis factor CHOP[34]. JNK activity is also affected by inhibition of NF-κB,
which may result in an increase of cell death and cytokine-driven compensatory
proliferation[35]. Furthermore, Al-Azayzih et al[36] studied how TGFB1 affected the
cancer cell survival and proliferation, and found that TGFB1 decreased cell viability
and induced cancer cell apoptosis via activation of the p38 MAPK-JNK-Caspase9/8/3
pathway. It is well known that TGFβ is an inhibitor of epithelial and lymphoid cell
proliferation, and therefore considered to have an inhibitory effect on tumor. It is also
included in the identified DEGs and was up-regulated by taurine with an FC value of
2.33 (P < 0.01). The conclusion was that taurine promotes the apoptosis of HSCs via
up-regulating TGFB1 and then activating the p38 MAPK-JNK-Caspase9/8/3
pathway.
The PPI sub-network consisted of VEGFB, EGF, BDNF, TGFB1, FIGF, TIMP3, FGB,
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Figure 2 Heatmap of enriched terms across the differentially expressed genes, colored by P-values. MAPK: Mitogen-activated protein kinase.

EGFR, F7, MMP9, MMRN1, and TCOF1. The GO function analysis demonstrated that
these DEGs are mainly involved in positive regulation of protein kinase B signaling,
ERK1 and ERK2 cascade, MAP kinase activity, MAPK cascade, cell migration, and cell
proliferation based on analysis of the BP. Meanwhile, it was also shown that these
genes are mainly located on the plasma membrane. Furthermore, the KEGG pathway
analysis indicated that these genes are mainly included in the MAPK signaling
pathway, FoxO signaling pathway, Focal adhesion, Rap1 signaling pathway, Ras
signaling pathway, and PI3K-Akt signaling pathway. VEGF is a member of
PDGF/VEGF family that is related to the physiology of endothelial cells and
responsible for blood vessel formation. VEGF is differentially spliced to form two
isoforms: VEGF and VEGFb. Whereas VEGF stimulates angiogenesis, VEGFb is antiangiogenic [37] . Multiple factors can lead to up-regulation of VEGF expression,
including hypoxia, oncogenic stimuli, and growth factors. The increased VEGF
expression induces PI3K- and MAPK-dependent stimulation of HIF-1α. In addition to
provoking autophagic-mediated HSC activation, HIF-1α feeds back to further
stimulate VEGF production and continue the cycle [38] . EGF receptor is different
between activated HSCs and quiescent HSCs. In the process that quiescent HSCs
transdifferentiate into activated HSCs, ECM molecules would be secreted to
accumulate and form scar tissue in the space of Disse, therefore EGF receptor is
overexpressed and phosphorylated in activated HSCs. Pharmacological inhibition of
EGF receptor could suppress hepatic fibrosis and HCC nodules[39]. In the present
study, EGF is down-regulated. In general, the above findings suggested that VEGFB,
EGF, BDNF, TGFB1, FIGF, TIMP3, FGB, EGFR, F7, MMP9, MMRN1, and TCOF1 play
key roles in the action mechanism of taurine.
The analyses described here provide some basis for a better understanding of the
molecular mechanism of taurine and for the development of treatment strategies for
liver disorders. However, further experiments are required for validation. We would
conduct the validation experiments in the following studies, including the
differentially expressed genes and the p38 MAPK-JNK-Caspase9/8/3 pathway by
using blockers via the method of PCR and Western blot.
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Table 2 Cluster of differentially expressed genes in the protein-protein interaction network
Cluster

Score

Nodes

Edges

Genes

1

7.818

12

43

TCOF1, MMRN1, TGFB1,
FIGF, VEGFB, TIMP3, FGB,
EGFR, F7, EGF, BDNF, MMP9

2

5.556

10

25

ESR1, DNAH8, MMP2, JAK2,
SRC, ESR2, CYP19A1, GPER,
NPS, NR3C1

3

4.286

29

60

NPSR1, PIKFYVE, KLHL11,
KBTBD8, PMS2, XRCC4,
RCVRN, TAS2R9, CACNA1B,
RAD52, OGN, NPFFR2, WRN,
GRPR, CABP2, RYR1,
ZBTB16, ASB5, CAMK2D,
BGN, RAD51B, CCL25,
UBE2V1, HECW2, OPRM1,
PRKACB, TAB1, HTR5A,
ADCY4

4

4

4

6

ALDH4A1, GCSH, DBT,
OGDH

5

4

4

6

THSD7B, ADAMTSL1,
ADAMTS1, THSD1

6

4

4

6

C2CD3, NPHP1, HAUS6,
HAUS1

7

3.429

8

12

RASL10A, FRYL, LRRC69,
DIRAS1, ERAS, RAP1A,
RANBP2, OMG

8

3

3

3

RGPD1, NUTF2, KPNA5

9

3

3

3

UTY, ZFY, CECR2

10

3

3

3

TBX5, CFC1, GJA5

11

3

3

3

SYCP2, POT1, HIST1H2BD
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Figure 3 Protein-protein interaction network of differentially expressed genes in taurine-treated hepatic stellate cell samples. The nearer the center, the
higher the degrees; red coloring represents up-regulated genes; green coloring represents down-regulated genes; purple coloring represents genes from database;
the shade is related to the change fold (darker colors indicate more apparent differences).
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Figure 4 Functional sub-modules in the protein-protein interaction network of differentially expressed genes in the taurine-treated hepatic stellate cells.
Red coloring represents up-regulated genes; green coloring represents down-regulated genes; purple coloring represents genes from database; the shade is related
to the change fold (darker colors indicate more apparent differences).

ARTICLE HIGHLIGHTS
Research background
Taurine is a beta amino acid with a simple structure and mostly appears in the free state in
organism, and it plays a protective role against several forms of hepatic damage, including
hepatic fibrosis. However, the molecular mechanism of taurine remains unclear, and therefore, it
is difficult to use taurine for precision therapies in liver diseases.

Research motivation
The main topics of this study included investigating taurine-induced changes in gene expression
in human HSCs, subjecting all of the differential expressed genes to gene ontology function and
Kyoto encyclopedia of genes and genomes pathway enrichment analysis, exploring the
interactions of differentially expressed genes (DEGs) in a human protein-protein interaction
(PPI) network, and clarifying the mechanism of taurine on human hepatic stellate cells (HSCs).
The findings enhance the understanding of the molecular mechanism of taurine-induced HSC
apoptosis and provide references for liver disorder therapy.

Research objectives
The present study aimed to establish a network including transcriptomic and protein-protein
interaction data, and to elucidate the molecular mechanism of taurine-induced HSC apoptosis.

Research methods
Raw microarray data were obtained as “.IDAT” and “.SDF” format using Genome Studio
software (Illumina, San Diego, CA, United States), and then imported into the R environment for
further processing. Subsequently, quantile normalization was carried out in R using the lumi
package with Bioconductor open source software (http://www.bioconductor.org/). Significance
was calculated using a t-test without multiple testing correction, selecting all transcripts with a
minimum change in expression level of 1.5-fold together with a P-value less than 0.05. An
enrichment analysis was then conducted using the Database for Annotation, Visualization and
Integrated Discovery online tool, and the PPI network was constructed using Cytoscape
software. Furthermore, the MCODE plug-in of Cytoscape was used to conduct a sub-module
analysis.

Research results
It was found that nine critical genes, including MMP2, MMP9, MMP21, TIMP3, KLF10,
CX3CR1, TGFB1, VEGFB, and EGF, were screened in the PPI network analysis.

Research conclusions
The present study showed that VEGFB, EGF, BDNF, TGFB1, FIGF, TIMP3, FGB, EGFR, F7,
MMP9, MMRN1, and TCOF1 play key roles in the action mechanism of taurine, and these
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DEGs are mainly involved in positive regulation of protein kinase B signaling, ERK1 and ERK2
cascade, MAP kinase activity, MAPK cascade, cell migration, and cell proliferation.

Research perspectives
This study preliminarily explored the molecular mechanism of taurine on HSCs. Future studies
should focus on the following aspects. First, the present study had no validation data and the
findings could not be generalized to other conditions. As a result, future research should conduct
the validate experiments, including the differentially expressed genes and the p38 MAPK-JNKCaspase9/8/3 pathway by using blockers via the method of PCR and Western blot. Second, the
characters of active and quiescent HSCs are different and the two subtypes should be studied
separately in the future.
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Abstract
BACKGROUND
Literature has suggested that imaging is over-utilized in the diagnosis of
pancreatitis. If the diagnosis of acute pancreatitis (AP) is established with
abdominal pain and increased serum amylase or lipase activity without systemic
signs of severe disease, computed tomography (CT) imaging may not be
necessary. We hypothesize that among patients with uncomplicated acute
pancreatitis (AUP), there is a significant number of unwarranted CT imaging
studies. This imposes increased expenditure and cost in our healthcare system
and does not improve hospital stay or management of AUP.

Conflict-of-interest statement: All
authors declare no conflicts-ofinterest related to this article.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen

WJG

AIM
To assess the overutilization and associated cost of CT imaging among patients
meeting diagnostic criteria for AUP.
METHODS
In this Institutional Review Board-approved retrospective, single-center study,
we identified all adult patients admitted with AP from January 1, 2012 through
October 1, 2017. Patients were identified via International Classification of
Diseases (ICD-9) code for AP (577.0) and ICD-10 codes for different etiological AP
(K85.9 unspecified, K85.0 idiopathic, K85.1 biliary, K85.2 alcohol-induced, K85.3
drug-induced, and K85.8 other). Diagnosis was confirmed by chart review using
established non-imaging diagnostic criteria (presence of typical abdominal pain
and elevated lipase or amylase greater than 3 times upper limit of normal).
Ranson criteria and BISAP scores on presentation were calculated and patients
that met scores less than or equal to 2 for both were included to suggest AUP.
The utilization and cost of imaging in these patients were recorded.
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RESULTS
Between January 2012 and October 2017, 1305 patients presented to the
emergency department with AP, and 405 patients (31%) met our inclusion criteria
for AUP (201 males, 204 females; mean age 49 years, range 18-98). Of those, 210
patients (51.85%) underwent CT imaging. One patient (0.47%) had evidence of
pancreatic necrosis, one patient had cyst formation (0.47%), and the remaining
208 patients (99.05%) had either normal CT scan imaging or findings consistent
with mild AP without necrosis. The average cost of CT scan imaging was $4510
with a total cost of $947056. Median length of hospitalization stay was 3 d among
both groups. Combining Ranson’s Criteria and BISAP score identified AUP in
our patient population with an accuracy of 99.5%.
CONCLUSION
CT imaging is unnecessary when AUP is diagnosed clinically and biochemically.
Reducing overuse of diagnostic CT scans will decrease healthcare expenditure
and radiation exposure to patients.
Key words: Acute pancreatitis; Diagnostic criteria; Computed tomography imaging
utilization; Quality improvement; Healthcare expenditure; Emergency department
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Guidelines indicate that routine use of imaging is unwarranted in patients with
acute uncomplicated pancreatitis presenting with abdominal pain and increased serum
amylase or lipase levels without signs of severe disease. This retrospective, single center
study found that 51.85% of the study cohort underwent computed tomography imaging
in the emergency department after having clinical and biochemical evidence of
pancreatitis. The image findings did not impact hospital length of stay, and resulted in
$947056 health expenditure. Quality improvement initiatives targeting overutilization of
early imaging are needed to increase guideline adherence, reduce healthcare cost, and
ultimately improve patient care.

Citation: Kothari S, Kalinowski M, Kobeszko M, Almouradi T. Computed tomography scan
imaging in diagnosing acute uncomplicated pancreatitis: Usefulness vs cost. World J
Gastroenterol 2019; 25(9): 1080-1087
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1080.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1080

INTRODUCTION
Acute pancreatitis (AP) is one of the leading gastroenterologic causes for hospitalization in the United States with more than 220000 annual admissions and
healthcare costs of approximately 2.6 billion dollars[1,2]. The diagnosis of AP is made
by the presence of two of the three following criteria: (1) abdominal pain typical for
AP (acute, constant, epigastric abdominal pain or right upper quadrant pain radiating
to upper back); (2) serum amylase and/or lipase level greater than three times the
upper limit of normal; and/or (3) characteristic findings on abdominal imaging[3].
AP has varying etiologies with an overall mortality of approximately 2%[4]. The
majority of cases (80%-90%) are mild and self-limited while 10%-20% lead to severe
complications such as pancreatic necrosis and multi-organ failure [4,5] . Given the
adverse prognosis and increased mortality with necrotizing pancreatitis, a number of
scoring systems combining clinical and laboratory parameters have been designed to
assess the severity of AP.
Ranson’s Criteria was published in 1974 as one of the first prognostic tools
established to help clinicians identify severity of AP[6]. A Ranson score of 2 or less is
associated with a mortality rate of 0-3%[4]. Ranson’s Criteria continues to be used
today given its ease of use, however, in recent years, its prognostic accuracy was
brought into question. The primary concern surrounding the Ranson score is the
significant false positive rate upon initial evaluation and the need for a 48-h followup[7,8]. Alternatively, the Bedside Index for Severity in Acute Pancreatitis (BISAP) was
developed in 2008 and has been shown to be a more accurate prognostic tool[7,9]. The
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BISAP scoring index is to be used in the first 24 h of presentation and consists of 5
parts: blood urea nitrogen (BUN) level > 25 mg/dL, impaired mental status,
development of systemic inflammatory response syndrome (SIRS), age > 60 years,
and presence of pleural effusion ranging from 0-5 score[9]. Multiple studies have
validated the performance of the BISAP and pooled estimates demonstrate its
accuracy in predicting acute pancreatitis severity[10].
The primary role of imaging during initial presentation of AP is to validate the
diagnosis when uncertain or detect for possible pancreatic complications when there
is no clinical improvement within the first 48 to 72 h of admission[11]. Utilization of
computed tomography (CT) imaging has been an integral part of evaluating patients
with AP, however its necessity and use has been questioned in those who meet the
clinical and laboratory diagnosis[3]. Numerous studies have shown that early imaging
is low-yield in that it has no measurable impact on the management or clinical
outcomes of AP and is inaccurate in detecting pancreatic necrosis[12,13].
The aim of this study is to assess the utilization and associated cost of CT imaging
in patients presenting to our institution’s emergency department (ED) with acute
uncomplicated pancreatitis (AUP) that have low severity scores and meet the clinical
and biochemical diagnostic criteria. We anticipate that CT imaging is unnecessarily
ordered in the ED for patients who match the criteria of an initial episode of AUP at
presentation and will incur excess cost and not impact hospitalization course.

MATERIALS AND METHODS
Study population
This IRB-approved retrospective, single-center study reviewed all adult patients
admitted to our quaternary care facility with a diagnosis of AP between January 1,
2012 and October 1, 2017. Patients were initially identified via International
Classification of Diseases (ICD-9) code for AP (577.0) and ICD-10 codes for different
etiological AP (K85.9 unspecified, K85.0 idiopathic, K85.1 biliary, K85.2 alcoholinduced, K85.3 drug-induced, and K85.8 other). Inclusion criteria included abdominal
pain suspicious for
pancreatitis and either an initial lipase or amylase level greater than three times the
upper limit of normal, which at our institution was ≥ 1179 units/L and ≥ 345 units/L,
respectively. The BISAP score and Ranson’s Criteria at admission were used to
classify pancreatitis severity (Tables 1 and 2)[6,14]. Patients with a BISAP and Ranson’s
score of 2 or less were included. Exclusion criteria included patients with BISAP and
Ranson’s score 3 or greater, those admitted to the intensive care unit, or those with
documented history of recurrent or chronic pancreatitis.

Data Collection
Patient demographics, laboratory data, radiographic history, and clinical data were
retrospectively reviewed using our electronic medical record system. Data was
collected and stored in a secure platform known as Redcap™. Patient’s admission and
discharges dates were collected for prognostic purposes. Patient demographics
include age and gender. Laboratory data was limited to lipase, amylase, WBC, blood
glucose, AST, LDH, and BUN. Vitals were reviewed to assess if patients met SIRS
criteria. Clinical data such as history of present illness and physical examination were
reviewed from the ED documentation. Etiology was determined from imaging and
clinical documentation and was classified as either biliary/gallstone, alcohol,
idiopathic, drug-induced, hypertriglyceridemia, ERCP-related, trauma, autoimmune,
or unknown. CT imaging ordered within the ED, after clinical picture and laboratory
results were obtained, was reviewed and further classified into the specific type of
imaging. Patient specific financial information pertaining to imaging cost was
obtained from the Financial Decision Support Department within our institution
using the patient’s medical record number.

Statistical analysis
Data collected from Redcap™ was exported to SAS® Version 9.4 for further analysis
using descriptive statistics. The mean and standard deviation for CT imaging cost and
patient age were calculated using standard formulas. Categorical data was recorded
and reviewed as final summations.

RESULTS
Study cohort and clinical characteristics
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Table 1 Ranson’s criteria at admission estimates severity and mortality of patients with acute
pancreatitis based on initial lab values
Ranson criteria at admission
White blood cell count > 16000

1 point

Age > 55 years of age

1 point

Blood glucose > 200 mg/dL

1 point

Aspartate transaminase > 250

1 point

Lactate dehydrogease > 350

1 point

Scores ≤ 2 indicate mortality of 0-3%. Patients with scores of 2 or less were included in the study cohort.

Between January 2012 and October 2017, 1305 patients were admitted with AP. The
study cohort included total of 405 patients that met the clinical and biochemical
diagnosis for AUP based on the inclusion criteria (201 males (49.63%), 204 females
(50.37%); mean age 49.30 ± 17.42 years, range 18-98 years) (Table 3). The etiologies for
AUP included biliary/gallstones (149 patients, 36.79%), alcohol (142 patients, 35.06%),
idiopathic (68 patients, 16.79%), drug-induced (17 patients, 4.20%), hypertriglyceridemia (4 patients, 0.98%), ERCP related (1 patient, 0.25%), trauma (1 patient,
0.25%), autoimmune (1 patient, 0.25%), unknown (22 patients, 5.43%) (Table 3).

Use and cost of early CT imaging
Of the 405 patients that met the non-imaging clinical diagnostic criteria for AUP, 210
patients (51.85%) underwent CT imaging in the ED after having clinical and
biochemical evidence of pancreatitis. The type of CT imaging ordered included
abdomen/pelvis with contrast (122; 58.1%), abdomen/pelvis without contrast (62;
29.52%), abdomen/pelvis with and without contrast (9; 4.29%), abdomen only with
contrast (10; 4.76%), abdomen only without contrast (1; 0.48%), abdomen only with
and without contrast (5; 2.38%), and chest/abdomen/pelvis without contrast (1;
0.48%) (Table 4). CT imaging demonstrated normal imaging or uncomplicated AP in
208 patients (99.05%), AP with cyst formation in 1 patient (0.48%), and AP with
necrosis in 1 patient (0.48%). The number of CT imaging per year varied with 47 in
2012, 36 in 2013, 43 in 2014, 23 in 2015, 34 in 2016, and 27 in 2017. The average cost of
the CT imaging ordered was $4450.38 ± $1185.98 with a total cost of $947056 spent on
CT imaging (Table 4). The median length of stay among those that received no CT
imaging was 3.00 d (IQR 2.00-4.00) and among those that received CT imaging was
also 3.00 d (IQR 2.00-5.00).

DISCUSSION
In this single-center, retrospective descriptive cohort study, we determine the
overutilization and associated cost of CT imaging within emergency department
patients presenting with AUP from January 1, 2012 to October 1, 2017. First, we
demonstrate that over half our cohort (51.85%) underwent CT imaging within the ED
even though the diagnosis of AP had been established by non-imaging diagnostic
criteria. Second, early imaging did not change the patient hospital course as there was
no change in median length of hospitalization between those that received early CT
imaging compared to those that did not. Third, this overutilization of CT imaging
incurred in an excess cost close to $1 million.
Our study findings correlate with multiple other studies and demonstrate
suboptimal adherence to current recommendations of reserving early imaging for
when the diagnosis is unclear or patients to fail to clinically improve after 2 to 3
d[11,15-17]. There is no literary evidence supporting any association of imaging within the
ED and improvement of clinical outcomes. A recent time trend analysis within the
U.S. EDs showed that utilization of CT and MRI imaging is actually rising in patients
presenting with acute pancreatitis[18]. Another study found a 2.5-fold increase in
utilization of CT imaging in patients with acute pancreatitis without measurable
improvement in patient outcomes[19]. This is consistent with our study as there was no
change in median length of hospitalization or outcome among patients who
underwent imaging and those who did not. With complications such as necrosis
typically requiring 3 to 4 d before appearing on imaging, studies have shown that
early imaging did not typically lead to alternative treatment or length of stay[20]. Our
study showed that in only 1 of 405 patients with acute uncomplicated pancreatitis,
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Table 2 BISAP score predicts the mortality risk in acute pancreatitis based on the data within the first 24 h
BISAP score for pancreatitis mortality
Blood urea nitrogen > 25 mg/dL

1 point

Impaired mental status (disorientation, lethargy, somnolence, coma,
stupor)

1 point

≥ 2 Systemic Inflammatory Response Syndrome (SIRS) Criteria
(temperature > 38 °C or < 36 °C, heart rate > 90, respiratory rate > 20 or
PaC02 < 32 mmHg, white blood cell count > 120000/mm3 or < 4000/mm3
or > 10% bands)

1 point

Age ≥ 60 years old

1 point

Pleural effusion present on imaging

1 point

Score of 0 has < 1% and scores ≤ 2 have 1.9% mortality risk, respectively. Patients with scores of 2 or less were included in the study cohort.

early imaging showed necrosis. This is consistent with previous studies showing rates
of 1%-2%[19]. Therefore, use of CT imaging in management of AP would be more
appropriate if symptoms persist 4-7 d after admission or in case of persistent organ
failure, sepsis, or decline in clinical status.
While the invention of CT imaging has pushed forward medical advancement, CT
imaging carries its own risks and hazards. Estimated 2% of all cancer diagnoses in the
United States is a result from radiation due to CT scan use [21] . This is partially
attributed to the 600-fold increase in radiation exposure from CT imaging over the
past 20 years, with an annual growth rate of 10% annually[21,22]. Appropriate and safe
use of CT imaging can help reduce overall radiation exposure.
Unnecessary imaging additionally results in increased healthcare expenditure.
Raghav et al[23] evaluated the potential cost savings of CT scan in gallstone pancreatitis
at two county hospitals in Los Angeles and New York in 2010, and found that almost
half of the patients received unnecessary CT scans, resulting in $72288 excess health
expenditure at that institution. Another study aimed to examine regional variation in
national healthcare expenditure for management of AP and found the mean cost per
hospitalization to be $12446.48 within that year[24]. Decreasing excess imaging will not
only reduce radiology costs, but also eliminate avoidable tests, consultations, and
resources.
The size of the patient cohort is the main strength of this study. The large sample
size that was analyzed based on inclusion and exclusion criteria provided a unique
population that has not been specifically evaluated in prior literature. Exclusion of
patients requiring imaging for diagnosis other than AP permitted for more accurate
representation of imaging utilization. In addition, exclusion of recurrent, chronic, and
severe pancreatitis focused our patient population on the utilization of imaging in
uncomplicated pancreatitis with less external distortion.
To ensure patients with acute pancreatitis were uncomplicated, we used two
scoring metrics for severity - both the BISAP score and Ranson’s Criteria. Given that
recent literature has suggested the Ranson’s criteria tends to exaggerate the severity of
acute pancreatitis, using this criteria reduced the risk that patients in our population
cohort were falsely identified as AUP. Combining these two prognostic tools
identified AUP with an accuracy of 99.5%.
Limitations of this study include the retrospective nature of the design. While the
diagnosis of AP was analyzed on individual basis confirming two out of three
diagnostic criteria, actual patients were not interviewed. Therefore, the diagnostic
criteria of epigastric abdominal pain typical of AP was interpreted through
documentation of the emergency department. In addition, since our study was
conducted at a single center, it limits the generalization of our findings to other
institutions or populations with different resources.
This study demonstrates that CT imaging in the emergency department does not
provide new information or change hospital length of stay in patients that are
clinically and biochemically diagnosed with AUP. Due to increased risk of radiation
exposure, excess healthcare costs, and the lack of evidence for clinical benefit, early
routine CT imaging should be discouraged. Our research findings emphasize the
importance of further education and awareness among providers regarding high
value cost conscious care to reduce excess imaging, eliminate unnecessary costs,
minimize potential patient harm, and ultimately improve patient care. Future multiinterdisciplinary quality improvement initiatives among other departments should be
implemented to enhance recognition and adherence to standard quality of care
imaging guidelines.
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Table 3 Characteristics of patients admitted with acute uncomplicated pancreatitis (n = 405) n (%)
Characteristic

Number / %

mean age (range)

49.30 ± 17.42 yr (18-98 yr)

Gender
Male

201 (49.63)

Female

204 (50.37)

Etiology
Biliary/gallstone

149 (36.79)

Alcohol

142 (35.06)

Idiopathic

68 (16.79)

Drug-induced

17 (4.20)

Hypertriglyceridemia

4 (0.98)

Endoscopic retrograde cholangiopancreatography-related

1 (0.25)

Trauma

1 (0.25)

Autoimmune

1 (0.25)

Unknown

22 (5.43)

Table 4 Computed tomography imaging utilization, findings, and cost n (%)
Use of computed tomography imaging

Value

Underwent computed tomography imaging

210 (51.85)

Did not undergo computed tomography imaging

195 (48.15)

Type of computed tomography imaging (n = 210)
Computed Tomography abdomen/pelvis with contrast

122 (58.10)

Computed Tomography abdomen/pelvis without contrast

62 (29.52)

Computed Tomography abdomen/pelvis with and without contrast

9 (4.29)

Computed tomography abdomen with contrast

10 (4.76)

Computed tomography abdomen without contrast

1 (0.48)

Computed tomography abdomen with and without contrast

5 (2.38)

Computed tomography chest/abdomen/pelvis without contrast

1 (0.48)

Image findings
Normal imaging or uncomplicated acute pancreatitis

208 (99.05)

Acute pancreatitis with cyst formation

1 (0.48)

Acute pancreatitis with necrosis

1 (0.48)

Cost of computed tomography imaging
Average per computed tomography scan

$4450.38 ± $1185.98

Total cost

$947056

ARTICLE HIGHLIGHTS
Research background
Literature has shown that use of imaging in patients with acute pancreatitis (AP) is rarely
required for the diagnosis of AP and does not change the management or outcome in such
patients. Guidelines suggest that diagnosis of AP can be done without imaging if the patient
meets the clinical and biochemical diagnosis. Unwarranted imaging can lead to preventable
radiation exposure, excessive healthcare resources, and unjustifiable healthcare costs.

Research motivation
Reducing healthcare costs associated with tests that do not improve patient care and add to
healthcare costs is of the utmost importance. This study was conducted to further characterize, in
dollar amounts, the impact of ordering unwarranted imaging. More studies need to be
conducted to further characterize clinical practice concerning acute uncomplicated pancreatitis
and the utility of computed tomography (CT) imaging.

Research objectives
This study aimed to evaluate how many unwarranted CT scans are performed in patients with
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acute uncomplicated pancreatitis (AUP) meeting the diagnostic criteria of clinical symptoms and
abnormal lab values at our institution. In addition, the study determined if the need of imaging
impacted hospital length of stay and how much overall expenditure the hospital spent on the use
of unnecessary CT imaging. This study emphasizes the importance of guideline adherence and
educating providers on the importance of high value cost conscious care to ultimately improve
potential healthcare cost savings and patient care.

Research methods
A retrospective single center study was performed evaluating the use of CT imaging among
patients with acute uncomplicated pancreatitis. Patients were selected from our quaternary
referral center, Advocate Christ Medical Center in Oak Lawn, Illinois, USA from January 1, 2012
to October 1, 2017. Patients with acute pancreatitis were included if they had a BISAP and
Ranson score of 2 or less, classifying them with uncomplicated pancreatitis. Each patient’s
electronic medical record was reviewed to evaluate whether the patient met the clinical and
biochemical diagnosis for acute pancreatitis and if they underwent CT imaging. Additional
demographic information was collected along with the suspected etiology of a patient’s
pancreatitis.

Research results
A total of 1305 patients presented to the emergency department with AP; of these, 405 patients
(31%) met our inclusion criteria for AUP and were included in the study (201 males, 204 females;
mean age 49 years, range 18-98). The utilization of CT imaging was seen in 210 patients (51.85%)
that met the clinical and biochemical evidence of AUP upon presentation. One patient (0.47%)
had evidence of pancreatic necrosis, one patient had cyst formation (0.47%), and the remaining
208 patients (99.05%) had either normal CT scan imaging or findings consistent with mild AP
without necrosis. The use of CT imaging incurred a total cost of $947056, with average cost of
$4510. Median length of hospitalization stay did not differ among those that underwent CT
imaging compared to those that did not.

Research conclusions
Our study showed that CT imaging among patients that meet the diagnostic criteria for acute
uncomplicated pancreatitis has significant healthcare costs. In the study time period, almost $1
million was spent on CT imaging that did not improve patient care in regards to hospital length
of stay or clinical management. This is especially the case if contrast is used, which can worsen
acute pancreatitis. Efforts need to be made to educate providers about acute uncomplicated
pancreatitis and the utility of CT imaging in regards to clinical management.

Research perspectives
A large multi-centered study should be conducted to confirm our results and investigate
whether this CT imaging practice is performed at other hospitals. A future study could involve
education to the Emergency Department regarding the utility of CT imaging among patients
with acute uncomplicated pancreatitis and evaluating whether this reduced the number of CT
imaging studies performed.
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BACKGROUND
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the
treatment of complications of portal hypertension. The incidence of hepatic
encephalopathy (HE) remains a problem in TIPS placement. It has been reported
that the right branch mainly receives superior mesenteric venous blood while the
left branch mainly receives blood from the splenic vein. We hypothesized that
targeted puncture of the left portal vein would divert the non-nutritive blood
from the splenic vein into the TIPS shunt; therefore, targeted puncture of the left
branch of the intrahepatic portal vein during TIPS may reduce the risk of HE.
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AIM
To evaluate the influence of targeted puncture of left branch of portal vein in
TIPS on HE.
METHODS
A retrospective analysis of 1244 patients with portal-hypertension-related
complications of refractory ascites or variceal bleeding who underwent TIPS from
January 2000 to January 2013 was performed. Patients were divided into group A
(targeting left branch of portal vein, n = 937) and group B (targeting right branch
of portal vein, n = 307). TIPS-related HE and clinical outcomes were analyzed.
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RESULTS
The symptoms of ascites and variceal bleeding disappeared within a short time.
By the endpoint of follow-up, recurrent bleeding and ascites did not differ
significantly between groups A and B (P = 0.278, P = 0.561, respectively).
Incidence of HE differed significantly between groups A and B at 1 mo (14.94% vs
36.80%, χ2 = 4.839, P = 0.028), 3 mo (12.48% vs 34.20%, χ2 = 5.054, P = 0.025), 6 mo
(10.03% vs 32.24%, χ2 = 6.560, P = 0.010), 9 mo (9.17% vs 31.27%, χ2 = 5.357, P =
0.021), and 12 mo (8.21% vs 28.01, χ2 = 3.848, P = 0.051). There were no significant
differences between groups A and B at 3 years (6.61% vs 7.16%, χ2 = 1.204, P =
0.272) and 5 years (5.01% vs 6.18%, χ2 = 0.072, P = 0.562). The total survival rate
did not differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test).
CONCLUSION
Targeted puncture of the left branch of the intrahepatic portal vein during TIPS
may reduce the risk of HE but has no direct influence on prognosis of portalhypertension-related complications.
Key words: Portal hypertension; Transjugular intrahepatic portosystemic shunt; Portal
vein branch; Hepatic encephalopathy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We studied a large cohort of patients with cirrhosis who underwent transjugular
intrahepatic portosystemic shunt for recurrent variceal bleeding and/or ascites. Targeted
puncture of the left branch of the intrahepatic portal vein during transjugular intrahepatic
portosystemic shunt did not directly influence the prognosis of portal-hypertensionrelated complications of refractory ascites or variceal bleeding but may reduce the risk of
hepatic encephalopathy.

Citation: Luo SH, Chu JG, Huang H, Zhao GR, Yao KC. Targeted puncture of left branch of
intrahepatic portal vein in transjugular intrahepatic portosystemic shunt to reduce hepatic
encephalopathy. World J Gastroenterol 2019; 25(9): 1088-1099
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1088.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1088

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the
treatment of complications of portal hypertension[1]. The establishment of TIPS is
widely accepted as an alternative to surgery in the management of complications
from portal hypertension such as variceal bleeding, refractory ascites, Budd-Chiari
syndrome, hepatorenal syndrome, hepatic hydrothorax, and even hepatopulmonary
syndrome[2]. After TIPS was introduced as an alternative treatment for complications
related to portal hypertension, it was progressively recognized as an effective
therapeutic option in a growing number of clinical situations[3,4].
With the advances in materials, many experimental and clinical studies[5] have been
conducted using covered stent grafts, especially stent grafts covered with
polytetrafluoroethylene, to improve the long-term patency of TIPS[6]. The incidence of
hepatic encephalopathy (HE) remains a problem in TIPS placement and affects the
quality of life and long-term outcomes of patients.
It has been reported [7] that the reflux blood from the splenic and superior
mesenteric veins is distributed hydrodynamically in the main portal vein, that is,
alongside the trunk on both sides of the wall of the portal vein. However, it is not
fully mixed and enters the left and right branches of the portal vein. The right branch
mainly receives superior mesenteric venous blood while the left branch mainly
receives blood from the splenic vein[8].
We hypothesized (Figure 1) that targeted puncture of the left portal vein would
divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce
the incidence of HE. The purpose of this study was to evaluate the influence of
targeted puncture of the left or right branches of the portal vein on the incidence of
HE in patients who required TIPS placement for portal-hypertension-related
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complications of ascites or variceal bleeding.

MATERIALS AND METHODS
Patient information
Between January 2000 and January 2013, 1244 patients were referred to us on an
intention-to-treat basis and underwent a TIPS procedure. Indications for stent graft
shunt were variceal hemorrhage, refractory ascites, or both. The outcomes of recurrent
variceal bleeding and/or ascites, mortality, and HE were compared between two
groups. The Institutional Review Board approved the study protocol. The patients’
medical records and images were reviewed to gather information regarding the
underlying etiology, clinical presentation, age, sex, and severity of cirrhosis (Table 1).

Study design
This study was a single-center and retrospective study that compared the influence of
targeted puncture of the left and right branches of the portal vein on the incidence of
HE in patients who required TIPS placement for portal-hypertension-related
complications of ascites or variceal bleeding. The patients were divided into two
groups: A (targeting of left branch of portal vein, n = 937) and B (targeting of right
branch of portal vein, n = 307) (Figure 2). The outcomes of HE, recurrent variceal
bleeding and/or ascites, and mortality were compared and analyzed between the
groups. The inclusion criteria were: Recurrent variceal bleeding after a session of
variceal sclerotherapy, refractory ascites, or both that required TIPS placement with
portal-hypertension-related complications. The exclusion criteria were: Variceal
bleeding as an emergency indication, portal vein thrombosis, history of HE, severe
right-sided heart failure, severe liver failure (bilirubin > 4 mg/dL), polycystic liver
disease, dilated biliary ducts, age > 75 years, Child-Pugh score > 11, Model of EndStage Liver Disease score > 18, hepatic carcinoma, sepsis, spontaneous bacterial
peritonitis, and patients who underwent liver transplantation.

TIPS procedure
TIPS was performed under standard local anesthesia as described previously[9]. The
entire length of the intrahepatic tract was covered by the stent graft (BARD, Fluency,
Voisins le Bretonneux, France; or Viatorr, W.L. Gore & Associates, Flagstaff, AZ,
United States). Hepatic venous pressure gradient and portal vein pressure were
measured during the procedure, and the shunts were dilated to their full nominal
diameter to reach a target portosystemic gradient (PSG) of < 12 mmHg. Obvious
gastroesophageal collateral vessels observed during the TIPS procedure were
embolized with coils (Cook Inc., Bloomington, IL, United States; or Interlock Coil,
Boston Scientific Corporation, Natikeshi, MA, United States). Subsequent direct
portography was performed to evaluate whether the portal venous system was
completely patent. After the TIPS procedure, intravenous heparin (4000 U/d; Chase
Sun Pharma Co. Ltd., Tianjin, China) was administered for 3 d and oral warfarin was
given at 2.5 mg/d (Orion Pharma Co. Ltd., Orionintie, Finland) to achieve an
international normalized ratio ≤ 2.0, if prolonged international normalized ratio, oral
warfarin was not given.

Follow-up
After TIPS deployment, baseline duplex sonography was performed on the day.
Shunt velocities were compared with this baseline result during follow-up. Patients
were placed into a routine follow-up protocol identical for each group. They were
seen as outpatients 1 mo after the procedure and then 3, 6 and 9 mo and 1, 3 and 5
years, or whenever needed. Each consultation included a clinical examination, blood
chemistry, upper abdominal ultrasonography, and assessment of HE. TIPS
angiography was performed in patients with recurrent symptoms or suspected shunt
dysfunction. TIPS revision was performed when a hemodynamically significant shunt
stenosis (> 50%) was present with recurrent variceal bleeding, recurrent or gradually
worsening ascites, and PSG ≥ 15 mmHg unless grade III/IV encephalopathy was
present (Practice Guideline of the European Association for the Study of the Liver and
the American Association for the Study of Liver Diseases). Patients lost to follow-up
were censored at the time of the last known imaging of the shunt (duplex
ultrasonography or shunt venography).

Statistical analysis
Results were expressed as mean ± standard deviation and compared using the
independent sample t test or one-way analysis of variance, and categorical variables
were expressed as frequencies and compared using χ2 tests. The differences between
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Figure 1

Figure 1 Blood distributed hydrodynamically in the main portal vein. It is reported that the reflux blood from the
splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the
trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches
of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly
receives blood from the splenic vein.

the groups were compared using one-way analysis of variance followed by least
significant difference t tests. Differences were considered significant at P < 0.05. The
statistical analyses were performed with SPSS version 20.0 (SPSS, Armonk, NY,
United States).

RESULTS
None of the 1244 patients died within 30 d after TIPS, with an early survival rate of
100%. Both TIPS procedures demonstrated similar efficacy in decreasing PSG before
and after TIPS placement from 27.08 ± 5.47 to 10.75 ± 3.67 mmHg in group A (P =
0.003) and from 26.42 ± 3.53 to 10.96 ± 2.41 mmHg in group B (P = 0.001) (Table 2).
HE occurrence in group A was lower than in group B at 1, 3, 6, 9, and 12 mo, and
showed a downward trend (Figure 3). At 3 and 5 years, there was no significant
difference in HE occurrence between the two groups. After drug treatment, the
symptoms disappeared in patients with covert and grade II HE. In patients with
grade III or IV HE, the symptoms disappeared after shunt reduction, but three
patients who underwent shunt reduction still had hepatic myelopathy (Table 3).
At 1 mo after TIPS placement, in group A, 140 patients manifested HE; among
them, 44 cases were covert, 78 were grade II, 10 were grade III, and eight were grade
IV. In group B, 113 patients manifested HE; among them, 27 cases were covert, 56
were grade II, 18 were grade III, and 12 were grade IV. The incidence of HE in group
A was lower than in group B (14.94% vs 36.80%, χ2 = 4.839, P = 0.028). The symptoms
in the 48 patients with grade III and IV HE disappeared after shunt reduction in both
groups.
At 3 mo after TIPS placement, in group A, 117 patients manifested HE; among
them, 34 cases were covert, 59 were grade II, 17 were grade III, and seven were grade
IV. In group B, 105 patients manifested HE; among them, 26 cases were covert, 58
were grade II, 11 were grade III, and 10 were grade IV. The incidence of HE in group
A was lower than that in group B (12.48% vs 34.20%, χ 2 = 5.054, P = 0.025). The
symptoms in the 42 patients with grade III and IV HE disappeared after shunt
reduction in both groups.
At 6 mo after TIPS placement, in group A, 94 patients manifested HE; among them,
53 cases were covert, 32 were grade II, six were grade III, and three were grade IV. In
group B, 99 patients manifested HE; among them, 36 cases were covert, 46 were grade
II, nine were grade III, and eight were grade IV. The incidence of HE in group A was
lower than that in group B (10.03% vs 32.24%, χ2 = 6.560, P = 0.010). The symptoms in
the 26 patients with grade III and IV HE disappeared after shunt reduction.
At 9 mo after TIPS placement, in group A, 86 patients manifested HE; among them,
42 cases were covert, 31 were grade II, seven were grade III, and six were grade IV. In
group B, 96 patients manifested HE; among them, 46 cases were covert, 37 were grade
II, nine were grade III, and four were grade IV. The incidence of HE in group A was
lower than that in group B (9.17% vs 31.27%, χ2 = 5.357, P = 0.021). The symptoms in
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Table 1 Baseline characteristics in the two groups
Characteristics

Group A

Gender, M/F

Group B

P value

398/539

166/141

0.308

Age in yr, mean ± SD

44.48 ± 18.23

40.80 ± 17.76

0.381

Child-Pugh A/B/C

79/729/137

25/160/122

0.753

MELD score, mean ± SD

13.19 ± 7.35

12.26 ± 8.47

0.591

Viral hepatitis

585

194

0.947

Chronic ethanol consumption

210

61

0.651

Autoimmune hepatitis

53

23

0.463

Metabolic liver disease

89

29

0.527

Variceal hemorrhage

653

236

0.163

Refractory ascites

384

117

0.125

Alanine transaminase in U/L

69.13 ± 12.21

56.24 ± 11.17

0.615

Aspartate transaminase in U/L

56.14 ± 14.19

49.53 ± 12.24

0.653

Alkaline phosphatase in U/L

129.63 ± 26.32

136.46 ± 27.02

0.534

γ-glutamyl transpeptidase in U/L

Laboratory tests

236.23 ± 62.46

248.13 ± 53.32

0.561

Total bilirubin in μmol/L

24.32 ± 5.63

26.46 ± 6.37

0.482

Albumin in g/L

29.14 ± 7.22

31.23 ± 6.52

0.237

Prothrombin time in s

16.03 ± 7.31

18.46 ± 5.17

0.316

Abdominal distention

627

193

0.164

Abdominal pain

48

17

0.237

Weakness

473

136

0.253

Poor appetite

729

275

0.428

Jaundice

15

6

0.107

Splenomegaly

482

174

0.316

Clinical presentations

Lower limbs edema

136

57

0.263

Endoscopic therapy

1736

625

0.421

Ascites paracentesis

1492

479

0.304

No difference could be seen in terms of age, sex, Child-Pugh score, Model of End-Stage Liver Disease score,
laboratory tests and clinical presentations (P > 0.05). MELD: Model of End-Stage Liver Disease; SD: Standard
deviation.

the 26 patients with grade III and IV HE disappeared after shunt reduction.
At 12 mo after TIPS placement, in group A, 77 patients manifested HE; among
them, 34 cases were covert, 35 were grade II, six were grade III, and three were grade
IV. In group B, 86 patients manifested HE; among them, 28 cases were covert, 39 were
grade II, 11 were grade III, and eight were grade IV. The incidence of HE in group A
was lower than that in group B (8.21% vs 28.01%, χ2 = 3.848, P = 0.051). The symptoms
in the 25 patients with grade III and IV HE disappeared after shunt reduction,
although three patients who underwent shunt reduction still had hepatic myelopathy.
At 3 years after TIPS placement, in group A, 62 patients manifested HE; among
them, 25 cases were covert, 31 were grade II, six were grade III, and none were grade
IV. In group B, 22 patients manifested HE; among them, 12 cases were covert, six were
grade II, four were grade III, and none were IV. There was no significant difference in
the incidence of HE between group A and group B (6.61% vs 7.16%, χ2 = 1.204, P =
0.272).
At 5 years after TIPS placement, in group A, 47 patients manifested HE; among
them, 23 cases were covert, 24 were grade II, and none were grade III or IV. In group
B, 19 patients manifested HE; among them, 12 cases were covert, five were grade II,
and two were grade III. There was no significant difference in the incidence of HE
between group A and group B (5.01% vs 6.18%, χ2 = 0.072, P = 0.562).
The symptom of ascites in 357 cases in group A and 119 cases in group B
disappeared within the first week without paracentesis, and there was no significant
difference between the groups (P = 0.364). No patient experienced re-bleeding within
a week. By the endpoint of follow-up, 112 cases had recurrent bleeding in group A
compared with 49 cases in group B, and there was no significant difference between
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Figure 2

Figure 2 Shunt in the left or right branch of portal vein. A: Shunt in the left branch of portal vein; B: Shunt in the
right branch of portal vein.

the groups (P = 0.278). There were 185 patients with recurrent ascites in group A and
64 patients in group B, and there was no significant difference between the groups (P
= 0.561). After stent revision, the symptoms disappeared (Table 4).
During follow-up, at 1 year, 141/937 patients (84.95%) were lost to follow-up in
group A and 62/307 patients (79.80%) in group B. At 3 years, 211/937 patients
(77.48%) were lost to follow-up in group A and 88/307 patients (71.33%) in group B.
The endpoint of this study was at 5 years, 305/937 patients (67.44%) were lost to
follow-up in group A and 114/307 patients (62.86%) in group B. The 1-, 3-, and 5-year
survival rates did not differ between groups A and B (χ2 = 0.326, P = 0.568; χ2 = 0.364,
P = 0.564 and χ2 = 0.178, P = 0.673, respectively), and the total survival rates did not
differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test) (Figure 4). Among
them, 221 patients died from hepatic tumor, 151 from multiorgan failure, and 47 from
other causes (Table 5).

DISCUSSION
The use of TIPS in the treatment of portal-hypertension-related complications has
progressively increased and has achieved good results[9,10]. However, the clinical
benefit of this intervention has been hampered due to a high rate of HE, up to 20%40% at 12 mo follow-up [3] . HE has become an important issue to be taken into
consideration in TIPS candidates and a problem to be addressed after the procedure,
which influence its widespread use in clinical practice.
Numerous studies[11,12] have evaluated the risk factors associated with post-TIPS HE
in patients with portal hypertension due to cirrhosis, such as the selection of
candidates for TIPS placement, the patient’s age, and liver function, as measured by
Child-Pugh or Model of End-Stage Liver Disease scores. However, few studies focus
on whether targeted puncture of right or left intrahepatic branch of portal vein in
TIPS may reduce the incidence of post-TIPS HE[13].
HE is mainly due to absorption of toxic substances from the intestinal portal vein
system, through the shunt without the liver first pass effect into the systemic
circulation, caused by dysfunction of the central nervous system; a syndrome with
mental and nervous symptoms[14]. One of the toxic substances that causes HE is blood
ammonia [15] . There are two aspects of the source of blood ammonia in the body,
endogenous ammonia is produced by catabolism in vivo, and exogenous ammonia is
produced by catabolism of nitrogenous substances in the intestine[16]. In the latter, 90%
is found in blood urea and is diffused into the intestinal cavity through the
gastrointestinal mucosal blood vessels and decomposed by bacterial urease[17].
The superior mesenteric vein and splenic vein are composed of two branches of
main portal vein; the former mainly collects blood reflux in the small intestine, colon,
and pancreatic head; the latter mainly collects blood from the spleen, pancreatic body
and tail; and other parts or inferior mesenteric vein collect blood reflux in the left
colon[18]. Thus, exogenous ammonia is absorbed into the body mainly through the
superior mesenteric vein. It is reported that the reflux blood from the splenic and
superior mesenteric veins is distributed hydrodynamically in the main portal vein,
that is, alongside the trunk on both sides of the wall of the portal vein. However, it is
not fully mixed and enters the left and right branches of the portal vein. The right
branch mainly receives superior mesenteric venous blood, while the left branch
mainly receives blood from the splenic vein [7,8] . We hypothesized that targeted
puncture of the left portal vein would divert the non-nutritive blood from the splenic
vein into the TIPS shunt and reduce the incidence of HE.
Normally, urea is produced by the circulation of ornithine through the liver[19].
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Table 2 Portosystemic gradient changes in the two groups
PSG in mmHg
Groups

t value

P value

10.75 ± 3.67

13.79

0.001

10.96 ± 2.41

18.64

0.003

Before

After

Group A

27.08 ± 5.47

Group B

26.42 ± 3.53
(T value) 0.622

0.284

(P value) 0.536

0.777

Both TIPS procedures demonstrated a similar efficacy in decreasing portosystemic gradient before and after
TIPS placement. PSG: Portosystemic gradient; TIPS: transjugular intrahepatic portosystemic shunt.

However, almost no exogenous ammonia was produced in the blood collected from
the splenic vein. The concentration of ammonia in the superior mesenteric vein was
higher than that in the splenic vein and the left and right branches of the portal vein,
and the latter was higher than in the vena cava[20]. The anatomy of the portal vein and
its mechanism of ammonia production are consistent with those of the portal vein.
Similar results[21] have been found in humans: blood ammonia concentration, superior
mesenteric vein > portal vein > splenic vein > peripheral vein, and the differences are
significant. Later, the isotope hypothesis[22,23] was used to confirm the hypothesis. The
results showed that the concentration of ammonia in the superior mesenteric vein was
higher than that in the splenic vein and vena cava, suggesting that exogenous
ammonia removal was not timely and would cause systemic circulation of ammonia
to increase rapidly.
In early TIPS technology, it was easier to use the right than left branch of the portal
vein for puncture target[24]. Currently, experienced interventional radiologists can
choose the left or right branch as a puncture target, with no technical difficulty and a
near 100% success rate[25]. Further consideration is how to improve the clinical success
rate and reduce the incidence of HE and liver failure. It was hypothesized[26] that the
blood components of the left and right branches of the intrahepatic portal vein are
different. We believe that the choice of TIPS method plays a decisive role in treatment
outcome.
In addition, from the anatomical point of view[27], the right branch of the portal vein
supplies more of the right liver, and if it is partially or completely diverted, liver
function impairment is aggravated. Moreover, the mesenteric vein blood, which
contains a large number of toxins (including ammonia) and the liver factor[28], enters
the right branch of the portal vein, and then is diverted, which increases the
concentration of circulating blood ammonia. Liver failure and the high concentration
of ammonia in the systemic circulation are the main causes of portal body shunt
encephalopathy[29,30]. The pathogenesis of HE is complex, especially in TIPS treatment.
In addition to being shunted around the liver, blood ammonia is not cleared, but
because the liver blood supply is reduced after shunting, liver dysfunction and
decreased removal of ammonia lead to the occurrence of HE. The hepatic dysfunction
after shunting is related to the shunt flow and the quality of the shunt. As with
insulin, high concentrations of glucagon and other liver factors in the blood likely lead
to the occurrence of liver failure[31].
We can only correctly select the TIPS procedure after fully understanding the
important differences between the delivery and concentration of substances in the left
and right branches of the portal vein and the complications of shunting. The results of
the present study provide evidence that after TIPS treatment, targeted puncture of the
left branch of the intrahepatic portal vein may reduce the risk of HE. In group A, the
incidence of HE was lower than that in group B and the occurrence of HE showed a
downward trend. Our results confirmed in the TIPS process that targeted puncture of
the left portal vein diverted the non-nutritive blood that came from the splenic vein
into the TIPS shunt and minimized the incidence of HE.
The previous literature[15] only compared the overall incidence of HE in 3 years, and
showed that HE occurred one year after TIPS [32] . Therefore, we compared the
occurrence of HE after 1, 3, 6, 9 and 12 mo, and the total incidence of HE after 5 years.
We showed that targeted puncture of the left branch of the intrahepatic portal vein
reduced the risk of HE, but it had no direct influence on prognosis of portalhypertension-related complications of refractory ascites or variceal bleeding.
In our study, the survival rate and recurrence rate for ascites and bleeding did not
differ between the two groups. These results indicate the prognostic importance of
TIPS placement for portal-hypertension-related complications. We believe that, as

WJG

https://www.wjgnet.com

1094

March 7, 2019

Volume 25

Issue 9

Luo SH et al. Targeted puncture in TIPS reduces HE

Table 3 HE occurrence in the two groups

Time

HE
occurrence
Group
HE occurrence rate, %
Yes

No

A

140

797

14.94

B

113

194

36.80

3 mo

A

117

820

B

105

6 mo

A

94

B
9 mo

12 mo

HE grade
Covert
II

III

44

78

10

8

27

56

18

12

12.48

34

59

17

7

202

34.20

26

58

11

10

843

10.03

53

32

6

3

99

208

32.24

36

46

9

8

A

86

851

9.17

42

31

7

6

B

96

211

31.27

46

37

9

4

A

77

860

8.21

34

35

6

3

B

86

221

28.01

28

39

11

8

3 yr

A

62

875

6.61

25

31

6

0

B

22

285

7.16

12

6

4

0

5 yr

A

47

890

5.01

23

24

0

0

B

19

288

6.18

12

5

2

0

1 mo

χ2

P value

4.839

0.028

5.054

0.025

6.560

0.010

5.357

0.021

3.848

0.051

1.204

0.272

0.072

0.562

IV

There was a significant difference in incidence of hepatic encephalopathy in group A compared with group B
at 1, 3, 6, 9 and 12 mo (P < 0.05), whereas at 3 and 5 years, there were no significant differences between the
groups (P > 0.05). P = 0.562 by Fisher’s exact test. HE: Hepatic encephalopathy.

long as intrahepatic vein angiography shows that the anatomical structure meets the
requirements, we should puncture the left portal vein, which significantly decreases
the incidence of HE.
This study had several limitations. First, randomized controlled trials are needed to
verify our results. Second, targeted puncture of the left intrahepatic portal vein during
TIPS procedure is difficult for those who are used to targeted puncture of the right
intrahepatic portal vein, which will take some time for such change. Finally, our
hypothesis need to be validated by animal experiments and further study.
In conclusion, targeted puncture of the left branch of the intrahepatic portal vein
during TIPS does not directly influence the prognosis of portal-hypertension-related
complications of refractory ascites or variceal bleeding but may reduce the risk of HE.
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Table 4 Outcomes of symptoms in the two groups
Symptoms

Group A

Group B

P value

Absorption of ascites within the first week

357

11

0.364

Recurrence of bleeding

112

49

0.278

Recurrence of ascites

185

64

0.561

The symptom of ascites within the first week without paracentesis did not differ significantly between the groups (P = 0.364). By the endpoint of follow-up,
recurrent bleeding and ascites did not differ significantly between the groups (P = 0.278, P = 0.561, respectively).

Table 5 One-, three- and five-year survival rates in the two groups
Survival
Time

Survival rate, %

χ2

P value

141

84.95

0.326

0.568

0.364

0.564

0.178

0.673

Group
Yes

No

1 yr

A

796

B

245

62

79.80

3 yr

A

726

211

77.48

B

219

88

71.33

A

632

305

67.44

B

193

114

62.86

5 yr

The 1-, 3-, and 5-year survival rates did not differ between groups A and B (χ2 = 0.326, P = 0.568; χ2 = 0.364, P = 0.564 and χ2 = 0.178, P = 0.673, respectively).

Figure 3

Figure 3 HE occurrence in the two groups. HE occurrence rate in group A was lower than that in group B at 1, 3, 6, 9, and 12 mo, and the occurrence of HE
showed a downward trend. HE: Hepatic encephalopathy.
Figure 4

Figure 4 Total survival rate in the two groups. The total survival rate did not differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test).
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ARTICLE HIGHLIGHTS
Research background
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the treatment of
complications of portal hypertension. The incidence of hepatic encephalopathy (HE) remains a
problem in TIPS placement. It has been reported that the right branch mainly receives superior
mesenteric venous blood, while the left branch mainly receives blood from the splenic vein. We
hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood
from the splenic vein into the TIPS shunt; therefore, targeted puncture of the left branch of the
intrahepatic portal vein during TIPS may reduce the risk of HE.

Research motivation
TIPS is currently used for the treatment of complications of portal hypertension. With advances
in materials, many experimental and clinical studies have been conducted using covered stent
grafts, especially stent grafts covered with polytetrafluoroethylene, to improve the long-term
patency of TIPS. However, the incidence of HE remains a problem in TIPS placement and affects
the quality of life and long-term outcomes of patients.
It has been reported that the reflux blood from the splenic and superior mesenteric veins is
distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides
of the wall of the portal vein. However, it is not fully mixed and enters the left and right
branches of the portal vein. The right branch mainly receives superior mesenteric venous blood,
while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted
puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into
the TIPS shunt and reduce the incidence of HE. The purpose of this study was to compare the
effect of the left and right branches of the portal vein as TIPS shunt on the incidence of HE in
patients who required TIPS placement for portal-hypertension-related complications of ascites or
variceal bleeding. In the future, randomized controlled trials are needed to verify our results,
and our hypothesis needs to be validated by animal experiments and further study.

Research objectives
The main objective was to establish whether the left branch of the intrahepatic portal vein as
TIPS shunt reduced the risk of HE. If we realized this objective for future clinical practice in
TIPS, we should target puncturing the left branch of the intrahepatic portal vein during TIPS as
far as possible, because we hypothesized that targeted puncture of the left portal vein would
divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence
of HE.

Research methods
We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive
blood from the splenic vein into the TIPS shunt and reduce the incidence of HE. To achieve this
objective, we conducted a single-center retrospective study that compared the influence of
targeted puncture of the left and right branches of the portal vein on the incidence of HE in
patients who required TIPS placement for portal-hypertension-related complications of ascites or
variceal bleeding. The patients were divided into two groups: A (targeting of left branch of
portal vein, n = 937) and B (targeting of right branch of portal vein, n = 307) (Figure 2). The
outcomes of HE, recurrent variceal bleeding and/or ascites, and mortality were compared and
analyzed between the groups. This study was not reported previously. Results were expressed
as mean ± standard deviation and compared using the independent sample t test or one-way
analysis of variance, and categorical variables were expressed as frequencies and compared
using χ2 tests. The differences between the groups were compared using one-way analysis of
variance followed by least significant difference t tests. Differences were considered significant
at P < 0.05. The statistical analyses were performed with SPSS version 20.0.

Research results
This study showed that targeted puncture of the left branch of the intrahepatic portal vein
during TIPS reduced the risk of HE, although it did not directly influence the prognosis of
portal-hypertension-related complications of refractory ascites or variceal bleeding. It verified
the hypothesis that the reflux blood from the splenic and superior mesenteric veins is distributed
hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall
of the portal vein. However, it is not fully mixed and enters the left and right branches of the
portal vein. The right branch mainly receives superior mesenteric venous blood, while the left
branch mainly receives blood from the splenic vein indirectly.

Research conclusions
We found that the left branch of the intrahepatic portal vein during TIPS reduced the risk of HE.
One of the toxic substances that causes HE is blood ammonia. HE is mainly caused by absorption
of toxic substances from the intestinal portal vein system, through the shunt without the liver
first pass effect into the systemic circulation, caused by dysfunction of the central nervous
system. It has been reported that the reflux blood from the splenic and superior mesenteric veins
is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both
sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right
branches of the portal vein. The right branch mainly receives superior mesenteric venous blood,
while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted
puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into
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the TIPS shunt and reduce the incidence of HE. As far as possible, we should target puncturing
the left branch of the intrahepatic portal vein during TIPS procedure for clinical practice in the
future.

Research perspectives
We can learn from this study that, to reduce the risk of HE, we should target puncturing the left
branch of the intrahepatic portal vein during TIPS for clinical practice in the future. We believe
that, as long as intrahepatic vein angiography shows that the anatomical structure meets the
requirements, we should puncture the left portal vein, which significantly decreases the
incidence of HE. In future research, randomized controlled trials are needed to verify our results,
and it will take some time to switch to the targeted puncture of the left intrahepatic portal vein
during TIPS procedure. Finally, our hypothesis needs to be validated by animal experiments to
find direct evidence for hydrodynamics of blood.
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Abstract
BACKGROUND
Axial and coronal reformations have been a widely used image post-processing
protocol for the ordinary multidetector computed tomography (MDCT)
examination of patients with small bowel obstruction (SBO) or other abdominal
diseases. The diagnostic accuracy of MDCT for assessing SBO is expected to be
further improved through the use of multiple post-processing techniques.
AIM
To systemically evaluate the diagnostic accuracy and efficiency of an optimized
protocol using multiple post-processing techniques for MDCT assessment of SBO
and secondary bowel ischemia.
METHODS
This retrospective cross-sectional study included 106 patients with clinically
suspected SBO. Two readers applied three protocols to image post-processing
and interpretation of patients’ MDCT volume data. We compared the three
protocols based on time spent, number of images, diagnostic self-confidence,
agreement, detection rate, and accuracy of detection of SBO and secondary bowel
ischemia.
RESULTS
Protocol 2 resulted in more time spent and number of images than protocols 1
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CONCLUSION
Our optimized protocol of multiple post-processing techniques can both
guarantee efficiency and improve diagnostic accuracy of MDCT for assessing
SBO and secondary bowel ischemia.
Key words: Intestine; Intestinal obstruction; Multidetector computed tomography;
Diagnostic techniques and procedures
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Axial and coronal reformations are inadequate for multidetector computed
tomography (MDCT) used to identify some causes of small bowel obstruction (SBO)
and secondary bowel ischemia. In our study, both integrated and optimized protocols of
multiple post-processing techniques can improve the diagnostic accuracy of MDCT for
assessing SBO, but the integrated protocol necessitates a longer time spent and increases
the workload of radiologists. The optimized protocol can both guarantee the time
efficiency and improve the diagnostic accuracy of MDCT for assessing SBO and
secondary bowel ischemia. The optimized protocol can be considered as a routine image
post-processing approach of MDCT for assessment of patients with SBO.
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INTRODUCTION
Acute small bowel obstruction (SBO) is a common disease with high morbidity and
mortality. Early, accurate, and comprehensive assessment of this disease is critical for
clinicians to determine treatment plans. Multidetector computed tomography
(MDCT) is becoming popular for clinical SBO assessment, and is showing promising
results[1-4]. MDCT has shown great potential in identifying SBO and its severity, site,
cause, and complications. However, the diagnostic accuracy of MDCT can be
improved further.
MDCT uses volume scanning to produce isotropic images that have been widely
used for axial, coronal, and sagittal reformations in clinical radiology. The axial and
coronal reformation post-processing protocols have been the standard for MDCT
examination of abdominal diseases[2-6]. MDCT has been equipped with many kinds of
image post-processing techniques with a wide range of clinical applications in human
vascular disease diagnosis[7-10]. For many non-vascular diseases, if the axial, coronal,
and sagittal images provide poor resolution of the anatomic details of a lesion,
radiologists could add one or more post-processing techniques to improve diagnostic
accuracy[11,12].
However, comprehensive studies about combining MDCT multiple post-processing
techniques for SBO assessment are lacking[13-15]. Therefore, we aimed to integrate and
optimize the multiple post-processing techniques, and designed a retrospective crosssectional study to systemically evaluate diagnostic accuracy and efficiency of the
optimized protocol using multiple post-processing techniques on MDCT to assess
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SBO and secondary bowel ischemia.

MATERIALS AND METHODS
Patients
This study was approved by the ethics committee of our hospital, and waivers of
informed consent were obtained from the patients. The inclusion criteria were adults
(≥ 18 years) with complete clinical and MDCT volume data and patients with clinical
symptoms and signs of SBO. A total of 106 patients were selected between June 2015
and May 2018 to cover a range of causes. Ninety patients were confirmed by surgery
and/or pathology to have SBO with causes including adhesions (20, 18.9%),
neoplasms (11, 10.4%), intussusception [neoplastic (9, 8.6%) and nonneoplastic (5,
4.7%)], volvulus (8, 7.5%), internal hernias (6, 5.7%), external hernias (9, 8.6%),
bezoars/stones (7, 6.6%), vascular lesions (8, 7.5%), and inflammatory lesions (7,
6.6%). The remaining 16 patients without SBO were identified by clinical and imaging
studies.
Of the 106 patients, 49 (46.2%) were men and 57 (53.8%) were women. The mean
age was 54.4 ± 14.9 years (range, 19-84 years). Their clinical manifestations included
abdominal distension (91, 85.8%), nausea and vomiting (94, 88.7%), constipation (78,
73.6%), abdominal pain (97, 91.5%), weariness (54, 50.9%), abdominal mass (16,
15.1%), bloody stools (13, 12.3%), and hematemesis (2, 1.9%). All the 90 patients with
SBO underwent surgical treatment, and 16 patients without SBO received other
treatments for other diseases.

MDCT scanning
All patients underwent unenhanced and dual-phase enhanced (hepatic arterial and
portal venous phases) CT scans from the diaphragm to the symphysis pubis on a 64row MDCT system (LightSpeed VCT, GE Healthcare, Milwaukee, United States).
Patients did not receive any oral contrast agent prior to the routine scan. A dual-head
power injector was used to administer the contrast agent (Ultravist; Bayer Schering
Pharma, Berlin, Germany) at 370 mg iodine/mL followed by 30 mL of saline, with an
injection rate of 4 mL/s through an antecubital vein. Contrast agent volumes were
delivered at 2 mL/kg body weight, and the upper dose limit was set to 120 mL for
each patient.
The scanning parameters were set as follows: detector configuration of 64 mm ×
0.625 mm, slice thickness and reconstruction interval of 0.625 mm, table speed of 64
mm per rotation, pitch of 0.984, matrix of 512 × 512, field of view of 180-240 mm, tube
voltage of 120 kV, and tube current of 300 mA. Two identical workstations
(Advantage Windows 4.3; GE Medical Systems) were used for image post-processing
and detailed review.

Image post-processing protocols
Figure 1 shows the flow chart of three protocols for disease assessment in patients
with clinically suspected SBO. Protocol 1 consists of conventional axial (5-mm-thick
sections at 5-mm intervals) and coronal (3-mm-thick sections at 3-mm intervals)
reformations. Protocol 2 involves integration of multiple post-processing techniques,
i.e., after conventional axial and coronal reformations, readers perform multi-planar
reformations (MPR), curved planar reformations (CPR), maximum intensity
projection (MIP), and volume rendering (VR) to assess SBO and secondary bowel
ischemia (Figure 2). Protocol 3 is an optimization of the multiple post-processing
techniques. The readers first perform the conventional axial and coronal reformations.
If all assessment parameters can be evaluated with high self-confidence and
satisfaction, the readers will not continue with the multiple post-processing
techniques (Figure 3). If any of the assessment parameters are difficult to identify, the
readers selectively add and perform MPR, CPR, MIP, or VR, until they are satisfied
with the disease assessment (Figure 4).
Two radiologists with subspecialty training in abdominal imaging served as
independent readers blinded to patient identification and clinical information.
Training sessions were held for each reader including post-processing and review of
five SBO patients on the workstation before the interpretation sessions, to allow them
to become familiar with the three protocols and to freely perform the multiple postprocessing techniques. Readers were first asked to independently perform protocol 1,
then one month later to perform protocol 2, and again one month later to perform
protocol 3 and image interpretation on a workstation (Figure 1).

Assessment parameters
Readers were asked to identify whether SBO was present, the obstruction site,
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Figure 1

Figure 1 Flow chart showing three protocols for disease assessment in patients with clinically suspected small bowel obstruction. SBO: Small bowel
obstruction; MDCT: Multidetector computed tomography; PPV: Positive predictive value; NPV: Negative predictive value.

severity, and cause, as well as secondary bowel ischemia based on a list of imaging
findings on a worksheet (Table 1). The diagnostic self-confidence for each assessment
parameter was determined using a continuous five-grade scoring system from 1 to 5
(1 = worst, 5 = best). The obstruction severity based on bowel distension was graded
as none (< 2.5 cm), mild (2.5 to < 3 cm), moderate (3 to < 4 cm), or severe (≥ 4 cm). The
obstruction site was categorized as proximal (duodenum to proximal jejunum),
middle (distal jejunum to middle ileum), distal (distal ileum), or multi-segmental
(involving more than one segment) according to the modified Cole’s method[16].

Statistical analysis
The diagnostic self-confidence, agreement, detection rate, sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy were
calculated for the three protocols. The agreement was determined by using κ values
ranging from 0 to 1 that were graded as follows: poor (< 0.40), moderate (0.40 to <
0.60), good (0.60 to < 0.80), or very good (0.80-1.00) agreement.
Results are given as the mean ± standard deviation. Continuous variables were
tested for normality and equality of variances using the Kolmogorov-Smirnov-test
and the Levene F test, respectively. The Student’s t-test, Pearson χ2 test, and Fisher
exact test were used, as appropriate. The significance of the differences in all data
among the three protocols was evaluated by either one-way or two-way analysis of
variance. All statistical tests were performed with software (SPSS, version 20; SPSS,
Chicago, IL, United States), and two-tailed P < 0.05 was considered to indicate a
significant difference.
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Figure 2 Protocol 2 applied in a 51-year-old man with a gastrointestinal stromal tumor causing intussusception and small bowel obstruction. A-D:
Multidetector computed tomography conventional axial and coronal reformations of the abdomen display a lamellar structure arranged in a concentric circle
(arrowheads) and a mass (arrows) with a size of 4.8 cm × 2.9 cm × 1.9 cm at the distal end of the intussusception, and the bowel loops (pentagram) proximal to the
intussusception are severely dilated with a maximum diameter of 5.1 cm. E and F: Multi-planar reformation images obtained from any direction and angle could clearly
reveal the mass (short arrows), intussusception (arrowheads) and dilated proximal bowel loops (pentagram), and mesenteric haziness (long arrows) in the
invaginating mesentery. G: Curved planar reformation image more clearly defining the anatomical relationship among the mass (arrows), intussusception
(arrowheads), dilated proximal bowel loops (pentagram), and collapsed distal bowel loops (asterisk). H and I: Maximum intensity projection (MIP) and volume
rendering images obtained in the arterial phase clearly showing the invaginating mesenteric artery branches (arrowheads) with superior contrast enhancement, and
decreased bowel wall enhancement in the invaginating bowel (asterisk). J: MIP image obtained in the portal venous phase revealing poor contrast enhancement in the
invaginating mesenteric veins (arrows) compared with the adjacent mesenteric vein branches. The poor contrast enhancement of the invaginating mesenteric veins
and the decreased bowel wall enhancement of the invaginating bowel segment imply the presence of secondary bowel ischemia.

RESULTS
Time spent and number of images
Protocol 2 took longer to perform than protocols 1 and 3 (P < 0.01) (Figure 5A). The
two readers spent almost the same time using the same protocol (P > 0.05). Similarly,
protocol 2 resulted in significantly more images than protocols 1 and 3 (P < 0.01)
(Figure 5B), but the two readers produced an almost equal number of images for the
same protocol (P > 0.05).

Use of multiple post-processing techniques in protocol 3
The frequencies at which the two readers used multiple post-processing techniques in
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Figure 3

Figure 3 Protocol 3 applied in a 57-year-old woman with a bezoar causing small bowel obstruction. Because
all assessment parameters could be evaluated with high self-confidence and satisfaction using the conventional axial
and coronal reformations, the reader did not perform the multiple post-processing techniques. A and B: Multidetector
computed tomography (MDCT) axial and coronal images of the abdomen reveal a well-defined, dumbbell-shaped
bezoar (arrows) with a size of 5.8 cm × 3.5 cm × 3.5 cm in the distal segment of the small bowel. The bowel loops
(pentagram) proximal to the bezoar are severely dilated with a maximum diameter of 4.5 cm. C and D: Additional
MDCT axial and coronal images indicate small patchy mesenteric haziness and fluid (arrows), as well as the dilated
bowel loops (pentagram), but no more signs of secondary bowel ischemia were found in the patient.

protocol 3 are summarized in Table 2. The two readers seldom or never used multiple
post-processing techniques to determine whether SBO was present or obstruction
severity. The two readers added multiple post-processing techniques for 6 (5.7%) and
7 patients (6.6%), respectively, for obstruction site identification. Most of these focused
on distal and middle obstructions. The two readers added multiple post-processing
techniques when evaluating the causes in 31 (29.2%) and 37 patients (34.9%),
respectively. These causes were mainly diagnosed as vascular lesions, internal
hernias, volvulus, and neoplastic intussusception. Multiple post-processing
techniques were added to evaluate secondary bowel ischemia by reader 1 in 34
(32.1%) patients and by reader 2 in 32 (30.2%). In these patients, they were mainly
used to observe vascular stenosis, occlusion, embolus and thrombosis, and mesenteric
vascular engorgement.

Self-confidence scores
Table 3 shows the readers’ self-confidence scores for each protocol. Overall, the two
readers showed no difference in self-confidence scores for any assessment parameter
within the same protocol (P > 0.05). However, for assessment parameters including
middle-segmental SBO, adhesions, neoplasms, intussusception, volvulus, internal
hernia and vascular diseases in the obstruction causes, vascular embolus/thrombosis,
vascular stenosis/occlusion, mesenteric haziness/fluid, and mesenteric vascular
engorgement in the findings of secondary bowel ischemia, there were differences in
the self-confidence scores between the three protocols (P < 0.01 or 0.05). Protocols 2
and 3 had higher self-confidence scores than protocol 1, but there was no difference
between protocols 2 and 3.

Reader agreement
There was a very good agreement (κ range: 0.830-0.967) in the identification of SBO
and obstruction severity and site among the three protocols by both readers. The
overall inter- and intra-reader agreement was good or very good (κ range: 0.733-0.924)
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Figure 4 Protocol 3 applied in a 72-year-old woman with an adenocarcinoma at the end of the small bowel causing small bowel obstruction. Because it was
difficult to identify the relationship between the mass and the dilated small bowel loops by conventional axial and coronal reformations, the reader selectively
performed multiple post-processing techniques. A and B: Multidetector computed tomography axial and coronal images of the abdomen reveal an irregular, obviously
enhanced mass (arrows) with a size of 4.4 cm × 4.2 cm × 3.7 cm in the right lower abdomen, and the small bowel loops (pentagram) in the abdominal cavity are
moderately dilated with a maximum diameter of 3.6 cm. C: Curved planar reformation image clearly shows the location of the mass (arrows), dilated proximal bowel
loops (pentagram), and collapsed distal bowel loops (arrowheads). D and E: Maximum intensity projection and volume rendering (VR) images obtained in the arterial
phase indicate the mass with distorted and enlarged neovascular structures (arrows) arising from the ileocolic branch (arrowheads) of the superior mesenteric artery.
F: VR image obtained in the portal venous phase reveals an obviously stained mass (arrowheads) and lymph nodes (arrows) in the adjacent mesentery.

in the evaluation of cause. There was a moderate or good agreement (κ range: 0.5720.696) between the two readers in protocol 1, and between protocols 1 and 2 and
protocols 1 and 3 for each reader for evaluating secondary bowel ischemia. Also for
secondary bowel ischemia evaluation, there was a very good agreement (κ range:
0.795-0.863) between the two readers in protocols 2 and between protocols 2 and 3 for
each reader (Table 4).
However, there were some differences among the inter- and intra-reader agreement
results in determining a few of specific causes. For internal hernias, the agreement
between the two readers in protocol 1 was only moderate, but a good or very good
agreement was found between the two readers in protocols 2 and 3. Similarly, for
vascular lesions, protocols 2 and 3 had better inter-reader agreement than protocol 1,
and the intra-reader agreement between protocols 2 and 3 was also superior to that
between protocols 1 and 2 and protocols 1 and 3. Especially for inflammatory lesions,
a good agreement was only found between the two readers in protocol 3 and between
protocols 2 and 3 for each reader (Table 4).

Diagnostic accuracy
The detection rate for the three protocols used to assess SBO is presented in Table 5.
Overall, for the same protocol, the detection rate was not different between the two
readers for any assessment parameter (P > 0.05). However, comparison of the
detection rate among the three protocols revealed a difference in the total detection
rate for causes and secondary bowel ischemia (P < 0.01). Protocols 2 and 3 gave a
higher detection rate than protocol 1, but no difference was seen between protocols 2
and 3 (P > 0.05). For each specific cause, protocols 2 and 3 had a higher detection rate
than protocol 1 for evaluating internal hernia and vascular lesions (P < 0.01 or 0.05).
The sensitivity, specificity, PPV, NPV, and accuracy of the three protocols for
assessment of SBO are shown in Table 6. Protocol 1 had high sensitivity, PPV, and
accuracy for determining the presence or absence of SBO, whereas protocols 2 and 3
appeared to have slightly better specificity and NPV. Both protocols 2 and 3 improved
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Table 1 Worksheet for readers to use for interpretation of multidetector computed tomography post-processing images
External hernias

Presence or absence of obstruction
Presence (≥ 2.5 cm)

Bezoars/stones

Absence (< 2.5 cm)

Vascular lesions
Inflammatory lesions

Severity of obstruction
Mild (2.5 to < 3 cm)

Others (e.g., foreign body, abdominal cocoon, hematoma and so on)

Moderate (3 to < 4 cm)

Findings of secondary bowel ischemia

Severe (≥ 4 cm)

Main sings
Increased bowel wall attenuation

Obstruction site
Proximal (duodenum to proximal jejunum)

Decreased bowel wall enhancement

Middle (distal jejunum to mid-ileum)

Vascular embolus/thrombosis

Distal (distal ileum)

Vascular stenosis/occlusion

Multisegmental (more than one segment)

Pneumatosis/portomesenteric gas
Secondary sings

Cause
Adhesions

Bowel wall thickening

Neoplasms

Increased bowel wall enhancement

Intussusception

Mesenteric fluid/haziness

Neoplasms

Mesenteric vascular engorgement

Non-neoplasms

Small bowel feces sign

Volvulus

Ascites

Hernias

Others (solid organ infarction, free gas and so on)

Internal hernias

Other findings (fistula, leakage or perforation, pneumoperitoneum and so on)

the sensitivity, specificity, PPV, NPV, and accuracy in the identification of the
obstruction sites, and had clearly superior specificity and NPV. Protocol 1 had high
sensitivity for the evaluation of causes, whereas protocols 2 and 3 showed greater
advantages in increasing specificity, PPV, NPV, and accuracy. Protocol 1 gave high
specificity and PPV in evaluating secondary bowel ischemia, and the main advantages
of protocols 2 and 3 were to substantially improve sensitivity, NPV, and accuracy.
However, all the above parameter values were relatively close when comparing
protocol 2 with protocol 3.

DISCUSSION
Our study is the first to integrate and optimize the MDCT multiple post-processing
techniques to develop a more accurate post-processing protocol for SBO assessment.
The protocols mainly used MPR and CPR to show the obstruction site and its
connected proximal and distal bowel segments[13,14,17-20]. MIP and VR were mainly used
to reveal local mesenteric changes and mesenteric vascular diseases, as well as the
obstruction site. We designed two new post-processing protocols: protocol 2, which
integrates multiple post-processing techniques, and protocol 3, which optimizes the
multiple post-processing techniques. By designing a retrospective cross-sectional
study to compare their respective advantages and disadvantages with protocol 1, we
systemically evaluated the diagnostic accuracy and efficiency of the optimized
protocol to exploit the greatest potential of the MDCT post-processing techniques for
assessment of SBO and secondary bowel ischemia.
We found that the main deficiency of protocol 2 was that it was inefficient. It took
too long to complete and produced more images, which will inevitably increase the
workload of radiologists. Therefore, it would be difficult to implement protocol 2 for
routine use for assessing each patient in daily clinical practice. Protocol 3 only
required slightly more time than protocol 1. Therefore, our findings suggest that
protocol 3 is more suitable for the pre-treatment assessment of SBO.
Both readers seldom or never added multiple post-processing techniques when
using protocol 3 to evaluate whether SBO was present and the obstruction severity
and site. However, they added multiple post-processing techniques at frequencies of
29.2% and 34.9%, respectively, for causes, and 32.1% and 30.2%, respectively, for
secondary bowel ischemia. This suggests that protocol 1 is inadequate for identifying
secondary bowel ischemia and some causes, but it is not necessary to use the multiple
post-processing techniques for all patients with SBO.
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Figure 5 Graphs showing (A) time spent and (B) number of images used for three protocols for disease assessment in patients with clinically suspected
small bowel obstruction. Student’s t test and one-way analysis of variance were used to compare the mean of each result in both the inter and intrareader data sets.
a
P < 0.05, bP < 0.01.

Several studies[13-15,20] have reported that MPR or/and CPR can improve diagnostic
self-confidence in determining the transition zone of SBO, but fail to define in which
specific segment of the small intestine the transition zone is located. In addition, the
post-processing techniques used in these studies were incomplete compared with the
multiple post-processing techniques in our study. Therefore, the results of these
studies[13-15,20] may not truly reflect the value of multiple post-processing techniques in
SBO assessment.
Furthermore, our study compared the diagnostic efficacy of our three protocols for
each assessment parameter. For evaluating whether SBO was present and obstruction
severity, there were no differences among the three protocols with respect to
diagnostic self-confidence, agreement, detection rate, and accuracy. These results are
consistent with previous findings[5,6,13,14,19,20] and suggest that the conventional axial and
coronal reformations may be sufficient to evaluate whether SBO is present and the
obstruction severity without the need for additional post-processing techniques.
In contrast with previous studies[13-15,20], our results showed significant differences
among the three protocols for the diagnostic self-confidence in locating the
obstruction site in middle-segmental SBO. Protocols 2 and 3 had better inter- and
intra-reader agreement and improved the diagnostic accuracy. This difference is likely
because the previous studies[13-15,20,21] failed to identify in which specific segment of the
small intestine the transition zone was located, and when a transition zone was
adjacent to the segment boundaries of the small intestine, on conventional postprocessing images it may be difficult to determine whether it is in the proximal or
middle and middle or distal segment. However, using the multiple post-processing
techniques, locating the obstruction sites became relatively easy.
MDCT exhibits excellent diagnostic accuracy compared with plain abdominal
radiography and is especially superior in ascertaining the obstruction cause[22-25]. The
results of our study showed that both protocols 2 and 3 gave the reader greater selfconfidence compared with protocol 1 in the diagnosis of causes, but there was no
difference between protocols 2 and 3. Overall, there was also very good inter- and
intra-reader agreement, detection rate, accuracy, sensitivity, specificity, PPV and NPV
in protocols 2 and 3. With further analysis of each specific cause, it is clear that the
main advantage of the multiple post-processing techniques is that they can
significantly improve the diagnostic accuracy of both internal hernias and vascular
lesions.
The diagnosis of secondary bowel ischemia in the presence of SBO, however,
remains more challenging. Reported CT sensitivities are 75%-100% with specificities
of 61%-100%[26-29]. Consistent with this, we found that protocol 1 had poor sensitivity
and accuracy in the evaluation of secondary bowel ischemia. However, when the
readers used protocols 2 and 3, the detection rate, diagnostic accuracy, sensitivity, and
NPV were strongly improved to almost the same extent, which we attribute to the use
of the multiple post-processing techniques.
The results of our study also showed that protocols 2 and 3 both increased selfconfidence in evaluating vascular embolus/thrombosis, vascular stenosis/occlusion,
mesenteric haziness/fluid, and mesenteric vascular engorgement as signs of
secondary bowel ischemia, and had a very good overall inter- and intra-reader
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Table 2 Use frequencies of multiple post-processing techniques in the protocol 3 n (%)
Assessment parameter
Presence or absence of SBO (n = 106)
Severity (n = 106)

Reader 1

Reader 2

P-value

1 (0.9)

2 (1.9)

1.000

0

0

Obstruction site
No (n = 16)

1 (6.3)

2 (12.5)

Proximal (n = 9)

0

0

1.000

Middle (n = 37)

2 (5.4)

1 (2.7)

0.556

Distal (n = 44)

3 (6.8)

4 (9.1)

0.694

Total (n = 106)

6 (5.7)

7 (6.6)

1.000

No (n = 16)

1 (6.3)

2 (12.5)

1.000

Adhesions (n = 20)

2 (10.0)

1 (5.0)

0.548

Neoplasms (n = 11)

1 (9.1)

3 (27.3)

0.269

Neoplasms (n = 9)

2 (22.2)

2 (22.2)

1.000

Nonneoplasms (n = 5)

3 (60.0)

2 (40.0)

0.527

Volvulus (n = 8)

6 (75.0)

7 (87.5)

0.522

1.000

Cause

Intussusception

Hernias
Internal hernias (n = 6)

6 (100)

6 (100)

External hernias (n = 9)

1(11.1)

2 (22.2)

0.527

Bezoars/stones (n = 7)

0

2 (28.6)

0.127

Vascular lesions (n = 8)

8 (100)

8 (100)

1.000

Inflammatory lesions (n = 7)

1 (14.3)

2 (28.6)

0.515

Total (n = 106)

31 (29.2)

37 (34.9)

0.377

0

0

Findings of secondary bowel ischemia
Increased bowel wall attenuation
Decreased bowel wall enhancement

0

0

Vascular embolus/thrombosis

5 (4.7)

5 (4.7)

1.000

Vascular stenosis/occlusion

18 (17)

15 (14.2)

0.570

Pneumatosis/portomesenteric gas

1 (0.9)

2 (1.9)

1.000

0

0

Bowel wall thickening
Increased bowel wall enhancement

0

0

Mesenteric haziness/fluid

2 (1.9)

0

0.477

Mesenteric vascular engorgement

8 (7.5)

10 (9.4)

0.622

0

0

Small bowel feces sign
Ascites
Total (n = 106)

0

0

34 (32.1)

32 (30.2)

0.767

SBO: Small bowel obstruction.

agreement. Therefore, protocols 2 and 3 are highly accurate in evaluating secondary
bowel ischemia, which may be mainly because the multiple post-processing
techniques increase the display rate of the above-mentioned signs.
Our study had several limitations, including the fact that it was performed
retrospectively and thus failed to evaluate the improvement on the optimized
protocol in guiding clinical treatment. Second, although our study had a large sample
size, the causes of SBO included were limited and did not represent the MDCT
characteristics of SBO for all causes. Third, all patients with SBO included in our
study were patients who required surgery, which is inconsistent with the need for
conservative treatment for most patients with SBO. Thus, the advantages of the
optimized protocol relative to the conventional protocol should be considered with
caution in clinical practice of MDCT assessment of SBO.
In conclusion, this is the first study that has established and evaluated an optimized
protocol of multiple post-processing techniques on MDCT in SBO assessment. The
optimized protocol can both guarantee efficiency and comprehensively improve
diagnostic accuracy of MDCT for assessing SBO and secondary bowel ischemia,
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Table 3 Average confidence scores among three protocols for assessment of small bowel obstruction (n = 106)
Protocol 1

Protocol 2

Protocol 3

Assessment parameter

P-value
Reader 1 Reader 2 P-value Reader 1 Reader 2 P-value Reader 1 Reader 2 P-value

Presence or absence of SBO
Presence

4.8 ± 0.5

4.7 ± 0.6

0.070

4.8 ± 0.4

4.9 ± 0.3

0.103

4.9 ± 0.4

4.8 ± 0.4

0.184

0.110

Absence

4.6 ± 0.7

4.8 ± 0.6

0.270

4.9 ± 0.3

4.8 ± 0.4

0.164

4.7 ± 0.5

4.9 ± 0.3

0.188

0.341

No

4.6 ± 0.7

4.8 ± 0.6

0.270

4.9 ± 0.3

4.8 ± 0.4

0.164

4.7 ± 0.5

4.9 ± 0.3

0.188

0.341

Mild

4.4 ± 0.7

4.5 ± 0.7

0.162

4.8 ± 0.5

4.7 ± 0.5

0.428

4.7 ± 0.6

4.6 ± 0.6

0.666

0.753

Moderate

4.8 ± 0.4

4.7 ± 0.4

0.323

4.8 ± 0.4

4.8 ± 0.4

0.710

4.7 ± 0.6

4.8 ± 0.4

0.133

0.418

Severe

4.9 ± 0.4

4.8 ± 0.4

0.326

4.9 ± 0.4

4.9 ± 0.4

1.000

4.9 ± 0.3

4.9 ± 0.4

0.663

0.872

Proximal

4.4 ± 0.7

4.4 ± 0.5

1.000

4.8 ± 0.4

4.9 ± 0.3

0.594

4.7 ± 0.5

4.8 ± 0.4

0.681

0.323

Middle

4.2 ± 0.9

4.3 ± 0.8

0.054

4.6 ± 0.5

4.7 ± 0.5

0.058

4.4 ± 0.7

4.6 ± 0.6

0.710

0.004b

Distal

4.4 ± 1.0

4.5 ± 0.9

0.083

4.7 ± 0.5

4.7 ± 0.5

0.570

4.6 ± 0.6

4.6 ± 0.6

0.660

0.221

Adhesions

3.6 ± 0.8

3.7 ± 0.8

0.083

4.7 ± 0.5

4.8 ± 0.4

0.428

4.5 ± 0.6

4.6 ± 0.6

0.163

0.001b

Neoplasms

4.1 ± 0.7

4.2 ± 0.6

0.341

4.9 ± 0.3

4.8 ± 0.4

0.588

4.7 ± 0.5

4.6 ± 0.5

0.588

0.001b

Neoplasms

4.1 ± 1.1

4.2 ± 1.0

0.594

4.9 ± 0.3

4.8 ± 0.4

0.594

4.7 ± 0.5

4.6 ± 0.5

0.594

0.019a

Nonneoplasms

4.2 ± 0.8

4.0 ± 0.7

0.374

4.8 ± 0.4

4.8 ± 0.4

1.000

4.6 ± 0.5

4.8 ± 0.4

0.374

0.029a

Volvulus

4.4 ± 0.7

4.5 ± 0.8

0.351

5.0 ± 0.0

4.9 ± 0.4

0.351

4.6 ± 0.5

4.8 ± 0.5

0.598

0.041a

Internal hernias

3.3 ± 1.4

3.5 ± 1.0

0.611

4.7 ± 0.5

4.8 ± 0.4

0.611

4.3 ± 0.8

4.5 ± 0.5

0.695

0.002b

External hernias

4.7 ± 0.5

4.6 ± 0.7

0.347

4.9 ± 0.3

5.0 ± 0.0

0.347

4.9 ± 0.3

4.9 ± 0.3

1.000

0.054

Bezoars/stones

4.6 ± 0.5

4.7 ± 0.5

0.356

5.0 ± 0.0

4.9 ± 0.4

0.356

4.9 ± 0.4

4.7 ± 0.5

0.356

0.492

Vascular lesions

3.2 ± 1.3

3.3 ± 1.1

0.594

4.7 ± 0.5

4.6 ± 0.5

0.594

4.4 ± 0.5

4.3 ± 0.5

0.681

0.001b

Inflammatory lesions

3.9 ± 1.3

4.1 ± 1.1

0.356

4.7 ± 0.5

4.4 ± 0.5

0.172

4.3 ± 1.0

4.4 ± 0.5

0.604

0.581

Increased bowel wall attenuation

4.4 ± 0.5

4.5 ± 0.5

0.539

4.7 ± 0.5

4.7 ± 0.5

1.000

4.7 ± 0.5

4.6 ± 0.5

0.664

0.819

Decreased bowel wall enhancement

4.5 ± 0.5

4.4 ± 0.5

0.572

4.6 ± 0.5

4.7 ± 0.5

0.536

4.6 ± 0.5

4.7 ± 0.5

0.721

0.282

Vascular embolus/thrombosis

4.0 ± 0.9

4.1 ± 1.0

0.598

4.9 ± 0.4

4.8 ± 0.5

0.598

4.6 ± 0.5

4.5 ± 0.5

0.598

0.010a

Vascular stenosis/occlusion

3.8 ± 0.8

3.9 ± 0.9

0.503

4.8 ± 0.4

4.7 ± 0.5

0.265

4.4 ± 0.5

4.5 ± 0.6

0.574

0.001b

Pneumatosis/portomesenteric gas

4.1 ± 0.3

4.3 ± 0.7

0.447

4.4 ± 0.5

4.7 ± 0.4

0.081

4.6 ± 0.5

4.7 ± 0.5

0.681

0.814

Bowel wall thickening

4.5 ± 0.5

4.6 ± 0.5

0.321

4.6 ± 0.5

4.7 ± 0.5

0.109

4.6 ± 0.5

4.7 ± 0.5

0.254

0.059

Increased bowel wall enhancement

4.6 ± 0.5

4.8 ± 0.4

0.231

4.7 ± 0.5

4.8 ± 0.4

0.161

4.8 ± 0.4

4.7 ± 0.5

0.536

0.441

Mesenteric haziness/fluid

4.3 ± 0.6

4.3 ± 0.6

0.571

4.7 ± 0.5

4.8 ± 0.4

0.292

4.6 ± 0.5

4.7 ± 0.5

0.571

0.003b

Mesenteric vascular engorgement

4.2 ± 0.6

4.1 ± 0.6

0.748

4.8 ± 0.4

4.9 ± 0.4

0.494

4.7 ± 0.5

4.8 ± 0.4

0.716

0.001b

Small-bowel feces sign

4.4 ± 0.5

4.6 ± 0.6

0.329

4.7 ± 0.5

4.6 ± 0.5

0.576

4.5 ± 0.5

4.6 ± 0.6

0.428

0.748

Ascites

4.7 ± 0.5

4.6 ± 0.5

0.583

4.9 ± 0.4

4.8 ± 0.4

0.671

4.8 ± 0.4

4.7 ± 0.5

0.583

0.848

Severity of obstruction

Obstruction site

Cause

Intussusception

Hernias

Findings of secondary bowel
ischemia

a

P < 0.05,
P < 0.01. SBO: Small bowel obstruction.

b

which are critical because these imaging parameters can guide patient care. The
widespread use of this protocol should be supported by further prospective, largersample clinical trials including identification of its indications.
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Table 4 Inter- and intra-reader agreement (κ value) among three protocols for assessment of small bowel obstruction
Assessme
nt
parameter

Inter-reader agreement

Intra-reader agreement

Protocol 1

Protocol 2

Protocol 3

Reader 1

Reader 2

Reader 1-2

Reader 1-2

Reader 1-2 Protocol 1-2 Protocol 1-3 Protocol 2-3 Protocol 1-2 Protocol 1-3 Protocol 2-3

Presence or
absence of
SBO (n =
106)

0.902

0.897

0.966

0.866

0.902

0.964

0.933

0.897

0.967

Severity of
obstruction
(n = 106)

0.868

0.869

0.894

0.830

0.882

0.895

0.881

0.907

0.921

Obstruction
site (n = 106)

0.873

0.926

0.925

0.855

0.890

0.925

0.908

0.870

0.963

No (n = 16)

0.902

0.897

0.966

0.866

0.902

0.964

0.933

0.897

0.967

Adhesions
(n = 20)

0.725

0.820

0.820

0.725

0.786

0.759

0.820

0.820

1.000

Neoplasms
(n = 11)

0.946

1.000

0.946

0.946

0.946

1.000

1.000

0.946

0.946

Neoplasms
(n = 9)

0.927

0.935

0.935

0.863

0.927

0.935

0.863

0.935

0.935

Nonneoplas
ms (n = 5)

0.738

0.883

0.883

0.883

0.738

0.883

0.738

0.883

0.883

Volvulus (n
= 8)

0.927

0.927

0.927

0.845

0.927

0.927

1.000

0.927

0.927

Internal
hernias (n =
6)

0.554

0.903

0.788

0.789

0.649

0.903

0.739

0.739

1.000

External
hernias (n =
9)

0.935

0.935

1.000

0.935

1.000

0.935

0.935

0.935

1.000

Bezoars/sto
nes (n = 7)

0.917

0.917

1.000

0.917

1.000

0.917

0.917

0.917

1.000

Vascular
lesions (n =
8)

0.554

0.927

0.751

0.522

0.419

0.845

0.518

0.711

0.845

Inflammator
y lesions (n
= 7)

0.371

0.586

0.637

0.444

0.411

0.637

0.363

0.333

0.751

Total (n =
106)

0.733

0.861

0.848

0.748

0.760

0.848

0.772

0.797

0.924

Presence or
absence of
secondary
bowel
ischemia (n
= 106)

0.572

0.863

0.840

0.675

0.645

0.795

0.690

0.696

0.863

Cause

Intussuscept
ion

Hernias

SBO: Small bowel obstruction.
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Table 5 Detection rates for assessment parameters among three protocols for assessment of small bowel obstruction n (%)
Protocol 1

Protocol 2

Protocol 3

Assessment parameter

P-value
Reader 1 Reader 2 P-value Reader 1 Reader 2 P-value Reader 1 Reader 2 P-value

Presence or absence of SBO
Presence (n = 90)

85 (94.4)

87 (96.7)

0.469

89 (98.9)

87 (96.7)

0.312

88 (97.8)

88 (97.8)

1.000

0.378

Absence (n = 16)

15 (93.8)

14 (87.5)

0.544

15 (93.8)

16 (100)

0.310

15 (93.8)

16 (100)

0.310

0.430

No (n = 16)

15 (93.8)

14 (87.5)

0.544

15 (93.8)

16 (100)

0.310

15 (93.8)

16 (100)

0.310

0.430

Proximal (n = 9)

8 (88.9)

7 (77.8)

0.527

9 (100)

8 (88.9)

0.303

8 (88.9)

8 (88.9)

1.000

0.570

Middle (n = 37)

34 (91.9)

33 (89.2)

0.691

34 (91.9)

35 (94.6)

0.643

35 (94.6)

34 (91.9)

0.643

0.775

Distal (n = 44)

40 (90.9)

41 (93.2)

0.694

43 (97.7)

43 (97.7)

1.000

42 (95.5)

43 (97.7)

0.557

0.160

Total (n = 106)

97 (91.5)

95 (89.6)

1.000

101 (95.3) 102 (96.2)

1.000

100 (94.3) 101 (95.3)

1.000

0.129

No (n = 16)

15 (93.8)

14 (87.5)

0.544

15 (93.8)

16 (100)

0.310

15 (93.8)

16 (100)

0.310

0.430

Adhesions (n = 20)

18 (90.0)

19 (95.0)

0.548

19 (95.0)

20 (100)

0.311

19 (95.0)

20 (100)

0.311

0.434

Neoplasms (n = 11)

10 (90.9)

11 (100)

0.306

11 (100)

11 (100)

1.000

11 (100)

10 (90.9)

0.306

0.597

Neoplasms (n = 9)

7 (77.8)

8 (88.9)

0.527

9 (100)

8 (88.9)

0.303

8 (88.9)

9 (100)

0.303

0.414

Nonneoplasms (n = 5)

4 (80.0)

4 (80.0)

1.000

5 (100)

4 (80.0)

0.292

4 (80.0)

5 (100)

0.292

0.749

Volvulus (n = 8)

7 (87.5)

8 (100)

0.302

7 (87.5)

8 (100)

0.302

8 (100)

7 (87.5)

0.302

1.000

Internal hernias (n = 6)

4 (66.7)

3 (50.0)

0.558

6 (100)

5 (83.3)

0.296

5 (83.3)

5 (83.3)

1.000

0.045a

External hernias (n = 9)

9 (100)

8 (88.9)

0.303

8 (88.9)

9 (100)

0.303

9 (100)

9 (100)

1.000

0.595

Obstruction site

Cause

Intussusception

Hernias

Bezoars/stones (n = 7)

7 (100)

6 (85.7)

0.299

6 (85.7)

7 (100)

0.299

7 (100)

7 (100)

1.000

0.592

Vascular lesions (n = 8)

3 (37.5)

4 (50.0)

0.614

8 (100)

7 (87.5)

0.302

6 (75.0)

7 (87.5)

0.522

0.004b

6 (85.7)

5 (71.4)

Inflammatory lesions (n = 7)

6 (85.7)

6 (85.7)

1.000

0.515

6 (85.7)

5 (71.4)

0.515

0.857

Total (n = 106)

90 (84.9)

91 (85.8)

1.000

100 (94.3) 100 (94.3)

1.000

98 (92.5)

100 (94.3)

1.000

0.001b

Presence (n = 38)

28 (73.7)

27 (71.1)

1.000

36 (94.7)

35 (92.1)

0.644

34 (89.5)

36 (94.7)

0.395

0.001b

Absence (n = 68)

65 (95.6)

67 (98.5)

0.308

65 (95.6)

66 (97.1)

0.647

66 (97.1)

65 (95.6)

0.647

0.928

Presence or absence of secondary bowel
ischemia

a

P < 0.05,
P < 0.01. SBO: Small bowel obstruction.

b
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Table 6 Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of three protocols for assessment of
small bowel obstruction
Protocol 1

Protocol 2

Protocol 3

Assessment parameter
Reader 1

Reader 2

Reader 1

Reader 2

Reader 1

Reader 2

Sensitivity

94.4%

96.7%

98.9%

96.7%

97.8%

97.8%

Specificity

93.8%

87.5%

93.8%

100%

93.8%

100%

PPV

98.8%

97.8%

98.9%

100%

98.9%

100%

NPV

75.0%

82.4%

93.8%

84.2%

88.2%

88.9%

Accuracy

94.3%

95.3%

98.1%

97.2%

97.2%

98.1%

Sensitivity

94.3%

96.4%

98.9%

96.6%

97.7%

97.7%

Specificity

78.9%

63.6%

78.9%

94.1%

78.9%

84.2%

PPV

95.3%

91.0%

95.6%

98.9%

95.5%

96.6%

NPV

75.0%

82.4%

93.8%

84.2%

88.2%

88.9%

Accuracy

91.5%

89.6%

95.3%

96.2%

94.3%

95.3%

Sensitivity

93.8%

96.3%

98.8%

96.6%

97.6%

97.7%

Specificity

57.7%

53.8%

75.0%

84.2%

71.4%

80.0%

PPV

87.2%

86.5%

94.4%

96.6%

93.3%

95.5%

NPV

75.0%

82.4%

93.8%

84.2%

88.2%

88.9%

Accuracy

84.9%

85.8%

94.3%

94.2%

92.5%

94.3%

Sensitivity

73.7%

71.1%

94.7%

92.1%

89.5%

94.7%

Specificity

95.6%

98.5%

95.6%

97.1%

97.1%

95.6%

PPV

90.3%

96.4%

92.3%

94.6%

94.4%

92.3%

NPV

86.7%

85.9%

97%

95.7%

94.3%

97%

Accuracy

87.7%

88.7%

95.3%

95.3%

94.3%

95.3%

Presence or absence of SBO

Obstruction site

Cause

Secondary bowel ischemia

SBO: Small bowel obstruction; PPV: Positive predictive value; NPV: Negative predictive value.

ARTICLE HIGHLIGHTS
Research background
Acute small bowel obstruction (SBO) is a common clinical syndrome for which effective
treatment depends on a rapid and accurate diagnosis. Despite advances in imaging and a better
understanding of small bowel pathophysiology, SBO is often diagnosed late or misdiagnosed,
resulting in significant morbidity and mortality. Nowadays, multidetector computed
tomography (MDCT) with multiple post-processing techniques has shown great potential in
assessment of SBO and related complications, and the accuracy and agreement are expected to
be further improved.

Research motivation
On the applications of MDCT multiple post-processing techniques in the assessment of SBO,
only a few studies on multi-planar reformations have been reported in the current literature. In
the MDCT assessment of SBO, how to reasonably apply these post-processing techniques to
further improve the diagnostic accuracy is an important issue worth exploring further to
radiologists.

Research objectives
This study aimed to integrate and optimize MDCT multiple post-processing techniques, and
designed a retrospective cross-sectional study to systemically evaluate diagnostic accuracy and
efficiency of the optimized protocol using multiple post-processing techniques on MDCT to
assess SBO and secondary bowel ischemia.

Research methods
This retrospective cross-sectional study was conducted in a single center of China for evaluation
of an optimized protocol on multiple post-processing techniques for MDCT assessment of SBO
and secondary bowel ischemia. Two radiologists applied three protocols to image postprocessing and interpretation for MDCT volume data of 106 patients with clinically suspected
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SBO. We compared the optimized protocol with the other two protocols based on time spent,
number of images, diagnostic self-confidence, agreement, and accuracy of detection of SBO and
secondary bowel ischemia.

Research results
Using the optimized protocol, two radiologists added multiple post-processing techniques at
frequencies of 29.2% and 34.9%, respectively, for obstruction cause, and 32.1% and 30.2%,
respectively, for secondary bowel ischemia. The integrated protocol resulted in more time spent
and number of images than the conventional and optimized protocols ( P < 0.01), for the
optimized protocol, the time spent and the number of images were only slightly more than those
for the conventional protocol. The integrated and optimized protocols had higher total detection
rates of obstruction cause and secondary bowel ischemia than the conventional protocol (P <
0.01), but no difference was detected between the two (P > 0.05). The accuracy, sensitivity,
specificity, positive predictive value, and negative predictive value of the integrated and
optimized protocols were superior to the conventional protocol for evaluating obstruction cause
and secondary bowel ischemia, but these parameters between the two protocols were very close.

Research conclusions
This is the first study to establish and evaluate an optimized protocol of the multiple postprocessing techniques on MDCT used to assess SBO. The main deficiency of the integrated
protocol was that it was inefficient. It took too long to complete and produced more images,
which will inevitably increase the workload of radiologists. The optimized protocol can both
guarantee the time efficiency and effectively control the number of images, and comprehensively
improve the diagnostic self-confidence, agreement, accuracy of MDCT for determining the SBO
severity, site and causes, and secondary bowel ischemia, which are critical because these imaging
parameters can guide patient care.

Research perspectives
Although the present study has several limitations, the optimized protocol can be considered for
widespread recommendation in clinical practice of MDCT assessment of SBO and secondary
bowel ischemia. Future studies should focus on applying this protocol to prospective, largersample clinical trials to further identify its advantages, disadvantages, and indications so that it
can be continuously modified and improved.
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Abstract
BACKGROUND
Non-alcoholic steatohepatitis (NASH) has become one of the leading causes of
liver disease in the western world. In obese patients weight reduction is
recommended. Up to now there are no specific guidelines for weight loss in order
to reduce hepatic fat content.
AIM
To investigate the effects of a 24-wk guided lifestyle intervention program
compared to a meal replacement regimen based on soy protein.
METHODS
Twenty-six subjects with NASH participated in a randomized single-center
study. They were randomly assigned to either meal replacement group (MR-G)
with soy-yogurt-honey preparation or to guided lifestyle change group (LC-G)
with endurance activity and nutrition counselling. Serum alanine transaminase
(ALT), aspartate transaminase (AST), lipid parameters, and adipokines were
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measured. Liver fat content and lipid composition were determined by magnetic
resonance imaging and magnetic resonance spectroscopy. Body fat mass and lean
body mass were assessed using Bod Pod® device. Pre- and post-intervention
monitoring of parameters was performed. Statistical analyses were conducted
with SPSS software, results were expressed as median (interquartile range).
RESULTS
Twenty-two subjects (MR-G, n = 11 and LC-G, n = 11) completed the study (9
women, 13 men; age 52.1 (15.0) years, body mass index (BMI) 32.3 (3.3) kg/m²).
In both groups a significant weight loss was achieved (MR-G: -6.4 (3.6) kg, P <
0.01; LC-G: -9.1 (10.4) kg, P < 0.01). BMI dropped in both groups (MR-G: -2.3 (1.5)
kg/m2, P = 0.003; LC-G: -3.0 (3.4) kg/m2, P = 0.006). Internal fat and hepatic lipid
content were markedly reduced in both groups in comparable amount. There
was a strong correlation between reduction in liver fat and decrease in ALT.
Likewise, both groups showed an improvement in glycemic control and lipid
profile. Changes in adipokines, particularly in adiponectin and leptin were
closely related to intrahepatic lipid changes.
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CONCLUSION
Comprehensive lifestyle intervention and meal replacement regimen have
comparable effects on body and liver fat, as well as decrease in markers of
hepatic inflammation among NASH patients.
Key words: Non-alcoholic steatohepatitis; Meal replacement therapy; Soy protein;
Lifestyle change; Weight reduction; Obesity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Non-alcoholic steatohepatitis (NASH) is a major cause of chronic liver disease.
In obese patients weight reduction is recommended. We studied the effect of a soy
protein-based meal replacement therapy and a therapeutic lifestyle intervention in a
randomized controlled study of obese patients with NASH. Both groups significantly
lost body fat and liver fat while muscle mass remained stable. Corresponding changes
were found in blood lipids and adipokines. However, liver fat quality as mean chain
length and saturation of lipids was modified differently by each intervention. The
relevance of these findings has to be cleared by further studies.

Citation: Deibert P, Lazaro A, Schaffner D, Berg A, Koenig D, Kreisel W, Baumstark MW,
Steinmann D, Buechert M, Lange T. Comprehensive lifestyle intervention vs soy proteinbased meal regimen in non-alcoholic steatohepatitis. World J Gastroenterol 2019; 25(9):
1116-1131
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1116.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1116

INTRODUCTION
Non-alcoholic steatohepatitis (NASH) has become one of the leading causes of liver
disease in western countries. It is estimated that about 20% to 30% of adults in
developed countries have excess fat accumulation in the liver, 50% among people
with diabetes, and about 80% in the obese and morbidly obese[1]. The main feature of
NASH is the presence of fat in the liver accompanied by signs of inflammation and/or
damage. Without the latter, the condition is referred to as non-alcoholic fatty liver
disease (NAFLD)[2].
NASH may lead to liver cirrhosis and portal hypertension with severe sequelae
including hepatocellular carcinoma. It is the most rapidly growing indication for liver
transplantation in patients with hepatocellular carcinoma in the United States [3]
Though there are no established guidelines for the prevention or treatment of NASH
an increase of physical activity or weight loss are recommended.
Physical activity has been known to improve insulin resistance, maintain weight
loss, and improve liver histology in NASH patients. An increase in physical
performance has been associated with improved hepatic metabolism, even
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independent of body weight reduction[4-7]. Physical activity increases hepatic fatty acid
oxidation and decreases the intermediates of fatty acid synthesis, resulting in a
decrease of hepatic steatosis[8]. Habitual leisure-time physical activity or aerobic
exercise training may play a protective role in NAFLD[7,9,10]. However, there is no
evidence on the specific kinds of exercise (e.g. in terms of duration, intensity) which
will be of most benefit[11].
Weight loss due to caloric restriction has been proven to reduce hepatic fat content.
With a gradual weight reduction under a balanced diet, Ueno et al[12] demonstrated
significant reduction in hepatic steatosis and an improvement in hepatic inflammation
and fibrosis. Hepatic lipid content is also influenced by other factors such as lipid
composition of the diet and the condition of the anti-oxidant system[13,14]. However, the
optimal dietary restrictions are still under debate, thus a clear recommendation for the
patients is still lacking[15]. As insulin resistance is a key mechanism in both metabolic
syndrome and NASH, observational studies consistently reported an association
between higher liver fat content and high risk of coronary artery disease. There is an
increased risk for cardiovascular disease in patients with NASH[16].
On the other hand, liver fat content seems to be a risk factor that is not strictly
related to insulin resistance[6,17] and may be of further significance. With MRS liver fat
content is quantifiable. This method is regarded as gold standard to detect the
accumulation of liver fat in vivo[18]. Moreover, the chain length of stored fatty acids and
the percentage of saturated lipids can be estimated noninvasively. In a previous
randomized controlled study, it was shown that with respect to weight reduction the
effect of therapeutic lifestyle changes is comparable to a meal replacement regimen
based on soy protein[19]. Furthermore, parameters defining the metabolic syndrome
can be improved with either intervention[20,21].
Fat storing cells are no longer considered as energy stores only, as they also
influence the metabolism by secretion of polypeptide hormones known as adipokines.
Adiponectin has anti-inflammatory, anti-diabetic, and anti-atherogenic properties[22].
Its expression and plasma concentration are inversely related to insulin resistance,
metabolic syndrome and type 2 diabetes mellitus, as well as obesity. Leptin is secreted
proportionally to the amount of white adipose mass. Its levels in the circulation
depend on the amount of adipose tissue and the status of energy balance[23]. High
levels of leptin in the circulation are associated with the severity of NAFLD[24]. On the
other hand, fetuin A has been suggested as noninvasive biomarker of hepatic steatosis
and as an early indicator of NAFLD [25,26] . Vaspin was seen to be associated with
NAFLD and grade of hepatic inflammation [27,28] . However, other studies yielded
conflicting results, thus the role of Vaspin in NAFLD remains unclear. Lastly, resistin
has been positively associated with histological steatosis and portal inflammation[29].
This study aims to compare a guided intensive lifestyle intervention program and a
soy protein-based meal replacement therapy in patients with NASH. The effects of a
significant weight loss after 24 wk on liver fat content, lipid composition, and markers
of liver inflammation were analyzed. Changes in abdominal, subcutaneous and
intrahepatic fat, as well as body composition in both interventions were also studied.
In a subgroup, the proportion of saturated and unsaturated lipids of intrahepatic fat
was quantified and analyzed in relation to serum adipokines.

MATERIALS AND METHODS
Patients eligible for participation were obese adults with body mass index (BMI)
between 30 and 40 and with sonographic findings of fatty liver, as well as elevated
liver enzymes [at least alanine transaminase (ALT) of > 20% the ULN]. Daily alcohol
consumption had to be less than 20 g in males and less than 10g in females. Secondary
causes of fatty liver disease other than overweight and obesity were excluded by
anamnesis. The possibility and willingness to participate in a physical training
program was another prerequisite.
Exclusion criteria included limited physical performance (ergometer test: < 75 Watt
for 2 min), insufficiently treated arterial hypertension, insulin-dependent diabetes
mellitus, renal disease with compromised renal function, psychiatric disorder, and
intake of hormones. All subjects completed a comprehensive medical examination,
routine blood tests, and ultrasound at the screening visit. Exercise tests were done
using a cycling ergometer (Ergoline, Siemens, Germany) starting with a workload of
25 W, increasing by 25 W every 2 min until exhaustion. Written informed consent was
provided by all subjects and the study protocol was approved by the Ethics Review
Board of the University of Freiburg Medical Center.
The subjects were randomly assigned to the treatment groups using a random list.
During the first six weeks of the program, the subjects in the meal replacement group
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(MR-G) were instructed to replace two daily meals with a commercially available soyyogurt-honey preparation (Almased®) as recently described in a study by Koohkan et
al[30]. In the following 18 wk, one daily meal was replaced by the preparation. In
addition, the dietary intake of fat during this second phase was not to exceed 60g per
day. The first 6-wk diet contained 1000 kcal per day for women and 1200 kcal for men,
while in the following weeks the dietary program was aimed at a maximum of 1500
kcal for women and 1700 kcal for men. These guidelines were given at a group session
after randomization by a dietician.
On the other hand, the lifestyle change group (LC-G) attended 6 weekly teaching
sessions about nutrition and physical exercise. They had individual consultations preintervention and then again at week 6. All sessions were conducted by experts in
nutritional counselling. Subjects received a diet overview handout in accordance with
the guidelines set by the German Society of Nutrition and the German Society of
Sports Medicine and Prevention. Here, the prescribed dietary program was a
moderate fat, nutrient-balanced diet consisting of 1200 to 1500 kcal per day for
women and 1500 to 1800 kcal per day for men. It contained approximately 50%-55%
of the calories from carbohydrates, 25%-30% from fat, and 15%-20% from protein. The
diet program was similar to the previous study by König et al[31].
Physical exercise was performed as a group session once a week during the first six
weeks and twice a week thereafter. The group-based exercise sessions were led by a
sport physiologist. Each participant was instructed to walk mainly at a specific heart
rate reflecting 60%-75% of the individual estimated VO2max.
Magnetic resonance imaging (MRI) and magnetic resonance spectroscopy (MRS)
measurements were performed with a 3T whole-body MRI system (Magnetom Trio a
TIM system, Siemens Healthcare, Erlangen, Germany) using two six-channel body
array coils for signal reception. Radiologists were blinded for treatment allocation. For
abdominal fat-water imaging a previously optimised breath-hold spoiled 2D gradient
echo protocol with four different echo times and a monopolar readout gradient was
used[32]. Liver fat content and composition were measured by MRS using a single
voxel PRESS (Point RESolved Spectroscopy) sequence with an echo time of TE = 35
ms. A cubic volume of interest (8 mL) was placed in the lateral part of the liver
avoiding inclusion of larger blood vessels and subcutaneous fat. The MRS
measurement was triggered with a 2D PACE (Prospective Acquisition Correction)
navigator to minimize respiratory motion effects[33]. It was performed once with water
suppression for a more robust lipid peak resolution and once without water
suppression for acquisition of a water reference signal.
Reconstruction of fat and water images was performed using the graph cuts
algorithm [34] . Segmentation of subcutaneous and internal adipose tissue (AT),
including visceral AT, muscular fat, and bone marrow was conducted in the
abdominal region with an active contour algorithm[35]. The classification of adipose
tissue topography proposed by Shen et al. was adopted[36]. Fat quantification was
performed as previously described by Ludwig et al[37].
The liver spectra were fitted and quantified with LCModel[32] using a dedicated
analysis protocol for lipid detection in the liver. The lipid signal was modelled with
peaks at [0.9, 1.3, 1.6, 2.1, 2.3, 2.8, 4.1, 4.3, 5.2, 5.3] ppm by LCModel.
Lipid peak quantification was considered reliable if the quantification error
estimated by LCModel was smaller than 10%. Subjects were only included in the
analysis of MRS-based parameters if all lipid resonances could be quantified with an
estimated error margin of less than 10%.
The total fat signal (FS) was quantified as the sum of the integrated lipid peaks at
0.9 ppm, 1.3 ppm and 1.6 ppm, the water signal (WS) as the integrated water peak in
the non-water-suppressed spectra. The integrated signals were corrected with the
relaxation constants reported by Hamilton et al[38] using T2W = 23 ms for water and T2F
= 62 ms for the lipid signal. Consequently, the intrahepatic lipid (IHL) content was
calculated as: IHL = [FS*exp (TE/T2F)]/[FS*exp (TE/T2F) + WS*exp (TE/T2W)].
Lipid chain length, saturated lipid component, total unsaturated lipid component,
and fraction of unsaturated lipids were determined as described by Ye et al[39,40].
For measuring body composition the technique of air displacement
plethysmography (Bod Pod ® device, Cosmed, Germany) was used [41,42] . Waist
circumference was taken with a non-distensible tape measure following the
anthropometric standardization guidelines[43].
The data collected upon enrolment and after 6 and 24 wk included the
anthropometrics (i.e. body weight, waist and abdominal circumference), together with
self-reported medical history, blood pressure, glucose, and serum lipids. Adipokines
(i.e. leptin, adiponectin, resistin, vaspin, and fetuin A) were measured by
commercially available ELISA tests (DSL Deutschland GmbH, Sinsheim, Germany).
All other laboratory analyses were done in the central laboratory of the University of
Freiburg Medical Center using clinical routine methods.
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Statistical analysis
The primary study endpoint was the change in IHL content. Assuming an average
IHL content of 23±7% based on the computations by Sullivan et al[44] , detecting a
change of 10% with a power of 0.95 and an error of 0.05 at least eight participants
were necessary. Evaluations of efficacy variables were analyzed in an exploratory
manner. Descriptive statistical methods were used to analyze the variables. Results
were expressed as median (interquartilrange IQR). To test the absolute and relative
change of the parameters, a signed-rank test was used. All P values were two-sided
and a P value of 0.05 or less was considered statistically significant. Bivariate
associations between variables of interest were assessed by Spearman’s rank
correlations (ρ). To evaluate potentially predictive variables of IHL content a
multivariate regression with backward elimination of variables was performed. All
statistical analyses were calculated using SPSS software (version 25.0.0).

RESULTS
Patient population
One hundred seventy-eight patient records with a diagnosis of NASH were reviewed
from the outpatient database of the Department of Sports Medicine and Department
of Gastroenterology and Hepatology (Figure 1). Seventy-six eligible subjects were
contacted and interviewed concerning the study’s exclusion criteria, in which 43
patients were invited for screening. Fifteen patients responded to the study
announcement via Intranet and five of them were invited for initial screening.
Overall, 48 prospective subjects were invited for screening and this led to 26 eligible
participants who were randomized to the study groups. A total of 22 patients (LC-G =
11, MR-G = 11) completed the study and attended at least 75% of the
meetings/training sessions and consultation visits. All of these patients were
evaluated at baseline (pre-intervention) and final visit (post-intervention). Four
participants dropped out because of not having attended the necessary number of
sessions. Baseline data showed that both groups were comparable in all parameters of
interest (Table 1).

Anthropometric parameters
Within 6 wk both groups showed a significant reduction in body weight (MR-G: 101.1
(30.5) to 94.8 (23.7) kg; P < 0.01; LC-G: 99.5 (11.1) kg to 83.3 (26.4) kg, P < 0.01). As
shown in Table 2, after 24 wk the MR-G had reduced mean body weight of 6.4 (3.6) kg
and the LC-G 9.1 (10.4) kg (P = ns between the groups). BMI was reduced from 32.2
(3.4) to 29.6 (3.3) in the MR-G and from 32.4 (3.7) to 29.3 (4.5) in the LC-G. In the MR-G
waist circumference was more reduced in comparison to the LC-G. Changes were
comparable between both groups, resulting in statistically significant lower values at
the final visit (P < 0.001). The BodPod analysis at baseline and final visit showed a
stable lean body mass in both groups, whereas body fat mass was reduced
significantly in both interventions (Figure 2A).

Biochemical laboratory parameters
ALT and AST values decreased in both treatment regimens, the change being more
pronounced in the LC-G (Table 2). Both changes were significant within each group (P
< 0.05) and no significant difference was found between the two groups. The relative
change in ALT was correlated with the relative change in abdominal fat (ρ = 0.70; P <
0.01), subcutaneous fat (ρ = 0.72, P < 0.01), internal fat (ρ = 0.65; P < 0.01), and change
in AST (ρ = 0.96; P < 0.01). There was a weaker correlation to relative change in body
fat mass (ρ = 0.52; P < 0.05) and to relative change in waist circumference (ρ = 0.48; P
< 0.05).
Cholesterol did not significantly decrease in both groups, whereas there was a
significant decrease in triglycerides only in the MR-G. HDL-cholesterol showed a
slight but non-significant increase in both groups, while LDL-cholesterol was nearly
unchanged (both P = n.s.). Fasting glucose and HbA1c-values were reduced in both
groups, this reduction was more pronounced in the LC-G. However, the decrease did
not differ significantly between groups. Serum creatinine values were initially
comparable and were unchanged in both groups.
In terms of adipokines, adiponectin showed a slight increase in both groups,
whereas leptin showed a significant decrease over the 24-wk study period in both
groups. Vaspin, resistin, and fetuin A did not show significant changes over the
period of 24 wk (Figure 2B).

MRI and MRS measurements of abdominal fat and liver fat
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Table 1 Baseline characteristics
Group
Meal replacement
Median

Lifestyle change

IQR

Median

P value

IQR

Sex (m/f)

8/3

Age (yr)

57.0

8.0

54.0

5/6
14.0

0.27

Height (m)

1.80

0.1

1.74

0.2

0.44

Weight (kg)

101.1

30.5

99.5

11.1

0.37

BMI (kg/m2)

32.2

3.4

32.4

3.7

0.65

Waist circumference (cm)

115.0

18.0

109.0

12.0

0.17

AST (U/L)

42.0

20.0

37.0

18.0

0.33

ALT (U/L)

64.0

16.0

61.0

60.0

0.80

Glucose (mg/dL)

96.0

25.0

106.0

39.0

0.85

HbA1c (%)

5.7

1.0

5.8

1.0

0.80

Creatinine (mg/dL)

0.9

0.1

0.9

0.3

0.76

Cholesterol (mg/dL)

217.0

77.0

212.0

46.0

1.00

HDL-Cholesterol (mg/dL)

48.7

11.5

49.2

24.0

0.61

LDL_Cholesterol (mg/dL)

142.7

53.8

135.2

38.0

0.70

Triglycerides (mg/dL)

134.0

132.0

122.0

123.0

0.33

Adiponectin (µg/mL)

3.4

4.4

4.2

3.8

0.90

Leptin (ng/mL)

8.0

8.3

15.2

17.1

0.44

Vaspin (mg/mL)

0.2

0.2

0.2

0.4

0.07

Fetuin A (g/L)

0.4

0.1

0.4

0.2

0.95

Resistin (ng/mL)

4.4

2.6

4.0

2.6

0.37

Max. Performance (Watt/kg)

175.0

75.0

150.0

100.0

0.61

Fat mass (kg)

40.4

12.3

44.2

15.7

0.61

Lean body mass (kg)

59.6

12.3

55.8

15.7

0.61

MRI subcutaneous fat (kg)

9.2

4.4

9.5

4.1

0.70

MRI internal fat (kg)

6.9

3.8

5.5

1.6

0.12

MRI total fat (kg)

16.4

5.4

14.8

4.4

0.65

Intrahepatic lipid content

16.9

17.8

18.0

13.5

1.00

Saturated lipid component

15.5

8.5

15.0

5.1

0.78

Total unsaturated lipid comp.

4.7

3.8

2.8

1.5

0.16

Fraction unsaturated lipids

0.6

0.3

0.6

0.3

0.24

Mean chain length

30.8

6.5

27.0

5.8

0.11

Both interventions reduced the total abdominal fat as estimated by MRI. However, it
was significantly reduced only with lifestyle intervention (MR-G: 16.4 (5.4) kg to 15.0
(5.4) kg; P = n.s., LC-G: 14.8 (4.4) kg to 13.4 (2.3) kg; P < 0.05; difference between
groups P = 0.06, Figure 2A). There was significant reduction of subcutaneous fat in
both groups, being more pronounced in the lifestyle intervention group (P = 0.06
between groups). Furthermore, the LC-G lost more internal fat than the MR-G,
however this difference was not statistically significant between the groups. The ratio
of relative internal fat loss to subcutaneous fat loss was comparable in both groups
(MR-G: 0.42, LC-G: 0.36; P = n.s.).
Adiponectin and leptin showed weak correlations to total abdominal fat mass as
estimated by MRI (adiponectin: ρ = 0.24; leptin: ρ = 0.60) or Bodpod device
(adiponectin: ρ = 0.58; Leptin: ρ = 0.88), waist circumference (adiponectin: ρ = -0.01;
leptin: ρ = 0.06) or BMI (adiponectin: ρ = -0.09; leptin: ρ = 0.33). Furthermore, fetuin A,
vaspin, and resistin showed no relevant correlations to such parameters (ρ < 0.2 for
all). However, adiponectin changes were inversely related to changes in body weight
(ρ = -0.25), fat mass (ρ = -0.30), reduction in waist circumference (ρ = -0.13) and total
abdominal fat (ρ = -0.13). Leptin changes were correlated to changes in body weight
(ρ = 0.65), fat mass (ρ = 0.63), waist circumference (ρ = 0.39) and total abdominal fat (ρ
= 0.49).
The baseline saturated lipid component was correlated with waist circumference (ρ
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Figure 1

Figure 1 Flowchart of the study selection procedure.

= 0.4; P = n.s.), as well as with subcutaneous fat (ρ = 0.44; P < 0.01), total abdominal fat
(ρ = 0.54; P < 0.01) and body fat mass as estimated by the BodPod device (ρ = 0.57; P <
0.01). It was not correlated with internal fat (ρ = 0.07; P = n.s.). By multivariate
regression analysis IHL content was negatively correlated to total unsaturated lipid
component and positively correlated to mean chain length. The fraction of
unsaturated lipids and the total unsaturated lipid compound did not significantly
predict IHL and were eliminated from the model. In a second model IHL content
could not be predicted by total abdominal fat measured by MRI, waist to hip ratio, fat
mass measured by BodPod, waist circumference or weight.
In both intervention groups there was a highly significant reduction of liver fat
content (MR-G: -56.2 (30.5)%; P < 0.01; LC-G: -77.2 (57.8)%; P < 0.05 Figure 3), being
correlated to weight change (ρ = 0.77 in MR-G and ρ = 0.88 in LS-G).
The IHL composition was not differentiable in all cases since in some spectra
insufficient spectral quality did not allow for accurate quantification of all underlying
resonances. Therefore, in a subgroup intrahepatic lipids were analyzed and
characterized with regard to IHL component, saturated lipid component, and fraction
of unsaturated lipids. Furthermore, the mean chain length of intrahepatic lipids was
estimated. Changes of the saturated lipid component could be calculated in 15
participants and changes of the unsaturated lipid component in 16 participants,
respectively.
The IHL content and the saturated lipid component decreased during the
intervention in both groups (MR-G: IHL content: 16.9 (17.8) to 6.7 (10.2), P < 0.01; LCG: 18.0 (13.5) to 5.5 (10.2); P < 0.05; MR-G: saturated lipid component: 15.5 (8.5) to 14.3
(2.6), P = n.s.; LC-G: 15.0 (5.2) to 13.0 (5.5), P < 0.05, Figure 3). The fraction of
unsaturated lipids showed a decrease only in the meal replacement group (MR-G: 0.6
(0.3) to 0.48 (0.38), P = n.s.; LS-G: 0.6 (0.3) to 0.6 (0.3), P = n.s.). Mean chain length was
significantly reduced only in the meal-replacement group [MR-G: 30.8 (6.5) to 25.5
(7.3), P < 0.05; LC-G: 27.0 (5.8) to 31.4 (13.3), P = n.s.] (Figure 3).
The relative change in IHL content was correlated to relative weight change in both
groups (MR-G: ρ = 0.77, LC-G: ρ = 0.88), as well as to relative changes in internal fat
(MR-G: ρ = 0.67, LC-G: ρ = 0.81), fat mass (MR-G: ρ = 0.77, LC-G: ρ = 0.71), and waist
circumference (MR-G: ρ = 0.46, LC-G: ρ = 0.83). The relative change in IHL content as
a function of relative weight loss was slightly more pronounced in the MR-G (Figure
4).
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Table 2 Comparison of changes in parameters
Group
Change in

Meal replacement

Lifestyle
change

P between groups

Median

IQR

Median

IQR

Weight (kg)

-6.4

3.6

-9.1b

10.4

0.48

2

BMI (kg/m )

-2.3

b

1.5

-3.0b

3.4

0.48

Waist circumference (cm)

-4.0b

5.0

-7.0b

10.5

0.65

AST (U/L)

-4.0a

14.0

-15.0a

14.0

0.30

ALT (U/L)

-8.0

b

22.0

-18.0

b

35.0

0.19

Glucose (mg/dL)

-10.0

20.0

-20.0a

31.0

0.70

HbA1c (%)

-0.1

0.4

-0.3a

0.3

0.65

Creatinine (mg/dL)

0.0

0.1

0.0

0.1

0.56

Cholesterol (mg/dL)

-8.0

29.0

-3.0

44.5

0.99

HDL-Cholesterol (mg/dL)

2.9

10.1

1.4

11.1

0.40

LDL-Cholesterol (mg/dL)

3.9

22.1

6.8

29.0

0.61

a

Triglycerides (mg/dL)

-43.0

137.0

-9.0

74.5

0.65

Adiponectin (µg/mL)

0.3a

1.1

0.1

2.9

0.48

Leptin (ng/mL)

-2.4a

3.5

-12.8a

15.1

0.27

Vaspin (mg/mL)

0.0

0.1

0.0

0.3

0.70

Fetuin A (g/L)

0.0

0.1

0.0

0.0

0.85

Resistin (ng/mL)

-0.1

2.0

0.2

1.3

0.95

Max. Performance (Watt/kg)

0.0

29.8

6.3a

21.9

0.03

b

b

Fat mass (kg)

-6.0

4.2

-9.3

11.1

0.30

0.0

1.7

-0.7

2.0

0.95

MRI subcutaneous fat (kg)

-1.1a

0.9

-2.0b

3.1

0.06

MRI internal fat (kg)

-0.5

0.9

-0.9b

1.1

0.09

b

Lean body mass (kg)

MRI total fat (kg)

-1.6

2.2

-3.0

4.2

0.06

-10.3b

8.4

-11.8a

15.4

0.20

-5.1

7.0

-2.0a

4.1

0.92

Total unsaturated lipid comp.

-2.0

b

1.0

0.2

4.9

0.05

Fraction unsaturated lipids

-0.1

0.2

0.0

0.3

0.61

Mean chain length

-8.0a

6.2

-1.4

10.0

0.03

Intrahepatic lipid content
Saturated lipid component

a

P < 0.05 or
P < 0.01 for changes within the group.

b

The changes in the IHL were studied in relation to changes in adipokines. The latter
correlate to the change in IHL content, being more apparent in the LC-G. Adiponectin
rose as IHL content decreased, while leptin declined with a reduction of IHL content.
Resistin, vaspin and fetuin A showed only weak correlations to adipokines.

Physical performance
Maximum performance in ergometer testing was improved only in the LC-G, with an
increase of maximum cycling power. In terms of the measured muscle mass (fat free
mass, ffm) by Bodpod®, only the LC-G showed a significant increase in performance
(MR-G: 2.9 (0.6) W/kg ffm to 2.7 (0.4) W/kg ffM, P = n.s.; LC-G: 2.8 (0.9) W/kg ffm to
3.2 (0.8) W/kg ffm; P < 0.05).

DISCUSSION
This study aimed to compare a meal replacement regimen with lifestyle change as
intervention for patients with NASH. The results showed that based on the
parameters of interest (i.e., IHL content, body composition, metabolic/biochemical
parameters, and anthropometrics) both interventions yielded comparable results
specifically in terms of reducing body fat mass, IHL content, and hepatic
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Figure 2

Figure 2 Relative changes in fat components (A) and adipokines (B). A: Relative changes (boxplots) in body fat
mass and lean body mass after the 24-wk intervention estimated by the BodPod device. Relative changes in
intraabdominal fat, internal and subcutaneous abdominal fat measured by MRI. Significant differences from baseline
are marked with for aP < 0.05 and bP < 0.01. B: Relative changes in adipokines (boxplot). Significant changes from
baseline are marked with aP < 0.05.

inflammation.
The reduction of IHL content in this study was more pronounced than in another
intervention study using mainly aerobic training programs, with a mobilization of
liver fat of 30.2% in the exercise only group and 49.8% in the diet and exercise
group[44]. A recent systematic review suggested that an exercise program at 70%
VO2max is ideal for mobilizing fat from liver among NAFLD patients[45]. The exercise
program used in this study was in accordance with such recommendation and was
well tolerated by all of the participants. Studies comparing different exercise
programs additive to a dietary intervention demonstrated that the effect of physical
activity was minor compared to that of a reduction of caloric intake or change in
macronutrients[46-49]. The lifestyle education program used in this study aimed to
motivate participants to perform at least 150 min (but preferably 300 min) of
moderate-intensity physical activity per week. Participants had to attend two exercise
sessions per week, doing sports at an intensity based on the suggested heart rate
reflecting 60%-65% VO2max which had been tested individually.
The nutritional counselling encouraged participants to reduce caloric intake and
motivated them to engage in sports. Due to this intensive program the reduction in
body weight was more pronounced in the LC-G than among the participants of the
MR-G. However, metabolic changes and changes in IHL content were comparable.
Participants of the MR-G received instructions on the meal replacement regimen in
a group session at the beginning of the study and were further advised individually
after 6 wk. Both treatment strategies led to a loss of fat mass while preserving muscle
mass, a desirable goal of weight reduction interventions that had been previously
described [19] . The increased mean metabolic turnover in the LC-G was about 5.7
MET/wk, corresponding to a caloric increment of 430 kcal/wk. Increasing physical
activity is indispensable in a long-term weight control program[50]. In a period of one
year these behavioral changes may result in a 3.4 kg loss in body weight. However, it
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Figure 3

Figure 3 Relative changes in hepatic lipid characteristics. Relative changes in hepatic lipid characteristics (boxplot). Significant changes from baseline are
marked with aP < 0.05 or bP < 0.01.

has been shown that a dietary intervention has long-term effects in liver fat and
metabolism despite body weight regain[51].
Both groups showed a reduction in cholesterol and triglycerides, as well as an
increase in HDL-cholesterol - however, only the decrease in triglycerides in the MR-G
was significant. Soy protein with intact isoflavones may decrease total cholesterol,
LDL-cholesterol and triacylglycerols and increase HDL-cholesterol[52,53], mimicking the
effects of exercise on lipid parameters. The protein content of the nutrition appeared
to have a distinct effect on liver fat. An isocaloric protein rich diet, high in animal or
plant protein, is able to reduce liver fat by 36%-48%[54]. In terms of body weight
change, the MR-G lost more IHL content per loss of body weight than the LC-G.
Furthermore, the main weight reduction in the LC-G was initiated through caloric
restriction, thus this might have influenced the results. However, physical exercise
may lead to a decrease in the intramyocellular lipid content that has been linked to
insulin sensitivity[49].
In this study, fasting glucose levels and HbA1c levels decreased similarly in both
groups, thus both interventions seemed to be equally effective in improving insulin
sensitivity. As NASH is associated with cardiovascular morbidity and mortality[55-58],
in addition to an improved glucose tolerance, an improvement in physical fitness and
muscular performance is supposed to be beneficial. Expectedly, physical fitness was
improved only in the LC-G.
The IHL content was quantified by MRS. With this technique not only the amount
of hepatic lipids can be determined with high accuracy[59] but also the mean chain
length and percentage of saturated as well as unsaturated lipids may be estimated.
However, it should be noted that the calculation of these lipid composition
parameters is subject to systematic errors mainly arising from different T2 relaxation
of the underlying resonances which cannot be corrected. Therefore, the values
calculated in this study should not be regarded as absolute quantities but rather as
correlates of the corresponding parameters. With both interventions the IHL content
was reduced by more than 50%. The higher reduction in the LC-G was due to a higher
extent in body weight reduction in this group. The quality of IHL was more
influenced by the meal replacement. In this group the total unsaturated lipid
component decreased significantly as did the mean chain length.
A comparable reduction in liver fat was seen in a subgroup of adults with type 2
diabetes examined in the Look AHEAD trial (-50,8% in the lifestyle intervention
group)[60] and in patients with NAFLD after gastric banding surgery (-50%)[61]. An
exercise intervention in patients with NAFLD led to a weight reduction of -2.5 kg and
a change in intrahepatic triglyceride content of 48%[62]. Other interventions have not
reduced liver fat content by a similar percentage[7,44,48,55]. An aerobic exercise training
that did not lead to a change in BMI led to a decrease in the IHL content of 10.3% ±
4.6%[44], while the combination of aerobic exercise and resistance training led to a
reduction of IHL content of 16% ± 24%[63]. Four weeks of aerobic cycling exercise
program which significantly reduced visceral adipose tissue volume by 12% without
changing BMI was able to decrease IHL by 21%[7].
The adipokines showed comparable changes in both groups. There was a marked
decrease in leptin with both interventions while adiponectin, vaspin, resistin, and
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Figure 4

Figure 4 Change in intrahepatic lipid in relation to weight loss. The relationship between change in body weight
and change in intrahepatic lipid content. IHL: Intrahepatic lipid component.

fetuin A showed no significant changes over the 24-wk period. Leptin correlates with
severity of steatosis and BMI[64], while fetuin A expression is more prominent in
NASH[65]. Both showed no significant changes in both interventions. However, the
relative changes in leptin and fetuin A were correlated to the changes in saturated
lipid component in the LC-G. Likewise, the study demonstrated no significant
changes in the levels of resistin, which is linked to abdominal adiposity and elevated
triglycerides[29]. Vaspin which is associated to obesity and insulin resistance[28] also
showed no significant changes. In contrast, there is a weak correlation to changes in
saturated and unsaturated lipid components. It can be concluded that not only the
IHL component is of importance, but also the proportion of saturated and
unsaturated lipids since these correlate to adipokines. This may explain why some
authors report similar levels among NASH patients and controls in contrast to others
reporting higher levels among NAFLD patients[66].
The intervention-induced mobilization of intrahepatic fat was different in both
groups. With a soy-based meal replacement, saturated and unsaturated lipids were
reduced in a comparable amount, whereas lifestyle intervention preferentially led to a
loss of saturated liver fat. Furthermore, the mean chain length was markedly reduced
only in the MR-G. The changes in the adipokines adiponectin and leptin were
correlated to changes in saturated and unsaturated intrahepatic fats, both in the
opposite manner. The alterations of liver fat quality were different between both
groups, as shown in Figure 3. The results of this study demonstrate that interventions
may not only lead to a reduction of liver fat, but also to a change of liver fat quality.
Several studies proved a beneficial effect of a dietary approach to an increase in
intrahepatic unsaturated fat in NASH. In a model of rats with NASH the
administration of omega-3 polyunsaturated fatty acids improved the spectrum of
adipokines significantly[67]. In patients with fatty liver disease the hepatic fat content
was associated with high energy, high fat, and high saturated fat intake[68]. By a
modulation of fat consumption with increased intake of omega-3 polyunsaturated
fatty acids in NASH adipokines and markers of hepatic inflammation were changed
positively[69]. On the other hand, hepatic n-3 polyunsaturated fatty acid depletion
promotes steatosis and insulin resistance in mice and humans[70]. Therefore, a noninvasive analysis of hepatic fat quality may identify a group of NASH patients which
could benefit most from supplementation.
In terms of study limitations, the gold standard of assessing hepatic inflammation
and fibrosis, as well as lipid content is still histopathological analysis. Presently, 1HMRI analysis is a standard method to quantify hepatic steatosis. However, it is not
able to assess inflammation or fibrosis. For evaluating fibrosis the non-invasive
Fibroscan is conventionally used. In the present study, the focus was on changes in
body composition and related IHL changes. Moreover, it was not possible to ascertain
whether the caloric restriction in the MR-Group or a specific effect of the soy-yogurthoney preparation led to the different composition of liver fat. However, our study
once more confirmed, that with a supplementation of high quality proteins a
significant weight reduction without loss of muscle mass is achievable. Finally, the
study sample was not large enough to analyze study participant subgroups (i.e., sex
and age groups). The small sample size of the study was partly determined by the
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exclusion criteria, ruling out patients taking hormonal replacement/substitution, antidiabetic drugs or lipid-lowering drugs.
The comparability of both intervention strategies suggests the need for further
studies to evaluate the course of hepatic fibrosis in patients with NASH succeeding in
a weight reduction program. For physicians managing NASH patients, this study
suggests that a soy protein-based meal replacement therapy may be an alternative to a
therapeutic lifestyle change, considering the patient’s demands and circumstances.
The different changes in hepatic lipid characteristics in each intervention need to be
further evaluated.
In conclusion, comprehensive lifestyle intervention and meal replacement regimen
had comparable effects in terms of weight reduction, body and liver fat content, and
markers of hepatic inflammation among patients with NASH. Lifestyle change may
be the ideal approach associated with improved physical fitness and muscular
performance, while meal replacement could be an alternative intervention depending
on patient’s characteristics, level of motivation, and other life circumstances. The two
described approaches changed the amount and quality of IHL content with regard to
fatty acid chain length and ratio of saturated/unsaturated lipids. The impact of these
findings needs further investigation.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic steatohepatitis (NASH) is one of the leading causes of chronic liver disease in
western countries. The ideal approach to reduce hepatic inflammation and liver fat content is not
found yet. Dietary restrictions and physical activity have been shown to be effective, however
there is no gold standard established so far.

Research motivation
Many different dietary approaches may be effective in weight reduction. We have shown that by
meal replacement therapy with a high-quality soy protein supplementation as well as by
comprehensive lifestyle change a weight reduction without loss of muscle mass is achievable.
Both interventions can reduce fat mass and liver fat mass. However, blood lipids are changed in
different ways with these two interventions. Now we wanted to study whether liver fat quality
is differently affected with either intervention.

Research objectives
The main questions of this study were: is there a correlation between loss of liver fat and
reduction in body fat, and is one intervention superior to the other in this respect? Is it possible
to analyze liver fat quality, and is there a difference in changes in liver fat quality between the
two therapeutic interventions?

Research methods
For body composition analysis a Bod pod device was used. Liver fat content was measured by
magnetic resonance imaging. For analysis of liver fat quality a magnetic resonance spectroscopy
protocol was adapted to quantify the mean chain length and grade of saturation of liver fat. For
meal replacement therapy we used a commercially available product based on a soy-yogurthoney preparation. The lifestyle intervention program consisted of guided exercise sessions
orientated on individual exercise capacity and dietary counselling.

Research results
Both groups significantly reduced body mass index, fat mass and liver fat content. The lifestyle
intervention group showed a tendency for greater weight loss. In both groups ALT and AST
declined significantly. Triglycerides significantly decreased only in meal replacement group.
With respect to liver fat quality the grade of saturation and mean chain length of hepatic fatty
acids were quantifiable in a subset of participants. Total unsaturated lipids and mean chain
length were significantly reduced only by meal replacement.

Research conclusions
With both interventions body fat and liver fat content were significantly reduced. Though the
participants tended to lose more weight by lifestyle intervention the reduction of liver fat was
comparable in both groups. Thus, for the reduction in liver fat a meal replacement strategy could
be more effective in relation to body weight loss than a lifestyle intervention. This study
confirms the finding of preserving muscle mass during a weight reduction period once high
quality protein supplementation or physical activity is added in a guided and supervised
manner. The pronounced reduction of serum triglycerides is attributed to specific soy properties.
Given the study protocol further analysis of liver fat in humans by magnetic resonance
spectroscopy was possible. Both interventions had different effects on liver fat quality.
In conclusion, with both approaches a significant weight loss and loss of intrahepatic fat
content is achievable. Reduction in fat content is accompanied by a decline in hepatic
inflammation, reflected in reduction of aminotransferases. In patients with NASH both
therapeutic interventions can be advocated in order to reduce liver fat content and hepatic
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inflammation.

Research perspectives
Both interventions had distinct effects on liver fat quality. The reduction of serum triglycerides is
a known effect of soy protein supplementation thus, we hypothesize that the different changes in
liver fat quality were also related to soy protein intake. However, the physiologic consequence of
a shortened chain length or of a different grade of saturation in hepatic lipids is not clear yet.
This has to be addressed in future investigations. Furthermore, our research results
demonstrated the practicability of magnetic resonance spectroscopy to analyze liver fat quality.
The validity has to be confirmed by further studies.
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Abstract
BACKGROUND
Public awareness of colorectal cancer (CRC) and uptake of CRC screening remain
challenges. The viewpoints of the target population (asymptomatic individuals
older than 50) regarding CRC screening information sources and the reasons for
and against participation in CRC screening are not well known in the Czech
Republic. This study aimed to acquire independent opinions from the target
population independently on the health system.
AIM
To investigate the viewpoints of the target population regarding the source of
information for and barriers and facilitators of CRC screening.
METHODS
A survey among relatives (aged 50 and older) of university students was
conducted. Participants answered a questionnaire about sources of awareness
regarding CRC screening, reasons for and against participation, and suggestions
for improvements in CRC screening. The effect of certain variables on
participation in CRC screening was analyzed.
RESULTS
Of 498 participants, 478 (96%) respondents had some information about CRC
screening and 375 (75.3%) had participated in a CRC screening test. General
practitioners (GPs) (n = 319, 64.1%) and traditional media (n = 166, 33.3%) were
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the most common information sources regarding CRC screening. A lack of
interest or time and a fear of colonoscopy or positive results were reported as
reasons for non-participation. Individuals aged > 60 years [adjusted odds ratio
(aOR) = 2.30, 95% confidence interval (CI) (1.42-3.71), P = 0.001], females (aOR =
1.95, 95%CI (1.26-3.01) P = 0.003), and relatives of CRC patients (aOR = 4.17,
95%CI (1.82-9.58) P = 0.001) were more likely to participate in screening.
Information regarding screening provided by physicians - GPs: (aOR = 8.11,
95%CI (4.90-13.41), P < 0.001) and other specialists (aOR = 4.19, 95%CI (1.87-9.38),
P = 0.001) increased participation in screening. Respondents suggested that
providing better explanations regarding screening procedures and equipment for
stool capturing could improve CRC screening uptake.
CONCLUSION
GPs and other specialists play crucial roles in the successful uptake of CRC
screening. Reduction of the fear of colonoscopy and simple equipment for stool
sampling might assist in improving the uptake of CRC screening.
Key words: Colorectal cancer; Screening; Colonoscopy; General practitioner; Patient
compliance; Fecal occult blood test
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The attitudes of the target population regarding colorectal cancer (CRC)
screening program and its components - fecal occult blood test and colonoscopy were
surveyed among 498 participants in the first study ever conducted in the Czech Republic.
A lack of interest or time and a fear of colonoscopy or positive results were reported as
reasons for non-participation. We found that general practitioners and other specialists
play an imperative role in the uptake of CRC screening with odds ratio 8.11 and odds
ratio 4.19 respectively. Reduction of the fear of colonoscopy, routine use of
analgosedation, and simple equipment for stool sampling might assist in improving the
uptake of CRC screening.

Citation: Kroupa R, Ondrackova M, Kovalcikova P, Dastych M, Pavlik T, Kunovsky L,
Dolina J. Viewpoints of the target population regarding barriers and facilitators of colorectal
cancer screening in the Czech Republic. World J Gastroenterol 2019; 25(9): 1132-1141
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1132.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1132

INTRODUCTION
Colorectal cancer (CRC) is a common cause of cancer-related mortality in many
developed countries. In 2015, the crude, adjusted to world standard (ASR-W) and
adjusted to European standard (ASR-E) incidences of CRC in the Czech Republic were
approximately 76.4, 35.8, and 52.8 per 100000 inhabitants, respectively[1].The Czech
Republic is one of the countries with the highest incidence rates of CRC
worldwide [2] .There is a wide body of evidence on decreased CRC mortality and
incidence as a result of screening strategies that employ fecal occult blood testing and
colonoscopy[3-5]. Observational studies and the micro simulation screening analysis
colon model suggested that CRC screening led to a 50% reduction in CRC-related
mortality[6,7].
A National CRC Screening program was started in the Czech Republic in 2000, and
it was further enhanced in 2009[8]. In this program, general practitioners (GPs) and
gynecologists are key people responsible for inviting individuals to screen for CRC.
Their efforts are supported by invitations to visit GPs, which are mailed to persons in
screening age without any previous attendance in the screening by health insurance
companies[9]. Currently, immunochemical fecal occult blood tests (FOBTs) are offered
to asymptomatic individuals aged > 50 years annually for CRC screening;
colonoscopy is offered in the case of positive test results. Alternatively, people aged ≥
55 years can either continue to undergo FOBTs every 2 years or they can decide to
have a colonoscopy as a primary screening modality, which is reliable enough to be
performed in 10-year intervals[10].
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The effect of the National CRC Screening Program over the last ten years in the
Czech Republic can be observed. Although the crude, ASR-W, and ASR-ECRC
incidences decreased from 44.5, 23.8, and 37.8 per 100000, respectively, in 2001 to 35.6,
14.6, and 22.9 per 100000, respectively, in 2015, the actual participation of
asymptomatic individuals in screening procedures (approximately 30% in 2016[11]) is
still far from the desired rate [12] . Results of CRC screening programs are often
presented from the viewpoints of stakeholders, care providers, and endoscopists[8,13].
Studies describing the viewpoint of clients in the target population are rare. Only one
study using a questionnaire distributed via email to the employees of a large
successful business company in the country has been conducted so far[14]. Moreover,
interviews/questionnaires completed by care providers(GPs and gastroenterologists)
may be skewed due to the lack of representative data, and the relationship between
patient and physician may lead patients to minimize the health issues referenced.
Evaluation of screening procedures from the viewpoints of clients might be an
important tool for quality assurance and may contribute to further improvements and
efficacy of such programs[12].
This study aimed to acquire independent opinions from the target population for
CRC screening regarding CRC screening information sources and the reasons for and
against participation in CRC screening. Clients’ personal feelings regarding screening
perceptions and potentially problematic points in the screening process were also
surveyed. The effect of certain factors on initial and longitudinal screening uptake
was assessed.

MATERIALS AND METHODS
Design and participants
This cross-sectional study was conducted from 2013 to 2015 (a consecutive 3-year
period). Anonymous printed questionnaires were distributed to the relatives of pregraduate university students and to students of The University of the Third Age at the
Masaryk University in Brno. Most of the respondents lived in Moravian regions of the
Czech Republic. All the participants recruited were in the target age range for CRC
screening (50-80 years). Students were asked for personal assistance in the
distribution and collection of the questionnaires. With the exception of those in their
first year of the study (i.e., 2013), respondents may have been informed about CRC
screening by personalized invitations to participate in a screening program, which
was managed by health insurance companies.

Questionnaires
The questionnaires asked participants for information pertaining to their demographic characteristics, if they ever had a CRC screening test, sources of
information regarding CRC screening programs, and reasons for non-participation in
CRC screening. All subjects were asked about challenges and barriers associated with
screening tests that affected their participation or lack thereof based on their personal
experiences and feelings. Respondents were encouraged to indicate what promoting
factors might be useful for CRC screening support. The questionnaires consisted of
multiple choice questions for each category. There were no open ended/free write
questions included.

Data analysis
Descriptive statistics, including absolute and relative frequencies, means, standard
deviations (SDs), and minimum and maximum values were used to describe the
study population and questionnaire responses. Statistical comparisons were
performed between subjects who had undergone screening and those who had not.
We evaluated differences between subgroups using Pearson's chi-square tests. The
differences between the ages of group members according to participation were
calculated using Mann-Whitney tests.
Potential predictor variables for participation in screening (demographic
characteristics and sources of information regarding CRC screening) were analyzed
using multivariable logistic regression models adjusted for age, gender, history of
CRC in family, letter of invitation and sources of information. Adjusted odds ratios
(aORs) and 95% confidence intervals (CI) were estimated. A P of < 0.05 was
considered statistically significant. SPSS software version 23.0 for Windows (SPSS
Inc., Chicago, IL, United States) was used for the statistical analyses.

Ethics
The study was approved by the local ethical committee at the Brno University
Hospital. All participants provided informed consent to anonymously analyze their
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answers. No individualized personal data were collected.

RESULTS
In total, 1200 questionnaires were distributed over the study period, and completed
questionnaires were obtained from 498 persons, yielding a response rate of 41.5%. The
respondents consisted of 318 (63.9%) women, and the mean age ± SD was 64 ± 8 years
(Table 1). The majority of respondents (n = 388, 77.9%) were included in the survey
from 2014 to 2015, when the personal invitation program was active. Overall, 478
respondents had received some education regarding CRC screening. Nearly half of
the informed respondents (n = 229, 47.9%) had received information about CRC
screening from more than one source. GPs were the main information source
regarding CRC screening (n = 319, 66.7%), followed by traditional media, including
TV, radio, and newspapers (n = 166, 34.7%, Figure 1). Personal information from
friends or relatives comprised a substantial proportion of information sources (n =
130, 27.2%). Letters from Health Insurance Companies were only reported as a source
of information in 64 (13.4%) respondents.

Reasons for non-participation
Only 123 (24.7%) respondents had never participated in a screening. Reasons for nonparticipation were as follows: A lack of interest (n = 35, 28.5%), not enough time to
visit the doctor (n = 46, 37.4%), fear of colonoscopy and/or preparation for the
procedure (n = 41, 33.3%), and fear of positive test results (n = 37, 30.1%, Figure 2).
Inhibition about manipulating stool and practical issues regarding FOBTs also
hampered participation in 27 (21.9%) respondents. In the group of respondents
educated on CRC screening, 375 (75.3%) had participated in some method of
screening. In 231 (61.5%) respondents, FOBTs had been conducted, while FOBT,
colonoscopy and primary colonoscopy screening had been conducted in 112 (29.9%)
and 32 (8.5%) respondents, respectively. More than one third of respondents (n = 180,
36.1%) had undergone repeat screening tests.
Respondents were asked about any issues that might theoretically hamper further
CRC screening tests (Figure 2). The majority of respondents (n = 265, 70.7%) reported
that they would undergo subsequent CRC screening without any relevant barriers.
However, fears of colonoscopy and/or preparation for the procedure (n = 94, 25.1%)
and of positive results (n = 104, 27.7%) were referred to as possible problems. Seventy
seven (20.5%) respondents reported that they experienced technical difficulties with
capturing stool in the toilet bowl and that they were embarrassed about manipulating
stool.

Suggested screening facilitators
A list of suggestions to increase the uptake of CRC screening was presented to all
subjects. Only 75 (15.1%) respondents responded positively to the idea of delivery and
return of FOBT screening tests via the post (Figure 3). 100 (20.1%) respondents desired
better equipment for stool collection. Interestingly, 142 (28.5%) respondents reported
being aware that a positive screening test did not directly relate to a diagnosis of
cancer, might increase participation in these tests. Finally, a significant proportion of
subjects (n = 189, 38.0%) suggested better publicity of colonoscopy with a focus on
analgosedation during the procedure and a reduction of inconvenience.

Analysis of screening participation
Demographic factors of respondents who participated in CRC screening were
analyzed using a multivariate model (Table 2). Uptake of any screening method was
more common in women (aOR = 1.95, 95%CI 1.26-3.01), those with a family history of
CRC (aOR = 4.17, 95%CI 1.82-9.58), and those aged > 60 years (aOR = 2.30, 95%CI
1.42-3.71). Respondents enrolled in the study in the years 2014-2015, when the
personal invitation program had been introduced, were as likely to participate in the
screening as those enrolled in year 2013 (aOR = 1.41, 95%CI 0.84-2.37). We also
investigated whether the source of information regarding screening influenced the
participation rate (Table 3). When informed by GPs (aOR = 8.11, 95%CI 4.90-13.41) or
another physician (aOR = 4.19, 95%CI 1.87-9.38) about screening, respondents were
more likely to participate in screening than those who had never been informed. None
of the other sources of information influenced the screening uptake.

DISCUSSION
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Table 1 Demographic characteristics of the study population (n = 498)
Variable

mean ± SD

Age (yr)

64 ± 8

Min-max
50-80

n

%

Women

318

63.9%

Family history of CRC

75

15.1%

Included in personal invitation program (yes)

388

77.9%

Any awareness of CRC screening (yes)

478

96.0%

CRC: Colorectal cancer.

In this study, we investigated the viewpoints of the target population regarding the
source of information for and barriers and facilitators of CRC screening. Overall, we
found that the majority of respondents from the target population received their
education regarding CRC screening from their GPs. Our findings support the role of
GPs in the recruitment of asymptomatic individuals for CRC screening programs.
Active interventions led by GPs for non-participants appears to be a feasible
mechanism for increased participation rates[15,16]. Although personalized invitations in
the Czech Republic can hypothetically coverall non-participants in the screening
program, the gain as a result of this activity will have limits. Our data did not support
the increased uptake in screening among the target population following the
distribution of mailed invitations to participate in CRC screening. The largest impact
was observed after the first round of invitations was sent. In subsequent years of the
program, the response rate slowly declined[11]. The role of direct physician advice
seemed to be more important.
Most standard medical care is covered by the general health insurance system
without any costs to the patient in the Czech Republic. CRC screening might be
perceived by asymptomatic persons from the general population as one of many
“excessive” health system services, which not have much personal benefit. Public
awareness regarding stool, bowel problems, and CRC is poor when compared to
awareness of breast and cervical cancer[13,17,18]. Even among health professionals, there
is a low compliance to CRC screening when compared to breast and cervical cancer
screening[19]. Health care professionals should engage with asymptomatic patients to
provide them with general health advice and prevention techniques (e.g., occupational
safety and health checks, clinical examinations at hospital admission for any reason,
consultations with surgeons, oncologists, or internists, etc.) to increase awareness
regarding CRC screening. Patients may be willing to accept any of the suggested
screening methods when encouraged by a physician at the time of a clinical visit[13].
Optimally, health care professionals should have discussions regarding patients’
fears, provide patients with written recommendations in a medical report, and require
patients to have FOBT in scheduled intervals or make appointments for preventive
colonoscopies. A more receptive attitude toward screening may be achieved if
physicians emphasize its importance. Clear and easy instructions from physicians can
impact patients’ submission to screening[20]. Conversely, patients should be informed
about the theoretical risks of colonoscopy and health care professionals should avoid
providing unfeasible guarantees regarding the lack of cancer development in the
future[21]. One study found that the mean waiting time for a colonoscopy in the Czech
Republic did not exceed 2 months [22] ; thus, this is likely not a reason for nonparticipation.
We also found that a fear of colonoscopy could be an important reason for nonparticipation, even in previously screened patients. Fear of pain and discomfort are
often reasons for not having a colonoscopy[23]. Unfortunately, the questionnaire did
not distinguish fear of colonoscopy from fear regarding bowel preparation for the
procedure. The bowel cleansing might be perceived as a troublesome factor for
repetitive colonoscopy in some individuals, even more so than endoscopy alone[24].
The prescription of low volume formulas in split dose regimens could be considered
without a substantial risk of inadequate bowel cleansing[25].
Standard colonoscopy screening is usually performed with midazolam sedation
and combined with opioid analgesics in some patients. The use of propofol in the
Czech Republic is limited to anesthesiologists; thus, it is expensive and rarely
available. In some countries (Germany and Switzerland), propofol can be
administered by trained non-anesthesiologist health care professionals during
colonoscopy[26]. Propofol can significantly decrease pain during colonoscopy and thus
might increase CRC screening uptake rates[27]. Colonoscopy is the most effective
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Figure 1

Figure 1 Information sources regarding the colorectal cancer screening program as identified by survey
respondents (n = 478).

preventive tool to reduce mortality from CRC; it has been shown to reduce mortality
rates by up to 60%[28]. Patients might be further encouraged to choose this screening
method if there were easy access to analgesia during the procedure and if there was a
more robust explanation of its preventive aspects, including the easy removal of
precancerous lesions in the bowel. Based on our data, avoiding stool manipulation
might also increase uptake for patients. Replacement of colonoscopy by any noninvasive screening method (e.g., miRNA detection) is still far from clinical practice[29].
Compared to the study conducted by Král et al[14], we used a different strategy to
distribute questionnaires only to the respondents in our target age group. Our results
are similar to those previously reported, as we observed higher rates of screening
uptake among females and those aged ≥ 60 years. Our data shed light on factors
associated with uptake of CRC screening and provide new data regarding attitudes
toward colonoscopies. Additionally, the effect of personalized invitations could be
assessed due to our more recent study period. To our knowledge, only our study and
that conducted by Král et al[14] have investigated the attitudes of the target population
regarding CRC screening program in the Czech Republic.
Our study had several limitations that warrant further discussion. The sample of
respondents is not fully representative of the general population and it was relatively
small. The participation rate for the uptake of CRC screening was considerably higher
than 30%, thus exceeding that of the rate in the country. We assume that more active
respondents who are interested in their health were more likely to return the
questionnaires. A bias due to the relatively high education level of the interviewed
subjects may affect results too. Nevertheless, the questionnaires were completely
independent of health care services provided. Additionally, this study is limited as we
did not cover of all of the barriers and facilitators regarding screening uptake. There
were no open ended/free write questions included. Despite these limitations, the
main goal of the study, which was to determine the opinions of the target population
regarding CRC screening, was achieved. Our survey might increase the awareness
regarding CRC screening in family members of university students and stimulate
uptake of screening. Moreover, our findings have implications for clinical practice,
since they provide evidence that GPs play a key role in providing education about
CRC screening for the target population. Better communication regarding the results
of screening tests and related benefits could increase participation rates. Czech
patients may opt in more frequently if they are informed about screening by their
physicians rather than via a letter. Patients should routinely be informed about and
motivated to undergo CRC screening during any health consultation, e.g., internal
medicine, surgery, and oncology consultations, not only in GP consultations.
Conversely, a digital rectal exam is an essential part of many health checks, which
may be embarrassing for some patients. Asymptomatic rectal cancer is rarely
diagnosed by digital rectal exam and evidence for this approach to influence CRC
mortality is lacking[30,31].
In conclusion, GPs and other specialists play a crucial role in improving the uptake
of CRC screening, while other educational tools were less effective. Reduction of the
fears of colonoscopy by focused campaigns, routine use of analgosedation, and better
equipment for stool sampling might encourage the target population to participate in
screenings. In the future, regular surveys of the target populations’ attitude toward
CRC screening may improve the participation in and efficacy of the program.
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Table 2 Multivariate logistic regression analysis of demographic factors associated with the screening uptake (n = 498)
Variable

n (%)

Age (yr)

Sex

aOR (95%CI)

P value
0.001

50-59

156 (31.3)

1.00

60-80

342 (68.7)

2.30 (1.42-3.71)

Male

180 (36.1)

1.00

Female

318 (63.9)

1.95 (1.26-3.01)

Family history of CRC

No

423 (84.9)

1.00

Yes

75 (15.1)

4.17 (1.82-9.58)

No (2013)

110 (22.1)

1.00

Yes (2014-2015)

388 (77.9)

1.41 (0.84-2.37)

Invited through mailed personal invitation

0.003

0.001

0.199

aOR: Adjusted odds ratio; CI: Confidence interval; CRC: Colorectal cancer.

Table 3 Multivariate logistic regression analysis of the sources of information about colorectal cancer screening associated with the
screening uptake (n = 498)
Variable

Non-participants n (%)

Participants n (%)

aOR (95%CI)

P value

Friends/relatives

36 (29.3)

94 (25.1)

1.37 (0.80-2.33)

0.250

General practitioner

40 (32.5)

279 (74.4)

8.11 (4.90-13.41)

< 0.001

Other physician

9 (7.3)

63 (16.8)

4.19 (1.87-9.38)

0.001

Internet

17 (13.8)

48 (12.8)

1.19 (0.59-2.37)

0.630

Traditional media (e.g., TV, radio, newspapers)

39 (31.7)

127 (33.9)

1.60 (0.96-2.68)

0.074

Personal mailed invitation

16 (13.0)

48 (12.8)

1.37 (0.69-2.73)

0.375

aOR: Adjusted odds ratio; CI: Confidence interval; CRC: Colorectal cancer.

Figure 2

Figure 2 Issues identified among respondents for the lack of screening in non-participants (n = 123) or difficulties in repeat screening attendance in
former participants (for whom screening was conducted, n = 375).
Figure 3

Figure 3 A list of suggestions for increased colorectal cancer screening uptake based on respondents’ subjective views (n = 498). CRC: Colorectal cancer;
FOBT: Fecal occult blood test.
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ARTICLE HIGHLIGHTS
Research background
The Czech Republic is one of the countries with the highest incidence rates of colorectal cancer
(CRC) worldwide. The actual participation of asymptomatic individuals in screening procedures
(approximately 30% in 2016) is still far from the desired rate. Public awareness of CRC and
uptake of CRC screening remain challenges.

Research motivation
The viewpoints of the target population (asymptomatic individuals older than 50) regarding
CRC screening information sources and the reasons for and against participation in CRC
screening are not well known. Tailored screening support and promotion may increase
participation rates and efficacy of screening program.

Research objectives
This study aimed to acquire independent opinions from the target population regarding CRC
screening information sources and the reasons for and against participation in CRC screening,
independently on the health system.

Research methods
A survey among relatives (aged 50 and older) of university students was conducted. Participants
answered a questionnaire about sources of awareness regarding CRC screening, reasons for and
against participation, and suggestions for improvements in CRC screening. The effect of certain
variables on participation in CRC screening was analyzed.

Research results
The majority of respondents had some information about CRC screening. General practitioners
(GPs) (64.1%) and traditional media (33.3%) were the most common information sources
regarding CRC screening. Only 24.7% respondents had never participated in a screening. A lack
of interest or time and a fear of colonoscopy or positive results were reported as reasons for nonparticipation. Individuals aged > 60 years, females and relatives of CRC patients were more
likely to participate in screening. Information regarding screening provided by physicians - GPs
and other specialists increased participation in screening importantly. Respondents suggested
that providing better explanations regarding screening procedures and equipment for stool
capturing could improve CRC screening uptake.

Research conclusions
GPs and other specialists play a crucial role in improving the uptake of CRC screening, while
other educational tools were less effective. Reduction of the fears of colonoscopy by focused
campaigns, routine use of analgosedation, and better equipment for stool sampling might
encourage the target population to participate in screenings.

Research perspectives
In the future, regular surveys of the target populations’ attitude toward CRC screening may gain
interesting facts for further improvement of the screening program. Focus on the role of
physician’s advice for the screening participation and better communication during routine
health consultation regarding the results of screening tests and related benefits could increase
participation rates.
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Abstract
BACKGROUND
Despite the advent of biological drugs, conventional therapy continues to be used
in moderate to severe inflammatory bowel disease (MS-IBD). This study
hypothesized that as a standard of treatment and the primary alternative to
biologics, conventional therapy should present robust effectiveness results in IBD
outcomes.
AIM
To investigate the effectiveness of conventional therapy for MS-IBD.
METHODS
A systematic review with no time limit was conducted in July 2017 through the
Cochrane Collaboration, MEDLINE, and LILACS databases. The inclusion
criteria encompassed meta-analyses, systematic reviews, randomized clinical
trials, observational and case-control studies concerning conventional therapy in
adult patients with MS-IBD, including Crohn’s disease (CD) and ulcerative colitis
(UC). Corticosteroids (prednisone, hydrocortisone, budesonide, prednisolone,
dexamethasone), 5-aminosalicylic acid (5-ASA) derivatives (mesalazine and
sulfasalazine) and immunosuppressants [azathioprine (AZA), methotrexate
(MTX), mycophenolate, cyclosporine, tacrolimus, 6-mercaptopurine (6-MP)] were
considered conventional therapy. The exclusion criteria were sample size below
50; narrative reviews; specific subpopulations (e.g., pregnant women,
comorbidities); studies on postoperative IBD; and languages other than English,
Spanish, French or Portuguese. The primary outcome measures were clinical
remission (induction or maintenance), clinical response and mucosal healing. As
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secondary outcomes, fecal calprotectin, hospitalization, death, and surgeries were
analyzed. The quality of the evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation criteria.
RESULTS
The search strategy identified 1995 citations, of which 27 were considered eligible
(7 meta-analyses, 20 individual studies). For induction of clinical remission, four
meta-analyses were selected (AZA and 6-MP showed no advantage over placebo,
MTX or 5-ASA in CD; MTX showed no statistically significant difference versus
placebo, 6-MP, or 5-ASA in UC; tacrolimus was superior to placebo for UC in two
meta-analyses). Only one meta-analysis evaluated clinical remission
maintenance, showing no statistically significant difference between MTX and
placebo, 5-ASA, or 6-MP in UC. AZA and 6-MP had no advantage over placebo
in induction of clinical response in CD. Three meta-analyses showed the
superiority of tacrolimus vs placebo for induction of clinical response in UC. The
clinical response rates for cyclosporine were 41.7% in randomized controlled
trials (RCTs) and 55.4% in non-RCTs for UC. For induction of mucosal healing,
one meta-analysis showed a favorable rate with tacrolimus versus placebo for
UC. For secondary outcomes, no meta-analyses specifically evaluated fecal
calprotectin, hospitalization or death. Two meta-analyses were retrieved
evaluating colectomy rates for tacrolimus and cyclosporine in UC. Most of the
twenty individual studies retrieved contained a low or very low quality of
evidence.
CONCLUSION
High-quality evidence assessing conventional therapy in MS-IBD treatment is
scarce, especially for remission maintenance, mucosal healing and fecal
calprotectin.
Key words: Inflammatory bowel diseases; Steroids; Sulfasalazine; Mesalamine;
Azathioprine; Methotrexate; Mycophenolic acid; Cyclosporine; Tacrolimus; 6Mercaptopurine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Despite the advent of biological drugs, conventional therapy continues to be
used in moderate to severe inflammatory bowel disease (MS-IBD), especially in
countries where biologics are not covered by insurance. In this systematic review, the
effectiveness of conventional therapy for MS-IBD is assessed. There are few studies
concerning objective outcomes, especially for remission maintenance, mucosal healing
and fecal calprotectin. Additionally, studies are mainly of very low or low quality. As
conventional therapy is usually the main therapy for MS-IBD and biologics are used in
patients who fail to respond to conventional drugs, robust studies are required to further
our understanding of the effectiveness of conventional therapy because it is prescribed to
many IBD patients.

Citation: Damião AOMC, Azevedo MFC, Carlos AS, Wada MY, Silva TVM, Feitosa
FC. Conventional therapy for moderate to severe inflammatory bowel disease: A systematic
literature review. World J Gastroenterol 2019; 25(9): 1142-1157
URL: https://www.wjgnet.com/1007-9327/full/v25/i9/1142.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i9.1142

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are the two main disease categories
of inflammatory bowel disease (IBD), a group of idiopathic chronic inflammatory
conditions affecting the digestive system[1]. Patients with IBD frequently present a
lifelong relapsing and remitting course that has a negative impact on health and
quality of life, often resulting in long-term sequelae[2]. Most cases, particularly in CD,
are moderate to severe at diagnosis, with a tendency for disease activity to fluctuate
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over time [3] . CD can progress from pure inflammatory lesions to destructive
complications such as intestinal perforation, strictures, abscesses and fistula
formation, which may result in irreversible bowel damage leading to loss of
gastrointestinal tract function and disability that may require hospitalizations and
surgical treatment[4,5].
Symptoms of active UC or relapse include bloody diarrhea with or without mucus,
abdominal pain and fecal urgency. This disease presents a cyclical course, including
phases of exacerbation and remission, with a variable degree of intensity. Patients
with extensive or severe inflammation may experience acute complications, such as
toxic megacolon and severe bleeding[6,7]. It is expected that up to 19% of patients with
UC have severe disease at the time of diagnosis[8]. In Brazil, a country located in a low
prevalence area of IBD, 27% and 32% of UC patients presented severe and moderate
disease, respectively[9]. The main goal of treatment for IBD is to achieve and maintain
disease remission, prevent complications, hospitalization and surgery, and improve
health-related quality of life[1,10]. According to Lichtenstein et al[11], for moderate to
severe CD, daily prednisone is indicated until resolution of symptoms and
resumption of weight gain. Azathioprine (AZA) and 6-mercaptopurine (6-MP) are
recommended for the maintenance of steroid-induced remission, and parenteral
methotrexate (MTX) is indicated for steroid-dependent and steroid-refractory disease.
Patients who are refractory to these agents can be treated with biological therapy,
such as infliximab (IFX), adalimumab, certolizumab pegol, ustekinumab and
vedolizumab [11] . The conventional therapy for inpatients with severe active UC
includes intravenous steroids and monotherapy with intravenous cyclosporin. For
patients with steroid-dependent disease or those who are refractory to steroids or
immunomodulators, a biological therapy should be considered [2] . In addition to
clinical remission, endoscopic remission, expressed as mucosal healing, has become
an important endpoint in IBD[12]. This outcome has been correlated with a reduction in
surgeries and hospitalizations[13]. Another endpoint recommended by current IBD
guidelines is the level of fecal calprotectin, a noninvasive biomarker that has been
used to evaluate disease activity in IBD [1,2,13] . The level of this biomarker can be
correlated with macroscopic and histological inflammation, as detected by
colonoscopy and biopsies[14-17].
Despite the emergence of biological therapy, conventional therapy continues to be
prescribed in moderate to severe IBD (MS-IBD), particularly in countries where
biologics are not covered by insurance [18,19] . As a standard of treatment and the
primary alternative to biologics, conventional therapy should present robust
effectiveness results in IBD outcomes. This systematic review aims to investigate data
on the efficacy of conventional therapy for MS-IBD.

MATERIALS AND METHODS
Search strategy
A systematic literature review was conducted until July 2017 through MEDLINE
databases (via PubMed), Latin American and Caribbean Literature on Health Sciences
(LILACS), and The Cochrane Library. The following strategy was applied to the
PubMed database and adapted for other databases, according to the specialties of
each one: [“Inflammatory Bowel Diseases” (Mesh) AND (“moderate” OR “severe”)]
AND [“Steroids” (Mesh) OR “Prednisone” (Mesh) OR “Prednisolone” (Mesh) OR
“Hydrocortisone” (Mesh) OR “Budesonide” (Mesh) OR “Dexamethasone” (Mesh) OR
“Sulfasalazine” (Mesh) OR “Mesalamine” (Mesh) OR “Azathioprine” (Mesh) OR
“Methotrexate” (Mesh) OR “Mycophenolic Acid” (Mesh) OR “Cyclosporine” (Mesh)
OR “Tacrolimus” (Mesh) OR “6-Mercaptopurine” (Mesh)]. The systematic review was
executed according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement[20,21].

Eligibility criteria
Studies were considered eligible if they met the following criteria: (1) Meta-analysis,
systematic reviews, randomized clinical trials (RCTs), observational or case-control
studies; (2) studied conventional therapy in adult patients with MS-IBD, including CD
or UC; and (3) comparative or single arm studies. Conventional therapy included
corticosteroids (prednisone, hydrocortisone, budesonide, prednisolone,
dexamethasone), 5-aminosalicylic acid (5-ASA) derivatives (mesalazine and
sulfasalazine) and immunosuppressants (AZA, MTX, mycophenolate, cyclosporine,
tacrolimus, 6-MP). Studies evaluating the maintenance of remission in quiescent
disease were considered eligible only if they presented information about the disease
severity prior to the remission period.

WJG

https://www.wjgnet.com

1144

March 7, 2019

Volume 25

Issue 9

Damião AOMC et al. Conventional therapy in moderate–severe IBD

Exclusion criteria were as follows: sample size below 50, narrative review, specific
subpopulations (e.g., pregnant women, comorbidities), studies on postoperative IBD,
and languages other than English, Spanish, French or Portuguese. No time limits were
applied. The quality of the evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation criteria for each selected
study[22].

Data extraction
Two independent reviewers conducted the search in databases using the predefined
strategy and selected the studies. In cases without a consensus, a third reviewer was
consulted about the eligibility and was responsible for the final decision. The
following information was extracted from each selected study: first author name,
journal and year of publication, place where the study was conducted, follow-up
period, sample size, disease characteristics, study outcomes, and quality of evidence.

Study outcomes
The primary outcome measures were clinical remission (induction or maintenance),
clinical response and mucosal healing. As secondary outcomes, fecal calprotectin,
hospitalization, death and surgeries were assessed. All outcomes were classified by
whatever definition was used in the individual study. The criterion for considering
the outcome as induction or maintenance was based on the description of the
individual study. If not specified in the article, induction was used for follow-up of up
to 12 wk, and maintenance was applied after this period.

RESULTS
The search strategy identified 1995 citations from three databases. After removal of
duplicates and exclusion by titles and abstracts, 112 studies were fully reviewed.
Eighty-five studies did not meet eligibility criteria, and 27 were considered eligible (7
meta-analyses, 20 individual studies), as presented in Figure 1.

Meta-analysis for primary outcomes: Qualitative review
Induction of clinical remission in Crohn’s disease: In Chande et al[23], AZA and 6-MP
showed no advantage over placebo [risk ratio (RR): 1.23; 95% confidence interval (CI):
0.97-1.55], MTX (RR: 1.13; 95%CI: 0.85-1.49) or 5-ASA (RR: 1.24; 95%CI: 0.80-1.91).
Induction of clinical remission in ulcerative colitis: Chande et al[24], evaluated MTX
versus placebo (RR: 0.96; 95%CI: 0.58-1.59), 6-MP (RR: 0.74; 95%CI: 0.43-1.29), and 5ASA (RR: 2.33; 95%CI: 0.66-3.64) in UC, with no statistically significant difference.
Baumgart et al[25], and Lasa et al[26], indicated numerical superiority of tacrolimus
versus placebo for induction of clinical remission in UC [odds ratio (OR): 2.27; 95%CI:
0.35-14.75; RR: 0.91; 95%CI: 0.82-1.00, respectively], but the results did not reach
statistical significance due to the small number of enrolled patients.
Maintenance of clinical remission in Crohn’s disease: No meta-analysis was found
concerning the maintenance of clinical remission in CD.
Maintenance of clinical remission in ulcerative colitis: Only one meta-analysis
fulfilled the eligibility criteria for clinical remission maintenance, and that analysis
showed no statistically significant difference between MTX and placebo (RR: 0.64;
95%CI: 0.28-1.45), 5-ASA (RR: 1.12; 95%CI: 0.06-20.71) or 6-MP (RR: 0.22; 95%CI: 0.031.45) in UC[27].
Induction of clinical response in Crohn’s disease: Induction of clinical response was
evaluated in CD for AZA and 6-MP; neither demonstrated any advantage over
placebo (RR: 1.26; 95%CI: 0.98-1.62)[23].
Induction of clinical response in ulcerative colitis: Komaki et al[28], Baumgart et al[25],
and Lasa et al[26] showed the superiority of tacrolimus versus placebo for clinical
response in UC (RR: 4.61; 95%CI: 2.09-10.17; OR: 8.66; 95%CI: 1.79-42.00; RR: 0.58;
95%CI: 0.45-0.73, respectively). Narula et al[29], compared IFX versus cyclosporine in
patients with UC. The clinical response rates for cyclosporine and IFX were 41.7% vs
43.8% in RCTs and 55.4% vs 74.8% in non-RCTs (OR: 2.96; 95%CI: 2.12-4.14).
Maintenance of clinical response in Crohn’s disease and ulcerative colitis: No metaanalysis was found concerning the maintenance of clinical response in CD or UC.
Mucosal healing: For mucosal healing induction in UC, one meta-analysis showed a
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Figure 1

Figure 1 Study flow diagram of the article selection procedure. NA: Not applicable.

favorable mucosal healing rate with tacrolimus versus placebo (RR: 0.59; 95%CI: 0.460.74) in a 12-wk horizon analysis[26]. When compared to IFX in CD, AZA was not
favorable for induction of mucosal healing during a follow-up period of 26 wk[23]. The
results of the retrieved meta-analyses, as well as their assessed quality, are presented
according to primary outcome in Tables 1-7.

Meta-analysis for secondary outcomes: Qualitative review
For secondary outcomes, no meta-analysis was found to evaluate fecal calprotectin,
hospitalization or death specifically. For colectomy, two meta-analyses for UC were
retrieved. As shown in Table 8, the first revealed a 0% colectomy rate in both the
tacrolimus and placebo arms[28]. In Narula et al[29], colectomy rates at 3 mo in RCTs did
not achieve a significant difference between cyclosporine and IFX (OR: 1.00; 95%CI:
0.64-1.59), with pooled 3-mo colectomy rates of 26.6% for IFX and 26.4% for
cyclosporine. Among non-RCTs, the pooled 3-mo colectomy rate was 24.1% for IFX
and 42.5% for cyclosporine (pooled OR: 0.53; 95%CI: 0.22-1.28; no significant
difference between the two groups). Colectomy rates at 12 mo did not show any
significant difference between the two groups in RCTs (OR: 0.76; 95%CI: 0.51-1.14).
The 12-mo colectomy rate was significantly lower for IFX in non-RCTs (20.7% for IFX
vs 36.8% for cyclosporine; pooled OR: 0.42; 95%CI: 0.22-0.83).

Individual studies: Qualitative review
Twenty individual studies were included in this systematic review[30-49]. They were
mainly in UC, with small sample sizes and short follow-up. Therapies included
cyclosporine, 5-ASA, tacrolimus, corticosteroids, AZA, and 6-MP (Tables 9-14). The
primary outcomes were evaluated, but the majority of studies had retrospective
cohorts with low or very low levels of evidence. As a secondary outcome, IBD-related
surgeries were the only outcome where data were available (Tables 15 and 16).

DISCUSSION
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Table 1 Meta-analyses included for induction of clinical remission in Crohn’s disease
n

Induction of clinical remission, RR
(95%CI)

Quality of evidence

6 wk-9 mo

380

RR 1.23 (0.97-1.55)1

Moderate

MTX

6 wk-9 mo

143

RR 1.13 (0.85-1.49)1

Low

AZA or 6-MP

5-ASA

6 wk-9 mo

156

RR 1.24 (0.80-1.91)1

Very low

AZA

IFX

26 wk

399

RR 0.66 (0.51-0.87)1

Moderate

Study

Intervention Comparator Follow-up

Chande et al[23]

AZA or 6-MP

Placebo

AZA or 6-MP

1

Clinical remission as measured by individual study with a validated outcome (e.g., Crohn’s Disease Activity Index score < 150 points or a HarveyBradshaw Index score < 3). 5-ASA: 5-aminosalicylic acid; 6-MP: 6-mercaptopurine; AZA: Azathioprine; CI: Confidence interval; IFX: Infliximab; MTX:
Methotrexate; n: Number of patients; RR: Risk ratio.

This systematic review aimed to study data on the effectiveness of conventional
therapy for MS-IBD. Despite being a very broad theme, the objective was to
understand the panorama of available evidence about conventional treatment and its
qualities, more than to evaluate the individual efficacy of each drug.
The choice of outcomes was based on the currently most relevant outcomes:
Clinical remission and response (induction and maintenance), mucosal healing, fecal
calprotectin, hospitalization, death and surgeries. Mucosal healing is considered a
more objective goal than clinical remission for evaluating inflammatory disease
activity in patients with IBD, and it should be measured in both clinical trials and
medical practice to evaluate the management of IBD[50]. In clinical trials on IBD, this
endpoint has been defined as complete absence of ulcerative lesions or by specific
endoscopic scores such as the Simple Endoscopic Score for CD and the CD
Endoscopic Index of Severity in CD or Mayo 1 or 0 for UC[51]. Mucosal healing can
alter the natural history of IBD by reducing the frequency of hospitalization and the
lifetime risk for surgery and colorectal cancer, in addition to being associated with
disease remission[15,50]. In addition, there is a current consensus in the regulatory and
academic environment that clinical studies in IBD need an imaging endpoint, such as
mucosal healing, with or without histopathology[52]. In this systematic review, only
two meta-analyses were retrieved that evaluated mucosal healing [23,26] and four
individual studies[37-39,47,53], all for patients with UC. This paucity of available studies
supports our claim that there is a lack of data assessing the effectiveness of
conventional therapy for mucosal healing.
Despite the advantages of using mucosal healing as an outcome measure, it is
usually associated with invasive and costly procedures, which can be barriers,
especially for developing countries[14]. Thus, fecal calprotectin has been suggested as a
surrogate marker for assessing mucosal healing[15]. In general, biomarkers (wide range
of substances present in blood, stool, or urine) play important roles in research:
reduce placebo response; select subjects with symptoms directed by specific
inflammatory processes; predict the clinical relapse likelihood; identify patients with
mucosal healing; provide clinical disease activity indexes; follow disease activity[54].
Fecal calprotectin is probably an alternative marker for assessing IBD disease activity,
especially for UC [16] . In the present study, no eligible studies evaluating fecal
calprotectin were found.
Colectomy rates were reported often in studies, mainly for UC, and low rates may
reflect clinical improvement, as well as reduction of resource utilization vs those who
have to undergo colectomy. Death was not an outcome assessed directly as a study
objective, perhaps because studies did not have a long enough follow-up period to
evaluate this endpoint. Hospitalization was also not explored in the studies we
retrieved. Positive results were observed for tacrolimus in the treatment of UC. The
drug presents good results for induction and maintenance of remission, mucosal
healing and risk reduction of surgical treatment, and in some analyses, it is superior
to IFX. On the other hand, tacrolimus is very uncommonly used in clinical practice
and very rarely referenced by treatment guidelines. Therefore, we believe that
tacrolimus use should be reviewed by IBD consensus.
The main limitations of this study are the wide range of eligible drugs, the
considerable number of outcomes and the variety of ways to measure these
endpoints. Several instruments are used in individual studies for measuring clinical
disease activity in CD (CD Activity Index, Harvey Bradshaw Index, Van Hess or
Dutch Index, Therapeutic Goals Score, International Organization of Inflammatory
Bowel-Disease-Oxford Index) and for evaluating and measuring endoscopic response
to therapy (CD Endoscopic Index of Severity, Rutgeerts Endoscopic Index)[54]. For UC,
the usual instruments for measuring clinical disease activity are Truelove and Witts
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Table 2 Meta-analyses included for induction of clinical remission in ulcerative colitis

Study

Chande et al[24]

Baumgart et al[25]
[26]

Lasa et al

Intervention

Comparator

Follow-up

n

Induction of
clinical remission,
RR (95%CI) or OR
(95%CI)

MTX

Placebo

36 wk

67

RR 0.96 (0.58-1.59)1

Low

MTX

6-MP

30 wk

26

RR 0.74 (0.43-1.29)2

Very low

MTX

5-ASA

30 wk

20

RR 2.33 (0.66-3.64) 2

Very low

Tacrolimus

Placebo

2 wk

63

OR 2.27 (0.35-14.75)3

High

Tacrolimus

Placebo

12 wk

127

Quality of
evidence

4

RR 0.91 (0.82-1.00)

High

1

Clinical remission defined as a Mayo clinic score ≤ 3 (or Mayo score of ≤ 2 without sigmoidoscopy results);
Remission defined as prednisone stopped and Mayo Clinic Score < 7;
Clinical remission [defined as Disease Activity Index (DAI) < 2 with no individual subscore > 1];
4
Remission defined by individual studies by Truelove-Witts Score, Modified Clinical Activity Index, clinical variables and progression to colectomy, Colitis
Activity Index, Lichtiger score, Mayo score for mucosal healing or DAI Score. 5-ASA: 5-aminosalicylic acid; 6-MP: 6-mercaptopurine; CI: Confidence
interval; MTX: Methotrexate; n: Number of patients; OR: Odds ratio; RR: Risk ratio; DAI: Disease Activity Index.
2
3

Score, Lichtiger Score, Powell-Tuck Index, Clinical Activity Index, Mayo Score,
Sutherland Index, Physician Global Assessment. These instruments generally include
measurements of stool frequency, presence of blood, endoscopic findings, abdominal
pain and gastrointestinal symptoms, laboratory findings, extraintestinal
manifestations, temperature, physician’s global assessment and patient functional
evaluation [54] . To circumvent the problem of the variety of instruments for the
assessment of illness severity at baseline and response to treatment measurement, we
applied the indexes and definitions as used in each individual study.
Some studies cited in treatment guidelines and used as a source of evidence were
excluded from this review. The reasons varied but were mainly because the studies
contained different disease severities or specific subpopulations, such as those in the
postoperative period. Furthermore, studies with no disease severity specification were
excluded, according to eligibility criteria. Therefore, only studies in which the disease
was explicitly moderate to severe were considered. In this way, some major works
may have been excluded. It is important to note that some negative results of
conventional therapy in moderate to severe disease do not mean that
immunosuppressants have no function in IBD. The exclusion of studies with mild
disease and those which did not specify the disease severity may have skewed our
results against them. An example is the use of AZA and 6-MP in corticosteroiddependent patients, where such medications may be useful especially for remission
maintenance. Overall, little high-quality evidence is available on conventional therapy
for MS-IBD patients to robustly assess their effectiveness in this patient population,
which did not encompass all available medications, for all pathologies and with all
relevant outcomes for response and prognosis. This review suggests that conventional
therapy for MS-IBD does not have scientific evidence of quality that supports its use
as a standard for MS-IBD.
In conclusion, there are few studies evaluating objective outcomes in MS-IBD with
conventional therapy, especially for remission maintenance, mucosal healing and
fecal calprotectin. Additionally, the quality of existing studies is mainly very low or
low. As conventional therapies are usually the main treatment for MS-IBD, robust
researches are required to enhance the evidence on their effectiveness because they
are currently prescribed to many IBD patients.
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Table 3 Meta-analyses included for maintenance of clinical remission in ulcerative colitis
Study

Intervention Comparator Follow-up

Wang et al[27]

n

Maintenance of clinical remission, RR
(95%CI)

Quality of evidence

MTX

Placebo

36 wk

32

RR 0.64 (0.28-1.45)1

Low

MTX

5-ASA

76 wk

9

RR 1.12 (0.06-20.71)2

Very low

MTX

6-MP

76 wk

18

RR 0.22 (0.03-1.45)2

Very low

1

Maintenance of remission defined as a Mayo Clinic score of < 3 and off steroids.
Maintenance of remission defined as relapse within 76 wk (defined as 7 or more in the Mayo Clinic Score). 5-ASA: 5-aminosalicylic acid; 6-MP: 6mercaptopurine; CI: Confidence interval; MTX: Methotrexate; n: Number of patients; RR: Risk ratio.
2

Table 4 Meta-analyses included for induction of clinical response in Crohn’s disease
Study

Intervention

Comparator

Follow-up

n

Clinical response, RR (95%CI)

Quality of evidence

Chande et al[23]

AZA or 6-MP

Placebo

6 wk-9 mo

434

RR 1.26 (0.98-1.62)1

Moderate

1

Clinical response considered the outcomes of remission and improvement and varied from study to study making exact comparisons across studies
difficult. Therefore, the definition of improvement or remission used in each study was used for data extraction. 6-MP: 6-mercaptopurine; AZA:
azathioprine; CI: Confidence interval; n: Number of patients; RR: Risk ratio.

Table 5 Meta-analyses included for induction of clinical response in ulcerative colitis
Study

Intervention Comparator
[28]

Follow-up

n

Clinical response, RR (95%CI) or OR (95%CI) Quality of evidence

Komaki et al

Tacrolimus

Placebo

2 wks (RCT)

103

RR 4.61 (2.09-10.17)1

High

Baumgart et al[25]

Tacrolimus

Placebo

2 wk

63

OR 8.66 (1.79-42.00)2

High

[26]

Lasa et al

Narula et al[29]

3

Tacrolimus

Placebo

12 wk

127

RR 0.58 (0.45-0.73)

IFX

Cyclosporine

3 mo (RCT)

412

43.8% (IFX); 41.7% (C) OR 1.08 (0.73-1.60)4

High
Low

IFX

Cyclosporine

3 mo (non RCT)

801

74.8% (IFX); 55.4% (C) OR 2.96 (2.12-4.14)5

Very low

1

Clinical response defined as reduction in Disease Activity Index (DAI) ≥ 4 with improvement of all categories;
Clinical response (partial or complete response) based on the DAI score. A complete response was defined as complete resolution of all symptoms with a
zero scored for all assessments of the DAI. A partial response was defined as a reduction of more than four points on the DAI with improvement in all
categories, but not a complete response;
3
Clinical response defined according to each individual study, and not shown by the meta-analysis;
4
Definitions from individual studies: Failure to respond to treatment was combined end point of the absence of clinical response at day 7 (based on
Lichtiger score < 10 and at least 3 points less than baseline), relapse between day 7 and 98, absence of steroid-free remission at day 98, severe adverse event
leading to treatment interruption, colectomy; response based on Powell-Tuck index ≤ 3; doubling of the Crohn's and ulcerative colitis questionnaire-32
score at 3 mo;
5
Definitions from individual studies: Failure to respond including ongoing or worsening symptoms of bloody diarrhea, abdominal pain and persistently
elevated inflammatory markers, or the development of a complication (perforation, severe hemorrhage, toxic megacolon); good response to treatment was
decrease in stool frequency (< 6/d), little or no blood in feces, absence of complications; clinical remission, as per clinical symptom questionnaire used
locally at this institution; being discharged from hospital without surgery or additional rescue therapy; physician global assessment of patient
response—those deemed medical failure were treated with colectomy; steroid-free clinical remission (mild or inactive based on the Montreal severity score)
plus no need for second rescue therapy or colectomy; modified Truelove and Witts Severity Index score decrease ≥ 4points; remission based on Colitis
Activity Index ≤ 4 within 4 wk; in 5 studies, treatment response was not reported. C: Cyclosporine; CI: Confidence interval; IFX: Infliximab; n: Number of
patients; OR: Odds ratio; RCT: Randomized clinical trial; RR: Risk ratio.
2

Table 6 Meta-analyses included for induction of mucosal healing in Crohn’s disease
Study
Chande et al[23]

Intervention

Comparator

Follow-up

n

Mucosal healing, RR (95%CI)

Quality of evidence

AZA

IFX

26 wk

214

RR 0.55 (0.33-0.94)1

Moderate

1

Mucosal healing was defined as the absence of mucosal ulceration at week 26 in patients who had confirmed mucosal ulceration at baseline. AZA:
Azathioprine; CI: Confidence interval; IFX: Infliximab; n: Number of patients; RR: Risk ratio.
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Table 7 Meta-analyses included for induction of mucosal healing in ulcerative colitis
Study

Intervention
[26]

Lasa et al

Comparator

Tacrolimus

Follow-up

Placebo

12 wk

n

Mucosal healing, RR (95% CI)

Quality of evidence

1

127

RR 0.59 (0.46-0.74)

High

1

Mucosal healing was defined as by the Mayo score for mucosal healing. CI: Confidence interval; n: Number of patients; RR: Risk ratio.

Table 8 Meta-analyses included for inflammatory bowel disease-related surgeries in ulcerative colitis
Study

Intervention

Comparator

Follow-up

N

Colectomy rate %,
or OR (95% CI)

Quality of
evidence

Komaki et al[28]

Tacrolimus

Placebo

2 wk (RCT)

103

0%

High

Narula et al[29]

IFX

Cyclosporine

3 mo (RCT)

385

26.6% (IFX); 26.4%
(C) OR 1.00 (0.641.59)

Low

IFX

Cyclosporine

3 mo (non RCT)

478

24.1% (IFX); 42.5%
(C) OR 0.53 (0.221.28)

Very low

IFX

Cyclosporine

12 mo (RCT)

415

34.4% (IFX); 40.8%
(C) OR 0.76 (0.511.14)

Low

IFX

Cyclosporine

12 mo (non RCT)

854

20.7% (IFX); 36.8%
(C) OR 0.42 (0.220.83)

Very low

C: Cyclosporine; CI: Confidence interval; IFX: Infliximab; n: Number of patients; OR: Odds ratio; RCT: Randomized clinical trial.

Table 9 Individual studies included for induction of clinical remission in Crohn’s disease

Study
Thomsen et al[45]

Pavez et al[41]

Induction of
clinical
remission

Country

Intervention

Comparator

Study design

Follow-up

n

Denmark, France,
United Kingdom,
Norway, Italy,
Spain, Portugal,
Greece, South
Africa, Austria,
Australia, and
Ireland

Budesonide

Mesalamine

RCT

8 wk

182

69% (budesonide)
45% (mesalamine)
(P = 0.001)1

Budesonide

Mesalamine

RCT

16 wk

182

62% (budesonide)
36% (mesalamine)
(P < 0.001)1

Chile

IFX

AZA

RCT

26 wk

508

0.44 (event rate
IFX); 0.3 (event
rate AZA)2

1

Clinical remission defined as Crohn’s Disease Activity Index (CDAI) ≤ 150;
Clinical remission defined as CDAI less than 150 in patients who did not receive budesonide at a daily dose greater than 6 mg, or systemic corticosteroids
for at least 3 wk. AZA: Azathioprine; IFX: Infliximab; n: Number of patients; RCT: Randomized clinical trial; CDAI: Crohn’s Disease Activity Index.
2

Table 10 Individual studies included for induction of clinical remission in ulcerative colitis

Study

Country

Intervention

Comparator

Study design

Follow-up

n

Induction of
clinical
remission

Schmidt et al[30]

Germany

Tacrolimus

-

Retrospective
cohort

24 mo

58

51%1

Tacrolimus with
purine analogues

-

Retrospective
cohort

24 mo

79

82%1

IV corticosteroids

-

Retrospective
cohort

3d

110

52%2

IV corticosteroids

-

Retrospective
cohort

7d

110

75% 2

Llaó et al[31]
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Campbell et al[35]

UK

Cyclosporine

-

Retrospective
cohort

Acute phase

76

74%3

India

AZA

Placebo

RCT

1 yr

83

56% (AZA); 40%
(placebo)4

Prieux-Klotz et
al[37]

France

AZA or 6-MP

Retrospective
cohort

38 mo

80

61.2%5

Yamamoto et
al[38]

Japan

Tacrolimus

Anti-TNF

Retrospective

12 wk

100

40% (tacrolimus);
28% (anti-TNF); P
= 0.296

Ogata et al[39]

Japan

Tacrolimus

Placebo

RCT

2 wk

62

9.4% (tacrolimus);
0% (placebo); P =
0.2387

Tacrolimus

Placebo

RCT

12 wk

21

28.6%
(tacrolimus)7

Hydrocortisone

-

Retrospective
cohort

5d

216

61%8

Cyclosporine

-

Retrospective
cohort

4.5 d

50

56%8

Sood et al[33]

Hyde et al[44]

United Kingdom

Kjeldsen et al[43]

Denmark

Prednisolone

-

Retrospective
cohort

6 wk

51

47% (severe
disease); 80%
(moderate
disease)9

Meyers et al[42]

United States

ACTH

Hydrocortisone

RCT

10 d

66

44% (ACTH); 41%
1
(Hydrocortisone)
0

1

Clinical remission defined by a Lichtiger score ≤ 3;
Clinical remission defined as mild activity or inactive disease according to the Montreal severity score, with no need for rescue treatment at day 7 after
starting intravenous CS;
3
Response defined as a reduction of bowel frequency to fewer than three daily and a C-reactive protein < 45 mg/L;
4
Clinical remission defined as clinical improvement with absent of symptoms of active disease (rectal bleeding, bowel frequency) with sigmoidoscopic
appearance of grade 0-1 and normal histological pattern;
5
Clinical remission defined as a partial Mayo Clinic score ≤ 2 without any clinical subscore > 1;
6
Clinical remission defined as a score of 0 in the clinical section (both stool frequency and rectal bleeding);
7
Clinical remission was defined as a total DAI score ≤ 2 with an individual subscore of 0 or 1;
8
Clinical remission defined as bowel frequency less than three stools per day, no visible blood, no fever or pain;
9
Remission was assessed in accordance with a modified Truelove and Witts index;
10
Remission defined as patient receiving no therapy or only prophylactic sulfasalazine. 6-MP: 6-mercaptopurine; ACTH: Adrenocorticotrophic hormone;
AZA: Azathioprine; CI: Confidence interval; IV: Intravenous; MTX: Methotrexate; n: Number of patients; RCT: Randomized clinical trial; TNF: Tumor
necrosis factor; DAI: Disease Activity Index.
2

Table 11 Individual studies included for maintenance of clinical remission in ulcerative colitis
Study
Sood et al[32]

Campbell et al[35]

Arts et al[36]

Hyde et al[44]
Meyers et al[42]

WJG

Country

Intervention

Comparator

Study design

Follow-up

n

Maintenance of clinical
remission

India

AZA

-

Retrospective
cohort

12 mo

111

91%1

AZA

-

Retrospective
cohort

24 mo

N/A

88%1

AZA

-

Retrospective
cohort

36 mo

N/A

76%1

AZA

-

Retrospective
cohort

48 mo

N/A

53%1

AZA

-

Retrospective
cohort

60 mo

N/A

38%1

Cyclosporine

-

Retrospective
cohort

1 yr

76

35%2

Cyclosporine

-

Retrospective
cohort

3 yr

N/A

10%2

Cyclosporine

-

Retrospective
cohort

1 yr

34

27.8%3

Cyclosporine

-

Retrospective
cohort

3 yr

5

50%3

United
Kingdom

Cyclosporine

-

Retrospective
cohort

19 mo

50

40%4

United States

ACTH

Hydrocortisone

RCT

1 yr

66

37.5% (ACTH); 23.5%
(hydrocortisone)5

United
Kingdom

Belgium
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1

Remission was defined as absence of symptoms of active disease as rectal bleeding and normal bowel frequency and hence no need for steroids for at least
6 mo;
2
Maintenance of remission defined as absent of disease relapse;
3
The study does not present the exact definition considered for clinical remission;
4
Remission defined as bowel frequency less than three stools per day, no visible blood, no fever or pain;
5
Therapeutic success was considered as a clinical remission, defined by the absence of all symptoms and the reduction of the frequency of bowel
movements to two or less per day. ACTH: Adrenocorticotrophic hormone; AZA: Azathioprine; n: Number of patients; N/A: Not available; RCT:
Randomized clinical trial.

Table 12 Individual studies included for induction or maintenance of clinical response in Crohn’s disease
Study
Chun et al[46]

Country

Intervention

Comparator

Study design Follow-up

United States

ACTH

Hydrocortisone

RCT

10 d

n

Clinical response

88

82% (ACTH; 67%-92%); 93% (hydrocortisone; 84%99%)1

1

Clinical response evaluated by Present-Korelitz Index. ACTH: Adrenocorticotrophic hormone; n: Number of patients; RCT: Randomized clinical trial.

Table 13 Individual studies included for induction or maintenance of clinical response in ulcerative colitis
Study

Country

Intervention

Comparator

Study design

Follow-up

n

Clinical
response

Arts et al[36]

Belgium

Cyclosporine

-

Retrospective
cohort

9d

86

83.7%1

Prieux-Klotz et
al[37]

France

AZA or 6-MP

-

Retrospective
cohort

38 mo

80

70%2

Yamamoto et
al[38]

Japan

Tacrolimus

Anti-TNF

Retrospective

12 wk

100

62% (tacrolimus);
64% (anti-TNF); P
> 0.993

Ogata et al[39]

Japan

Tacrolimus

Placebo

RCT

2 wk

62

50% (tacrolimus);
13.3% (placebo); P
= 0.0034

Van Assche et
al[48]

Belgium

Cyclosporine 4
mg/kg

Cyclosporine 2
mg/kg

RCT

2 wk

73

84.2% (4 mg/kg);
85.7% (2 mg/kg)5

Japan

Prednisolone

Methylprednisolo
ne

Retrospective
cohort

7-14 d

71

82%
(prednisolone);
82%
(methylprednisol
one)6

Oshitani et al[47]

1

Response defined as colectomy avoided;. 2Clinical response defined by a decrease in the partial Mayo score of at least 3 points and 30% with a rectal
bleeding Mayo subscore ≤ 1;
3
Clinical response was defined as a decrease of at least 2 points in the clinical section (stool frequency and/or rectal bleeding);
4
Clinical response was defined as improvement in all Disease Activity Index subscores;
5
Clinical response was defined as a score of less than 10 at day 8 with a drop of ≥ 3 as compared with baseline;
6
Clinical response considered as at least one of: decreased blood in stools compared with previous findings; soft or normal stool; no nocturnal defecation. 6MP: 6-mercaptopurine; AZA: Azathioprine; n: Number of patients; RCT: Randomized clinical trial; TNF: Tumor necrosis factor.

Table 14 Individual studies included for mucosal healing in ulcerative colitis
Study

Country Intervention

Comparator

Study design

Follow-up N

Mucosal healing

Prieux-Klotz et
al[37]

France

AZA or 6-MP

-

Retrospective
cohort

38 mo

80

43.7%1

Yamamoto et al[38]

Japan

Tacrolimus

Anti-TNF

Retrospective

12 wk

73

32% (tacrolimus); 28% (anti-TNF); P = 0.862

Japan

Tacrolimus

Placebo

RCT

2 wk

62

43.8% (tacrolimus); 13.3% (placebo); P =
0.0123

Tacrolimus

Placebo

RCT

12 wk

21

85.7% (tacrolimus)3

Retrospective
cohort

6 wk

71

78% (prednisolone); 82%
(methylprednisolone)4

[39]

Ogata et al

[47]

Oshitani et al

Japan

Prednisolone Methylprednisolon
e

1

Endoscopic mucosal healing was defined by endoscopic Mayo score of 0 or 1 and ulcerative colitis endoscopic index of severity ≤ 2;
Endoscopic healing was defined as an endoscopic score of 0 or 1;
3
Mucosal healing was defined as mucosal appearance subscore of 0 or 1;
4
Endoscopic change considers endoscopic remission (no ulcers, no erosion, no friability) and endoscopic improvement (ulcers, erosion and friability
2
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decreased compared with previous findings). 6-MP: 6-mercaptopurine; AZA: Azathioprine; n: Number of patients; RCT: Randomized clinical trial; TNF:
Tumor necrosis factor.

Table 15 Individual studies included for surgeries related to Crohn’s disease
Study
[46]

Chun et al

Country

Intervention

Comparator

Study design

Follow-up

n

Colectomy

United States

ACTH

Hydrocortisone

RCT

3 yr

88

28% (both groups)

ACTH: Adrenocorticotrophic hormone; n: number of patients; RCT: Randomized clinical trial.

Table 16 Individual studies included for surgeries related to ulcerative colitis
Study
[30]

Schmidt et al

Country

Intervention

Comparator

Study design

Follow-up

n

Colectomy

Germany

Tacrolimus

-

Retrospective
cohort

24 mo

58

22%

Tacrolimus with
purine analogues

-

Retrospective
cohort

24 mo

79

18%

Llaó et al[31]

Spain

IV corticosteroids

-

Retrospective
cohort

7d

110

15%

Moskovitz et
al[34]

Belgium

Cyclosporine

-

Retrospective
cohort

9.3 d

142

16.9%

Cyclosporine

-

Retrospective
cohort

1 yr

N/A

37%

Cyclosporine

-

Retrospective
cohort

4 yr

N/A

59%

Cyclosporine

-

Retrospective
cohort

6 yr

N/A

84%

Cyclosporine

-

Retrospective
cohort

7 yr

N/A

88%

UK

Cyclosporine

-

Retrospective
cohort

7 yr

Belgium

Cyclosporine

-

Retrospective
cohort

9d

86

16.3%

Cyclosporine

-

Retrospective
cohort

1 yr

45

36%

Cyclosporine

-

Retrospective
cohort

3 yr

13

45%

Japan

Tacrolimus

Anti-TNF

Retrospective

12 wk

100

10% (tacrolimus);
16% (anti-TNF); P
= 0.55

United States

Cyclosporine

Retrospective
cohort

4 wk

71

15%

Cyclosporine

Retrospective
cohort

1 yr

71

39%

Cyclosporine

Retrospective
cohort

2 yr

71

42%

Cyclosporine

Retrospective
cohort

5 yr

71

46%

Corticosteroid

Retrospective
cohort

3 mo

45 (moderate)

8.9%

Corticosteroid

Retrospective
cohort

3 mo

61 (severe)

45.9%

Corticosteroid

Retrospective
cohort

20 yr

41 (moderate)

48.8%

Corticosteroid

Retrospective
cohort

20 yr

33 (severe)

33.3%

Campbell et al[35]
Arts et al[36]

Yamamoto et
al[38]
Cheifetz et al[40]

Gustavsson et
al[49]

Sweden

58%

Van Assche et
al[48]

Belgium

Cyclosporine 4
mg/kg

Cyclosporine 2
mg/kg

RCT

2 wk

73

13.1% (4 mg/kg);
8.6% (2 mg/kg)

Hyde et al[44]

United Kingdom

Hydrocortisone

-

Retrospective
cohort

5d

216

15.7%

Cyclosporine

-

Retrospective
cohort

19 mo

50

16%
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Kjeldsen et al[43]

Denmark

Prednisolone

-

Retrospective
cohort

8 mo

51

42% (severe
disease); 13%
(moderate
disease)

IV: Intravenous; n: Number of patients; N/A: Not available; RCT: Randomized clinical trial; TNF: Tumor necrosis factor.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) frequently present a lifelong relapsing and remitting course
with negative impact on health and quality of life, besides long-term sequelae. IBD main
treatment goal is the achievement and maintenance of disease remission. Conventional therapies
are indicated for patients with moderate to severe disease, despite the advent of biological drugs.
Some relevant outcomes, such as clinical remission and endoscopic remission has been
correlated with surgeries and hospitalizations reduction.

Research motivation
Conventional therapy continues to be used in moderate to severe IBD (MS-IBD) especially in
countries where biologics are not covered by insurance. Thus, extensive knowledge on the
efficacy and safety of conventional therapy is necessary.

Research objectives
This systematic review aims to investigate data on the efficacy of conventional therapy for MSIBD.

Research methods
A systematic review was conducted through the Cochrane Collaboration, MEDLINE, and
LILACS databases searching for studies concerning conventional therapy in adult patients with
MS-IBD, including Crohn’s disease (CD) and ulcerative colitis (UC). Corticosteroids (prednisone,
hydrocortisone, budesonide, prednisolone, dexamethasone), 5-aminosalicylic acid (5-ASA)
derivatives (mesalazine and sulfasalazine) and immunosuppressants [azathioprine (AZA),
methotrexate (MTX), mycophenolate, cyclosporine, tacrolimus, 6-mercaptopurine (6-MP)] were
considered conventional therapy. Primary outcome measures were clinical remission (induction
or maintenance), clinical response and mucosal healing.

Research results
For induction of clinical remission, AZA and 6-MP showed no advantage over placebo, MTX or
5-ASA in CD; MTX showed no statistically significant difference versus placebo, 6-MP, or 5-ASA
in UC; tacrolimus was superior to placebo for UC in two meta-analyses. One meta-analysis
evaluated clinical remission maintenance, showing no statistically significant difference between
MTX and placebo, 5-ASA, or 6-MP in UC. AZA and 6-MP had no advantage over placebo in
induction of clinical response in CD. Three meta-analyses showed the superiority of tacrolimus
versus placebo for induction of clinical response in UC. The clinical response rates for
cyclosporine were 41.7% in randomized controlled trials (RCTs) and 55.4% in non-RCTs for UC.
For induction of mucosal healing, one meta-analysis showed a favorable rate with tacrolimus
versus placebo for UC. For secondary outcomes, no meta-analyses specifically evaluated fecal
calprotectin, hospitalization or death. Two meta-analyses were retrieved evaluating colectomy
rates for tacrolimus and cyclosporine in UC. Most of the twenty individual studies retrieved
contained a low or very low quality of evidence.

Research conclusions
High-quality evidence assessing conventional therapy in MS-IBD treatment is scarce, especially
for remission maintenance, mucosal healing and fecal calprotectin.

Research perspectives
From this systematic review, it could be seen, that further studies with high quality and realworld evidence are needed to prove the effectiveness of conventional therapy in MS-IBD.
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Abstract
BACKGROUND
Endocuff - a plastic device with flexible projections - mounted on the distal tip of
the colonoscope, promises improved colonic mucosa inspection.
AIM
To elucidate the effect of Endocuff on adenoma detection rate (ADR), advanced
ADR (AADR) and mean number of adenomas per colonoscopy (MAC).
METHODS
Literature searches identified randomized-controlled trials evaluating Endocuffassisted colonoscopy (EAC) vs conventional colonoscopy (CC) in terms of ADR,
AADR and MAC. The effect size on study outcomes was calculated using fixed or
random effect model, as appropriate, and it is shown as relative risk (RR) [95%
confidence interval (CI)] and mean difference (MD) (95%CI). The rate of device
removal in EAC arms was also calculated.
RESULTS
We identified nine studies enrolling 6038 patients. All studies included mixed
population (screening, surveillance and diagnostic examinations). Seven and two
studies evaluated the first and the second-generation device, respectively. EAC
was associated with increased ADR compared to CC [RR (95%CI): 1.18 (1.05-
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1.32); Ι2 = 71%]; EAC benefits more endoscopists with ADR ≤ 35% compared to
those with ADR > 35% [RR (95%CI): 1.37 (1.08-1.74); Ι2 = 49% vs 1.10 (0.99-1.24); Ι2
= 71%]. In terms of AADR and MAC, no difference was detected between EAC
and CC [RR (95%CI): 1.03 (0.85-1.25); Ι2 = 15% and MD (95%CI): 0.30 (-0.17-0.78);
Ι2 = 99%]. Subgroup analysis did not show any difference between the two device
generations regarding all three endpoints. In EAC arms, the device had to be
removed in 3% (95%CI: 2%-5%) of the cases mainly due to tortuous sigmoid or
presence of diverticula along it.
CONCLUSION
EAC increases ADR compared to CC, especially for endoscopists with lower
ADR. On the other hand, no significant effect on AADR and MAC was detected.
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Core tip: Colonoscopy is the optimal diagnostic modality for the detection and removal
of colon adenomas. However, one fourth of them may remain undetected during
conventional colonoscopy (CC). Endocuff - a single-use device mounted onto the tip of
the scope - aims to improve lesion detection rate during colonoscopy. Our meta-analysis
of nine randomized control studies including more than 6000 patients demonstrates the
use of the Endocuff device significantly improves adenoma detection rate compared to
CC, while endoscopists with lower adenoma detection rate may benefit at most from its
use.

Citation: Triantafyllou K, Gkolfakis P, Tziatzios G, Papanikolaou IS, Fuccio L, Hassan C.
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INTRODUCTION
Colonoscopy is the preferred and most widely used method to screen for colorectal
cancer (CRC) and it has been associated with decreased CRC incidence and deaths
due to early detection and endoscopic resection of colorectal adenomas[1]. Adenoma
detection rate (ADR) - the percentage of colonoscopies with at least one adenoma - is
considered the cornerstone among quality indicators for colonoscopy since it is the
only metric that can effectively predict post-colonoscopy CRC and is inversely
associated with the risk of CRC cancer[2-4]. Nevertheless, colonoscopy remains an
imperfect diagnostic modality, as it may fail to detect up to one fourth of existing
colonic adenomas[5,6]. Accountable for this failure may be the poor bowel preparation,
suboptimal maneuvering of the scope during withdrawal or difficulty to efficiently
visualize the proximal aspects of the haustral folds, flexures or the ileocecal valve
with conventional colonoscopy (CC). Various advanced technology endoscopes and
add-on devices have been implemented in an effort to optimize the quality of
colonoscopy by diminishing the procedures’ adenoma miss rate[7]. Endocuff (Arc
Medical Design, Leeds, United Kingdom) and its descendant Endocuff-Vision
(Norgine Pharmaceuticals Ltd, Uxbridge, United Kingdom) (Figure 1A and B) is a
single-use device mounted on the tip of the scope that consists of a cylindrical core
with one (Endocuff-Vision) or two (Endocuff) rows of flexible projections[8]. It is the
add-on device with the most available literature, so far; still, its impact on ADR
remains conflicting with data suggesting equivocal benefit from its use. Aside
individual studies, three contemporary meta-analysis have tried to pool results of the
aforementioned studies [ 9 - 1 1 ] . However, inclusion of different study designs,
inconsistent endpoints among the studies analyzed and the high noted heterogeneity
call for careful interpretation of their results. We therefore intended to re-evaluate the
impact of Endocuff on ADR, through an updated systematic review with metaanalysis incorporating data from published randomized controlled trials (RCTs) and
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addressing limitations of previous meta-analysis.

MATERIALS AND METHODS
Protocol registration
This study was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) recommendations [12] and the
review’s protocol can be accessed at the International Prospective Register of
Systematic Reviews (PROSPERO), under registration number CRD42018095779.

Eligibility criteria
Eligibility criteria were a priori determined according to the PICO statement as
follows; P: patients undergoing colonoscopy for any indication; I: Endocuff-assisted
colonoscopy (EAC); C: comparison of EAC with CC; O: colonoscopy outcomes (as
defined in the Outcome measures section). We included studies only if they were
prospective, randomized controlled in design, published as full text in the English
language. Non-randomized prospective, retrospective, feasibility or pilot studies,
meta-analysis, editorials, narrative reviews, case reports/series, conference abstracts,
studies not reporting on ADR and duplicate publications were excluded.

Identification and selection of studies
A literature search of PubMed and the Cochrane Central Register of Controlled Trials
electronic databases (from database inception to October 2018) was carried out to
identify studies exploring the effect of EAC on adenoma detection. The search was
performed independently by two investigators using the free text terms “adenoma*”,
“random*” both as medical subject headings (MeSH) and free-text terms combined
with the Boolean set operator ‘AND’ with the term: “Endocuff”, as medical subject
heading and the free text term. The complete electronic search strategy is outlined in
Supplementary Table 1. All references retrieved from the electronic databases were
imported into reference management software (EndNote X7, Thomson Reuters, New
York City, NY, United States). After duplicates’ removal, two masked reviewers first
assessed the titles and abstracts of all results for inclusion; then, judged eligibility on
the selected articles independently, using predesigned eligibility forms.
Disagreements were resolved by consensus. Bibliographies of all eligible studies
identified initially, were also hand-searched to identify any potentially studies missed
during the initial search. Where data could not be retrieved from the published
manuscript, the corresponding author was contacted for further information.

Data extraction and quality assessment
Two reviewers independently recorded data from all eligible studies onto a Microsoft
Excel spreadsheet (XP professional edition; Microsoft, Redmond, WA, United States)
using a predefined data extraction form. The following data were extracted from each
trial: first author’s name, publication year, country of origin, number of centers,
number of participating endoscopists, indication for colonoscopy among the
population examined, generation of the device used, number of total participants
enrolled, number of EAC examinations, mean age of participants and percentage of
female among them. Additionally, we extracted the number of adenomas, advanced
adenomas, mean number of adenomas per patient detected during EAC and the
standard colonoscopy. Finally, for each EAC arm we extracted the number of
colonoscopies where the device had to be removed to allow examination’s
completion.

Assessment of risk of bias
This was carried out independently by two investigators using the Cochrane
collaboration’s risk of bias assessment tool[13]. Risk of bias was evaluated by recording
the methods used to generate the randomization schedule and conceal treatment
allocation (selection bias), whether blinding was implemented for participants,
personnel (performance bias), and outcomes assessment (detection bias), what
proportion of subjects completed follow-up (attrition bias) and whether there was
evidence of selective reporting of outcomes (reporting bias). Each study included in
the meta-analysis was classified as having a high, low or unclear risk of bias, with
reference to each of the abovementioned domains, while disagreements were resolved
by discussion.

Outcome assessment
The primary endpoint of this study was to examine the effect of EAC on ADR.
Secondary endpoints encompass the effect of EAC on detection rate of advanced
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Figure 1

Figure 1 The first generation Endocuff (A) and Endocuff Vision (B).

adenoma (AADR, referring to adenomas ≥ 10mm, with villous component, and/or
high-grade dysplasia) and mean number of adenomas per colonoscopy (MAC). We
also calculated the device removal rate in the EAC arms in order to reach the cecum.

Statistical analysis
Regarding the primary endpoint as well as AADR, relative risks (RRs) with 95%
confidence intervals (95%CI) and respective number needed to treat (NNT) were
calculated. For MAC, the inverse variance statistical method was used and mean
difference (MD) with 95%CI was calculated. Device removal rate in the EAC arms was
calculated using generic inverse variance analysis and is presented as percentage with
respective 95%CI. All outcomes were meta-analyzed using either the fixed-effects
model (Mantel and Haenszel method) or the random-effects model (DerSimonian and
Laird method) in the absence or presence of significant heterogeneity, respectively.
For all outcomes, the threshold for statistical significance was set to P < 0.05. Review
Manager 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark) and StatsDirect 3 (StatsDirect Ltd, Sale, Cheshire, England) software
packages were used to meta-analyze all data and construct forest and funnel plots of
all outcomes. Funnel plots were assessed for evidence of asymmetry, hence potential
publication bias, using either the Egger test[14] in case of ≥ 10 available studies or visual
inspection in case of less than 10 available studies.

Heterogeneity assessment and sensitivity analysis
Heterogeneity among studies was assessed using the I2 statistic with a cut-off of < 50%
(or a P value < 0.1) as threshold to indicate statistically significant heterogeneity. In
that case, multiple sensitivity analyses were carried out aiming to identify factors
contributing to the detected heterogeneity. The predefined sensitivity analysis was
performed by: (1) exclusion of one study at a time as proposed by the Cochrane
collaboration; (2) per examinations’ indication rate (screening ≤ 50% vs > 50%); (3) per
generation of device; and (4) per ADR (≤ 35% vs > 35%) of the CC group.

RESULTS
Study selection
The initial search yielded 77 citations. After title and abstract review, 56 articles were
excluded as irrelevant or duplicates; therefore 21 articles underwent a full-text
assessment. Among these, 12 were further deemed to be ineligible for various reasons,
which left 9 articles[15-23] meeting all inclusion criteria to be included in the systematic
review and meta-analysis. Figure 2 depicts the exact search process.

Characteristics of studies included
Overall, 9 studies with 9 sets of data enrolling 6038 patients were included in the
analysis; 3027 patients underwent EAC and 3011 CC. Six studies were conducted in
Europe[15-19,21], one in Mexico[20], one in Japan[22] and one in United States and Italy[23].
Five of the studies[15-17,21,23] were of multicenter design (2-7 recruiting sites) and in four
studies[15,16,20,21] 10 or more endoscopists performed the examinations; in one study[20]
fellows took also part in the examinations. The first generation Endocuff device was
evaluated in 7[15-18,20,22,23] and Endocuff-Vision in 2 studies[19,21], respectively. In terms of
colonoscopies’ indications most studies [15-18,22,23] evaluated patients of various
indications, including screening, surveillance and diagnostic cases. In these studies,
the percentage examinations for CRC screening per arm ranged from 21.1% to 43%;
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Table 1 Characteristics of included studies
Age
Screeni Bowel
Female
Endosc Patients EAC/CC, Indicatio
EAC/CC,
ng
Preparat
EAC/CC,
opes
,n
n/n
n
mean ± EAC/CC,
ion
n (%)
SD
n (%) EAC/CC

Author
Country
(yr)

Study Centres, Endosc
Device
period
n
opists, n

Floer et
al[15]

Germany

02.201407.2014

4

10

Endocuff

HD

492

249/243

Mixed

127
(51)/134
(55.1)

64 ±
3.2/63 ±
3.3

NR

1

Van
Netherla
Doorn et
nds
al[16]

08.201310.2014

5

20

Endocuff

HD

1063

530/533

Mixed

266
(50.2)/24
8 (46.5)

65 ±
2.2/65 ±
2.3

201
(37.9)/19
7 (36.9)

2

Biecker
et al[17]

Germany

02.201308.2013

2

6

Endocuff

HD

498

245/253

Mixed

127
(51.8)/12
2 (48.2)

65 ±
3.3/68 ±
3

NR

De
Palma et
al[18]

Italy

02.2015 03.2016

1

4

Endocuff

HD

274

137/137

Mixed

66
55 ±
32
7.08 ±
(48.2)/65 12.6/55.7 (23.4)/29 1.06/7.18
(47.4)
± 12.3
(21.2)
± 0.97
[mean ±
SD]

Bhattac
haryya
et al[19]

United
Kingdom

09.201409.2015

1

4

Endocuff
Vision

HD

531

266/265

Gonzále
zFernánd
ez et
al[20]

Mexico

04.201411.2015

1

18

Endocuff

Mixed

337

174/163 Screening

United
Kingdom

11.201402.2016

7

48

Endocuff
Vision

Not
reported

1772

888/884

Wada et
al[22]

Japan

04.201509.2015

1

1

Endocuff

HD

477

239/238

Mixed

117
(48.9)/12
3 (51.7)

61.2 ±
3.3/62.2
± 3.3

2
89
7.91 ±
(37.2)/74 0.94/7.88
(31.1)
± 1.03
[mean ±
SD]

Rex et
al[23]

United
States,
Italy

NR

3

3

Endocuff

HD

594

299/295

Mixed

141 (47)
/141 (47)

63.2 ±
8.2/62.6
± 8.3

126
(42)/127
(43)

Ngu et
al[21]

FOBT (+)
104
screening (39.1)/85
,
(32.1)
surveilla
nce
124
(71)/124
(76)

68 ±
1.2/67 ±
1.2

180
(70.7)/18
6 (69.1)

1 (1-2)/1
(1-2)
[median
(IQR)]
9 (7-9)/8
(7-9)
[median
(IQR)]

1
69%
good/65
% good

3

Good/a
dequate
97.7%
/Good
adequate
97.7%

2
60 ±
174
7 (6-8)/7
1.8/62 ± (100)/163
(6-8)
2.5
(100)
[median
(IQR)]

FOBT (+)
381
61.7 ±
274
screening (42.9)/ 11.7/62.1 (30.9)/28
,
382 (43.2)
± 11.1
2 (32)
surveilla
nce

NR

2

8.12 ±
1.33
overall,
no
differenc
es
between
the 2
groups

1

Based on Leighton et al[25] scale (1 = good; 2 = fair; 3 = poor);
Boston Bowel Preparation Scale[24] ;
3
Based in Rees et al[26] scale. EAC: Endocuff-assisted colonoscopy; CC: Conventional colonoscopy; HD: High definition; SD: Standard deviation; FOBT:
Fecal occult blood test; Mixed: Screening, surveillance and diagnostic cases.
2

two studies[15,17] did not report the percentage of screening examinations. In two
studies[19,21] fecal occult blood test (FOBT) (+) and surveillance cases were included,
while a sole study [20] enrolled exclusively individuals undergoing screening
colonoscopy. No difference in terms of participants’ gender (female 32.1%-76%) and
mean age (55-68 years) was noted between EAC and CC group. Finally, different
scales were used to estimate the quality of bowel preparation[24-26]; no differences were
found between the two groups in any of the studies. Table 1 summarizes the basic
characteristics of included studies.

Methodological quality and risk of bias
The per study risk of bias according to Cochrane collaboration’s risk of bias
assessment tool is summarized in Figure 3. Our study included well-designed RCTs
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Figure 2

Figure 2 Flow diagram of assessment of eligible studies identified.

with registered protocols and pre-specified endpoints that were reported adequately.
However, concerns regarding potential selection bias were raised for one[17] and 4
studies[16,17,20,21] where authors did not report the exact methods of randomization and
allocation, respectively. It is worthy to note that due to its nature - application of an
additional device at the end of the scope - neither patients nor endoscopists could be
blinded to the intervention, exposing all studies to inevitable, acknowledged by all
authors, high risk of both performance and detection bias.

Primary endpoint - ADR
All 9 studies[15-23] (n = 6024) provided data regarding the primary endpoint. Overall,
1374/3018 individuals were detected with at least one adenoma in the EAC arm
compared to 1204/3006 in the CC arm. Thus, the use of Endocuff devices was
associated with a statistical significantly increased ADR [RR (95%CI): 1.18 (1.05-1.32),
P = 0.005, NNT = 19; Figure 4] with substantial detected heterogeneity (I2 = 71%, P <
0.001). There was no evidence of publication bias (Supplementary Figure 1A).
We underwent a multiple sensitivity analysis in order to explore the
aforementioned heterogeneity. As seen in Table 2, the step-by-step sensitivity analysis
did not identify a sole study being responsible for the detected heterogeneity.
Similarly, heterogeneity was not eliminated when studies were evaluated according
to their density in screening examinations (≤ 50% or > 50% of the participants).
Moreover, heterogeneity was further maintained independently of the device
generation (Endocuff vs Endocuff-Vision) that was used. However, this was not the
case when studies were assessed according to endoscopists’ ADR in the CC arm. In
details, heterogeneity was eliminated (I 2 = 49%, P = 0.12) for the group of
studies [15,17,18,20] with low-to-moderate detectors (ADR in the CC arm ≤ 35%).
Heterogeneity’s disappearance was accompanied with a further strengthen of the
measure effect; RR (95%CI): 1.37 (1.08-1.74), P = 0.009, NNT = 11. On the contrary,
heterogeneity was further present (I2 = 71%, P = 0.008) for studies[16,19,21-23] including
high detectors (ADR in the CC arm > 35%) with marginal loss of statistical
significance for the meta-analytic outcome [RR (95%CI): 1.10 (0.99-1.24), P = 0.08, NNT
= 23].

Secondary endpoints

WJG

https://www.wjgnet.com

1163

March 7, 2019

Volume 25

Issue 9

Triantafyllou K et al. Endocuff increases ADR
Figure 3

Figure 3 Risk of bias of included trials.

Advanced ADR: Advanced ADR was reported in 6 studies[15,16,19-22] (n = 4667). At least
one advanced adenoma was detected in 252/2342 and in 244/2325 participants in the
EAC and CC arm, respectively. Thus, detection of advanced adenomas was not
profited when Endocuff devices were used; AADR [RR (95%CI): 1.03 (0.85-1.25)], P =
0.77, NNT = 333 (Figure 5). Neither heterogeneity (I2 = 15%, P = 0.32) nor publication
bias was detected (Supplementary Figure 1B).
MAC: MAC was provided or it was calculated in 7 studies[15-17,19,21-23] (n = 4395). Using
random effects model, MAC did not differ between EAC and CC [MD (95%CI): 0.30 (0.17-0.78), P = 0.21] (Figure 6). There was no evidence of publication bias
(Supplementary Figure 1C). However, substantial heterogeneity (I2 = 99%, P < 0.001)
was present and multiple sensitivity analyses were performed to explore it (Table 2).
Excluding one study at a time and rerunning the analysis failed to identify any single
study that could contribute significantly to the detected heterogeneity. Evaluating
separately studies with ≤ 50% of their participants[16,21-23] with screening indication led
to elimination of the heterogeneity (I2 = 22%, P = 0.28) and altered significantly in
favor of EAC the metanalytic outcome [MD (95%CI): 0.27 (0.15-0.40); P < 0.001].
Similarly, heterogeneity almost disappeared (I2 = 53%, P = 0.14) when only studies
using the Endocuff Vision[19,21] were taken into account, but no effect on the measure
effect was noted [MD (95%CI): 0.11 (-0.12-0.34), P = 0.35]. Finally, when looking
separately at low-to-moderate and high detectors, heterogeneity was only eliminated
(I2 = 49%, P = 0.10) for the group of high detectors[16,19,21-23]; elimination that was
accompanied with an alteration in the meta-analytic outcome in favor of EAC [MD
(95%CI): 0.22 (0.08-0.37), P = 0.003].
Device removal rate: In five studies[16,19,21-23], the authors reported the number of EAC
examinations where the device had to be removed in order to allow its completion.
Overall, the device was removed in 85 among 2219 examinations [Device removal rate
(95%CI): 3% (2%-5%), P < 0.001, I2 = 79%, P < 0.001; Figure 7] with no detection of
publication bias (Supplementary Figure 1D). In the vast majority of the cases (68/85)
the Endocuff had to be removed due to either tortuous sigmoid or presence of
sigmoid diverticular disease preventing performer to advance the scope beyond this
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Figure 4

Figure 4 Forest plot for studies assessing the effect of Endocuff-assisted colonoscopy on adenoma detection rate. EAC: Endocuff-assisted colonoscopy; CC:
Conventional colonoscopy; CI: Confidence interval.

level.

DISCUSSION
Realizing the inherit limitations of colonoscopy has led to adoption of various
measures in order to improve its effectiveness; this includes advanced technology
endoscopes, add-on devices, or adjustments in technique and preparation. Add-on
devices have been widely accepted not only in clinical research, but also in everyday
clinical practice, as they are accessories that are relatively cheap, easy to handle, safe,
and single-use devices performance. Their impact on colonoscopy outcomes remains
controversial, as published data are inhomogeneous. Thus, we undertook the task of
evaluating the impact of the use of the most thoroughly investigated add-on device,
namely Endocuff, primarily on ADR. This was done by means of an updated
systematic review with meta-analysis, in which we incorporated data deriving
exclusively from high-quality sources, i.e. only RCTs with registered protocols and
pre-specified adequately reported endpoints, while simultaneously we attempted to
tackle limitations of previously published relevant meta-analysis. In terms of our
primary endpoint, our results display a statistically significant increase of ADR
associated to EAC [RR (95%CI): 1.18 (1.05-1.32), NNT = 19]. The importance of this
association is clear, as ADR is the most clinically relevant colonoscopy quality
indicator, that inversely correlates with the risk of CRC cancer and interval CRC[2,3,27].
Moreover, this association was more profound for studies with low-to-moderate
detectors (ADR in the CC arm ≤ 35%)[15,17,18,20].
So far, three relevant meta-analysis regarding EAC have been published [9-11] .
However, our study has some significant differences. In the study by Chin et al[9], 9
studies involving 5624 patients were included and EAC was associated with increased
ADR [odd ratio (OR) = 1.49, 95%CI: 1.23-1.80, P = 0.03] as well as detection of sessile
serrated adenomas (OR = 2.34, 95%CI: 1.63-3.36, P < 0.001) compared to CC. The
results are consistent to ours, but the quality of the studies included in this metaanalysis could be viewed as a limitation, as of the 9 studies that were analyzed, 4 were
retrospective cohort studies, 1 was a prospective observational study and only 4 were
RCTs; thus, its results could raise some skepticism. On the other hand, the metaanalysis by Facciorusso et al[10] had a different methodology and included studies with
several distal add-on devices, that were compared either with each other or with CC.
With regard to EAC performance, 9 studies assessed the impact of EAC compared to
CC and found low-quality evidence suggesting that Endocuff increases ADR (RR =
1.21; 95%CI: 1.03-1.41). The results are in agreement to ours; however, the inclusion of
various types of studies (including 4 abstracts) limits the quality of the evidence, as
the authors themselves repeatedly acknowledge. Finally, the meta-analysis by Williet
et al[11] demonstrated a significant increase of ADR in the EAC group compared to CC
[41.3% vs 34.2%; risk ratio = 1.20, 95%CI: 1.06-1.36, P = 0.003], particularly for low-tomoderate ADR operators (< 35%): risk ratio = 1.51, 95%CI: 1.35-1.69, P < 0.001). These
results are also in accordance to ours, but it should be pointed-out that they derive
from the analysis of 12 papers - all RCTs - which however include 5 Abstracts among
them.
Although ADR represents the most robust quality indicator of colonoscopy, it still
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Table 2 Multiple sensitivity analysis for outcomes with detected heterogeneity
ADR, I2% (P value)/RR (95%CI)

Sensitivity analysis
None performed

MAC, I2% (P value)/MD (95%CI)

71 (< 0.001)

99 (< 0.001)

1.18 (1.05-1.32)

0.30 (-0.17-0.78)

Floer et al[15]

61 (0.008)/1.13. (1.02-1.26)

97 (< 0.001)/0.36 (-0.08-0.79)

Van Doorn et al[16]

69 (0.002)/1.22 (1.07-1.38)

99 (< 0.001)/0.32 (-0.20-0.85)

73 (< 0.001)/1.17 (1.03-1.32)

79 (< 0.001)/0.17 (0.01-0.33)

By excluding one study at a time

Biecker et al[17]
[18]

De Palma et al

Bhattacharrya et al[19]

74 (< 0.001)/1.19 (1.06-1.35)

ΝΑ

68 (0.003)/1.22 (1.08-1.38)

99 (< 0.001)/0.36 (-0.16-0.88)

González-Fernández et al[20]

71 (< 0.001)/1.16 (1.03-1.30)

ΝΑ

Ngu et al[21]

75 (< 0.001)/1.20 (1.04-.38)

99 (< 0.001)/0.32 (-0.21-0.86)

Wada et al[22]

66 (0.005)/1.14 (1.02-1.28)

99 (< 0.001)/0.28 (-0.25-0.80)

74 (< 0.001)/1.19 (1.04-1.37)

99 (<0.001)/0.30 (-0.21-0.82)

63 (0.03)/1.31 (1.01-1.27)

22 (0.28)/0.27 (0.15-0.40)

80 (0.02)/1.21 (0.70-2.09)

ΝΑ

First generation Endocuff[15-18,20,22,23]

73 (0.001)/1.25 (1.07-1.46)

100 (< 0.001)/0.39 (-0.20-0.98)

[19,21]

68 (0.08)/1.05 (0.90-1.23)

53 (0.14)/0.11 (-0.12-0.34)

≤ 35%[15,17,18,20]

49 (0.12)/1.37 (1.08-1.74)

100 (< 0.001)/0.50 (-0.48-1.48)

> 35%[16,19,21-23]

71 (0.008)/1.10 (0.99-1.24)

49 (0.10)/0.22 (0.08-0.37)

Rex et al[23]
By indication of examinations
Screening ≤ 50%[16,18,21-23]
[19,20]

Screening > 50%

By generation of device

Endocuff Vision

By ADR of the conventional colonoscopy group

ADR: Adenoma detection rate; MAC: Mean number of adenomas per colonoscopy; RR: Relative risk; CI: Confidence interval; MD: Mean difference.

has its own weaknesses[28-30] and thus a plethora of other quality indicators are also
used in order to ameliorate the limitations of ADR. Among these metric quality
indicators, adenoma miss rates (AMR) has been used extensively in tandem studies,
as it is consistent to the back-to-back study design[31]. In a recently published metaanalysis[7], we showed that AMR was significantly lower when add-on devices were
used, compared to CC. When restricting the analysis to EAC studies[18,32], Endocuff use
significantly decreased AMR compared to CC (RR = 0.23, 95%CI: 0.14-0.39). ADR and
AMR being in the same outcome direction -both in favor of devise use- has been
recently proposed to enhance the validity of the results regarding ADR[33].
In our present meta-analysis, we examined the impact of EAC to the detection rate
of advanced adenomas, which did not show an improvement from implementation of
EAC as well as the MAC, which was associated with a benefit from performing EAC
compared to CC for the group of high detectors; this is one of the few points where
high detectors improve one of their metrics with implementation of EAC; usually the
improvement in colonoscopy metrics addresses those endoscopists with lower
performance[10,11]. Moreover, our analysis also showed that in terms of ADR, EAC
benefits mostly those endoscopists with ADR ≤ 35% compared to those with ADR>
35% (i.e., low-to-moderate compared to high detectors). Similar results demonstrating
that EAC mostly benefits low-to-moderate detectors instead of those with ADR > 45%
were shown in the recent meta-analysis by Williet et al[11]. An interpretation of these
results is difficult and rather speculative; a possible explanation could be that high
detectors already have increased ADRs and have already reached the threshold of
adenoma detection. On the other hand, even high detectors might have the
opportunity to improve their metrics with EAC; as their ADR is already high, maybe
the improvement that EAC can offer to these high detectors is limited in merely
increasing the mean number of adenomas which they can detect in a given
colonoscopy. Whether conceivable burden in terms of cost and local availability
outweighs potential benefits of EAC in the high-detectors group remains to be
answered in future trials.
Although we did not undertake formal cost-effectiveness analysis, this issue
deserves our consideration. Taking into account both that the optimization by
decrease of the post-polypectomy surveillance interval deriving from these modalities
has been a target of skepticism lately[34] and that EAC was not associated with any
benefit in terms of AADR and MAC, one could argue that with an overall NNT of 19
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Figure 5

Figure 5 Forest plot for studies assessing the effect of Endocuff-assisted colonoscopy on advanced adenoma detection rate. EAC: Endocuff-assisted
colonoscopy; CC: Conventional colonoscopy; CI: Confidence interval.

(the respective number escalates to 23 for high detectors) the true worth of EAC is
questionable. Therefore, future studies on EAC or other devices and techniques that
intend to improve ADR should perhaps focus more on their true cost-benefit,
avoiding repetitions and analyses of the same studies, with similar outcomes, as is
often occurs nowadays, not only in endoscopy but also in other medical fields[35].
Among the qualities of our meta-analysis we should highlight the use of a
predefined protocol, the inclusion of studies only of the highest quality (full-text
RCTs), as well as the fact that we performed multiple sensitivity analysis in order to
ameliorate heterogeneity. This heterogeneity is one of the basic limitations of our
study, besides our efforts to reduce it. Other limitations include those discussed in the
previous paragraph, but -most important- the limitation shared by all studies that
examine the value of add-on devices, i.e. that the device is not invisible and therefore
the endoscopist cannot perform a truly blinded assessment.
To conclude, our study demonstrated that EAC increases ADR compared to CC.
This benefit is more profound for endoscopists with a low-to moderate ADR (ADR ≤
35%). It also seems to improve the MAC of high adenoma detectors (ADR > 35%);
therefore, it can be used by all endoscopists to improve colonoscopy performance.
However, its true value in terms of cost-benefit remains somewhat obscure and
should be further investigated, especially in comparison to other low-cost techniques.
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Figure 6

Figure 6 Forest plot for studies assessing the effect of Endocuff-assisted colonoscopy on mean number of adenomas per colonoscopy. EAC: Endocuffassisted colonoscopy; CC: Conventional colonoscopy; CI: Confidence interval; SD: Standard deviation.
Figure 7

Figure 7 Forest plot for studies assessing the rate of device removal in the Endocuff-assisted colonoscopy arms of the included studies. SE: Standard
error; CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Although colonoscopy is the optimal diagnostic modality for colorectal cancer screening, it still
remains imperfect since almost one fourth of colonic adenomas are not detected during
conventional colonoscopy (CC). Endocuff is a single-use device mounted onto the tip of the
scope devised to flatten mucosa folds; thus, promising to improve the detection of precancerous
lesions.

Research motivation
To date, Endocuff is the add-on device with the most available literature. Despite that, whether it
has beneficial impact on adenoma detection rate during colonoscopy still remains elusive. Data
both from individual studies and contemporary meta-analysis remain conflicting, showing a
small albeit incremental benefit of its use.

Research objectives
We aimed to systematically review the literature for published randomized controlled trials and
re-evaluate the impact of Endocuff on adenoma detection rate (ADR), through a meta-analysis
addressing the limitations of previous meta-analysis conducted on this matter.

Research methods
We performed an electronic search in PubMed and the Cochrane Central Register of Controlled
Trials electronic databases (from database inception to October 2018) using the free text terms
“adenoma*”, “random*” both as medical subject headings and free-text terms combined with the
Boolean set operator ‘AND’ with the term: “Endocuff”, as medical subject heading and the free
text term. We restricted our search to prospective, randomized controlled in design, published as
full text in the English language. To identify further relevant studies, we checked the reference
lists of the selected articles.

Research results
We ultimately identified nine studies that matched the search criteria. enrolling 6038 patients. Of
note, mixed population (screening, surveillance and diagnostic examinations) was included in all
of them. Endocuff-assisted colonoscopy (EAC) was associated with increased ADR compared to
CC and was of particular benefit for endoscopists with ADR lower than 35%. Regarding all other
study outcomes (advanced ADR and mean number of adenomas per colonoscopy), no difference
between the two modalities was evident. Similarly, multiples subgroup analysis did not show
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any difference between the two device generations regarding all three endpoints.

Research conclusions
This meta-analysis of high-quality studies indicates that EAC improves ADR compared to CC
and it is significantly more valuable for endoscopists with a low-to moderate ADR (ADR ≤ 35%).
EAC is also a powerful tool in the hands of high adenoma detectors (ADR > 35%), as it seems to
improve the mean number of adenomas per colonoscopy.

Research perspectives
Although promising, more robust data are definitely warranted in order to systematically assess
the performance of Endocuff. A significant issue that remains in future studies to be addressed is
the efficacy of the device in terms of screening colonoscopy, since no study has been conducted
in an exclusively screening population yet. Moreover, its true value in terms of cost-benefit is not
clear yet, especially in comparison to other low-cost techniques.
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Abstract
Symptoms of gastroenteropancreatic located neuroendocrine neoplasms (GEPNENs) are often related to food intake and manifest as abdominal pain or
diarrhoea which can influence patients nutritional status. Malnutrition is
common in cancer patients and influences quality of life, treatment options and
survival but is also present in up to 40% of patients with GEP-NENs. As part of
malnutrition there are often deficiencies in fat-soluble vitamins, mainly vitamin
D. Little knowledge exists on trace elements. Several factors influence the
development of malnutrition such as size and localisation of the primary tumour
as well as metastases, side effects from treatment but also hormone production of
the tumour itself. One of the main influencing factors leading to malnutrition is
diarrhoea which leads to dehydration and electrolyte disturbances. Treatment of
diarrhoea should be guided by its cause. Screening for malnutrition should be
part of routine care in every GEP-NEN patient. Multidisciplinary treatment
including dietician support is necessary for all malnourished patients with GEPNENs.
Key words: Neuroendocrine neoplasm; Nutrition; Malnutrition; Vitamin deficiency;
Diarrhoea; Steatorrhoea
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Core tip: Patients with gastroenteropancreatic located neuroendocrine neoplasms have a
high risk on malnutrition and vitamin deficiency. Multidisciplinary treatment focussing
on diarrhoea and nutritional status is warranted.
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INTRODUCTION
Neuroendocrine neoplasms (NENs) are rare neoplasms arising from cells of the
diffuse neuroendocrine system. NENs commonly arise from the gastroenteropancreatic (GEP) or bronchial tract[1]. The incidence of NENs is growing worldwide[2-4].
Based on recent analysis of the United States SEER database this has arisen since 1973
from 1.03 to 6.98 per 100000 in 2012[2]. In the United Kingdom similar growth in
incidence has been demonstrated from 3.9 per 100000 in 2001 to 8.8 per 100000 in
2015[5]. NENs are classified based on the World Health Organisation (WHO) 2010
classification, based on morphological criteria and proliferative activity (Ki-67 index
or mitotic count). The grades are G1 Ki-67: < 2% and mitotic count < 2/10 mm2, G2 Ki67: 3%-20% or mitotic count 2-20/mm2 neuroendocrine tumours (NETs) and G3 Ki-67:
> 20% neuroendocrine carcinoma (NECs) [6] . In 2016 the WHO has updated this
classification for pancreatic neoplasms and differentiates G3 NETs from small- or
large cell NECs[7]. NENs are difficult to diagnose and have metastasized in around
50% of cases at diagnosis[8]. GEP-NENs may present a heterogenous clinical behaviour
but many well differentiated tumours (G1-G3) are indolent or slow growing with a 5
year survival which can be up to 50%-70% [2,9] . Well differentiated NETs can be
functional, secreting hormones [the most common is carcinoid syndrome (CS)], or
non-functioning[10].
Surgical removal of the primary tumour is the preferred treatment where it is
possible but it can also be considered in metastatic disease and this may have survival
benefits for some sites [11,12] . In the metastasized setting long-acting somatostatin
analogues are often the first line of treatment in cases with positive somatostatin
receptor imaging[10]. Due to the position of the tumour within the GEP tract, patients
with GEP-NENs can experience gastrointestinal (GI) symptoms like bloating,
diarrhoea, abdominal pain and weight loss. Treatments for GEP-NENs can also have
side effects such as diarrhoea or steatorrhea. These factors can influence the weight,
nutritional and vitamin status of patients with GEP-NENs. Malnutrition influences
quality of life but also reduces tolerance to anti-cancer therapy and reduces survival
in patients with cancer[13,14]. Currently the nutritional and vitamin status is a neglected
area in patients with GEP-NENs[15].
This review will discuss the current knowledge regarding nutritional, vitamin and
trace element status in patients with GEP-NENs and factors contributing to
malnutrition. One of the main influencing factors is diarrhoea and we will discuss
ways to analyse the causes of diarrhoea as well as treatment modalities. We will
comment on any means of improving nutritional status.

NUTRITIONAL STATUS DEFINITION MALNUTRITION
Nutritional status can be measured based on anthropometric data [weight, height,
body mass index (BMI)], biochemical markers like serum proteins (albumin or
transferrin) or body composition measures [16] . There are several definitions for
malnutrition from the literature and health care organisations. The WHO, National
Health Service and European Society of clinical nutrition and metabolism (ESPEN)
nutrition in cancer guideline uses definitions based on intake and metabolic
effects[13,17,18]. The American Society for Parenteral and Enteral Nutrition and ESPEN
guidelines on malnutrition include definitions based on BMI, unintentional weight
loss and loss of body composition parameters such as fat-free mass or muscle
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mass[19,20].
In patients with cancer as part of their disease and malnutrition a syndrome called
cancer cachexia can develop. This is defined as weight loss > 5% in past 6 mo without
starvation or weight loss < 2% and BMI < 20 kg/m 2 or weight loss > 2% and
sarcopenia (defined as appendicular skeletal muscle index males < 7.26 kg/m2 and
females < 5.45 kg/m2)[14]. Malnutrition can exist even in the absence of weight loss.
These broad definitions can be difficult to measure objectively.

MALNUTRITION IN PATIENTS WITH GEP-NENs
Several recent studies show 30%-50% of patients visiting an oncology clinic for the
first time are malnourished[21-23], but not every clinician is aware of this phenomenon.
Caccialanza et al[24] performed a survey among all Italian oncologists and only 28% of
oncologists reported performing nutritional assessments (based on weight loss, BMI,
screening tools or intake) as part of their routine care. About 40% of the oncologists
within this survey denied the use of available specialist nutrition teams. A recent
abstract from Lim et al[25] reports that less than 50% of patients in NEN clinic had their
weight measured, and BMI was available in only 14% of these patients. Forty-three
percent of all NEN patients within an outpatient clinic in Denmark were reported to
have weight loss at some point during their disease. This is significantly more
common in patients with GEP-NENs compared to patients with bronchial NENs or
unknown primary[26].
There are several studies reporting malnutrition in NEN at first or follow up visits
which are summarized in Table 1. The range of reported malnutrition is 4.9%-38%[26,27].
One study reports no malnourished patients[15] whereas the TELECAST study, a
prospective study on diarrhoea, reports 58% of patients with a NET and CS to have
metabolic and nutritional disorders[28]. The studies in Table 1 report on different
patient populations. Borre et al[26] included only 70% GEP-NEN patients, Maasberg et
al [29] included 77% GEP-NEN patients while Qureshi et al [30] and Robbins et al [27]
included only GEP-NEN patients. The patient populations underwent different forms
of therapy. The patients in the Qureshi et al[30] and Robbins et al[27] groups had previous
surgery in 60% of cases versus 48% in the Borre et al[26] group. Somatostatin analogues
were administered in 30% of patients within the Robbins et al[27] group, 41.6% within
the Qureshi et al[30] group and 50% in the Maasberg et al[29] and Borre et al[26] groups.
Thirty percent of patients within the Maasberg et al [29] group were treated with
systemic chemotherapy (this percentage was unknown for the other groups).
The type of tumours differs within the above-mentioned groups. The Borre et al[26],
Robbins et al[27] and Qureshi et al[30] groups report 60%-70% G1 tumours versus 32% G1
tumours in the Maasberg et al[29] group. Robbins et al[27] mentions 37.5% of patients to
have functional symptoms (diarrhoea and or hot flushes) whereas Maasberg et al[29]
mentions 24.1% of patients to have these. The studies reporting on malnutrition used
different screening methods. The malnutrition universal screening tool, nutritional
risk screening, subjective global assessment are clinical tools based on BMI, weight
loss, dietary intake and severity of illness. The international classification of diseases 9
scores were used in 1 study [31] . Currently a universal screening method for
malnutrition in patients with GEP-NENs is lacking. Due to different screening
methods, patient selection and different stage of NEN, the published data are too
heterogenous to compare.

EFFECTS OF MALNUTRITION ON OUTCOMES
Some studies have reported the correlation of malnutrition to outcomes in terms of
response to treatment, length of hospital stay or survival. Maasberg et al[29] reports on
the nutritional status of NEN inpatients admitted for staging examinations or
therapeutic interventions. Malnourished patients had a longer length of hospital stay
compared to well-nourished patients (8 vs 4 d). The survival of malnourished patients
was shorter although the malnourished patient group was comprised of a high
percentage of NECs.
Glazer et al[31] identified 22096 patients with an abdominal NEN within the national
inpatient sample database. In this group malnutrition was associated with a higher
inpatient complication rate of 15% compared to 10% in well-nourished patients.
Obesity was associated with lower inpatient mortality rates while malnutrition was
associated with higher inpatient mortality rates. Ekeblad et al [32] reported being
underweight at diagnosis (BMI < 20kg/m2) of a pancreatic NEN was related to a
poorer prognosis. Marrache et al[33] studied 67 patients with liver metastasis from a
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Table 1 Summary of available studies regarding malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms
Author
Qureshi et al[30]

No patients

Patient groups

Score used

Malnutrition definition

161

All GEP-NEN outpatients

MUST

MUST ≥ 1

Results

BMI ≤ 20

MUST 1: 9.8%

9.9%

MUST ≥ 2: 7.7%
Robbins et al[27]

183

All GEP-NEN outpatients

MUST

MUST ≥ 1

Borre et al[26]

186

All NEN outpatients

NRS

NRS ≥ 3

NRS ≥ 3: 38%

12%

Maasberg et al[29]

203

NEN inpatients (177)

SGA and NRS

SGA B or C

SGA B or C: 21%

N/A

Gallo et al[15]

37

All NEN outpatients

BMI

No malnourished patients

0

Glazer et al[31]

22096

Abdominal NEN

ICD-9 codes

8% malnourished

N/A

MUST 1: 8.7%

4.9%

MUST ≥ 2: 4.9%

NEN outpatients (26)

NRS ≥ 3

NRS ≥ 3: 25%

Summary of studies reporting malnutrition, used screening tool, cut-off for malnutrition, results and body mass index scores in patients with
gastroenteropancreatic neuroendocrine neoplasms. GEP-NEN: Gastroenteropancreatic neuroendocrine neoplasms; MUST: Malnutrition universal
screening tool; NRS: Nutritional risk screening; SGA: Subjective global assessment; BMI: Body mass index; ICD: International classification of diseases.

NEN undergoing transarterial chemoembolization and found that the BMI was a
factor predicting tumour response and associated with delayed progression.

FAT SOLUBLE VITAMIN STATUS IN PATIENTS WITH GEPNENs
Vitamin status can be considered as part of nutritional status. Two studies report on
the status of fat-soluble vitamins in patients with NEN. Fiebrich et al[34] analysed the
fat soluble vitamin status of 35 patients with metastatic small intestinal NEN on
treatment with somatostatin analogues for at least 18 mo. Eighty percent of patients
showed abnormally low levels of at least 1 fat soluble vitamin and 32% of patients
showed multiple deficiencies. Vitamin deficiencies measured in plasma were reported
in 9% of patients for vitamin A, 31% for vitamin D, 14% vitamin E and 69% vitamin
K1. In 12% of patients vitamin K1 deficiency resulted in prolonged prothrombin time.
Increased stool frequency was not associated with lower vitamin levels. De Hosson et
al[35] described 15 patients with a NET that had been on a somatostatin analogue for
more than 6 mo. Nine out of fifteen patients had vitamin deficiencies (vitamin A, D, E,
K, B12 and B3) and after 10 wk of nutritional intervention and supplementation 7
patients still had deficient vitamin levels.

VITAMIN D STATUS IN PATIENTS WITH GEP-NENs
Vitamin D status has received increasing attention in cancer patients and it is
suggested it may play a possible role in the development of different types of
tumours[36]. Vitamin D deficiency (defined as 25 OH vitamin D levels ≤ 20 ng/mL) is
described in between 46% and 81% of patients with NENs [27,36-38] . The study
populations reporting on the prevalence of vitamin D deficiency could not be
compared directly since Motylewska et al[37] included GEP-NENs as well as lung
NENs and other NENs, Lind et al [38] included only small intestine NENs while
Massironi et al[36] and Robbins et al[27] included all GEP-NENs.
Two studies included the vitamin D status of healthy volunteers. Motylewska et
al[37] reported a vitamin D deficiency of 89% in healthy volunteers. Massironi et al[36]
found significantly higher vitamin D level (median 23.9 ng/mL) in healthy volunteers
compared to GEP-NEN patients (median 12.9 ng/mL). One study describes the
overall and progression free survival (OS and PFS) in 138 GEP-NEN patients and
found a negative correlation between low vitamin D levels and OS and PFS. Vitamin
D supplementation improved the OS in patients with vitamin D deficiency compared
to patients with vitamin D deficiency without supplementation.
Vitamin D supplementation with over-the-counter vitamin D preparations
improves the vitamin D levels in most GEP-NEN patients. Robbins et al[27] showed a
decrease in numbers of patients with vitamin D deficiency from 66.8% at baseline to
44.4% after 1 and 2 years of starting supplementation, although supplementation of
vitamin D had not normalised the level in all patients. Lind et al[38] showed only 28%
of small intestine NEN patients on oral vitamin D supplementation to be vitamin D
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deficient as compared to 46% of patients without supplementation. Vitamin D
supplementation does improve the bone mineral density in patients with small
intestine NEN. Lind et al[38] describes 2 cohorts of 25 patients with a small intestinal
NEN who all had prior surgery. Within the first cohort baseline vitamin D levels and
dual-energy x-ray absorptiometry (DEXA) scan were performed. The second cohort
was advised to take oral substitution of vitamins and minerals. After 6-15 mo vitamin
D levels were measured and a DEXA scan was performed. The DEXA scan results
showed low bone density in 76%, osteoporosis in 32% and osteopenia in 44% for the
first cohort and respective values of 26%, 24% and 36% in the second cohort.

VITAMIN B3/NIACIN STATUS IN PATIENTS WITH GEPNENs
Tryptophan is a precursor of serotonin. In healthy individuals only 1% of tryptophan
will be used to make serotonin. In patients with NETs and CS up to 60% of
tryptophan is used for serotonin production leading to tryptophan deficiency.
Pellagra as a result of tryptophan deficiency with symptoms of dermatitis, diarrhoea
and dementia can develop in about 5% of patients with CS[39-41].
Shah et al[42] analysed the niacin levels in blood of 36 patients with CS, 32 patients
with a carcinoid tumour but without CS and 24 non-carcinoid patients (patients with
pancreatic NEN, other cancers, GI diseases and healthy volunteers). With a cut-off
level of 130, 28% of patients (10/36) with CS were niacin deficient and 12.5% (4/32)
without CS compared to none in the non-carcinoid patients. Serotonin and tryptophan
levels were measured: in patients with increased serotonin levels a decreased niacin
and tryptophan level was observed.
Bouma et al[43] identified 42 patients with serotonin producing NEN [based on 5hydroxyindolacetic acid (5-HIAA) > 3.8 mmol/mol creatinine and/or platelet
serotonin > 5.4 nmol/109 platelets] and low tryptophan levels (< 40 umol/L) and/or
pellagra-like symptoms. Urine N1-NM (N1-Methylnicotinamide) levels were
measured prior and after starting niacin supplementation. Forty five percent of
patients showed low N1-NM levels and after starting niacin supplementation all urine
levels normalised. 5-HIAA levels showed a negative correlation with niacin status,
but the 5-HIAA level did not correlate with the plasma tryptophan level. In view of
the difficulties measuring niacin, nicotinamide should be prescribed if pellagra is
suspected.

TRACE ELEMENTS IN PATIENTS WITH GEP-NENs
Malnutrition can also result in low levels of trace elements, like cobalt, copper,
fluorine, iodine, selenium and zinc. In patients with cancer low levels of selenium and
zinc were described and could affect wound healing, cause depressive symptoms and
compromise the immune response[13,44]. Little is known about other trace elements. The
role of trace elements in patients with NENs is unknown. One study exists evaluating
the selenium level of patients with NENs having peptide receptor radionuclide
therapy (PRRT) treatment. Four wk prior to PRRT 5 out of 21 included patients
showed normal selenium levels. Four wk after PRRT 18 patients showed significant
decrease in selenium levels[45]. There may be significant issues with blood selenium
levels which may not represent whole body stores of selenium.

FACTORS INFLUENCING MALNUTRITION
In patients with NENs several factors can contribute to the development of
malnutrition as summarized in Figure 1. In cancer patients the protein, carbohydrate
and lipid metabolism are altered resulting in increased metabolic resting rate, insulin
resistance, lipolysis and proteolysis. This can lead to weight loss as a sign of
malnutrition[13]. If this process continues, cancer cachexia as a result of decreased
energy intake and increased total body energy expenditure (TEE), can develop[14].
Tumour metabolism and inflammation increase the TEE cytokines and factors in
animal models involved are for example IL-6, IL-1, TNF-α, IFN-γ, Leukaemia
inhibitor γ factor, GDF15, TWEAK, TRAF, oncostatin M, TNFSF12 and PGE2. Patient
data regarding these cytokines and factors are lacking[46]. In patients with pancreatic
adenocarcinoma elevated C-reactive protein levels are a marker for cachexia and
predict poor prognosis[47]. Little knowledge regarding the development of cachexia
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and prognosis exists in patients with GEP-NENs. Due to the slow growing nature of
GEP-NENs the risk of developing cachexia may be reduced[29]. In patients with NET
and CS, diarrhoea as a result of excessive hormone secretion also contributes to
malnutrition[48-51]. Several foods containing high levels of amines such as mature
cheese or chocolate may provoke symptoms in these patients. They tend to avoid
these foods which can contribute to decreased nutritional intake[49,52]. Small intestine
NENs can cause strictures or retroperitoneal fibrosis in the GI tract resulting in
symptoms such as bowel obstruction, influencing patients’ food intake and nutritional
status[53,54].
Uncontrolled diarrhoea leads to dehydration, electrolyte abnormalities, vitamin
deficiencies and thus influence malnutrition[55]. Surgical treatment of a GEP-NEN can
result in diarrhoea for several reasons. Loss of absorptive surface after small bowel or
Whipple’s resection can lead to diarrhoea and malabsorption. In cases of small bowel
resection when < 200 cm small bowel remains, short bowel syndrome with inability to
maintain fluid- and nutritional status can develop[15,53,56]. Another cause is removal of a
part of the terminal ileum which can result in vitamin B12 deficiency and bile acid
malabsorption leading to diarrhoea[48,53,55,57]. A third cause is following small intestine
or Whipple’s resection, bacterial overgrowth can develop resulting in diarrhoea with
malabsorption and maldigestion as well as malabsorption of fat soluble
vitamins[48,53,55,58]. Resection of small or large bowel as well as Whipple’s resection can
also influence the bowel transit time with diarrhoea and possible malnutrition as a
result[15,49].
Treatment with somatostatin analogues can result in malnutrition for several
reasons. Diarrhoea is one of the most commonly reported side effects due to
decreased duodenal absorption of carbohydrates and triglycerides[59,60]. In addition
decreased pancreatic enzyme release in response to a meal is seen as an effect from
somatostatin analogues resulting in pancreatic exocrine insufficiency with steatorrhea
and malnutrition[15,55,57]. Chemotherapy can lead to malnutrition due to its side effects
such as loss of taste, oral problems, diarrhoea, nausea and vomiting[13,15,49].

ANALYSING CAUSES OF DIARRHOEA
Diarrhoea is an important factor contributing to malnutrition in patients with GEPNENs as summarized in Figure 1. Figure 2 summarizes diagnostic approaches to
diarrhoea. CS is prevalent is 20% of patients with NETs[61]. CS is a clinical diagnosis
with symptoms of diarrhoea (80% of patients), hot flushes (50%-85% of patients) and
wheezing (10%-20% of patients) often in the presence of liver metastasis [48,62,63] .
Twenty-four h urine collection for 5-HIAA, a breakdown product of serotonin, has a
sensitivity and specificity around 90% for small intestine NENs[64]. Certain serotoninrich foods (bananas, avocados, plums, eggplant, tomatoes, plantain, pineapples, kiwis
and nuts) and medications (analgesic acetaminophen, cough syrups and warfarin) can
increase urinary 5-HIAA levels and should be avoided 24 h before and during
specimen collection.
In case of previous surgery on either small intestine or pancreas, diarrhoea could be
caused by bile acid malabsorption, short bowel syndrome, bacterial overgrowth or
pancreatic exocrine insufficiency. A Selenium homotaurocholic acid conjugated with
taurine (SeHCAT) scan is the gold standard for diagnosing bile acid malabsorption
with a sensitivity 100% and specificity 89%[65]. A capsule containing radiolabelled
SeHCAT is ingested and after 1-3 h and after 7 d a gamma scan is performed to
measure the SeHCAT retention in the body. Levels of 10%-15% retention are mild, <
10% as moderate and < 5% severe bile acid malabsorption[66,67]. A study in 57 patients
with GEP-NENs showed 80% of patients with bile acid malabsorption[68].
Following small intestine resection, a short bowel syndrome can develop and this is
usually the case when < 200 cm small bowel remains [69,70] . Adaptation in the
postoperative period over 1-2 years is possible[70]. No data exists on the prevalence of
short bowel syndrome in patients with GEP-NENs. Small bowel bacterial overgrowth
develops in the case of blind small bowel loops or strictures. A gold standard for the
diagnosis of small bowel bacterial overgrowth is lacking. Quantitative culture of
jejunal aspirate is frequently described but is an invasive procedure with upper
endoscopy and lacks a sterile environment to obtain a culture[71]. Hydrogen breath
tests are a widely used alternative for diagnosing small bowel bacterial overgrowth
with a sensitivity of 63% and specificity 83% compared to a jejunal culture[72,73]. In the
earlier mentioned study with 57 patients with GEP-NENs 62% of patients were
diagnosed with bacterial overgrowth[68].
Partially or total resection of the pancreas leads to decreased synthetic capacity of
pancreatic enzymes resulting in pancreatic exocrine insufficiency[74,75]. Faecal elastase
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Figure 1

Figure 1 Factors influencing malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms. Summary of factors influencing the
development of malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms.

can be measured as a marker for pancreatic exocrine insufficiency with a cut-off < 200
μg/g stool. In patients with chronic pancreatitis the sensitivity of faecal elastase
diagnosing pancreatic exocrine insufficiency is 63%-100% with a specificity of 83%93%[76-78]. In patients with GEP-NENs there is controversy about the role of faecal
elastase. In a study of 57 patients with GEP-NENs only 17% of patients had a low
faecal elastase despite symptoms of steatorrhoea[68]. Chaudhry et al[79] described 32
patients with GEP-NENs (27 small intestine, 5 pancreas and 7 other) on treatment
with a somatostatin analogue and 82% of patients had symptoms of steatorrhoea but
the faecal elastase was low in only 6 patients. The sensitivity of faecal elastase in this
study was only 15.4%. Another study on 50 patients with a metastatic NEN (n = 30
small intestine, n = 11 pancreas, n = 6 lung or n = 3 other) on somatostatin analogue
treatment the faecal elastase was a good marker for pancreatic exocrine insufficiency
although faecal samples were not available from all patients[80]. Faecal elastase could
be a useful marker to diagnose pancreatic exocrine insufficiency although data in
small groups of patients with NENs are conflicting.
Steatorrhoea could be one of the side effects of treatment with somatostatin
analogues due to the inhibition of pancreatic exocrine secretion[81,82]. A recent study on
50 patients starting with a somatostatin analogue showed that 24% developed
pancreatic exocrine insufficiency after a median of 2.9 mo, although the study lacks
data about previous surgery and altered anatomy of the GI tract[80].

TREATMENT OPTIONS
Malnutrition should be treated according to its causes as summarised in Figure 2. In
patients with diarrhoea due to CS, treatment should be to try to reduce hormone
levels[48]. A first step should be to optimise the dose of long acting somatostatin
analogues, and this could be achieved by increasing the dose, shortening the interval
or adding a short acting dose[83-85]. Another step could be palliative debulking surgery
or liver directed therapy with chemoembolization of the hepatic artery, radiofrequency ablation/microwave ablation or selective intra-hepatic radio-embolization
to lower the tumour burden and reduce hormone production [ 8 6 , 8 7 ] . Clinical
(symptomatic) responses after liver directed therapy are reported in up to 75%[88-91].
Recently telotristat ethyl, an oral inhibitor of tryptophan decarboxylase, has become
available for symptomatic patients for whom monotreatment with somatostatin
analogues not enough is to control diarrhoea. The TELESTAR trial was a phase III
double blind placebo-controlled trial in 135 patients with CS (defined as > 4 bowel
movements a day) were randomized to receive 250 mg telotristat ethyl tablet, 500 mg
telotristat ethyl tablet or placebo three times daily for 12 wk. There was a statistically
significant reduction in bowel movements in 42%-44% of patients (250 mg or 500 mg)
compared to 20% reduction in placebo patients after 12 wk. A significant reduction in
urine-5 HIAA level and improvement in quality of life scores was seen [92] . A
companion trial (TELECAST) looking at 126 patients with CS and less than 4 bowel
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Figure 2 Approach to patients with diarrhoea. Summary of causes of diarrhoea in patients with gastroenteropancreatic neuroendocrine neoplasms, how to analyse
and treatment advise. 1Optimise SSA’s: Increase dose, shorten interval or add short acting dose; 2Advise loperamide: Increasing dose 2-4-8 mg 4 times a day, up to
12-24 mg 4 times a day in short bowel syndrome; 3Advise codeine: 15-60 mg 4 times a day; Advise PERT: 1 × 25000 units of lipase per small meal 2 × 25000 units
lipase per large meal, titrate up may need > 80000 units per large meal. SSA’s: Somatostatin analogue’s; SeHCAT: Selenium homotaurocholic acid conjugated with
taurine; BOD: Twice a day; PERT: Pancreatic enzyme replacement therapy.

motions a day and with either loose stools or daily > 2 flushing episodes or abdominal
pain or nausea in > 20% of days or 5-HIAA urine levels above normal limits were
randomised to telotristat ethyl 250 mg, 500 mg or placebo for 12 wk. This trial showed
good safety data and classified 40% of patients on telotristat ethyl as durable
responders[28].
Another study published by Weickert et al[93], investigated the details of 120 patients
participating in the TELESTAR trial and telotristat ethyl’s effect on nutritional status
after 12 wk of treatment. Weight gain and improvement in nutritional markers as
albumin, cholesterol levels and triglycerides were seen in patients on telotristat ethyl
but not in patients on placebo. In two small studies with 11 and 14 patients with small
intestine NENs, liver metastases and CS there were reports of the positive effect of
ondansetron reducing diarrhoea[94,95]. If a SeHCAT shows bile acid malabsorption,
treatment with bile acid binding resins is advised. In patients with bile acid
malabsorption without NEN a response to colesevelam is reported in 50%-96% of
cases[66,67,96].
Short bowel syndrome should ideally managed by a dedicated multidisciplinary
team due its prolonged course and intensive fluid and nutritional management[69].
Medical treatment includes proton pump inhibitors to reduce gastric acid production
in the maximum dose of 40 mg twice daily. Loperamide is the cornerstone of
treatment to reduce small bowel mobility. A starting dose of 2 mg 4 times a day
(breakfast, lunch, diner, bedtime) is advised. This can be increased to 8 mg 4 times a
day but in case of short bowel up to 12-24 mg 4 times a day. Codeine phosphate is less
effective than loperamide but can be combined with loperamide to reduce small
bowel mobility. Doses starting with 15 mg 4 times a day gradually increasing up to 60
mg 4 times a day are advised. Octreotide 50-200 μg subcutaneously twice daily can be
tried for 3-5 d to reduce diarrhoea but many patients with NENs are already receiving
treatment with long acting somatostatin analogues. In addition intravenous fluids and
total parenteral nutrition (TPN) can be necessary[70,97].
Small bacterial overgrowth should be treated with antibiotics but there are no
guidelines as to which antibiotic is preferable. Broad spectrum antibiotics which affect
enteric aerobes and anaerobes are used and rifaximin may be preferable since it is not
absorbed (although not licensed for this indication)[71,98].
Pancreatic exocrine insufficiency as result of pancreatic surgery or a side effect of
somatostatin analogue treatment should be treated with pancreatic enzyme
replacement. The dose of pancreatic enzymes needs to be individually adjusted based
on dietary fat intake[99]. This would be ideally managed by a specialized dietician. A
suggestion for a starting dose could be 25000 units lipase (or equivalent) with a snack
and 2 × 25000 units lipase (or equivalent) with a large meal. This could gradually be
increased to 1-2 × 400000 units lipase with a small meal and 120000 units lipase with a
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large meal. If symptoms persist compliance and timing of ingestion of pancreatic
enzymes should be checked. Acid reduction using proton pump inhibitors may also
help to increase efficacy of supplements[99,100].
A more common side effect from somatostatin analogues can be diarrhoea[101,102].
These side effects often occur for 2-3 d after the injection but can occur daily and
decrease 6-12 mo after starting[103]. A first step in treatment can be loperamide 2-4 mg 4
times a day and can be increased to 8 mg 4 times a day[104,105]. Codeine can be added 15
mg 4 times a day and gradually increased to 60 mg 4 times a day[104,105]. In cases of
steatorrhoea pancreatic enzyme replacement therapy as described above can be
started.
Malnutrition should also be treated with nutritional support to increase body
weight. Several authors advise to include a dietician specialised in NENs to be part of
the multidisciplinary team[49,53]. No systematic guidelines for nutritional support exist
in patients with NENs. The American carcinoid cancer foundation published a
nutritional guideline in 2000 and updated version in 2009[106]. This guideline, intended
for patients, advises all patients to increase protein intake to restrict carbohydrate
servings (fruit, vegetables and whole grains) to 5-10 portions/day, moderate to low
fat intake (25%-30% of daily calories) and eat a variety of foods. In patients with CS,
foods provoking symptoms containing high levels of amines are advised to be
avoided. Examples of foods with high levels of amines are: Mature cheeses (cheddar,
camembert, stilton), alcohol beverages, smoked/salted or pickled fish or meat, liver,
caffeine containing drinks, chocolate, nuts, bananas, avocado, raspberries[106].
The ESPEN guideline on nutrition[13] in cancer recommends a total energy intake
ranging between 25-30 kcal/kg/day with a protein intake of 1 g/kg/day but ideally
1.5 g/kg/day. If oral nutrition remains inadequate despite interventions, enteral
nutrition is the first choice. Only in the case of severe intestinal insufficiency
(radiation enteritis, short bowel syndrome, peritoneal carcinomatosis or chylothorax)
should parenteral nutrition (TPN) be considered. The role of parenteral nutrition in
patients with cancer is controversial. Economics, traditions and ethical issues will
differ between countries. In some countries feeding of palliative cases is essential.
These countries tend to report survival benefits for TPN and in selected cases TPN
improves quality of life[107-112]. There are risks of life- threatening catheter infections
and septicaemia in the use of TPN[70]. There is one case report on the use of TPN in a
patient with a NEN[113] . The decision to start enteral nutrition should be made by the
multidisciplinary team if malnutrition is not improving with maximal oral and
medical support for 3-6 mo. The decision on starting TPN should only be made in
highly selected cases.

RECOMMENDATIONS
Screen patients with GEP-NENs for malnutrition every clinic visit (weight, BMI and
nutrition screening tool). Screen patients with GEP-NENs on treatment with
somatostatin analogues for fat soluble vitamin deficiencies once a year and start
supplementation. Screen patients with GEP-NENs and previous small bowel surgery,
without treatment somatostatin analogues once a year for fat soluble vitamin
deficiencies and start supplementation. Data is lacking on screening of trace elements.
In patients with diarrhoea try to analyse the cause and base the treatment on its cause.
A patient with GEP-NENs and malnutrition (BMI < 18.5 kg/m2 or > 5% weight loss in
3 mo) could benefit from dietician input.

CONCLUSION
There are multiple definitions of malnutrition and not all suitable for use in clinical
practice. Although the definition of malnutrition is not clearly defined, up to 40% of
patients with GEP-NENs are malnourished. Malnutrition is associated with longer
hospital stay, higher complication rate and lower response on treatment in a few
small studies. As part of the nutritional status fat soluble vitamin deficiencies are
often present in patients with GEP-NENs. Supplementation does not normalise
vitamin levels in every patient. The influence of vitamin deficiencies on survival is
less clear. Several factors may influence the nutritional status and diarrhoea is the
main one. Diarrhoea can have multiple causes in patients with GEP-NENs and
requires systematic investigation and treatment. Multidisciplinary care with a
dietician is necessary for every malnourished patient with GEP-NENs.
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Abstract
There is overwhelming evidence that functional gastrointestinal disorders
(FGIDs) are associated with specific mechanisms that constitute important targets
for personalized treatment. There are specific mechanisms in patients presenting
with functional upper gastrointestinal symptoms (UGI Sx). Among patients with
UGI Sx, approximately equal proportions (25%) of patients have delayed gastric
emptying (GE), reduced gastric accommodation (GA), both impaired GE and GA,
or neither, presumably due to increased gastric or duodenal sensitivity.
Treatments targeted to the underlying pathophysiology utilize prokinetics,
gastric relaxants, or central neuromodulators. Similarly, specific mechanisms in
patients presenting with functional lower gastrointestinal symptoms, especially
with diarrhea or constipation, are recognized, including at least 30% of patients
with functional constipation pelvic floor dyssynergia and 5% has colonic inertia
(with neural or interstitial cells of Cajal loss in myenteric plexus); 25% of patients
with diarrhea-predominant irritable bowel syndrome (IBSD) has evidence of bile
acid diarrhea; and, depending on ethnicity, a varying proportion of patients has
disaccharidase deficiency, and less often sucrose-isomaltase deficiency. Among
patients with predominant pain or bloating, the role of fermentable
oligosaccharides, disaccharides, monosaccharides and polyols should be
considered. Personalization is applied through pharmacogenomics related to
drug pharmacokinetics, specifically the role of CYP2D6, 2C19 and 3A4 in the use
of drugs for treatment of patients with FGIDs. Single mutations or multiple
genetic variants are relatively rare, with limited impact to date on the
understanding or treatment of FGIDs. The role of mucosal gene expression in
FGIDs, particularly in IBS-D, is the subject of ongoing research. In summary, the
time for personalization of FGIDs, based on deep phenotyping, is here;
pharmacogenomics is relevant in the use of central neuromodulators. There is
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still unclear impact of the role of genetics in the management of FGIDs.
Key words: Gastrointestinal symptoms; Gastric emptying; Gastric accommodation;
Diarrhea; Constipation; Irritable bowel syndrome; Bile acid diarrhea; Phenotypes;
Pharmacogenomics; Prokinetics; Neuromodulators
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Functional gastrointestinal disorders (FGIDs) are associated with mechanisms
that constitute important targets for personalized treatment. Patients with upper
gastrointestinal (GI) symptoms may have delayed gastric emptying (GE), reduced gastric
accommodation (GA), both impaired GE and GA, or neither. Treatments targeted to the
underlying pathophysiology utilize prokinetics, gastric relaxants, or central
neuromodulators. Patients with functional lower GI symptoms may have constipationpredominant irritable bowel syndrome, pelvic floor dyssynergia, colonic inertia,
diarrhea-predominant irritable bowel syndrome, bile acid diarrhea, or disaccharidase or
sucrose-isomaltase deficiency. Personalization is applied through pharmacogenomics
related to drug pharmacokinetics, specifically the role of CYP2D6, 2C19 and 3A4. The
time for personalized treatments of FGIDs is here.

Citation: Wang XJ, Camilleri M. Personalized medicine in functional gastrointestinal
disorders: Understanding pathogenesis to increase diagnostic and treatment efficacy. World J
Gastroenterol 2019; 25(10): 1185-1196
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1185.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1185

INTRODUCTION
Functional gastrointestinal disorders (FGIDs) encompass a group of gastrointestinal
(GI) conditions characterized by chronic or recurrent GI symptoms without
biochemical or structural abnormalities[1]. The most widely known of the FGIDs
include functional dyspepsia and irritable bowel syndrome (IBS), with other
conditions such as functional constipation, abdominal bloating, and functional
abdominal pain syndrome being increasingly recognized. FGIDs are highly prevalent,
with IBS reported in about 10%-15% of the North America population, and with some
studies showing up to 20% prevalence[2]. Similar prevalence rates (7.0%-20.4%) are
reported for functional dyspepsia[3]. While the diseases are generally grouped based
on focal primary digestive symptoms (i.e., functional dyspepsia based on upper GI
symptoms), it is important to note that the intestinal tract functions as a unit, and
disorders in a specific segment can produce symptoms in a separate area, for example,
constipation leading to delayed gastric emptying[4]. Table 1 provides a summary of the
disease phenotypes, characterized by the symptoms and pathophysiology, as well as
their diagnosis and treatment. Table 2 summarizes pharmacological treatments
(current or in development) for indications based on accurate phenotyping of GI
disorders.
While these conditions generally do not contribute to mortality, they cause
significant morbidity and often lead to extensive, often repetitive, diagnostic workups, incurring significant cost, as well as frustration for both patient and provider.
Evaluation of a teaching hospital gastroenterology clinic showed that 34.9% of new
patient referrals in a two-year period had a diagnosis of a FGID[5]. Preliminary data
from our group show that patients undergo an average of three endoscopic
procedures and 1.2 cross-sectional imaging tests [computed tomography (CT),
magnetic resonance imaging (MRI) of abdomen and pelvis] prior to receiving a
diagnosis of bile acid diarrhea. A large systematic review reported that up to 70%-80%
of patients undergoing endoscopy for dyspepsia would be diagnosed with functional
dyspepsia[6]. Similarly, in patients who met Rome I criteria for IBS, structural disease
was found in only 2% by colonoscopy[7], suggesting that testing for FGIDs is over
utilized.
Despite the prevalence of these conditions, diagnosis and management remain
challenging due to their heterogenous nature. However, with improved diagnostic
tools and increased understanding of the specific pathophysiologic mechanisms
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Table 1 Commonly encountered gastrointestinal diseases and their phenotypic presentations (symptoms and pathophysiology) and
management principles
Treatment options or
selections

Disease phenotype

Symptoms

Pathophysiology

Diagnosis

Functional dyspepsia

Postprandial fullness, early
satiety; Epigastric pain,
epigastric burning

Alterations in gastric
emptying and/or gastric
accommodation

Gastric emptying study;
Gastric accommodation
studies (SPECT, MR imaging)

Reduced GE and/or GA →
prokinetic or gastric
relaxants; Normal GE and
GA → central pain modulator

Outlet dysfunction
constipation

Constipation, abdominal pain

Pelvic floor dyssynergia

Anorectal manometry with
balloon expulsion test; MR
defecography

Pelvic floor rehabilitation
with biofeedback training

Slow transit constipation

Constipation, abdominal pain

Decreased colonic motility

Colon transit studies with
radiopaque markers or
scintigraphy or wireless
motility capsule

Prokinetic agents; Secretory +
stimulant laxatives; Total
colectomy with ileo-rectal
anastomosis

Bile acid diarrhea

Diarrhea; Abdominal pain

Increased bile acid synthesis/ Total fecal bile acids; Fecal
decreased bile acid
bile acid composition; Serum
absorption
7-α-hydroxy-4-cholesten-3one

Bile acid binders

GE: Gastric emptying; GA: Gastric accommodation; SPECT: Single-photon emission computed tomography; MR: Magnetic resonance.

underlying these conditions, it is possible to identify specific mechanisms among
patients presenting with the same symptom complexes in the different categories of
FGIDs, allowing for tailored therapy with increased chances of success.
This review proposes an individualized approach to the management of FGIDs:
understanding mechanisms that result in patients’ symptoms, utilizing appropriate
diagnostic testing, and choosing targeted therapies to provide personalized care in the
management of the FGID. Four decades ago, there was a plea to move towards
positive symptom-based diagnosis of IBS; this led to profuse criteria for diverse
symptom complexes, and the criteria have been revised and refined almost every
decade since then[8]. As more specific diagnoses are identified, these disorders could
be identified as specific diagnoses instead of being bundled under the “umbrella”
diagnosis of FGIDs. For this review, we will follow the current convention of
grouping these disorders as “functional” GI disorders, but we will also document
specific phenotypes that call for specific, targeted treatments.
Understanding the pathophysiological mechanisms causing FGIDs and developing
valid clinical diagnostic tests are the first steps in the process of positive disease
diagnosis, moving these disorders from diagnoses of exclusion after extensive or
limited evaluations to rule out organic diseases[9]. With increased recognition of the
importance of peripheral mechanisms in the etiopathogenesis of IBS, there is a
renaissance[10,11] in the field of FGIDs, which should lead from a hit-or-miss approach
for symptom relief to the targeted, personalized treatment based on specific diagnosis
and pharmacogenomics.

GASTRIC DYSFUNCTIONS AS A BASIS FOR TREATMENT
IN FUNCTIONAL DYSPEPSIA
Functional dyspepsia is defined by Rome IV criteria as any combination of
postprandial fullness, early satiety, epigastric pain, and epigastric burning occurring
at least three days per week over the last three months, with an onset of at least six
months prior to evaluation[12]. In the absence of alarm symptoms and signs, treatment
can be initiated empirically without endoscopic evaluation. Functional dyspepsia is
further subdivided into postprandial distress syndrome and epigastric pain
syndrome, depending on whether the symptoms are associated with meal ingestion.
Most patients have been treated with or tried anti-acid secretory medications by the
time they see a gastroenterologist. The empiric choice follows a “hunch”, a perception
by the clinician of the underlying cause of the patient’s symptoms. Indeed, it may be
feasible to select a prokinetic for postprandial distress or a central neuromodulator for
epigastric pain syndrome.
While there are many proposed mechanisms for the pathophysiology of functional
dyspepsia, alterations in gastric function, as measured by gastric emptying (GE) and
gastric accommodation (GA), have been correlated with symptoms and are potential
targets for treatment. Among 1287 patients who underwent GE and GA studies,

WJG

https://www.wjgnet.com

1187

March 14, 2019

Volume 25

Issue 10

Wang XJ et al. Personalized medicine in FGIDs

Table 2 Pharmacological treatments (current or in-development) for indications based on accurate phenotyping of gastrointestinal
disorders
Mechanism of
action

Indication

Typical doses

Relamorelin

Synthetic ghrelin
analog

Diabetic gastroparesis

Acotiamide

Acetylcholinesterase
inhibitor

Colesevelam

Bile acid
sequestrants

Drug

Phases of trials
completed

Study design

Important results

10 µg b.i.d. SQ

Phase 2 (Phase 3 ongoing); Multicenter,
randomized, doubleblind, placebocontrolled, parallelgroup study; 2 wk
single-blind, placebo
run-in[18]

Diabetic
gastroparesis
patients (n = 393);
Placebo (n = 104) vs
relamorelin [10 µg (n
= 98), 30 µg (n =
109), 100 µg (n = 82)]
twice daily × 12 wk

Symptoms of
diabetic
gastroparesis (but
not vomiting
frequency)
significantly
reduced vs placebo
in all relamorelin
groups; Significant
acceleration of GE
from baseline vs
placebo; Doserelated worsening of
glycemic control in
relamorelin arm[18]

Functional
dyspepsia

100 mg t.i.d.

Phase 3 Multicenter,
single arm, open
label safety trial[66]

Functional
Dyspepsia patients
(n = 207);
Acotiamide three
times daily × 1 yr

Improved
postprandial
fullness, early
satiation, quality of
life, work
productivity; No
significant adverse
effects[66]

BAD

625-1875mg b.i.d.

Colestipol

BAD

Prucalopride

5-HT4 receptor
agonist

Tegaserod

Alosetron

5 g daily initially, +
FDA approved for
5 g/ mo increase up
primary
to 30 g daily
hypercholesterolemi
a

CC

1 mg (> 65 yr); 2 mg
(< 65 yr) q.d.

IBS-C and CC

2 or 6mg bid

IBS-D

0.5-1.0 mg b.i.d.

5-HT3 receptor
antagonist

FDA approved for
IBS-D with prior
Increased fecal total
DM2 and
evidence of
bile acid, and
hyperlipidemia;
increased bile acid
deoxycholic acid
Single center,
synthesis/excretion
excretion by
unblinded single- (n = 12): colesevelam sequestration by BA
dose trial in IBS with 1875 mg twice daily
binder; Increased
BAD[67]
× 10 d
serum C4; More
solid stool
consistency[67]

FDA approved;
Multiple Phase 3:
multicenter,
randomized,
placebo-controlled,
parallel group
trials[69]

No large trials for
primary therapy in
treatment of bile
acid diarrhea[68]

Can consider in
those who do not
tolerate colesevelam
or cholestyramine[68]

Chronic constipation Significant increase
patients (n = 620);
in patients with
Placebo vs
three or more
prucalopride 2 mg
spontaneous,
vs prucalopride 4
complete bowel
mg
movements/week
with 2 mg
prucalopride vs
placebo NNT = 5[69]

FDA approved for
9242 patients in 11
Relative risk of
patients with low
trials (3 only
symptoms persisting
cardiovascular risk;
females, 8 studies
= 0.85% (95%CI:
Multiple phase 3
with constipation
0.80-0.90, I2 = 57%);
and 4 trials with
predominant
NNT = 10[70]
several; Systematic patients); Tegaserod
reviews and Meta0.5-12 mg twice
analyses showing
daily for 4 to 20 wk
[70]
consistent efficacy
FDA approved;
Multiple phase 3
and 4 trials with
several; Systematic
reviews and Metaanalyses showing
consistent efficacy[70]

4987 IBS patients in
Relative risk of
8 trials (5 with only symptoms persisting
female participants); = 0.79; (95%CI: 0.69Alosetron (dose
0.90, I2 = 85%) NNT
range studied 0.1 to
= 8[70]
8 mg) twice daily
compared to placebo

BAD: Bile acid diarrhea; CC: Chronic constipation; IBS: Irritable bowel syndrome; IBS-C: IBS-constipation; IBS-D: IBS-diarrhea; FDA: Food and Drug
Administration; DM2: Type 2 diabetes mellitus; GE: Gastric emptying; NNT: Number needed to treat; CI: Confidence interval.

patients with delayed GE had more frequent nausea, vomiting, and weight loss, and
less frequent bloating. Nausea, vomiting, and belching symptoms were significantly
different among patients with normal, increased, or decreased GA. Vomiting was
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more prevalent in patients with both abnormal GA and GE[13]. A meta-analysis of 25
studies showed significant associations between altered GE and nausea, vomiting,
abdominal pain, and early satiety in patients presenting with upper GI symptoms[14].
Importantly, a review of the current literature showed significant heterogeneity in GE
and GA testing, with significant differences observed in the relationship of delayed
GE with upper GI symptoms between studies that used optimal versus suboptimal
methods. GE and GA testing should be conducted with appropriate meal and testing
length in order to ensure accurate results[15].
In patients with functional dyspepsia with altered GE and/or GA, treatments such
as prokinetic medications or gastric relaxants, respectively, may be beneficial in
symptom management. Conversely, in patients with upper GI symptoms, but no
alteration in gastric functions, central pain modulators such as tricyclic
antidepressants (nortriptyline, amitriptyline), a combination antidepressant that acts
by antagonizing adrenergic α2-autoreceptors and α2-heteroreceptors as well as by
blocking 5-HT2 and 5-HT3 receptors (mirtazapine), or an α2δ ligand (Pregabalin) may
be more beneficial as initial therapy to treat duodenal hypersensitivity. It is important
to note that these medications, particularly mirtazapine, also impact gastric function[16]
and may provide relief by addressing underlying dysfunction as well as pain
modulation.
However, there is a dearth of evidence from large phase 3 trials in the literature
assessing this pathophysiology-centered approach in functional dyspepsia and a lack
of effective treatments. The best proof-of-principle comes from phase 2 studies of
relamorelin, albeit in patients with diabetes with gastroparesis, whose GE and
symptoms improved[17,18], and from studies with acotiamide in less than 40 patients
which showed concordant results between GA and symptoms[19].

MECHANISMS AND TREATMENTS OF FUNCTIONAL
LOWER GI DISORDERS
Functional lower GI disorders include diarrhea-IBS (IBS-D), IBS-constipation (IBS-C),
or IBS-mixed, as well as the overlapping disorders of functional diarrhea and
functional constipation. The important distinguishing factor between IBS and the
functional bowel alterations according to Rome IV criteria is the presence of pain
associated with alteration of bowel habits with IBS diagnosis, that is, the presence of
pain with alteration of bowel movements and relief of pain with defecation[20]. These
“umbrella diagnoses” can be further characterized by mechanism or pathophysiology,
leading to targeted treatment.

Outlet dysfunction constipation, colonic inertia and overlap with lower FGIDs with
constipation
It is recognized that, among patients with lower FGIDs and constipation, at least 30%
suffer from pelvic floor dyssynergia, causing outlet dysfunction constipation, and 5%
from colonic inertia (with neural or ICC loss in myenteric plexus), causing slow transit
constipation. Importantly, up to 50% of patients with outlet dysfunction constipation
have slow transit constipation as a result of the evacuation disorder[21]. Therefore, the
diagnostic assessment should begin with anorectal testing, including digital rectal
exam, anorectal manometry and balloon expulsion testing. A digital rectal exam,
performed by an experienced clinician, can correctly identify features such as high
anal sphincter tone and paradoxical contraction of the pelvic floor that is associated
with abnormal anal relaxation or abnormal rectoanal pressure differential. The
balloon expulsion time of 60 seconds has a low sensitivity for identifying rectal
evacuation disorder[22] . If, on digital rectal exam, there is concern about mucosal
intussusception, pelvic organ prolapse, or descending perineum syndrome[23] which is
increasingly recognized in Ehlers-Danlos syndrome [ 2 4 ] , magnetic resonance
defecography can be pursued to evaluate the rectal region during active evacuation[25].
If anorectal evaluation is normal, evaluation for slow transit constipation can be
considered, utilizing radiopaque markers, colonic transit scintigraphy, or wireless
motility capsules[26].
In patients who show abnormal parameters on anorectal manometry or with failure
to pass a rectal balloon in 60 s, treatment of pelvic dyssynergia should be undertaken
with pelvic floor rehabilitation. The benefit of pelvic floor rehabilitation largely lies in
biofeedback training, in which patients are taught to control their pelvic floor muscles
and anal sphincters to reverse maladaptive learning including paradoxical
movements or relax high pressures, depending on the manometric abnormality.
Biofeedback training has been reported to improve more than 60% of patients with
constipation due to pelvic floor dyssynergia; patients who used digital maneuvers
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and those with lower baseline levels of bowel satisfaction were more likely to have
treatment success[27]. Home-based biofeedback retraining has been as effective as
office-based retraining[28], which was previously shown to be superior to diet, exercise,
and laxatives as standard therapy for constipation[29].
In patients with slow colonic motility alone who are refractory to treatment with
laxatives, further testing can be undertaken with colonic manometry and barostat
studies to evaluate colonic motor activity, including meal-induced gastrocolonic
response and response to stimulant laxatives and cholinesterase inhibitors
(neostigmine) [30,31] . If there is evidence of colonic motor activity in response to
physiological and pharmacological stimuli, treatment with the oral cholinesterase
inhibitor, pyridostigmine, can be considered[32]. Recently, the selective serotonin-4 (5HT4) receptor agonist, prucalopride, which stimulates colonic peristalsis and enhances
bowel motility, received FDA approval and can be considered in patients with
evidence of reduced colonic motility. If there is no evidence of normal motor activity
and no response to stimulation with neostigmine or supervised therapeutic trial,
laparoscopic colectomy with ileorectal anastomosis can be considered.

Bile acid diarrhea
While bile acid diarrhea is usually recognized in patients with ileal disease or ileal
resection, recent studies have documented that between 25% and 50% of patients with
functional diarrhea or IBS-D have bile acid diarrhea, and have symptom improvement
on bile acid sequestrants[33]. In primary or idiopathic bile acid malabsorption, also
known as type 2 bile acid malabsorption, there is an increased fecal load of bile acids
in the absence of ileal or other structural gastrointestinal diseases. While the etiology
of the increase is unclear, the prevailing theories include a deficiency in feedback
inhibition of bile acid synthesis by fibroblast growth factor (FGF)-19 causing excess
hepatic production due to reduced ileal enterocyte mRNA expression[34], or genetic
variants in the hepatocyte receptor or associated protein (KLB and FGFR4)[35] that are
activated by FGF-19 to reduce CYP7A1, the rate-limiting enzyme in the synthesis of
bile acids. These bile acids act in the colon to increase colonic mucosal permeability,
water secretion, mucus production, and to accelerate colonic motility[36].
To assess patients for bile acid diarrhea, fecal bile acid load can be evaluated
directly by measurement of total and individual fecal bile acids, with excretion of >
2337 μmol per 48 h or > 10% primary bile acids (chenodeoxycholic acid, deoxycholic
acid) as an indication of bile acid malabsorption. Mild elevations in total bile acids
should be interpreted with caution, as increased colonic transit may lead to reduced
passive absorption of bile acids in the colon and an increase in the fecal levels[37]. If
available, serum C4 (7-alpha-hydroxy-4-cholesten-3-one) is a simple blood test
measuring bile acid synthesis, with a sensitivity of 90% and specificity of 79% for the
diagnosis of bile acid malabsorption[38]. This test should be performed on a fasting
serum sample collected in the morning before 10:00 a.m., due to diurnal variability.
If diagnosed, bile acid diarrhea can be treated with intraluminal bile acid binders,
cholestyramine and colestipol, though evidence of efficacy comes mainly from openlabel studies. These intraluminal bile acid binders have shown benefit in bowel
symptoms and global symptoms in the treatment of patients with IBSD with evidence
of bile acid malabsorption, but are limited by their poor palatability. Colesevelam is
better tolerated and has shown efficacy in improvement in stool consistency, but its
use may be limited by cost[36].

Disaccharidase malabsorption
Worldwide, about 65% of adults lose the ability to digest lactose, with ethnically
determined prevalence ranging from less than 10% in Northern Europeans to over
90% in East Asians[39]. In the absence of adequate lactase at the intestinal brush-border,
lactose is unable to be cleaved to monosaccharides (glucose and galactose) and, thus,
it reaches the colon unabsorbed. In the colon, lactose is broken down by commensal
bacteria, producing hydrogen gas and symptoms of abdominal pain, distension,
borborygmi, flatus, and diarrhea[40]. Lactase deficiency can be evaluated with a simple
hydrogen breath test following lactose load. While this diagnosis is commonly
known, studies have found that symptoms in up to 25.8% of patients diagnosed with
IBS-D were related to lactose deficiency, and 52% of patients were unaware of
symptoms association with lactose ingestion[41]. Once diagnosed, most patients are
able to tolerate lactose intake equivalent to 240 mL of milk without symptoms,
particularly, if ingested in divided amounts rather than a single dose[42]. Otherwise,
dietary avoidance or the use of digestive aids can provide adequate symptom control.
While sucrose-isomaltase deficiency is an uncommon congenital condition, the
diagnosis is often not recognized, and children can present with unexplained signs
and symptoms which persist into adulthood. Similar to undigested lactose, arrival of
these non-absorbed disaccharides in the colon can lead to gas fermentation by
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bacteria, as well as osmotic diarrhea. Malabsorbed sugars, such as fructose and
lactose, lead to clusters of gastrointestinal symptoms, rather than symptoms typically
associated with brain dysfunction [43] . Other uncommon genetic carbohydrate
intolerances include glucose-galactose malabsorption. These conditions can be severe
enough to cause failure to thrive and malnutrition in children, but tolerance can
improve as the children age. In patients with prolonged history of symptoms,
particularly if related to meals, diagnostic evaluation can be pursued with
disaccharidase activity assays on proximal small bowel biopsies[44].

Abdominal pain, bloating and the low fermentable oligosaccharides, disaccharides,
monosaccharides and polyol diet
Among patients with predominant pain or bloating, the role of fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) may be
considered. As above, lactase insufficiency should first be evaluated prior to
implementing the nutritionally-restrictive full low-FODMAP diet. Biologically,
humans are unable to enzymatically cleave the fructose-fructose bonds needed to
break down the oligosaccharides which compose fructans and galactans. Polyols, or
sugar alcohols, are also incompletely absorbed and can reach the colon intact. These
components can be fermented similar to undigested lactose and cause osmotic
diarrhea, leading to symptoms of IBS-D. Monosaccharides and disaccharides are
generally absorbed by brush border transporters and enzymes, and, in the absence of
congenital deficiencies above, should not cause significant GI distress.
Once a low FODMAP diet is implemented, if symptoms are controlled, dietary
components should be slowly reintroduced as tolerated in order to allow patients a
larger variety of nutritional sources and improved quality of life. If symptoms
continue to be uncontrolled or if patients manifest other features, concern for chronic
pain syndrome and central neuromodulators would be indicated. Dietary fiber
supplementation may be beneficial for patients with IBS-C or chronic constipation. In
addition, prebiotics, ingredients unable to be digested by the human intestinal tract
but that support the growth of intestinal microbiota, may play a role in improvement
of the gut microbiome[45,46]. Conversely, ultra-processed foods may be associated with
a higher risk of IBS[47]. Dietary fibers, as well as prebiotics, are often empirically
utilized, and it is unclear whether phenotyping can identify the best candidates for
these therapies.

Brain-gut permeability-microbiome interactions
An authoritative review in 2014 opined that it was unclear whether IBS symptoms are
caused by alterations in brain signaling from the intestine to the microbiota or
primary disruption of the microbiota, and whether they are involved in altered
interactions between the brain and intestine during development[48]. Recent data
support these interactions in part through increased intestinal permeability. This
interaction likely underlies the strong association between FGIDs and psychological
disorders, with up to 50%-94% of IBS patients carrying diagnoses of general anxiety
disorder or major depression[49]. De Palma et al. showed that engraftment of fecal
microbiota from IBS patients into germ-free mice led to development of not only
increased GI transit and gut barrier dysfunction, but also anxiety-like behavior
compared to those receiving fecal microbiota from control patients[50]. In addition to
central neuromodulators, patients with concomitant psychological disorders may
benefit from cognitive behavior therapy or hypnotherapy[51].
Studies in vitro of permeability of colonic mucosa [52] from patients with IBS
suggested that there is increased paracellular permeability to 51Cr-EDTA; these data
confirm a significant literature documenting increased intestinal or colonic
permeability in IBS using orally administered probe molecules, principally
saccharides[53]. Bednarska et al[52] also showed increased transcellular permeability to
live bacteria. Gaps among terminal ileal epithelial cells in IBS or among duodenal cells
have also been documented in response to food allergens[54,55]. These data may provide
the rationale for bacteria or their toxins impacting brain function, as demonstrated
through correlations of permeability and brain structure and function [56] . A
probiotic[57], B. infantis M-63, has seemed to be effective in improving mental health in
patients who developed IBS after floods, and this may be due to restoration of
microbial balance and the gut-brain axis.
Fecal microbiota transplantation has also been explored as a potential treatment of
FGIDs, particularly IBS, with the intent of restoring the microbiome to a healthy
state[58]. Further studies are needed to help determine the appropriate goal of the
microbiota change and the composition of “healthy gut” microbiota. Rigorous trials
need to be conducted to evaluate the safety of these transplants for use in FGIDs,
which generally carry low mortality risk, as well as to evaluate the long-term
durability of results.
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For this field to advance, we require further validated measurements of
permeability that are applicable noninvasively in clinical practice as an essential first
step, followed by provision of evidence that interventions (dietary, probiotic,
microbial transplant, or pharmacological) can restore barrier function to normal. At
present, none of the three dimensions (intestinal permeability, microbiome or brain
imaging) is applicable in the personalized medicine arena.

THE “-OMICS” AND PRECISION MEDICINE
Pharmacogenomics and drug pharmacokinetics
Pharmacogenomics evaluates the impact of changes in an individual patient’s genetic
code on drug metabolism or on a therapeutic target. Genetic differences in drug
metabolism can lead to increased or decreased response to a standard dose of
medication in different patients and may lead to unintended toxicity or poor
response, respectively. The cytochrome p (CYP) 450 enzymes are responsible for
phase I metabolism of numerous drugs, and genetic variations in several of these
enzymes have been implicated in response to treatment in FGIDs.
Central pain modulators, including the tricyclic antidepressants and the selective
serotonin reuptake inhibitors (SSRIs), are frequently used to treat pain in patients
with FGIDs. These drugs are metabolized by the CYP2D6 enzyme, which has more
than 100 genetic variations that determine functionality of the enzymes. The number
of functional CYP2D6 genes was shown to correlate with nortriptyline metabolism[59],
but the clinical implications of this observation are still unproven in clinical trials or
practice, except in individual patients.
CYP2C19 is responsible for inactivation of proton pump inhibitors, as well as the H2
receptor antagonist, cimetidine. Increased activity variants of CYP2C19 can lead to
poor response to proton pump inhibitors (PPIs) in patients with functional dyspepsia.
In these cases, rabeprazole should be considered, as it is metabolized through the
CYP3A4 system. The CYP3A4 system is also responsible for the metabolism of
alosetron, a 5HT3 receptor antagonist used in treatment of IBS-D. Decreased activity
variants of CYP3A4 or concomitant use of benzodiazepines, which are also
metabolized by the same enzyme, may lead to increased drug effects and higher risk
of toxicity[60].

Mutations and genetic variants in FGIDs
While specific genetic variants have not been identified as therapeutic targets, there
are several polymorphisms which alter GI transit and may influence the development
of FGIDs. The serotonin-transporter protein (SERT) is located on a presynatic neuron
and clears 5-HT from the synaptic cleft, limiting downstream activation of receptors
that stimulate colonic transit. Allelic variants of the gene 5-HTTLPR, which
determines SERT synthesis, can cause decreased SERT protein and increased
serotonergic activation and accelerated colonic transit[61]. The presence of variations
causing decreased SERT has also been seen to decrease the response to the 5HT3
receptor antagonist, alosetron, and to increase the response to the 5HT4 receptor
agonist, tegaserod, both used in the treatment of IBS-C[62].

Mucosal gene expression and FGIDs
Several studies have now evaluated mucosal gene expression in FGIDs, particularly in
patients with IBS. In the IBS-D cohort, prior studies have shown altered transcription
of proteins involved in ion transport, barrier function, immune regulation, and mast
cell activation in jejunal and colorectal mucosa[63,64]. Further study of these changes
may allow improved understanding of the pathophysiology of IBS and potentially
influence development of future therapeutic targets.

LIMITATIONS
Recommendations suggested in our review are limited by the lack of availability of
“deep phenotyping”, even in specialty or academic centers. For example, nuclear
medicine SPECT imaging and MRI for measurement of gastric accommodation are
only available or offered in limited facilities. In addition, there is currently significant
heterogeneity in testing protocols and interpretation of results which leads to lack of
standardization, both in clinical data and in research. This is often observed in gastric
emptying studies where different protocol meals are utilized, leading to different
expected parameters. Similarly, balloon expulsion times in anorectal manometry have
“normal” cut offs ranging from 60 s to up to 3 min in different centers. Lastly, there is
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currently a lack of robust evidence that understanding or deeply characterizing
patient phenotype will lead to improved patient outcomes, partly due to lack of
effective treatments available, particularly for gastroparesis and gastric
dysaccommodation. However, we perceive that the future clinical practice will be
enhanced by standardization of measurements in research and clinical practice and
will facilitate development of new targeted therapies, and ultimately improve patient
care.

CONCLUSION
In summary, the time for personalization of treatments for FGIDs, based on “deep
phenotyping”, is here. FGIDs should no longer be considered diagnoses of exclusion
following extensive structural work-up. Instead, after a thorough history, patients
should receive targeted assessment and testing, depending on their symptom profile,
to evaluate the likely subtypes of FGIDs, with subsequent targeted treatment. This
shift in approach will improve patient compliance, decrease costs for work-ups[65], and
potentially decrease both patient and provider frustration. Pharmacogenetics is
currently clinically relevant in the use of central neuromodulators and PPIs, and
evaluation for genetic variants should be considered in patients who are not
responding as expected to treatment. The role of genetics in the management of
FGIDs is still a maturing field. With greater understanding of the pathophysiology of
these disorders and validation of clinically-applicable diagnostic tests, patient-based
research will provide more personalization of diagnosis and management for patients
with FGIDs. As the etiologies and pathophysiologies of these disorders are identified
and symptoms are able to become classified under specific diagnoses, we anticipate
that the umbrella category of “functional” GI disorders will ultimately be replaced by
separate and specific diseases. The examples of slow transit constipation, rectal
evacuation disorders and bile acid diarrhea already demonstrate the clinical relevance
of these phenotypes to personalize medicine.
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Abstract
BACKGROUND
It was shown in previous studies that high definition endoscopy, high
magnification endoscopy and image enhancement technologies, such as
chromoendoscopy and digital chromoendoscopy [narrow-band imaging (NBI), iScan] facilitate the detection and classification of colonic polyps during
endoscopic sessions. However, there are no comprehensive studies so far that
analyze which endoscopic imaging modalities facilitate the automated
classification of colonic polyps. In this work, we investigate the impact of
endoscopic imaging modalities on the results of computer-assisted diagnosis
systems for colonic polyp staging.
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AIM
To assess which endoscopic imaging modalities are best suited for the computerassisted staging of colonic polyps.
METHODS
In our experiments, we apply twelve state-of-the-art feature extraction methods
for the classification of colonic polyps to five endoscopic image databases of
colonic lesions. For this purpose, we employ a specifically designed experimental
setup to avoid biases in the outcomes caused by differing numbers of images per
image database. The image databases were obtained using different imaging
modalities. Two databases were obtained by high-definition endoscopy in
combination with i-Scan technology (one with chromoendoscopy and one
without chromoendoscopy). Three databases were obtained by highmagnification endoscopy (two databases using narrow band imaging and one
using chromoendoscopy). The lesions are categorized into non-neoplastic and
neoplastic according to the histological diagnosis.
RESULTS
Generally, it is feature-dependent which imaging modalities achieve high results
and which do not. For the high-definition image databases, we achieved overall
classification rates of up to 79.2% with chromoendoscopy and 88.9% without
chromoendoscopy. In the case of the database obtained by high-magnification
chromoendoscopy, the classification rates were up to 81.4%. For the combination
of high-magnification endoscopy with NBI, results of up to 97.4% for one
database and up to 84% for the other were achieved. Non-neoplastic lesions were
classified more accurately in general than non-neoplastic lesions. It was shown
that the image recording conditions highly affect the performance of automated
diagnosis systems and partly contribute to a stronger effect on the staging results
than the used imaging modality.
CONCLUSION
Chromoendoscopy has a negative impact on the results of the methods. NBI is
better suited than chromoendoscopy. High-definition and high-magnification
endoscopy are equally suited.
Key words: Endoscopy; Colonic polyps; Automated diagnosis system; Narrow-band
imaging; Chromoendoscopy; Imaging modalities; Image enhancement technologies
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: To determine which endoscopic imaging modalities are most suited for the
automated diagnosis of colonic polyps, we apply a high number of state-of-the-art
diagnosis systems to 5 endoscopic image databases obtained by different imaging
modalities. We show that narrow-band imaging is well suited, whereas
chromoendoscopy clearly decreases the results. High-definition and high-magnification
endoscopy perform equally well. The image recording conditions have a great impact on
the performance of the automated diagnosis systems.

Citation: Wimmer G, Gadermayr M, Wolkersdörfer G, Kwitt R, Tamaki T, Tischendorf J,
Häfner M, Yoshida S, Tanaka S, Merhof D, Uhl A. Quest for the best endoscopic imaging
modality for computer-assisted colonic polyp staging. World J Gastroenterol 2019; 25(10):
1197-1209
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1197.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1197

INTRODUCTION
The demand for cost saving strategies with respect to discovery, treatment and
surveillance of precursor lesions of colorectal cancer is high.
To date, the discovery of areas or lesions of interest depends on the endoscopist’s
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awareness, skills, experience and knowledge. Subsequent evaluation relies mainly on
a variety of established classification systems [1] that utilize different image
enhancement technologies.
Detection, surveillance and treatment all require high diagnostic accuracy.
Threshold criteria have been suggested by professional societies like the American
Society for Gastrointestinal Endoscopy (ASGE)[2].
Although image enhancement technologies such as chromoendoscopy and digital
chromoendoscopy [e.g., narrow-band imaging (NBI), Pentax’s i-Scan or Fujinon’s
FICE] improve the detection, characterization and classification of colonic precursor
lesions, it has been argued that this improvement applies for specialist centers only.
Technical features of modern endoscopes and the body of information, which have to
be applied during endoscopy, are rising steadily and, therefore, pose a challenge to
the endoscopist. In fact, even after educational programs to train endoscopists, not all
ASGE goals could be met by the majority of doctors, leading to misdiagnoses and
inadequate surveillance strategies[3].
Chromoendoscopy can be subdivided into conventional chromoendoscopy (CC)
and digital chromoendoscopy: (1) CC came into clinical use 40 years ago. Staining the
mucosa using (indigo-carmine) dye spray enables an easier detection and staging of
colonic polyps; and (2) digital chromoendoscopy is a technique to facilitate
’chromoendoscopy without dyes’[4] and can be subdivided into optical (NBI, blue laser
imaging) and virtual chromoendoscopy (FICE, i-Scan).
In this work, we evaluate which of the image enhancement technologies (except for
the FICE and the BLI system) and endoscopic modalities [high-definition (HD) or
high-magnification (HM)] are most suited for computer-assisted colonic polyp
staging. For this purpose, we utilize endoscopic imagery obtained from HD as well as
HM endoscopes.
Clinical scenarios for the application of automated polyp staging systems are that
the endoscopist either receives a staging suggestion after triggering the classification
procedure to be applied to some captured area or that a continuous automated
mucosa analysis is performed raising alarm in case of the identification of potentially
malignant and precursor lesions.
In this work, we aim to answer the following two questions which were only partly
or not at all answered in the previous literature: (1) which imaging modalities are best
suited for automated colonic polyp staging systems? And (2) how strong is the
influence of the image recording conditions on the results of automated diagnosis
systems?
To answer these questions, we apply experiments with twelve different feature
extraction methods on five colonic polyp image data sets from different imaging
modalities.
To determine which imaging modality is best suited to stage colonic polyps, we use
a specifically designed experimental setup to avoid biases in the outcome caused by
differing numbers of images per modality. Only one prior work systematically
analyzed the influence of imaging modalities on the results of automated diagnosis
systems. However, only HD endoscopic imagery in combination with i-Scan
technology, chromoendoscopy and traditional white light (WL) endoscopy was used.
In this work, we additionally employ HM and NBI endoscopic imagery and a more
systematical approach is taken.
To answer the second question, we analyze the influence of the image recording
conditions, such as the viewpoint or the quality of the recorded images on the results
of automated diagnosis systems. To the best of our knowledge, this has not been done
before for automated polyp diagnosis systems.

Background
In the following, we (1) briefly summarize findings from different clinical studies,
comparing the effectiveness of endoscopic imaging modalities for the detection
and/or staging of colonic polyps for human endoscopists; and (2) review related
algorithms for the automated staging of colonic polyps.
Modality comparison - human endoscopist: Clinical studies have shown that i-Scan
technology, NBI and chromoendoscopy can be considered equivalent and typically
achieve better prediction results compared to traditional WL endoscopy in case of HD
endoscopes[5,6].
It has been shown that HM NBI and HM chromoendoscopy achieve similar results
for the diagnosis of colorectal polyps (non-neoplastic vs neoplastic)[7,8]. Additionally,
HM NBI and HM chromoendoscopy achieve higher diagnosis accuracies than
standard WL endoscopy[8].
In a survey on HD and HM endoscopes[9], it was shown that HM endoscopes as
well as HD endoscopes, with or without mucosal enhancement techniques, improve
the detection and diagnosis of mucosal lesions compared to low definition
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endoscopes. In a survey about digital chromoendoscopy techniques in colonoscopy[10],
it was found that NBI, i-Scan and FICE show encouraging results in predicting the
histopathology of colonic polyps.
In summary, HM and HD- endoscopy both improve the detection and diagnosis of
colonic polyps compared to low-definition endoscopy. Furthermore, image
enhancement technologies such as i-Scan, NBI and chromoendoscopy generally
improve the diagnosis of colonic polyps compared to standard WL endoscopy.
Computer-assisted polyp staging: The topic of this work is the computer-assisted
staging of colonic polyps using endoscopic image data gathered from flexible
endoscopes with different imaging enhancement technologies. We do not deal with
automated detection of colonic polyps based on geometric properties (which is more
often conducted for capsule endoscopic data due to the high effort required for
human annotation of these data).
Previous works on computer-assisted staging of colonic polyps in combination
with different image enhancement technologies can be divided in three categories
depending on the used imaging modality: (1) HD endoscopes combined with or
without staining the mucosa and the i-Scan technology: Previous works employed
shape and contrast features extracted from blobs[11], fractal analysis-based features[12]
and convolutional neural networks[13]. (2) HM chromoendoscopy: Former studies
estimated the pit density using Delaunay triangulation [14] , applied local binary
patterns (LBP)[15] and extracted features from wavelet transform subbands[16-18]. And (3)
HM endoscopy with NBI: Dense SIFT features were applied[19,20], and features based
on the vessel structure were extracted[21].

MATERIALS AND METHODS
In this work, we use the two-class classification scheme differentiating between nonneoplastic (normal mucosa and hyperplastic polyps) and neoplastic lesions
(adenomatous and malignant polyps). A sub-classification between adenomatous and
malignant lesions cannot be performed because of missing label information for the
two NBI databases and the very limited amount of malignant polyps for the
remaining three databases (Table 1).

HD endoscopy combined the i-Scan technology and chromoendoscopy
HD-endoscopy has the advantage of a higher resolution compared to standard
definition endoscopes. Our HD-endoscopic images are gathered by traditional WL
and three i-Scan modes, both with and without CC. The i-Scan (Pentax) image
processing technology[21,22] is a digital contrast enhancement method that consists of
combinations of surface enhancement, contrast enhancement and tone enhancement.
Figure 1 shows images of an adenomatous polyp using WL endoscopy (Figure 1A), iScan (Figure 1B-D), CC (Figure 1E) and combinations of CC and i-Scan (Figure 1F-H).
Figure 2A and B shows exemplar images of the two classes using CC and i-Scan mode
2.
The images were acquired at St. Elisabeth Hospital in Vienna by extracting patches
256 × 256 in size from frames of HD-endoscopic (Pentax HiLINE HD+90i
Colonoscope) videos. Most of the videos contain sequences from eight imaging
modalities [with or without i-Scan (modes 1,2,3) and with or without staining], but in
some of the videos, only a subset of the eight imaging modalities occurs.
A previous work[23] showed that it is generally favorable to combine images of
different i-Scan modes and WL endoscopy for classifier training, but the
chromoendoscopy mode (chromoendoscopy or no chromoendoscopy) should be
identical for training and evaluation images. This outcome motivated us to group the
HD images into two separate image databases, one consisting of images without
using chromoendoscopy (no matter which i-Scan mode or WL) and the other one
consisting of images using chromoendoscopy. The two HD databases are further
denoted as ’HD-no-chromo’ (HDNC) and ’HD-chromo’ (HDC). Table 1 lists the
number of images and patients per class. The two HD databases consist of between
102 and 154 images per i-Scan mode and WL endoscopy, respectively.

HM endoscopy in combination with chromoendoscopy
HM endoscopes are defined by the capacity to perform optical zoom/magnification
by using a moveable lens in the tip of the endoscope. In that way, magnified images
are obtained without losing display quality. HM endoscopy enables the visualization
of mucosal details that cannot be seen with standard endoscopy. The CCHM database
was acquired using zoom-endoscopy with 150-fold magnification in combination with
chromoendoscopy. The CCHM image data set was acquired at the Medical University
of Vienna using a zoom-colonoscope (Olympus Evis Exera CF-Q160ZI/L) with a
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Table 1 Ground truth information of the investigated image data sets

HDNC

HDC

CCHM

NBI-A

NBI-H

Non-neoplastic

Neoplastic

Total
478

Images

144

334 (301 A, 33 M)

Patients

39

77

81

Images

213

307 (276 A, 31 M)

520

Patients

50

78

84

Images

198

518 (420 A, 98 M)

716

Patients

14

32

40

Images

173

214

387

Patients

98

135

211

Images

112

186

298

Patients

84

120

182

Ground truth information of the investigated image datasets. The ground truth is based on histology [all data
sets except the high-magnification narrow-band imaging Hiroshima (NBI-H) dataset] or the optical
appearance of the polyps (NBI-H). The number of adenomatous and malignant lesions is provided for those
databases with available information (the two high-definition databases and the high-magnification
chromoendoscopy database). A: Adenomatous; M: Malignant; CCHM: High-magnification
chromoendoscopy; NBI-A: High magnification narrow-band imaging, Aachen; NBI-H: High magnification
narrow-band imaging, Hiroshima; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

magnification factor of 150 and indigocarmine dye-spraying. The database is acquired
by extracting patches 256 × 256 in size from 327 endoscopic color images (either 624 ×
533 pixels or 586 × 502 pixels in size) of 40 patients (Table 1). Example images of the
two classes can be seen in Figure 2C and D.

HM endoscopy in combination with NBI
NBI is a videoendoscopic system using RGB rotary filters placed in front of a WL
source to narrow the bandwidth of the spectral transmittance. NBI enhances the
visibility of microvessels and their fine structure on the colorectal surface. The pits are
also indirectly observable since the microvessels between the pits are enhanced in
black, while the pits remain white.
In this work, we employ two different data sets gathered by HM endoscopy using
NBI. The images of the NBI-HM database Aachen (NBI-A) were acquired at the
University Hospital Aachen using an NBI zoom endoscope, which can magnify the
image to a maximum of 150-fold (CF-Q160ZI, Olympus Medical Systems Europe). The
database was acquired by extracting patches 256 × 256 in size from 387 endoscopic
color images 502 × 586 in size from 211 patients (Table 1). Exemplar images of the two
classes are shown in Figure 2E and F.
The NBI-HM database Hiroshima (NBI-H) was acquired at the Hiroshima
University Hospital using an NBI zoom endoscope, which can magnify the image to a
maximum of 75-fold (CF-H260AZ/I, Olympus Optical Co.). Care was taken that the
lighting conditions, zooming and optical magnification were kept as similar as
possible across different images. The database (Table 1) is acquired by extracting
patches 256 × 256 in size from captured images 1440 × 1080 pixels in size. Exemplar
images of the two can be seen in Figure 2G and H.
In contrast to the other databases, whose image labels were provided according to
their histological diagnosis, the image labels of the NBI-H database were provided
according to the optical appearance of the polyps (by at least two experts).

Feature extraction methods
In this section, we briefly describe the twelve feature extraction methods. All methods
have proven to be well suited for the diagnosis of colonic polyps in the literature for
certain imaging settings.
Non-adapted CNN and adapted CNN: Two convolutional neural networks. One is
learned on the ImageNet database [non-adapted CNN (NA-CNN)] and the other one
is adapted to colonic polyp classification (A-CNN) by training it on our polyp
databases[24].
Delaunay[14]: This approach analyzes the pit-pattern structure and was developed
for HM-endoscopic imagery using chromoendoscopy.
BlobShape[11], BALFD[25] and BSAGLFD[12]: Three methods that are analyzing the pitpattern structure and were designed for HD-endoscopic image data.
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Figure 1

Figure 1 Images of a polyp using digital (i-Scan) and/or conventional chromoendoscopy. WL: White light endoscopy; CC: Conventional chromoendoscopy.

Dual-tree complex wavelet transform, Gabor wavelet transform-Weibull and
Shearlet-Weibull: Three wavelet based transforms [dual-tree complex wavelet
transform (DT-CWT), Gabor wavelet transform (GWT) and shearlet transform] whose
subbands are fitted by the two-parameter Weibull distribution[18].
Local color vector patterns and multiscale block binary patterns: Two methods
based on LBP. Multiscale local color vector patterns (LCVP) [15] were developed for
HM-endoscopic imagery using chromoendoscopy, and the multiscale block binary
patterns (MB-LBP) operator[26] is a general purpose image descriptor.
VesselFeature: This approach[21] analyzes the blood vessel structure and is designed
for NBI images.

Experimental setup
For our experiments classifying the five endoscopic image databases, we rely on a
protocol based on the selection of repeated random splits, as is common practice in
machine learning. In one iteration, the classification model is trained and evaluated
with randomly selected samples from the overall data set. This selection is performed
in a way to ensure that the images of one patient are either all in the training or in the
evaluation data set (similar to the leave-one-patient-out protocol[15]). To facilitate a fair
comparison between image data sets, the amount of training samples is fixed and
balanced over the two classes. Specifically, we randomly select 80 samples per class
for training and 20 samples per class for evaluation.

Statistical analysis
To obtain stable outcomes, we apply 32 random splits and report the mean accuracies
as well as the standard deviations. Additionally, we report the sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV).
Classification is performed using linear support vector machines (SVMs)[27]. The
optimal SVM’s c-value is assessed during inner cross-validation using the training
data only.

RESULTS
In Figure 3, we show the SVM classification results of our 12 feature extraction
methods on each of our 5 colonic polyp image data sets. In each subplot, we see the
classification accuracies on the 5 image data sets using one certain image
representation. Figure 4 shows a boxplot that summarizes the results in Figure 3. This
figure gives an overview of the results of the different feature extraction techniques
per data set.
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Figure 2

Figure 2 Example images of the two classes from the employed image databases. HD: High-definition endoscopy; CCHM: High-magnification
chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima.

Generally, it is feature dependent which imaging modalities achieve high results
and which do not. This outcome was to be expected since many of the employed
feature extraction methods were specifically developed for certain imaging
modalities.
For the two HD image databases, overall classification rates were achieved of up to
79.2% (HDC) and up to 88.9% (HDNC). The classification rates for the database
obtained by CCHM reached up to 81.4%. For the two databases combining HM
endoscopy with NBI, results of up to 97.4% (NBI-H) and 84% (NBI-A) were achieved.
In Figure 3, we can observe that the NBI-H set achieves the highest overall
classification rates for 11 out of 12 feature extraction methods (all except the Delaunay
feature).
Comparing the results of the two NBI-based data sets, we notice that the NBI-A
image data shows distinctly lower classification rates compared to the NBI-H data set.
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Figure 3

Figure 3 Mean classification accuracies and standard deviations of the methods per data set. HDC: High-definition chromoendoscopy; HDNC: High-definition,
no chromoendoscopy; CCHM: High-magnification chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrowband imaging, Hiroshima; A-CNN: Adapted CNN; NA-CNN: Non-adapted CNN; DT-CWT: Dual-tree complex wavelet transform; GWT: Gabor wavelet transform.

Considering the results of the two HD-endoscopic data sets HDC and HDNC, it can
be observed that the obtained rates using chromoendoscopy are inferior in 11 out of
12 cases (all except the A-CNN approach).
Figure 5 gives an overview of the results of the methods for the statistical
performance measures specificity, sensitivity, PPV and NPV per data set. The
specificity rates are in general clearly higher than the sensitivity rates (in four of five
databases) which means that non-neoplastic lesions are classified more correctly than
neoplastic lesions.

DISCUSSION
Influence of the image recording conditions on the results
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Figure 4

Figure 4 Box plot showing the median, the quantiles and the minimum and maximum accuracies obtained by
the different feature extraction techniques per imaging modality. NBI-H: High-magnification narrow-band
imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM: High-magnification
chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no chromoendoscopy.

The classification results of the considered computer-assisted staging systems depend
on not only the used feature extraction methods and image modalities, but also to a
considerable extent on the quality of the gathered images (blur, lighting conditions, in
focus vs out of focus, visibility of the mucosal structures, visibility of markers for the
respective classes, and other factors) and the uniformity of the image recording
conditions such as the viewpoint (distance and angle of view of the endoscope
towards the mucosa wall) and the lighting conditions across the images of a database.
When we compare our two NBI databases, there are clear advantages with respect
to the visibility of markers for the respective classes and the consistency of the image
recording conditions for the NBI-H database. For the NBI-H database, special care
was taken to keep lighting conditions, zoom and optical magnification as similar as
possible across different images. The NBI-H database is the only database whose
labeling is based on the optical appearance of the polyps [19] (especially the
microvessels); thus, special care was taken to ensure that class-specific characteristics
were well visible on each image. In Figure 6, we can see some example images from
the NBI-A database that were acquired with poor illumination, poor visibility of
mucosal structures or reflections.
To quantify the differences in the image quality between the two NBI databases we
conduct two experiments that will show us differences in the visibility of mucosal
structures and the amount of reflections in the images. To show the amount of
reflections in an image we simply add up the number of overexposed pixels (gray
value bigger than 240) per image. Our approach to show the visibility of mucosal
structures per image is based on difference of Gaussians (DoG). We apply DoG by
subtracting a Gaussian blurred image from the original image. By using a Gaussian
filter kernel with σ = 3 and size 8 × 8, the resulting DoG image of a grayscale
endoscopic image highlights mucosal structures, such as the pit-pattern structure. The
mean over the absolute values of the DoG image gives an indication about the
visibility of mucosal structures in an image. The higher the mean value, the better the
visibility of mucosal structures. In Figure 7, we present two histograms showing
differences in image quality between the two NBI databases.
We can clearly see in Figure 7 that the NBI-A database clearly contains more
reflections in the images as the NBI-H database. The average DoG values are clearly
higher in the NBI-H database, which indicates a better visibility of mucosal structures
in the NBI-H database.
A third experiment comparing the number of underexposed pixels per image
showed that the NBI-A database has a higher percentage of images where large areas
of the image are underexposed, but the differences between the two NBI databases
are rather small, which is why we only show figures for reflections and the visibility
of mucosal structures, where clear differences occur.
Thus, it is not surprising that the NBI-H database achieved distinctly better results
than the NBI-A database in our experiments. Therefore, the image recording
conditions do have a high impact on automated diagnosis systems.
The fact that the image recording conditions have significant impact on the
classification results and that it is difficult to quantify the quality of the images and
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Figure 5

Figure 5 Bar plot showing the means and standard deviations of four statistical performance measures
(sensitivity, specificity, positive predictive value and negative predictive value) over the different feature
extraction techniques per data set. NPV: Negative predictive value; PPV: Positive predictive value; NBI-H: Highmagnification narrow-band imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM:
High-magnification chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

the uniformity of the image recording conditions in the different databases makes it
difficult to assess which imaging modality is best suitable for the staging of colonic
polyps.
However, for example the two HD databases are gathered from the same
endoscopic videos (taken by the same endoscopist); thus, their quality and the
uniformity of the image recording conditions are quite similar. The images from the
CCHM database are taken from the same endoscopist as the videos of the HD
database; therefore, their quality could also be assumed to be at least similar. The
images of the CCHM database as well as the two HD databases are acquired under
varying viewpoint and lighting conditions, but the mucosal structure (the pit-pattern
structure) is always visible for these three databases. Only the NBI-A database
contains images without visible mucosal structures.

Chromoendoscopy vs NBI
When we compare the results on the two NBI-HM databases (NBI-H and NBI-A) with
the results on the CCHM, we see that the results for the NBI-H database are clearly
better than those for the CCHM database and that the results for the NBI-A database
are quite similar to those for the CCHM database. Therefore, we cannot clearly
answer the question which of the two imaging modalities, chromoendoscopy or NBI,
is better suited for the automated staging of colonic polyps. However, because of the
similar results of the NBI-A and CCHM databases, despite the higher image quality of
the CCHM database, and the distinctly higher results on the NBI-H database it seems
safe to assume that NBI is better suited than chromoendoscopy.

Chromoendoscopy vs no chromoendoscopy
When we compare the results of the two HD-endoscopic data sets, then we can
observe that chromoendoscopy decreases the classification rates for all feature
extraction methods except for one. Therefore, chromoendoscopy should not be used
for automated diagnosis systems.

HM vs HD
Based on the overall similar results of the two chromoendoscopic databases (CCHM
and HDC) shown in Figures 3 and 4, HD endoscopy and HM endoscopy are
approximately equally well suited for automated diagnosis systems. However, the
results are not strictly conclusive since most of the HD-endoscopic images are
gathered using different i-Scan modes, in contrast to the HM images which are
gathered without digital chromoendoscopy.
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Figure 6

Figure 6 Example images of the high magnification narrow-band imaging Aachen database showing poor illumination (A) poor visibility of mucosal
structures (B) and reflections (C).
Figure 7

Figure 7 Histograms showing the number of overexposed pixels (A) respectively the average difference of Gaussians values (B) per image of the two
narrow-band imaging databases. NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima; DoG:
Difference of Gaussians.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is the second most common cause of cancer death worldwide. Computer-aided
decision support systems (CADSSs) aim at helping physicians to detect and classify colonic
polyps more accurately. Since about two decades, there is a rising interest in CADSSs and a
rising number on publications on CADSSs for colonic polyp staging.

Research motivation
Clinical studies showed that high definition endoscopy, high magnification endoscopy and
image enhancement technologies, such as chromoendoscopy and digital chromoendoscopy
[narrow-band imaging (NBI), i-Scan] facilitate the detection and classification of colonic polyps
during endoscopic sessions. However, there are no comprehensive studies so far that analyze
which endoscopic imaging modalities facilitate CADSSs for colonic polyp staging.

Research objectives
In this work, we assess which endoscopic imaging modalities are best suited for the computerassisted classification of colonic polyps.

Research methods
In our experiments, we apply twelve automated polyp staging systems to five endoscopic image
databases of colonic lesions. The image databases were obtained using different endoscopic
imaging modalities. By comparing the classification results of the different image databases, we
aim to find out which imaging modalities are most suited for the automated classification of
colonic polyps.

Research results
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The high-definition (HD) image databases obtained with chromoendoscopy achieved overall
classification rates of up to 79.2% whereas the HD image databases without chromoendoscopy
achieved results up to 88.9%. The classification rates of the image database obtained by highmagnification (HM) chromoendoscopy were up to 81.4%. For the two image databases obtained
by HM endoscopy in combination with NBI, one database achieved classification rates up to
97.4%, whereas the other one only achieved classification rates up to 84%.

Research conclusions
The results strongly indicate that chromoendoscopy has a negative impact on the automated
diagnosis. The results also indicate that HD and HM endoscopy perform equally well, although
the results are not strictly conclusive. Given the higher costs of HM systems and the difficulty in
acquiring high quality imagery due to the HM (which definitely requires a well-trained
endoscopist), HD systems should be the better option in clinical computer-assisted staging
practice. In case of the comparison of chromoendoscopy vs NBI, there are strong indications that
NBI is favorable. However, it turned out that the image recording conditions partly contribute to
a stronger effect on the staging results than the used imaging modality.

Research perspectives
We showed that CADSSs for colonic polyp staging should not be applied to endoscopic image
data obtained by chromoendoscopy, whereas image data obtained by NBI is suited for
automated diagnosis systems. Important factors for the success of CADSSs are the image quality
of the endoscopic image data and the uniformity of the image recording conditions.

REFERENCES
1
2

3

4

5

6

7

8

9
10

11

12

13

14

15

16

WJG

https://www.wjgnet.com

Berr F, Oyama T, Ponchon T, Yahagi N. Early Neoplasias of the Gastrointestinal Tract: Endoscopic
Diagnosis and Therapeutic Decisions. Boston: Springer 2014; [DOI: 10.1007/978-1-4614-8292-5]
Rex DK, Kahi C, O'Brien M, Levin TR, Pohl H, Rastogi A, Burgart L, Imperiale T, Ladabaum U, Cohen
J, Lieberman DA. The American Society for Gastrointestinal Endoscopy PIVI (Preservation and
Incorporation of Valuable Endoscopic Innovations) on real-time endoscopic assessment of the histology of
diminutive colorectal polyps. Gastrointest Endosc 2011; 73: 419-422 [PMID: 21353837 DOI:
10.1016/j.gie.2011.01.023]
Patel SG, Schoenfeld P, Kim HM, Ward EK, Bansal A, Kim Y, Hosford L, Myers A, Foster S, Craft J,
Shopinski S, Wilson RH, Ahnen DJ, Rastogi A, Wani S. Real-Time Characterization of Diminutive
Colorectal Polyp Histology Using Narrow-Band Imaging: Implications for the Resect and Discard
Strategy. Gastroenterology 2016; 150: 406-418 [PMID: 26522260 DOI: 10.1053/j.gastro.2015.10.042]
ASGE Technology Committee; Manfredi MA, Abu Dayyeh BK, Bhat YM, Chauhan SS, Gottlieb KT,
Hwang JH, Komanduri S, Konda V, Lo SK, Maple JT, Murad FM, Siddiqui UD, Wallace MB, Banerjee S.
Electronic chromoendoscopy. Gastrointest Endosc 2015; 81: 249-261 [PMID: 25484330 DOI:
10.1016/j.gie.2014.06.020]
Hoffman A, Kagel C, Goetz M, Tresch A, Mudter J, Biesterfeld S, Galle PR, Neurath MF, Kiesslich R.
Recognition and characterization of small colonic neoplasia with high-definition colonoscopy using i-Scan
is as precise as chromoendoscopy. Dig Liver Dis 2010; 42: 45-50 [PMID: 19473893 DOI:
10.1016/j.dld.2009.04.005]
Bouwens MW, de Ridder R, Masclee AA, Driessen A, Riedl RG, Winkens B, Sanduleanu S. Optical
diagnosis of colorectal polyps using high-definition i-scan: an educational experience. World J
Gastroenterol 2013; 19: 4334-4343 [PMID: 23885144 DOI: 10.3748/wjg.v19.i27.4334]
Tischendorf JJ, Wasmuth HE, Koch A, Hecker H, Trautwein C, Winograd R. Value of magnifying
chromoendoscopy and narrow band imaging (NBI) in classifying colorectal polyps: a prospective
controlled study. Endoscopy 2007; 39: 1092-1096 [PMID: 18072061 DOI: 10.1055/s-2007-966781]
Chang CC, Hsieh CR, Lou HY, Fang CL, Tiong C, Wang JJ, Wei IV, Wu SC, Chen JN, Wang YH.
Comparative study of conventional colonoscopy, magnifying chromoendoscopy, and magnifying narrowband imaging systems in the differential diagnosis of small colonic polyps between trainee and
experienced endoscopist. Int J Colorectal Dis 2009; 24: 1413-1419 [PMID: 19603174 DOI:
10.1007/s00384-009-0760-9]
ASGE Technology Committee. High-definition and high-magnification endoscopes. Gastrointest Endosc
2014; 80: 919-927 [PMID: 25442091 DOI: 10.1016/j.gie.2014.06.019]
Rameshshanker R, Wilson A. Electronic Imaging in Colonoscopy: Clinical Applications and Future
Prospects. Curr Treat Options Gastroenterol 2016; 14: 140-151 [PMID: 26923476 DOI:
10.1007/s11938-016-0075-1]
Häfner M, Uhl A, Wimmer G, Medical Computer Vision. A novel shape feature descriptor for the
classification of polyps in HD colonoscopy. Medical Computer Vision. Large Data in Medical Imaging.
Cham: Springer 2014; 205-213 [DOI: 10.1007/978-3-319-05530-5_20]
Häfner M, Tamaki T, Tanaka S, Uhl A, Wimmer G, Yoshida S. Local fractal dimension based approaches
for colonic polyp classification. Med Image Anal 2015; 26: 92-107 [PMID: 26385078 DOI:
10.1016/j.media.2015.08.007]
Ribeiro E, Uhl A, Wimmer G, Häfner M. Exploring Deep Learning and Transfer Learning for Colonic
Polyp Classification. Comput Math Methods Med 2016; 2016: 6584725 [PMID: 27847543 DOI:
10.1155/2016/6584725]
Häfner M, Liedlgruber M, Uhl A, Vécsei A, Wrba F. Delaunay triangulation-based pit density estimation
for the classification of polyps in high-magnification chromo-colonoscopy. Comput Methods Programs
Biomed 2012; 107: 565-581 [PMID: 22325257 DOI: 10.1016/j.cmpb.2011.12.012]
Häfner M, Liedlgruber M, Uhl A, Vécsei A, Wrba F. Color treatment in endoscopic image classification
using multi-scale local color vector patterns. Med Image Anal 2012; 16: 75-86 [PMID: 21624846 DOI:
10.1016/j.media.2011.05.006]
Häfner M, Kwitt R, Uhl A, Gangl A, Wrba F, Ve´csei A. Computer-assisted pit-pattern classification in
different wavelet domains for supporting dignity assessment of colonic polyps. Pattern Recognition 2008;

1208

March 14, 2019

Volume 25

Issue 10

Wimmer G et al. Quest for the best imaging modality

17
18

19

20

21

22
23

24

25
26
27

42: 1180-1191 [DOI: 10.1016/j.patcog.2008.07.012]
Häfner M, Liedlgruber M, Uhl A. Colonic polyp classification in high-definition video using complex
wavelet-packets. Bildverarbeitung für die Medizin 2015; 365-370 [DOI: 10.1007/978-3-662-46224-9_63]
Wimmer G, Tamaki T, Tischendorf JJ, Häfner M, Yoshida S, Tanaka S, Uhl A. Directional wavelet based
features for colonic polyp classification. Med Image Anal 2016; 31: 16-36 [PMID: 26948110 DOI:
10.1016/j.media.2016.02.001]
Tamaki T, Yoshimuta J, Kawakami M, Raytchev B, Kaneda K, Yoshida S, Takemura Y, Onji K, Miyaki
R, Tanaka S. Computer-aided colorectal tumor classification in NBI endoscopy using local features. Med
Image Anal 2013; 17: 78-100 [PMID: 23085199 DOI: 10.1016/j.media.2012.08.003]
Kominami Y, Yoshida S, Tanaka S, Sanomura Y, Hirakawa T, Raytchev B, Tamaki T, Koide T, Kaneda
K, Chayama K. Computer-aided diagnosis of colorectal polyp histology by using a real-time image
recognition system and narrow-band imaging magnifying colonoscopy. Gastrointest Endosc 2016; 83:
643-649 [PMID: 26264431 DOI: 10.1016/j.gie.2015.08.004]
Gross S, Palm S, Tischendorf JJW, Behrens A, Trautwein C, Aach T. Automated classification of colon
polyps in endoscopic image data. SPIE Proceedings Medical Imaging 2012: Computer-Aided Diagnosis,
83150W. [DOI: 10.1117/12.911177]
Kodashima S, Fujishiro M. Novel image-enhanced endoscopy with i-scan technology. World J
Gastroenterol 2010; 16: 1043-1049 [PMID: 20205272 DOI: 10.3748/wjg.v16.i9.1043]
Wimmer G, Gadermayr M, Kwitt R, Häfner M, Merhof D, Uhl A. Evaluation of i-scan virtual
chromoendoscopy and traditional chromoendoscopy for the automated diagnosis of colonic polyp.
Proceedings of the 3rd International Workshop on Computer-Assisted and Robotic Endoscopy (CARE).
Cham: Springer 2016; 59-71 [DOI: 10.1007/978-3-319-54057-3_6]
Wimmer G, Ve´csei A, Uhl A. Cnn transfer learning for the automated diagnosis of celiac disease.
Proceedings of the Sixth International Conference on Image Processing Theory, Tools and Applications
(IPTA) 2016; 1-6 [DOI: 10.1109/IPTA.2016.7821020]
Häfner M, Uhl A, Wimmer G. Shape and size adapted local fractal dimension for the classification of
polyps in HD colonoscopy 2014; Oct 27-30; Paris, France. IEEE, 2014 [DOI: 10.1109/ICIP.2014.7025466]
Liao S, Zhu X, Lei Z, Zhang L, Li SZ. Learning multi-scale block local binary patterns for face
recognition. In: Proceedings of the 2007; Springer, 2007: 828-837 [DOI: 10.1007/978-3-540-74549-5_87]
Fan RE, Chang KW, Hsieh CJ, Wang XR, Lin CJ. LIBLINEAR: A library for large linear classification. J
Mach Learn Res 2008; 9: 1871-1874

P- Reviewer: De Silva AP, Kwon KA
S- Editor: Ma RY L- Editor: A E- Editor: Yin SY

WJG

https://www.wjgnet.com

1209

March 14, 2019

Volume 25

Issue 10

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 March 14; 25(10): 1210-1223

DOI: 10.3748/wjg.v25.i10.1210

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Short hairpin RNA-mediated knockdown of nuclear factor erythroid
2-like 3 exhibits tumor-suppressing effects in hepatocellular
carcinoma cells
Miao-Mei Yu, Yue-Hua Feng, Lu Zheng, Jun Zhang, Guang-Hua Luo
ORCID number: Miao-Mei Yu
(0000-0002-8287-0725); Yue-Hua
Feng (0000-0002-1767-0946); Lu
Zheng (0000-0002-5563-4348); Jun
Zhang (0000-0002-1826-6099);
Guang-Hua Luo
(0000-0001-8339-2828).

Author contributions: Yu MM and
Luo GH designed this study; Feng
YH and Zhang J performed the
experiments; Yu MM, Feng YH,
and Zheng L wrote the manuscript;
Yu MM and Luo GH performed
the bioinformatic prediction; Yu
MM and Luo GH conducted
statistical analysis; all authors read
and approved the final manuscript.

Supported by the Changzhou
High-Level Medical Talents
Training Project, No. 2016ZCLJ002.

Institutional review board
statement: The clinicopathological
features involved in this study are
all from the TCGA database, thus,
no institutional review board
document is provided.

Conflict-of-interest statement:
None declared.

Data sharing statement: No
additional data are available.

ARRIVE guidelines statement: The
authors have read the ARRIVE
guidelines and prepared the
manuscript accordingly.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external

WJG

Miao-Mei Yu, Yue-Hua Feng, Lu Zheng, Jun Zhang, Guang-Hua Luo, Comprehensive Laboratory,
the Third Affiliated Hospital of Soochow University, Changzhou 213003, Jiangsu Province,
China
Corresponding author: Guang-Hua Luo, MD, PhD, Professor, Senior Researcher,
Comprehensive Laboratory, the Third Affiliated Hospital of Soochow University, No. 185,
Juqian Street, Tianning District, Changzhou 213003, Jiangsu Province, China.
shineroar@163.com
Telephone: +86-519-68870619
Fax: +86-519-86621235

Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
with high mortality-to-incidence ratios. Nuclear factor erythroid 2-like 3
(NFE2L3), also known as NRF3, is a member of the cap ‘n’ collar basic-region
leucine zipper family of transcription factors. NFE2L3 is involved in the
regulation of various biological processes, whereas its role in HCC has not been
elucidated.
AIM
To explore the expression and biological function of NFE2L3 in HCC.
METHODS
We analyzed the expression of NFE2L3 in HCC tissues and its correlation with
clinicopathological parameters based on The Cancer Genome Atlas (TCGA) data
portal. Short hairpin RNA (shRNA) interference technology was utilized to knock
down NFE2L3 in vitro. Cell apoptosis, clone formation, proliferation, migration,
and invasion assays were used to identify the biological effects of NFE2L3 in
BEL-7404 and SMMC-7721 cells. The expression of epithelial-mesenchymal
transition (EMT) markers was examined by Western blot analysis.
RESULTS
TCGA analysis showed that NFE2L3 expression was significantly positively
correlated with tumor grade, T stage, and pathologic stage. The qPCR and
Western blot results showed that both the mRNA and protein levels of NFE2L3
were significantly decreased after shRNA-mediated knockdown in BEL-7404 and
SMMC-7721 cells. The shRNA-mediated knockdown of NFE2L3 could induce
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apoptosis and inhibit the clone formation and cell proliferation of SMMC-7721
and BEL-7404 cells. NFE2L3 knockdown also significantly suppressed the
migration, invasion, and EMT of the two cell lines.
CONCLUSION
Our study showed that shRNA-mediated knockdown of NFE2L3 exhibited
tumor-suppressing effects in HCC cells.
Key words: Nuclear factor erythroid 2-like 3; Hepatocellular carcinoma; The Cancer
Genome Atlas; Short hairpin RNA; Epithelial-mesenchymal transition
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nuclear factor erythroid 2-like 3 (NFE2L3), as a key regulator of the cellular
stress response, is involved in the regulation of various tumors, whereas its role in
hepatocellular carcinoma (HCC) has not been elucidated. Our present study identified
that NFE2L3 was closely associated with the grade and stage of HCC patients based on
The Cancer Genome Atlas database. Furthermore, our study showed that short hairpin
RNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects in HCC
cells.
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INTRODUCTION
Hepatocellular carcinoma (HCC), one of the most common malignant tumors, ranks
as the third leading cause of cancer-related death worldwide, resulting in at least
700000 deaths each year[1,2]. Microvascular invasion, occult metastasis, recurrence, and
resistance to chemotherapy contribute to the poor prognosis and low survival rate of
HCC patients. Hepatitis B virus (HBV) and hepatitis C virus (HCV) infection,
alcoholic cirrhosis, non-alcoholic steatohepatitis, and the ingestion of aflatoxin B1 are
the main risk factors for HCC development[3]. Current therapeutic strategies for HCC
include chemotherapy, surgical resection, liver transplantation, radiofrequency
ablation, and drug therapy[4,5]. The mechanism of HCC is very complex, and more
research is needed to provide more detailed clues.
Nuclear factor erythroid 2-like 3 (NFE2L3), also known as NRF3, was first
identified and reported in 1999 and is a member of the cap ‘n’ collar basic-region
leucine zipper family of transcription factors[6]. The human NFE2L3 transcript encodes
a 694-amino acid protein that can bind to antioxidant response elements by
heterodimerizing with small musculoaponeurotic fibrosarcoma factors[6,7]. NFE2L3, as
a key regulator of the cellular stress response, is expressed in a wide variety of tissues
such as the heart, brain, lung, liver, kidney, and pancreas, particularly abundant in the
placenta [8,9] . Accumulating evidence suggests that NFE2L3 is involved in the
regulation of various biological processes, such as transcription, signal transduction,
cell cycle, growth, development, differentiation, and inflammation. In addition to
these functions, Chevillard et al[10] showed that the absence of NFE2L3 predisposes
mice to lymphoma development, suggesting a protective role for this transcription
factor in hematopoietic malignancies. Wang et al[11] reported that NFE2L3 is necessary
for RCAN1-4-mediated enhanced growth and invasion, and its overexpression
independently enhances these effects in thyroid cancer cells. Chowdhury et al[12]
demonstrated that NFE2L3 promotes colon cancer cell proliferation by activating
UHMK1 gene expression. These findings suggest that NFE2L3 may be a crucial
regulator of cancer progression. However, the roles of NFE2L3 in HCC and their
underlying molecular mechanisms have yet to be elucidated.
In the present study, we analyzed the expression of NFE2L3 in HCC and its
correlation with clinicopathological parameters based on the Cancer Genome Atlas
(TCGA) data portal. In addition, we utilized short hairpin RNA (shRNA) interference
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technology to knock down NFE2L3 in vitro and systematically evaluated the
biological function of NFE2L3 in HCC cells.

MATERIALS AND METHODS
HCC patient data in the Cancer Genome Atlas
A total of 344 HCC patients with clinicopathological information and RNA-Seq
expression data were obtained from TCGA database (https://cancergenome.nih.gov/). The gene expression data were normalized using the RNA
normalization method described in TCGA National Cancer Institute (NCI) Wiki.

Cell lines and cell culture
Human HCC cell lines (SMMC-7721 and BEL-7404) were purchased from the Type
Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and
identified by short tandem repeat analysis. SMMC-7721 and BEL-7404 cells were
cultured in RPMI 1640 medium (Gibco, NY, United States) supplemented with 10%
fetal bovine serum (FBS) (Gibco, Sydney, Australia), 100 U/mL penicillin, and 100
μg/mL streptomycin (Gibco, NY, United States) and incubated at 37 °C in a
humidified atmosphere with 5% CO2.

Short hairpin RNA lentivirus infection
An NFE2L3 shRNA interference lentiviral vector was constructed and synthesized by
GeneChem Co., Ltd (Shanghai, China). The NFE2L3 shRNA interference target
sequence was 5’-AGTCAATCCCAACCACTAT-3’ (shNFE2L3), and a scramble
sequence 5’-TTCTCCGAACGTGTCACGT-3’ was used as a negative control (shCtrl).
The lentiviral vectors were transfected into SMMC-7721 and BEL-7404 cells according
to the manufacturer’s instructions. The cells were seeded (2 × 105 cells/mL) onto 6well plates and incubated for 24 h to reach 50% confluence, and then replaced with
infection medium containing lentiviral vectors at a multiplicity of infection of 10
plaque-forming units/cell. Successfully infected cells were green fluorescent protein
positive and observed under a fluorescence microscope after 72 h, and the
interference efficiency of NFE2L3 shRNA was determined using quantitative realtime PCR (qPCR) and Western blot.

RNA extraction and real-time PCR
Total RNA was extracted with TRIzol reagent (Pufei Biotechnology, Shanghai, China).
The RNA concentration and purity were assessed using the OD260 and
OD260/OD280 ratio, respectively, and cDNA was synthesized with M-MLV RT
(Promega, United States) according to the manufacturers’ instructions. qPCR was
performed using a SYBR Green master mix (Takara Biotechnology, Dalian, China) on
the Stratagene Mx3000P (Agilent Technologies, United States). The sequences of the
primers are as follows: NFE2L3, forward: 5’-ACACTTACCACTTACAGCCAACT-3’,
reverse: 5’-CTTCGTCTGATGTCACGGAT-3’; GAPDH, forward: 5’TGACTTCAACAGCGACACCCA-3’, reverse: 5’-CACCCTGTTGCTGTAGCCAAA-3’.
Relative mRNA levels were calculated by the comparative threshold cycle method
(2-ΔCt)[13] using GAPDH as the internal control.

Flow cytometry assay
The cells were seeded (2 × 105 cells/mL) onto 6-well plates at 72 h posttransfection
and incubated to reach approximately 85% confluence. Both supernatant and
adherent cells were harvested, centrifuged, washed with D-Hanks solution, and resuspended at a density of 1 × 106 cells/mL in 1 × binding buffer solution. The cells
were stained with Annexin V-APC for 15 min at room temperature using the Annexin
V Apoptosis Detection Kit APC (eBioscience, San Diego, CA, United States) following
the manufacturer’s instructions. Flow cytometry was performed on a Guava easyCyte
HT system (Millipore, Billerica, MA, United States) and analyzed using Guava InCyte
software (Millipore).

Clone-forming assay
The cells were seeded (8 × 102 cells/well) onto 6-well plates at 72 h posttransfection
and cultured for 9 d with a medium change every 3 d. The cell clones were
photographed using a fluorescence microscope (Olympus, Tokyo, Japan) before the
termination of the culture. The cells were fixed with 4% paraformaldehyde for 30 min
and washed once with phosphate-buffered saline (PBS), followed by staining with
Giemsa (Sigma-Aldrich, United States). After washing with distilled deionized water
and drying completely, the cell clones were photographed with a digital camera and
then counted. Each experimental group was performed in triplicate.
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Cell proliferation assay
The cells were seeded onto 96-well plates at a density of 2 × 10 3 cells/well and
cultured at 37 °C in 5% CO2 for 24 h. Direct counting of cells in the 96-well plates was
scanned and analyzed using a Celigo cytometer (Nexcelom, Manchester, United
Kingdom) from the next day of plating for a continuous 5 d. By adjusting the input
parameters of the analysis settings, the number of cells with green fluorescence was
accurately calculated and statistically analyzed. Cell count-fold represents the cell
count at each time point relative to the average on day 1, indicating changes in cell
proliferation. Cell growth curves were plotted based on the cell count-fold value at
different time points.
The cells were seeded onto a 96-well plate at a density of 5 × 103 cells/well and
incubated for 24 h. Then, 20 μL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Genview, Houston, TX, United States; 5 mg/mL) in PBS
was added to each well, and the cells were incubated for an additional 4 h. After
termination of incubation, the supernatants were discarded and replaced with 100 μL
dimethyl sulfoxide to dissolve the formazan crystals. The optical density values were
measured at 490 nm to estimate viable cells. OD490-fold represents the OD values at
each time point relative to the average of day 1, indicating changes in cell
proliferation.

Cell migration assay
The cell density was adjusted to 9 × 104 cells/well with basic medium. The apical
chamber was loaded with 100 μL of cell suspension, and the basolateral chamber was
supplied with 600 μL of the culture medium containing 30% FBS. After incubation for
48 h, the medium was removed from the upper chamber, and the cells were scraped
off with a cotton swab. The cells that invaded to the other side of the membrane were
fixed with 4% paraformaldehyde for 30 min, followed by staining with Giemsa
(Sigma-Aldrich, United States). Migratory cells were counted under an inverted
microscope (200 ×) in at least three randomly selected fields.

Cell invasion assay
The cell density was adjusted to 5 × 104 cells/well with basic medium. Before seeding,
24-well transwell chambers with 8 μm pores (Corning, United States) were coated
with Matrigel (BD Biosciences, San Jose, CA, United States), followed by the
hydration of the Matrigel matrix layer. The apical chamber was loaded with 500 μL of
cell suspension, and the basolateral chamber was supplied with 750 μL of the culture
medium containing 30% FBS. After incubation for 60 h, the medium was removed
from the upper chamber, and the cells were scraped off with a cotton swab. The cells
that invaded to the other side of the membrane were stained with Giemsa. The
invaded cells were counted under an inverted microscope in at least three randomly
selected fields.
Western blot analysis
The cells were harvested and washed twice with ice-cold PBS and then lysed using
protein RIPA lysis buffer (Beyotime, Shanghai, China). The protein concentration was
determined using a BCA protein assay kit (Beyotime, Shanghai, China). The protein
samples were mixed with 5× SDS-PAGE loading buffer (Beyotime, Shanghai, China)
and boiled for 5 min. A total of 30 μg of protein was separated using 10% SDS-PAGE
and then transferred onto polyvinylidene fluoride membranes (Merck Millipore,
Billerica, MA, United States). Subsequently, the membranes were blocked in Trisbuffered saline/Tween 20 (TBST) solution containing 5% skim milk at room
temperature for 1 h and then incubated separately overnight at 4 °C with the
following primary antibodies: Anti-NFE2L3 (NBP2-30870, 1:200, Novus), anti-NCadherin (13116, 1:1000, Cell Signaling Technology), anti-Vimentin (ab92547, 1:2500,
Abcam), anti-Snail1 (3879, 1:1000, Cell Signaling Technology), anti-Snail2 (9585,
1:1000, Cell Signaling Technology), and anti-GAPDH (sc-32233, 1:2000, Santa Cruz).
GAPDH was used as the internal control to normalize protein loading. After washing
four times with TBST, the membranes were incubated for 1.5 h at room temperature
with horseradish peroxidase-conjugated AffiniPure goat anti-mouse IgG (sc-2005,
Santa Cruz) or anti-rabbit IgG (sc-2004, Santa Cruz). The protein bands were
visualized with the Pierce ECL Western Blotting Substrate kit (Thermo Scientific,
Rockford, IL, United States) after washing with TBST.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 6.0 software (GraphPad
Prism 6.0 Software Inc., San Diego, CA, United States). We used a chi-square test to
analyze the differences between groups and the Spearman rank correlation test to
examine the correlations. Student’s t test (two-tailed) was used to determine
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significant differences between two groups. One-way analysis of variance (ANOVA),
followed by Dunn’s multiple comparison test, was used for multiple comparisons.
The data are presented as the mean ± SD. Differences with P-values < 0.05 were
considered statistically significant.

RESULTS
Correlation between NFE2L3 expression and clinicopathological features
To evaluate NFE2L3 expression in HCC, we analyzed 344 HCC patients with detailed
clinicopathological information, and RNA-Seq expression data were obtained from
the TCGA database. For the statistical analysis, the patients were divided into two
groups based on the median expression level of NFE2L3: A low expression group (n =
172) and a high expression group (n = 172). The association between NFE2L3
expression and clinicopathological features are listed in Table 1, which revealed that
NFE2L3 expression was related to tumor grade (P = 0.0006), T stage (P = 0.007), and
pathologic stage (P = 0.0138). As shown in Figure 1A, the expression level of NFE2L3
in G3/4 HCC patients was significantly higher than that in G1/2 grade patients.
Figure 1B and C shows that NFE2L3 expression gradually increased with the
advancement of T stage and pathologic stage, and the difference was significant in
T3/4 patients compared to T1 patients (P < 0.01) and was also significant in stage
III/IV patients compared to stage I patients (P < 0.01). In addition, the Spearman rank
correlation analysis demonstrated that there was a significant correlation between
NFE2L3 expression and tumor grade (P < 0.0001), T stage (P = 0.0004), and pathologic
stage (P = 0.0007), but there was no significant correlation between different
clinicopathological features (Table 2).

Expression of NFE2L3 mRNA and protein in HCC cell lines
To investigate the potential role of NFE2L3, we performed shRNA interference to
knock down NFE2L3 in BEL-7404 and SMMC-7721 cells. The interference efficiency of
NFE2L3 shRNA was measured by qPCR and Western blot. As shown in Figure 2A
and B, NFE2L3 mRNA levels were significantly reduced by more than 50% (P < 0.05)
in the two cell lines infected with NFE2L3 shRNA (shNFE2L3) compared with the
negative control cells (shCtrl). Additionally, the Western blot results indicated that the
protein level of NFE2L3 was markedly decreased after shRNA-mediated knockdown
in BEL-7404 and SMMC-7721 cells.

Role of NFE2L3 in the apoptosis, clone formation, and proliferation of HCC cells
Flow cytometry results demonstrated that the apoptosis rate of the shNFE2L3 group
was significantly higher than that of the shCtrl group in BEL-7404 and SMMC-7721
cells (P < 0.05, Figure 3A and B). The clone formation assay of BEL-7404 and SMMC7721 cells showed that NFE2L3 shRNA reduced the number of clones by
approximately 50% compared with those in the shCtrl group (Figure 3C and D). After
5 d of continuous detection by Celigo cytometry, the number of cells with green
fluorescence was accurately calculated and statistically analyzed. The cell count-fold
values of the shNFE2L3 group were significantly lower than those of the shCtrl group
in BEL-7404 and SMMC-7721 cells, especially on day 4 and day 5 (Figure 3E and F).
Subsequently, the MTT results revealed that the OD 490-fold values of the shNFE2L3
group in BEL-7404 and SMMC-7721 cells were significantly lower than those of the
shCtrl group on days 4 and 5 (Figure 3G and H), which are consistent with the results
detected by the Celigo cytometer.

ShRNA-mediated knockdown of NFE2L3 suppresses the migration, invasion, and
epithelial-mesenchymal transition (EMT) of HCC cells
We further explored the effect of NFE2L3 knockdown on the migration, invasion, and
EMT of HCC cells. The cell migration assay showed that compared with the shCtrl
group, shRNA-mediated knockdown of NFE2L3 in BEL-7404 and SMMC-7721 cells
resulted in markedly decreased migration ability, as indicated by a significant
reduction in the average number of migrated cells (Figure 4A and B). Furthermore,
the transwell invasion assay showed that NFE2L3 knockdown significantly weakened
the invasion capacity of BEL-7404 and SMMC-7721 cells in vitro, as evidenced by a
significant decrease in the mean number of cells that invaded through the Matrigelcoated membrane (Figure 4C and D). As shown in Figure 4E and F, shRNA-mediated
knockdown of NFE2L3 dramatically decreased the levels of mesenchymal markers
(N-cadherin and Vimentin) and EMT transcription regulators (Snail1 and Snail2) in
BEL-7404 and SMMC-7721 cells.
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Table 1 Association of nuclear factor erythroid 2-like 3 expression with clinicopathological
features of hepatocellular carcinoma patients in The Cancer Genome Atlas dataset n (%)
NFE2L3 expression
Variable

Total cases
Low (n = 172)

P-value

High (n = 172)

Tumor grade

0.0006

G1/2

122 (70.9)

91 (52.9)

213

G3/4

50 (29.1)

81 (47.1)

131

T stage

0.0070

T1

100 (58.1)

71 (41.2)

171

T2

35 (20.3)

52 (30.2)

87

T3/4

37 (21.5)

49 (28.5)

86

Pathologic stage

0.0138

I

98 (57.0)

71 (41.2)

169

II

35 (20.3)

50 (29.1)

85

III/IV

39 (22.7)

51 (29.7)

90

NFE2L3: Nuclear factor erythroid 2-like 3.

DISCUSSION
HCC is the result of many variable etiological factors, such as HBV, HCV, alcohol,
aflatoxin, congenital and acquired metabolic diseases[14,15]. Thus, HCC caused by
different risk factors may have a different molecular basis involving the loss of cell
cycle control and senescence control, the dysregulation of apoptosis, liver
inflammation, and hepatocarcinogenesis[16]. As a potent transcriptional regulator,
NFE2L3 can regulate carcinogenesis, inflammation, and stem cell differentiation by
activating or inhibiting the transcription of its target genes depending on the cellular
context[12,17]. Additionally, DNA methylation is associated with metabolic diseases[18],
which are the main risk factors of HCC. Thus, the methylation level of NFE2L3 gene
may be involved in hepatocarcinogenesis. However, the role of NFE2L3 in HCC and
its underlying molecular mechanisms have not been investigated.
In the present study, we first reported the expression and biological function of
NFE2L3 in HCC. TCGA analysis showed that NFE2L3 expression was significantly
positively correlated with tumor grade, T stage, and pathologic stage. Subsequently,
we selected SMMC-7721 and BEL-7404 for shRNA interference and functional studies.
Knockdown of NFE2L3 could induce apoptosis and inhibit the clone formation and
cell proliferation of HCC cells. NFE2L3 knockdown also significantly suppressed the
migration and invasion of HCC cells. Additionally, our results showed that shRNAmediated knockdown of NFE2L3 dramatically decreased the levels of mesenchymal
markers (N-cadherin and Vimentin) and EMT transcription regulators (Snail1 and
Snail2) in BEL-7404 and SMMC-7721 cells. EMT is essential for tumor metastasis and
involves a cellular reprogramming process in which polarized, immotile epithelial
cells lose adherent and tight junctions, exhibit increased motility, and acquire a
mesenchymal phenotype[19,20]. N-cadherin, a mesenchymal cadherin associated with
EMT, has been widely studied in various tumor types. Vimentin, as a type 3
intermediate filament protein, is also a critical EMT mesenchymal cell marker. Several
transcription factors, including the Snail/Slug family, Twist, and ZEB1, function as
molecular switches of the EMT program [21] . As a critical regulator of multiple
signaling pathways leading to EMT, the expression of Snail is closely associated with
cancer metastasis. Slug, another member of the Snail family of transcription factors,
has been characterized as a strong E-cadherin repressor and a major EMT inducer and
is correlated with distant metastasis[22]. Thus, the decrease in the levels of N-cadherin,
Vimentin, Snail1, and Snail2 represents a block in the EMT process. These
observations will help us to further investigate the molecular mechanisms of NFE2L3
in HCC, which will be reported in the near future.
Based on the published literature, we speculated on the possible mechanism
underlying the role of NFE2L3 in HCC. Chenais et al[7] found that NRF3 (NFE2L3)
mRNA and protein expression is upregulated by the proinflammatory cytokine tumor
necrosis factor-α (TNF-α). Huang et al[23] reported that TNF-α could enhance migration
and inhibit the apoptosis of the HCC cell line HepG2 by upregulating heat shock
protein 70 (HSP70). Jing et al[24] indicated that TNF-α promoted HCC carcinogenesis
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Figure 1

Figure 1 Association of nuclear factor erythroid 2-like 3 expression with clinicopathological features of hepatocellular carcinoma patients in The Cancer
Genome Atlas dataset. A: Nuclear factor erythroid 2-like 3 (NFE2L3) expression in G1/2 (n = 213) and G3/4 (n = 131) hepatocellular carcinoma (HCC) patients; B:
NFE2L3 expression in T1 (n = 171), T2 (n = 87) and T3/4 (n = 86) HCC patients; C: NFE2L3 expression in stage I (n = 169), stage II (n = 85), and stage III/IV (n = 90)
HCC patients. bP < 0.01, cP < 0.001. NFE2L3: Nuclear factor erythroid 2-like 3; HCC: Hepatocellular carcinoma.

through the activation of hepatic progenitor cells. Therefore, we hypothesized that the
cancer-promoting role of NFE2L3 in HCC might be regulated by TNF-α. Moreover,
Xiao et al[25] indicated that NFE2L3 could directly activate the phospholipase A2,
group 7 (Pla2g7) gene at the transcriptional level. Pla2g7 was upregulated in more
than half of the tumors in hepatitis C virus-associated HCC[26]. Pla2g7, associated with
aggressive prostate cancer, promoted prostate cancer cell migration and invasion and
was inhibited by statins[27]. Low et al[28] found that Pla2g7 is important in regulating
tumor cell migration and acts as a novel tumor-promoting factor in nasopharyngeal
carcinoma. It could be speculated that NFE2L3 might promote HCC cell migration
and invasion via directly activating Pla2g7 transcription. Additionally, NFE2L3 was
identified as a negative regulator of the peroxiredoxin 6 (PRDX6) promoter in human
pulmonary A549 cells by reporter gene assay[9,29]. PRDX6, as a bifunctional enzyme
with both peroxidase and calcium-independent phospholipase A2 (iPLA2) activity,
induces S phase arrest and promotes apoptosis in HCC cells, and inhibits HCC
tumorigenicity in mice injected with cancer cells[30]. From these data, we hypothesized
that shRNA-mediated knockdown of NFE2L3 might induce apoptosis and inhibit
hepatocarcinogenesis through negative regulation of PRDX6. The discovery and
identification of NFE2L3 target genes are essential for understanding the molecular
mechanisms underlying their roles. Although several potential target genes of
NFE2L3 have been reported, further experiments are required to confirm whether the
genes mentioned above are genuine targets of NFE2L3 in HCC.
While our current research provides important and instructive findings, some
limitations do exist. Due to partial loss of follow-up, it was not possible to perform
survival analyses for some clinical cases. In future studies, we will expand the sample
size, strengthen follow-up, and conduct detailed analyses. In addition, we have
investigated the function of NFE2L3 at the cellular level in vitro, but no animal
experiments have been performed in vivo. We need to further validate the role of
NFE2L3 through in vivo experiments and explore the molecular mechanisms
underlying its roles in HCC.
In conclusion, we identified that NFE2L3 was closely associated with the grade and
stage of HCC patients based on the TCGA database. Furthermore, our study showed
that shRNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects in
HCC cells.
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Table 2 Pearson correlation coefficients for the relationship of nuclear factor erythroid 2-like 3 expression and clinicopathological
features
NFE2L3 expression
r

Tumor grade

P-value

r

P-value

0.2354

< 0.0001

T stage

Pathologic stage

r

P-value

0.1913
-0.0032

NFE2L3 expression

1.000

Tumor grade

0.2354

< 0.0001

1.000

T stage

0.1913

0.0004

-0.0032

0.9522

1.000

Pathologic stage

0.1811

0.0007

-0.0069

0.8985

0.9814

r

P-value

0.0004

0.1811

0.0007

0.9522

-0.0069

0.8985

0.9814

< 0.0001

< 0.0001

1.000

NFE2L3: Nuclear factor erythroid 2-like 3.

Figure 2

Figure 2 Expression of nuclear factor erythroid 2-like 3 mRNA and protein in hepatocellular carcinoma cell lines. A: Nuclear factor erythroid 2-like 3 (NFE2L3)
mRNA levels in BEL-7404 and SMMC-7721 cells infected with shNFE2L3 (NFE2L3 short hairpin RNA) were measured by qPCR; B: NFE2L3 protein levels in BEL7404 and SMMC-7721 cells infected with shNFE2L3 were measured by Western blot. Data shown are the mean ± SEM, aP < 0.05, bP < 0.01 vs shCtrl. NFE2L3:
Nuclear factor erythroid 2-like 3; shCtrl: Negative control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin RNA.
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Figure 3 Role of nuclear factor erythroid 2-like 3 in apoptosis, clone formation, and proliferation of hepatocellular carcinoma cells. A and B: Apoptotic cells
were stained with Annexin V-APC and measured using flow cytometry. The abscissa represents red fluorescence (RED-R-HLog), and the ordinate represents green
fluorescence (GRN-B-HLog) and cell count; C and D: Cell clones were stained with Giemsa and photographed with a digital camera. The number of clones was
accurately calculated and statistically analyzed; E and F: Successfully infected cells were green fluorescent protein positive and cell images were taken with a Celigo
cytometer for a continuous 5 d. Cell count-fold represents cell count at each time point relative to the average of day 1; G and H: OD values were measured at 490 nm
after the treatment of MTT. Cell growth curves were plotted based on OD 490-fold at different time point. Data shown are the mean ± SEM. Student’s t test was used
to analyze significant differences, aP < 0.05, bP < 0.01, cP < 0.001 vs shCtrl. shCtrl: Negative control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin
RNA.
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Figure 4

Figure 4 Short hairpin RNA-mediated knockdown of nuclear factor erythroid 2-like 3 suppresses migration, invasion, and epithelial-mesenchymal
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transition of hepatocellular carcinoma cells. A and B: Cell migration assay showed that migrated cells of the shNFE2L3 group were less than that of the shCtrl
group in BEL-7404 and SMMC-7721 cells; C and D: Cell invasion assay showed that invaded cells of the shNFE2L3 group were less than that of the shCtrl group in
BEL-7404 and SMMC-7721 cells. Both cell migration and invasion were measured with transwell assays. Migrated and invaded cells were stained with Giemsa and
imaged and counted under a microscope. Scare bar = 150 μm; E and F: Snail 1, N-cadherin, Snail 2, and Vimentin protein levels were analyzed using Western blot.
GAPDH was a loading control. Data shown are the mean ± SEM. Student’s t test was used to analyze significant differences, cP < 0.001 vs shCtrl. shCtrl: Negative
control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin RNA.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors. Many factors
can induce HCC, such as viral infection, alcoholic cirrhosis, and aflatoxin, while the underlying
mechanism remains unclear. Nuclear factor erythroid 2-like 3 (NFE2L3) is a member of the cap
‘n’ collar basic-region leucine zipper family of transcription factors. Studies have shown that
NFE2L3 acts as a crucial regulator in a variety of cancer progression involving proliferation,
migration, and invasion of tumor cells.

Research motivation
The roles of NFE2L3 in HCC and their underlying molecular mechanisms have yet to be
elucidated.

Research objectives
Our study aimed to examine NFE2L3 expression in HCC and to analyze its association with
clinicopathological features, and to systematically investigate the biological effects of NFE2L3 in
HCC cell lines.

Research methods
Based on The Cancer Genome Atlas data portal, we analyzed NFE2L3 expression in 344 HCC
patients and its correlation with clinicopathological features. Short hairpin RNA (shRNA)
interference technology was utilized to knock down NFE2L3 in SMMC-7721 and BEL-7404 cells.
NFE2L3 mRNA levels were quantified using qPCR. Flow cytometry, clone-forming, 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, and transwell assays were performed to
evaluate the apoptosis, clone formation, proliferation, migration, and invasion of HCC cells. The
protein levels of NFE2L3 and epithelial-mesenchymal transition (EMT) markers were examined
by Western blot.

Research results
Our results revealed that NFE2L3 expression in G3/4 HCC patients was significantly higher
than that in G1/2 grade patients, and its expression gradually increased with the advancement
of T stage and pathologic stage. The Spearman rank correlation analysis showed that NFE2L3
expression was significantly correlated with tumor grade, T stage, and pathologic stage. The
qPCR and Western blot results indicated that both mRNA and protein levels of NFE2L3 were
markedly decreased after shRNA-mediated knockdown in BEL-7404 and SMMC-7721 cells. Flow
cytometry results demonstrated that shRNA-mediated knockdown of NFE2L3 could promote
the apoptosis of HCC cells. Meanwhile, NFE2L3 knockdown significantly suppressed the clone
formation, cell proliferation, migration, and invasion of HCC cells. Additionally, our results
showed that NFE2L3 knockdown dramatically decreased the levels of mesenchymal markers (Ncadherin and Vimentin) and EMT transcription regulators (Snail1 and Snail2) in HCC cells.

Research conclusions
The present study identified that NFE2L3 was closely associated with the grade and stage of
HCC patients, and shRNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects
in HCC cells.

Research perspectives
Our study preliminarily explored the possible role of NFE2L3 in HCC. Future studies should
focus on the following aspects. First, we will expand the sample size, strengthen follow-up, and
conduct survival analyses. Second, animal experiments will be performed to further validate the
role of NFE2L3 in vivo. Finally, we need to further explore the molecular mechanisms underlying
its roles in HCC.
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Abstract
BACKGROUND
In the present study, we investigated a suppressive role of microRNA-596 (miR596) in gastric cancer (GC). Moreover, the downregulation of miR-596 in GC cell
lines was associated with an increase of miR-596 promoter methylation. We also
established that miR-596 controls the expression of peroxiredoxin 1 (PRDX1),
which has never been reported before, suggesting that this interaction could play
an important role in GC progression.
AIM
To study the potential role and possible regulatory mechanism of miR-596 in GC.
METHODS
The expression levels of miR-596 and PRDX1 in gastric cancer tissues and cell
lines were detected by quantitative real-time PCR (qRT-PCR). Western blot and
luciferase reporter assay were used to detect the effect of miR-596 on PRDX1
expression. Then, the proliferation, metastasis, and invasion of GC cell lines
transfected with miR-596 mimics were analyzed, respectively, by Cell Counting
Kit-8 proliferation assay, wound healing assay, and transwell invasion assay.
Meanwhile, the methylation status of the promoter CpG islands of miR-596 in GC
cell lines was detected by methylation-specific PCR (MSP).
RESULTS
Expression of miR-596 was decreased and PRDX1 was upregulated in GC tissues
and cell lines. Overexpression of miR-596 decreased the expression of PRDX1 and
luciferase reporter assays detected the direct binding of miR-596 to the 3'untranslated region (UTR) of PRDX1 transcripts. Furthermore, we found that
overexpression of miR-596 remarkably suppressed cell proliferation, migration,
and invasion in GC cells. We further analyzed miR-596 promoter methylation by
MSP and qRT-PCR, and found the downregulation of miR-596 was associated
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with promoter methylation status in GC cell lines. Moreover, DNA
demethylation and reactivation of miR-596 after treatment with 5-Aza-2’deoxycytidine inhibited the proliferative ability of GC cells.
CONCLUSION
MiR-596 has a tumor suppressive role in GC and is downregulated partly due to
promoter hypermethylation. Furthermore, PRDX1 is one of the putative target
genes of miR-596.
Key words: Gastric cancer; MicroRNA-596; Methylation; Peroxiredoxin 1
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In the present study, we investigated a suppressive role of microRNA-596
(miR-596) in gastric cancer (GC). MiR-596 was downregulated in human specimens of
GC and GC cell lines, and overexpression of miR-596 significantly reduced GC cell
proliferation. Downregulation of miR-596 in GC cell lines was associated with an
increase of miR-596 promoter methylation. We also established that miR-596 controls
the expression of peroxiredoxin 1, which has never been reported before, suggesting that
this interaction could play an important role in GC progression. Overall, this study has
an impact in understanding the role of miRNAs in cancer progression.

Citation: Zhang Z, Dai DQ. MicroRNA-596 acts as a tumor suppressor in gastric cancer and is
upregulated by promotor demethylation. World J Gastroenterol 2019; 25(10): 1224-1237
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1224.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1224

INTRODUCTION
Gastric cancer (GC) is one of the most common digestive malignancies and remains
the second most common cause of cancer-related mortality worldwide[1]. Currently,
most patients are diagnosed at an advanced stage, leading to a low cure rate and a
low 5-year survival rate. Therefore, it is necessary to further study the molecular
mechanism of GC and identify more effective biomarkers for the diagnosis and
treatment of GC. A greater understanding of these factors will play an important role
in early diagnosis and treatment of GC and improvement of prognosis.
MicroRNAs (miRNAs) are a class of endogenous non-coding RNA with a length of
approximately 23 nucleotides, which can bind to complementary sequences in the 3'untranslated regions (UTRs) of specific mRNAs, resulting in degradation of target
mRNAs or inhibition of their translation into functional proteins[2]. Accumulating
studies have indicated that miRNAs have been associated with almost all known
physiological and pathological processes, including cancer [3,4] . In addition, it is
suggested in recent studies that epigenetic modification, especially DNA methylation,
is one of many mechanisms of miRNA suppression in human cancer[5,6]. MicroRNA596 (miR-596) is located on human chromosome 8p23.3 and is an intergenic miRNA
gene. In recent years, studies have found that miR-596 is downregulated in a variety
of cancers, such as oral cancer[7], endometrial cancer[8], melanoma[9], and bladder
cancer[10,11]. Additionally, miR-596 was previously found to be silenced by promoter
CpG island hypermethylation in hepatocellular carcinoma[12,13], endometrial cancer[14],
and oral cancer[7]. In GC, Song et al[15] reported that miR-596 had low expression and
could target CLDN4 to inhibit the invasion of GC cells. However, whether the
expression of miR-596 is associated with promoter methylation alteration in GC
remains unclear and whether other targets of miR-596 exist in GC remains to be
studied.
In this study, we confirmed that the expression of miR-596 was markedly
downregulated in GC tissues and cell lines. Upregulation of miR-596 suppressed the
proliferation, migration, and invasion of GC cells. The decreased expression of miR596 was associated with promoter DNA methylation in GC. Moreover, it was
indicated that peroxiredoxin 1 (PRDX1) is one of the putative targets of miR-596 in
GC. All these results suggest that there is a critical role for miR-596 in the
pathogenesis of GC and it may serve as a potential therapeutic target for patients with
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this disease.

MATERIALS AND METHODS
Human tissue samples
A total of 55 paired surgically resected GC tissues and adjacent normal gastric tissues,
which were diagnosed by an independent pathologist, were collected from the Fourth
Affiliated Hospital of China Medical University, between 2014 and 2015. The
specimens were promptly collected following surgery and all were pathologically
confirmed. None of the patients enrolled in this study had previously received
preoperative chemotherapy or radiotherapy. Informed consent was obtained from all
patients. The Medical Association Ethics Committee of the Fourth Affiliated Hospital
of China Medical University approved all aspects of the present study in accordance
with the Helsinki Declaration.

Gastric cells and culture
One immortalized normal gastric cell line (GES-1) and four human GC cell lines (AGS,
SGC-7901, MKN-45, and MGC-803) were obtained from the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences (Shanghai, China). These cells were
cultured in RPMI 1640 medium (Invitrogen, Carlsbad, CA, United States) containing
10% fetal bovine serum (Invitrogen) in a humidified atmosphere of 5% CO2 at 37 °C.

RNA isolation and quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from tissues or cultured cells using Trizol reagent
(Invitrogen). According to the protocol of the Poly(A) Tailing Kit (Tiangen, Beijing,
China), poly(A) tails were added to the miRNA. The PrimeScriptTM RT reagent Kit
with gDNA Eraser (Takara, Dalian, China) and gene-specific primers or random
primers were used to generate cDNA. Real-time PCR was performed in a Light Cycler
480 II Real-Time PCR system (Roche Diagnostics, Basel, Switzerland) using SYBR®
Green (Takara). Glyceraldehyde phosphate dehydrogenase (GAPDH) and U6 snRNA
were employed as endogenous controls for mRNA and miRNA, respectively. The
comparative Ct method was used to calculate the relative expression of RNA. Primer
sequences are displayed in Table 1.

Western blot analysis
Transfected cells were lysed with lysis buffer (Beyotime, Shanghai, China) containing
1 mmol/L PMSF. The protein concentrations were measured using the bicinchoninicacid (BCA) protein assay kit (Beyotime). Equal amounts (30 μg) of protein were
separated by 15% SDS-PAGE and electro-transferred to PVDF membranes (Millipore),
which were then incubated with primary antibodies against PRDX1 (1:500 dilution;
Proteintech, Wuhan, China) and β-actin (1:1000 dilution; Proteintech) overnight at 4
°C. After incubation with peroxidase-conjugated affinipure goat anti-rabbit IgG or
peroxidase-conjugated affinipure goat anti-mouse IgG (Beyotime), the bands were
visualized using an electrochemiluminescence (ECL) detection kit (ThermoBiotech
Inc, Rockford, IL, United States). Protein bands were scanned and quantified using
densitometric software (Bio-Rad, California, United States).

Transfection
Transfections were performed using the Lipofectamine3000 Reagent (Invitrogen)
according to the manufacturer’s protocol. Final concentrations of 50 nmol/L of miR596 mimics (5'-AAGCCUGCCCGGCUCCUCGGG-3’)/ miR-NC (5'-UUGUACUA
CACAAAAGUACUG-3’) and 0.75 μg/mL plasmids were used for each transfection
in a six-well plate with 2 mL culture medium. Total RNA and protein were collected
48 h after transfection.

Luciferase reporter assay
MiR-596 mimics or miR-NC, reporter construct, or control vector was cotransfected
into MGC-803 cells for 48 h. Dual luciferase Reporter GeneMAssay Kit (Tiangen,
Beijing, China) was used to detect luciferase activity. Each test was repeated three
times.

Cell Counting Kit-8 proliferation assay
Cell proliferation was determined with the Cell Counting Kit-8 (CCK-8) kit (Dojindo,
Japan); 3000 cells were seeded into 96-well plates for 24 h and then treated with NC,
miR-NC, or miR-596 mimics. After 0, 24, 48, and 72 h of treatment, 100 μL cultural
supernatant was collected to another 96-well plate and then 10 μL CCK-8 solution was
added for incubation at 37 °C for 4 h. The absorbance was measured at 450 nm
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Table 1 Sequences of primers for quantitative real-time PCR
Name

Sequence (5'-3')

Primers used for mRNA detection
miR-596 (forward)

AAGCCTGCCCGGCTCCT

miR-596 (reverse)

GCTGTCAACGATACGCTACGT

miR-596 (RT)

(GCTGTCAACGATACGCTACGTAACGGCATGACA; GTGTTTTTTTTTTTTTTTTTTTTTTTTC)

U6 (forward)

CGCTTCGGCAGCACATATAC

U6 (reverse)

TTCACGAATTTGCGTG TCAT

U6 (RT)

(GCTGTCAACGATACGCTACGTAACGGCATGACAG; TGTTTTTTTTTTTTTTTTTTTTTTTTG)

PRDX1 (forward)

AAGAAACTCAACTGCCAAGTG

PRDX1 (reverse)

CAGCCTTTAAGACCCCATAAT

GAPDH (forward)

CGGATTTGGTCGTATTGGG

GAPDH (reverse)

CTGGAAGATGGTGATGGGATT

PRDX1: Peroxiredoxin 1; MiR-596: MicroRNA-596; GAPDH: Glyceraldehyde phosphate dehydrogenase.

wavelength using spectrophotometry (BioTek, United States).

Wound healing assay
Cells were seeded in six-well plates and treated with NC, miR-NC, or miR-596
mimics. Linear scratch wounds were created on cell monolayers with a sterile 200 μL
pipette tip, and the scratched areas were photographed at × 100 magnification using a
Leica DMI3000B computer-assisted microscope (Leica, Buffalo Grove, United States).
Images were captured at 0, 24, 48, and 72 h after the scratch was made. Images were
analyzed using Image-Pro Plus v6.0 image analysis software (Media Cybernetics,
Rockville, MD, United States).

In vitro invasion assay
Transwell plates (BD, Biosciences, United States) were used for GC cell invasion
assay. The bottom chamber contained complete medium and the upper chamber has
serum-free medium. Matrigel (BD) was added to the RPMI 1640 medium for detecting
invading cells. After transfection with NC, miR-NC, or miR-596 mimics, GC cells were
appropriately seeded into the cell culture. After incubation at 37 °C for 24 h, the
invaded cells were fixed and stained using Giemsa. The images of cells were
photographed with a microscope (Leica) at × 100 magnification and the cell number
counted in three random fields of view. The results are presented as a column graph
with statistics.

DNA extraction and methylation-specific PCR (MSP)
Genomic DNA was extracted from the cultured cells by SDS/proteinase K treatment,
followed by phenol–chloroform extraction and ethanol precipitation. The bisulfite
treatment was performed using the kit EZ DNA Methylation-Gold Kit (Zymo
Research, CA, United States) according to the manufacturer’s protocol. The
methylated primers were 5’-GAG GTT CGG GAT GTA TCG TT-3’ (forward) and 5’TAA CTT CCG CAA TAA CCG TAT-3’ (reverse), which result in a 193 bp band; the
unmethylated primers were 5’-GTG GAG GTT TGG GAT GTA TTG-3’(forward) and
5’-CTC TTA ACT TCC ACA ATA ACC ATA-3’ (reverse), which result in a 200 bp
band. The PCR reaction conditions were as follows: 94 °C for 5 min, 40 cycles of 94 °C
for 30 s, 56 °C for 30 s, and 72 °C for 45 s, and 72 °C for 10 min. Agarose gel
electrophoresis and ethidium bromide staining were then performed. Data from the
gels were collected with a laser density scanner (Pharmacia LKB Ultroscan) and
subsequently analyzed. All experiments were repeated three times, and the mean
value was used for statistical analysis.

5-Aza-2’-deoxycytidine (5-Aza-dC) treatment
GC cells were seeded at 5 × 105 cells per well in six-well culture plates and cultured in
RPMI 1640 medium (Invitrogen) containing 10% fetal bovine serum in a humidified
atmosphere of 5% CO2 at 37 °C for 24 h. The cells were incubated in culture medium
with 0, 2.5, 5, or 10 μmol/L of 5-Aza-dC (Sigma, Shanghai, China) for 3 d, with daily
medium replacement. After that, total RNA and DNA were isolated from these
treated cells for qRT-PCR and MSP analysis, respectively.

Cell viability assay
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GC cells were seeded on 96-well plates and treated with different concentrations of 5Aza-dC in triplicate. After 24, 48, 72, or 144 h of incubation, cells were washed using
PBS and cultured in 100 mL RPMI 1640, including 10 mL CCK-8 solution for another 4
h. The absorbance at 450 nm was measured using spectrophotometry (BioTek).

Statistical analysis
All statistical analyses were performed with SPSS 17.0 software package (SPSS,
Chicago, IL, United States). Data are expressed as the mean ± SD. χ2 test, Student’s t
test, and one-way ANOVA analysis were used for comparisons. P-values < 0.05 were
considered statistically significant.

RESULTS
MiR-596 is downregulated and PRDX1 upregulated in GC tissues and cell lines
In the present study, the levels of miR-596 expression in 55 pairs of GC and normal
control tissues and cell lines were initially assessed using qRT-PCR. The results
demonstrated that miR-596 was significantly downregulated in GC tissues compared
with paired control tissues (Figure 1A). Furthermore, endogenous expression of miR596 was investigated in different gastric cell lines, including AGS, SGC-7901, MKN-45,
MGC-803, and GES-1. It was shown that the GC cell lines (AGS, SGC-7901, MKN-45,
and MGC-803) exhibited relatively low miR-596 expression levels compared to the
normal gastric cell line GES-1 (Figure 1B). In addition, PRDX1 expression was
analyzed in 55 paired GC and control tissues and cell lines by qRT-PCR. The results
indicated that PRDX1 expression was significantly upregulated in GC tissues and cell
lines when compared to corresponding non-tumorous tissue and the normal gastric
cell line GES-1 (Figure 1C and D). Moreover, Pearson's correlation analysis revealed
that the expression of miR-596 was inversely correlated with PRDX1 in GC tissues
(Figure 1E). Then, we further examined the relationship between miR-596 expression
and clinicopathological factors in 55 GC tissues by Pearson's χ2 test. MiR-596
expression was significantly related to tumor differentiation grade and TNM stage,
but not with age, sex, tumor size, tumor site, Borrmann type, or lymph node
metastasis (Table 2).

PRDX1 as a putative target of miR-596
Using three bioinformatic databases (TargetScan, miRWalk, and miRanda), PRDX1
was selected as a predicted target gene of miR-596 (Figure 2A). PRDX1 expression
was analyzed in GC cell lines and the GES-1 cell line by Western blot. The results
indicated that PRDX1 expression was significantly upregulated in GC cell lines when
compared to the normal gastric cell lines GES-1 (Figure 2B). To further validate this
prediction, miR-NC or miR-596 mimics was co-transfected into MKN-45 and MGC803 cell lines and cultured for 48 h. qRT-PCR and Western blot analysis approved that
overexpression of miR-596 (Figure 2C) significantly inhibited PRDX1 expression at the
mRNA and protein levels in MKN-45 and MGC-803 cell lines (Figure 2D).
Furthermore, the luciferase activity of the PRDX1_WT vector was significantly
suppressed by the miR-596 mimics, but miR-596 mimics could not affect the luciferase
activity of PRDX1_MUT vector or the miR-NC (Figure 2E). These results suggested
that miR-596 may bind directly to PRDX1 and inhibit its expression.

MiR-596 suppresses GC cell proliferation
To investigate the role of miR-596 in GC cell proliferation, we utilized ectopic
expression of miR-596 and measured cell growth of two GC cell lines MKN-45 and
MGC-803 using the CCK-8 method. The results revealed that cell proliferation was
clearly suppressed in MKN-45 (Figure 3A) and MGC-803 (Figure 3B) cells after
manipulation of miR-596 mimics at 48 and 72 h, but no significant difference was
observed at 24 h.

MiR-596 inhibits GC cell migration and invasion
To further evaluate the role of miR-596 in the progression and metastasis of GC, we
performed wound healing and Transwell invasion assays in MKN-45 and MGC-803
cells transfected with miR-NC or miR-596 mimics. Transfection with miR-596 mimics
significantly suppressed cell migration (Figure 4A and B) and invasion (Figure 4C) in
the MKN-45 and MGC-803 cells compared to the NC and miR-NC groups.

MiR-596 is regulated by epigenetic mechanisms in GC
First, to detect whether low expression of miR-596 is related to DNA methylation, we
detected the DNA methylation status of miR-596 promoter region in GC cell lines.
Data from our MSP analysis displayed that there was a significant negative
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Figure 1

Figure 1 MicroRNA-596 is downregulated and peroxiredoxin 1 upregulated in gastric cancer tissues and cell lines. A and B: Expression of miR-596 in 55
pairs of gastric cancer (GC) and non-tumor tissues (A) and human GC cells (B). C and D: Expression of peroxiredoxin 1 (PRDX1) mRNA in 55 GC samples and
corresponding non-tumor tissues (C) and human GC cells (D). E: Pearson's correlation analysis of the relative expression levels of miR-596 and the relative PRDX1
mRNA expression levels in the same set of patients. β-actin was used as an internal control. aP < 0.05, bP < 0.01, cP < 0.001 vs non-tumor tissues or GES-1. PRDX1:
Peroxiredoxin 1; MiR-596: MicroRNA-596.

correlation between miR-596 promoter methylation and expression levels in GC cell
lines (Figure 5A). Meanwhile, we treated the miR-596-silenced cell lines, MKN-45 and
MGC-803, with the demethylating agent 5-Aza-dC, to confirm whether miR-596
expression could be restarted. We observed that the methylation status of miR-596
promoter region was significantly decreased in MKN-45 and MGC-803 cells after
treatment with 5-Aza-dC, the expression of miR-596 was obviously increased, and the
highest expression occurred at a concentration of 5 μmol/L (Figure 5B). Moreover, it
was found that the expression of PRDX1 mRNA was slightly upregulated in MKN-45
and MGC-803 cells after treatment with 5-Aza-dC, but the expression of PRDX1
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Table 2 Correlation between microRNA-596 expression and clinicopathological variables of
gastric cancer
Variable

No. of Patients

Low expression

High expression

< 60

18

14

4

≥ 60

37

32

5

Age (yr)

P-value
0.667

Gender

1.000

Male

36

30

6

Female

19

16

3

<5

18

13

5

≥5

37

33

4

Size (cm)

0.227

0.043a

Tumor differentiation
Well/moderate

23

16

7

Poor

32

30

2

Upper

5

4

1

Middle

12

11

1

Lower

38

31

7

I + II

6

4

2

III + V

49

42

7

Tumor location

0.827

Borrmann type

0.545

0.031a

TNM stage
I + II

22

15

7

III + IV

33

31

2

No

13

9

4

Yes

42

37

5

Lymph node metastasis

0.239

a

P < 0.05.

protein was significantly downregulated (Figure 5C). MSP products were sequenced,
which confirmed that sodium bisulfite modification was sufficient for DNA (Figure
5D).

5-Aza-dC treatment decreases proliferation in GC cell lines
To evaluate whether 5-Aza-dC treatment affects GC cell growth, we analyzed the
proliferation of MKN-45 (Figure 6A) and MGC-803 (Figure 6B) cells treated with 5Aza-dC. The results of the CCK-8 assay showed that the cell inhibition rate was
significantly increased as the 5-Aza-dC concentration or the culture time was
increased as compared with the untreated control group.

DISCUSSION
Accumulating evidence has demonstrated that miRNAs may play an important role
in GC initiation and development[16,17]. In the present study, we found that miR-596
expression was significantly decreased in GC tissue and cell lines. Moreover, artificial
ectopic expression of miR-596 potentially suppressed GC cell proliferation, migration,
and invasion. This indicates that miR-596 may function as a tumor suppressor in GC
and that miR-596 expression may contribute to the development of GC.
MiRNAs are dysregulated in nearly all human tumours and can function as either
tumour suppressors or oncogenes, depending on their target transcripts[18,19]. They
work by binding to complementary sequences in the 3'-UTRs of specific mRNAs,
leading to translation inhibition[20]. Moreover, due to a non-strict hybridization of the
seed match region, one miRNA can bind to multiple mRNA targets, allowing
simultaneous downregulation of multiple target mRNAs. Similarly, multiple miRNAs
can bind to the same mRNA target and enhance translational repression[21,22]. In our
research, bioinformatic analysis show that PRDX1 is a potential target of miR-596.
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Figure 2

Figure 2 Peroxiredoxin 1 as a putative target of microRNA-596 in gastric cancer cells. A: The predicted binding sites for microRNA-596 (miR-596) in the 3'-UTR
of peroxiredoxin 1 (PRDX1). B: Expression of PRDX1 protein in human gastric cancer (GC) cells. C: Quantitative real-time PCR (qRT-PCR) for determining miR-596
expression in MKN-45 and MGC-803 cells transfected with miR-NC or miR-596 mimics. D: PRDX1 mRNA and protein expression in MKN-45 and MGC-803 cells
transfected with miR-NC or miR-596 mimics. β-actin was used as an internal control. E: Relative luciferase activity of PRDX1 in wild-type (WT-UTR) or mutant (MUTUTR). aP < 0.05, bP < 0.01, cP < 0.001 vs miR-NC. PRDX1: Peroxiredoxin 1; MiR-596: MicroRNA-596.

PRDX1 belongs to the peroxiredoxin family and is composed of thiol-specific
antioxidant enzymes, which can reduce H2O2 and alkyl hydroperoxide[23], and is
related to the reduction of oxidative damage[24]. PRDX1 overexpression was associated
with tumor growth and poor prognosis in numerous cancers including breast
cancer [25] , lung cancer [26] , and esophageal squamous cell cancer [27] . However, the
expression profile and potential role of PRDX1 in GC remain to be investigated. In
this study, we found that the expression of PRDX1 was substantially upregulated in
cancer tissues and cell lines by qRT-PCR and was inversely correlated with miR-596 in
GC tissues. Additionally, the results showed that overexpression of miR-596
decreased the expression of PRDX1 and luciferase reporter assays detected the direct

WJG

https://www.wjgnet.com

1231

March 14, 2019

Volume 25

Issue 10

Zhang Z et al. Role of miR-596 in GC
Figure 3

Figure 3 MicroRNA-596 suppresses gastric cancer cell proliferation. NC, miR-NC, or miR-596 mimics was transfected into MKN-45 (A) and MGC-803 (B) cells.
The cell growth rate was determined by measuring Cell Counting Kit-8 absorbance at 450 nm every 24 h (aP < 0.05, bP < 0.01 vs miR-NC).

binding of miR-596 to the 3'-UTR of PRDX1 transcripts. Our results provided a
theoretical basis for further study of the mechanism of miR-596 and PRDX1 in GC.
Previous studies showed that transcription of miRNAs can also be epigenetically
regulated by methylation in CpG islands[28,29]. In addition, DNA methylation is a
reversible signal, similar to other physiological biochemical modifications[30]. The
silencing of tumor suppressor genes is closely related to DNA hypermethylation and
can be effectively reversed by DNA methyltransferase inhibitors, thereby inhibiting
tumor growth[31]. In the present research, DNA methylation analysis by MSP indicated
that there was a markedly negative correlation between miR-596 promoter
methylation and expression levels in GC cell lines. Furthermore, treatment with the
demethylating agent 5-Aza-dC raised the expression of miR-596 in GC cell lines. In
addition, the expression of its target gene PRDX1 protein was significantly
downregulated. These results showed that the downregulation of miR-596 in GC is
attributed, at least in part, to the hypermethylation of CpG sequences in its promoter.
5-Aza-dC as a demethylating agent has been recently used for treatment of
myelodysplastic syndromes and acute myelomonocytic leukemia [32] . The main
mechanism of 5-Aza-dC is to reduce its activity by binding to DNA methyltransferase
I (DNMT1), selectively induce DNMT degradation, and inhibit tumor growth by
inducing apoptosis, affecting cell cycle and cytotoxicity[33]. Moreover, 5-Aza-dC is
cytotoxic at high concentrations and demethylated at low concentrations[34]. Therefore,
our study suggested that the inhibitory effect of 5-Aza-dC on the proliferative ability
of GC cells may be due in part to the demethylation and reactivation of miR-596.
In conclusion, our current study demonstrated that the expression of miR-596 was
downregulated in GC cells and GC tissues. The in vitro data further suggested that
miR-596 expression was able to inhibit GC cell growth, migration, and invasion.
Furthermore, miR-596 expression was regulated by epigenetic mechanisms. The
downregulation of miR-596 was associated with promoter methylation status in GC
cell lines. DNA demethylation and reactivation of miR-596 after treatment with 5Aza-dC inhibited the proliferative ability of GC cells. Moreover, we identified that
PRDX1 is one of the putative target genes of miR-596. Our results further emphasize
that miR-596 functions as a crucial tumor suppressor that is regulated by epigenetic
mechanisms in GC and may offer a promising novel therapeutic approach for GC.
Nonetheless, more studies are required to determine the precise mechanism of miR596 in the progression of GC.
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Figure 4

Figure 4 MicroRNA-596 inhibits gastric cancer cell migration and invasion. A and B: The wound healing assay for detecting cell migration in MKN-45 (A) and
MGC-803 (B) cells transfected with miR-NC or microRNA-596 (miR-596) mimics. C: The Transwell invasion assay for detecting cell invasion in MKN-45 and MGC-803
cells transfected with miR-NC or miR-596 mimics. aP < 0.05, bP < 0.01 vs miR-NC.
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Figure 5

Figure 5 MicroRNA-596 is regulated by epigenetic mechanisms in gastric cancer. A: Methylation-specific PCR (MSP) analysis of microRNA-596 (miR-596)
promoter region methylation in gastric cancer (GC) cell lines. B: Quantitative real-time PCR (qRT-PCR) and MSP analysis of miR-596 expression after treatment with
5-Aza-2’-deoxycytidine (5-Aza-dC) (2.5, 5, or 10 µmol/L) in MKN-45 and MGC-803 cells, aP < 0.05, bP < 0.01 vs control cells. C: qRT-PCR and Western blot analysis
of PRDX1 expression after treatment with 5-Aza-dC (2.5, 5 or 10 µmol/L) in MKN-45 and MGC-803 cells, aP < 0.05, bP < 0.01 vs control cells. D: The promoter
sequence of miR-596 after treatment with sodium bisulfate. Unmethylation of cytosine was transformed to uracil, but methylated cytosine remained unchanged. 1:
DNA sequence of miR-596 promoter; 2: Sequence after sodium bisulfate modification; U: Unmethylation lane; M: Methylation lane; PRDX1: Peroxiredoxin 1; MiR-596:
MicroRNA-596; 5-Aza-dC: 5-Aza-2’-deoxycytidine.
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Figure 6

Figure 6 5-Aza-2’-deoxycytidine treatment decreases proliferation in the MKN-45 (A) and MGC-803 (B) cells. Inhibition rate (%) = (ODuntreated control - ODtreated)
/ ODuntreated control × 100%. 5-Aza-dC: 5-Aza-2’-deoxycytidine.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most common digestive malignancies and remains the second
most common cause of cancer-related mortality worldwide. Currently, most patients are
diagnosed at an advanced stage, leading to a low cure rate and a low 5-year survival rate.
Therefore, it is necessary to further study the molecular mechanism of GC and identify more
effective biomarkers for the diagnosis and treatment of GC.

Research motivation
Accumulating studies have indicated that microRNAs (miRNAs) have been associated with
almost all known physiological and pathological processes, including cancer. In addition, it is
suggested in recent studies that epigenetic modification, especially DNA methylation, is one of
many mechanisms of miRNA suppression in human cancer. A greater understanding of these
factors will play an important role in early diagnosis and treatment of GC and improvement of
prognosis.

Research objectives
To study the potential role and possible regulatory mechanism of microRNA-596 (miR-596) in
GC, and whether other targets of miR-596 exist in GC.

Research methods
In the present study, the levels of miR-596 expression in 55 pairs of GC and normal control
tissues and cell lines were initially assessed using quantitative real-time (qRT-PCR). We further
examined the relationship between miR-596 expression and clinicopathological factors in 55 GC
tissues by Pearson's χ2 test. In addition, peroxiredoxin 1 (PRDX1) expression was analyzed in 55
paired GC and control tissues and cell lines by qRT-PCR. Western blot and luciferase reporter
assay were used to detect the effect of miR-596 on PRDX1 expression. Then, the proliferation,
metastasis, and invasion of GC cells transfected with miR-596 mimics were analyzed,
respectively, by Cell Counting Kit-8 proliferation assay, wound healing assay, and transwell
invasion assay. The methylation status of the promoter CpG islands of miR-596 in GC cell lines
was detected by methylation-specific PCR. Meanwhile, we treated GC cells with the
demethylating agent 5-Aza-2’-deoxycytidine (5-Aza-dC) to confirm whether miR-596 expression
could be restarted. Finally, in order to evaluate whether 5-Aza-dC treatment affects GC cell
growth, we analyzed the proliferation of GC cells treated with 5-Aza-dC.

Research results
Our current study demonstrated that the expression of miR-596 was downregulated in GC cells
and GC tissues. The in vitro data further suggested that miR-596 expression was able to inhibit
GC cell growth, migration, and invasion. Furthermore, miR-596 expression was regulated by
epigenetic mechanisms. Moreover, we identified that PRDX1 is one of the putative target genes
of miR-596.

Research conclusions
In the present study, we have investigated a suppressive role of microRNA-596 in GC. We
reported that miR-596 was downregulated in human specimens of GC and GC cell lines, and that
overexpression of miR-596 significantly reduced GC cell proliferation. Moreover, the
downregulation of miR-596 in GC cell lines was associated with an increase of miR-596 promoter
methylation. We also established that miR-596 controls the expression of PRDX1, which has
never been reported before, suggesting that this interaction could play an important role in GC
progression.

Research perspectives
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Our results further emphasize that miR-596 functions as a crucial tumor suppressor that is
regulated by epigenetic mechanisms in GC and may offer a promising novel therapeutic
approach for GC. Nonetheless, more studies are required to determine the precise mechanism of
miR-596 in the progression of GC.
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Abstract
BACKGROUND
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
tumor type in the gastrointestinal system. Presently, various classification
systems to prognosticate GISTs have been proposed.
AIM
To evaluate the application value of four different risk stratification systems for
GISTs.
METHODS
Patients who were diagnosed with GISTs and underwent surgical resection at
four hospitals from 1998 to 2015 were identified from a database. Risk of
recurrence was stratified by the modified National Institute of Health (NIH)
criteria, the Armed Forces Institute of Pathology (AFIP) criteria, the Memorial
Sloan Kettering Cancer Center (MSKCC) prognostic nomogram, and the contour
maps. Receiver operating characteristic (ROC) curves were established to
compare the four abovementioned risk stratification systems based on the area
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under the curve (AUC).
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CONCLUSION
According to our data, the AFIP criteria were associated with a larger AUC than
the NIH modified criteria, the MSKCC nomogram, and the contour maps, which
might indicate that the AFIP criteria have better accuracy to support therapeutic
decision-making for patients with GISTs.
Key words: Gastrointestinal stromal tumors; Risk stratification; Prognosis; Modified
National Institute of Health criteria; Armed Forces Institute of Pathology criteria;
Memorial Sloan Kettering Cancer Center prognostic nomogram; Contour maps;
Gastrointestinal tumors
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our study evaluated the application value of four different risk stratification
systems for gastrointestinal stromal tumors (GISTs). Patients who were diagnosed with
GISTs and underwent surgical resection at four hospitals from 1998 to 2015 were
identified from a database and were stratified by four different stratification systems.
According to our data, the Armed Forces Institute of Pathology (AFIP) criteria were
associated with a larger area under the curve than the National Institute of Health
modified criteria, the Memorial Sloan Kettering Cancer Center nomogram, and the
contour maps, which indicated that the AFIP criteria have better accuracy to support
therapeutic decision-making for patients with GISTs.

Citation: Chen T, Ye LY, Feng XY, Qiu HB, Zhang P, Luo YX, Yuan LY, Chen XH, Hu YF,
Liu H, Li Y, Tao KX, Yu J, Li GX. Performance of risk stratification systems for
gastrointestinal stromal tumors: A multicenter study. World J Gastroenterol 2019; 25(10):
1238-1247
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1238.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1238

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common type of mesenchymal
tumor in the gastrointestinal (GI) system. They can occur anywhere in the human GI
tract, including the stomach (60%-70%), small intestine (20%-30%), duodenum (4%5%), rectum (4%-5%), colon (< 2%), and esophagus (< 1%)[1-2]. Their overall incidence
has been estimated to be 10 to 20 per million, including incidental minimal tumors.
What’s more, only 18% of these tumors were considered benign, whereas 35% were
considered to have some malignant potential and 47% were of undetermined
potential. A 42% recurrence rate with a median time to recurrence of 22 months was
found in surgically resected tumors[3].
GISTs arise from interstitial cells of Cajal, are generally immunohistochemically
positive for KIT (CD117), and contain KIT- or PDGFRA-activating mutations[4-7]. Until
2000, the treatment of GISTs was limited in radical surgery, as GISTs are resistant to
chemo- and radiotherapy. In 2000, imatinib was first used in GISTs as a tyrosine
kinase inhibitor (TKI). This significantly improved median overall survival from < 1
yr to > 5 yr nowadays[8]. Adjuvant therapy with imatinib benefits patients with a high
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risk of recurrence, with studies suggesting most benefit with at least 3 yr of therapy.
TKI treatment was also recommended by the National Comprehensive Cancer
Network (NCCN) in 2015, for GIST patients with a moderate or high risk of
recurrence. In other words, patients in the low-risk group may not benefit from TKI
treatment. Otherwise, overtreatment may bring them adverse effects and financial
burden. Another important thing is the frequency of reexamination. For patients with
a low risk to recur, computed tomography examination is recommended to be taken
every 6 mo, lasting 5 yr. However, for patients with a median or high risk to recur,
examination should be taken every 3 mo in the first 3 yr. Therefore, the accuracy of
risk stratification is very important in the treatment of GISTs.
Fletcher published a consensus approach to diagnose GISTs based on tumor size,
tumor site, and mitosis number. It was approved by the National Institutes of Health
(NIH) in 2002 and was the first guide in risk stratification for GISTs[9]. Subsequently,
the Armed Forces Institute of Pathology (AFIP) criteria were put forward by
Miettinen and Losota[10] in 2006 according to the long-term follow-up results of 1684
patients. In 2008, the NIH system was modified to include both tumor location and
rupture; these new criteria have been widely accepted around the world because they
are easier to apply than the AFIP criteria[11]. In 2009, a prognostic nomogram was
developed by the Memorial Sloan Kettering Cancer Center (MSKCC) to predict the
risk of recurrence[12]. A novel risk stratification method was developed by Joensuu et
al[13] in 2011, in which tumor size and mitosis count were treated as continuous nonlinear variables. Although there are many grading methods available, clinicians are
sometimes confused as to which one should be used to determine a patient's risk
rating.
The present study aimed to compare the predictive accuracy of the modified HIN
criteria, the AFIP criteria, the MSKCC nomogram, and the Joensuu’s contour maps. To
the best of our knowledge, this study constitutes the first comparison of these four
risk criteria based on multicenter data. Our aim was to elucidate which risk
stratification system provides the best support for therapeutic decision-making.

MATERIALS AND METHODS
Patients
We searched a database for patients who were diagnosed with GISTs by standard
pathologic criteria at the Southern Medical University Nanfang Hospital, Sun Yat-sen
University Cancer Center, Guangdong General Hospital, and Wuhan Union Hospital
from January 1998 to December 2015. Patients who underwent complete resection
with negative margins and no metastasis and did not undergo or did not completely
undergo TKI therapy in a neoadjuvant or adjuvant setting were included in the study.
Pregnant or breastfeeding women and patients with other serious diseases or with a
history of malignancy were excluded. Patients with uncomplete data were also
excluded.
Between January 1998 and December 2015, a total of 2661 patients who were
diagnosed with GISTs and underwent complete gross resection at Southern Medical
University Nanfang Hospital (692), Sun Yat-sen University Cancer Center (667),
Guangdong General Hospital (548), and Wuhan Union Hospital (754) were identified.
Of these, 122 patients whose tumors were not primary and 86 patients who had a
history of malignant tumor were excluded from the analysis. Six patients had positive
margins, and 86 patients showed evidence of metastatic disease at diagnosis. Four
hundred and thirty-three patients without complete data and 368 patients lost to
follow-up were also excluded. Two hundred and fifty-seven patients regularly
underwent TKI therapy in a neoadjuvant or adjuvant setting. Thus, a total of 1303
patients were included in the present study (Figure 1).

Data collection and analysis
We collected the demographic and clinicopathologic data of the included patients
accurately. Tumor size and mitotic index were measured by the pathologists. Mitotic
index was defined as the number of mitoses per 50 randomly selected microscopic
high-power fields (HPFs). Tumor rupture included those ruptures before and during
the surgery. Continuous variables are presented as the mean (standard deviation) and
median (minimum, maximum). Categorical variables are presented as the frequency
(percentage). Patients were classified using the modified NIH consensus criteria, the
AFIP criteria, the MSKCC nomogram, and the Joensuu’s contour maps. The
Wilcoxon-Mann-Whitney test and the Chi-squared/Fisher’s exact test were used to
analyze continuous variables and categorical variables, respectively. Univariate
analysis was performed for exploring the relationship between the above
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Figure 1

Figure 1 Flow diagram for extracting eligible cases for comparison. TKI: Tyrosine kinase inhibitor.

characteristics and tumor recurrence. A binary logistic regression model was used to
calculate odds ratios (ORs).

Recurrence-free survival and overall survival
Recurrence-free survival (RFS) was defined as the time from diagnosis to recurrence
of the tumor after complete resection. Patients who were alive without recurrence at
the time of data collection and those who died without recurrence were censored.
Overall survival was calculated from the date of surgery or diagnosis to the date of
death. RFS and overall survival between groups were compared using the KaplanMeier life-table method and a non-stratified Cox proportional hazards model or logrank test. Receiver operating characteristic (ROC) curves were used to compare the
accuracy of the risk stratification criteria. Both 2- and 5-year RFS rates were reported
in the MSKCC nomogram. The areas under the curve (AUCs) of all the risk
stratification systems were calculated. Comparisons between ROC curves were
performed. Two-tailed P-values were reported and were considered to be statistically
significant when P < 0.05.

RESULTS
Table 1 shows the demographic and clinicopathologic data of the included
population. The average age of the included patients was 55.77 ± 13.70 yr; 52.3% were
male. The mean follow-up period was 64.91 ± 35.79 months. Approximately 67.0% of
the tumors were located in the stomach, and 59.5% were smaller than 5 cm; 67.3% of
patients had a mitotic count ≤ 5/50 HPFs. There were 34 tumors that ruptured,
including those ruptures before and during surgery. According to the modified NIH
criteria, 347 (26.6%) patients were in the very-low-risk group, while 400 (30.7%) were
in the high-risk group. Recurrent disease was found in 107 (8%) patients; 77.6% of
these patients were classified in a moderate- or high-risk group by the modified NIH
criteria, while 71.0% were designated such by the AFIP criteria. A total of 159 persons
died during our research. According to the contour map criteria, age (P = 0.118),
gender (P = 0.339), or follow-up period (P = 0.067) among the different risk groups
showed no difference. Neither age (P = 0.333) nor gender (P = 0.067) showed a
difference between the recurrence group and the non-recurrence group. Univariate
analysis demonstrated that tumor size > 5 cm [OR 4.694, 95% confidence interval (CI)
(3.003, 7.337), P < 0.05], mitotic count > 5/50 HPFs [OR 3.286, 95%CI (2.193, 4.923), P <
0.05], non-gastric location [OR 4.200, 95%CI (2.774, 6.359), P < 0.05], and tumor
rupture [OR 57.327, 95%CI (24.220, 135.685), P < 0.05] were significantly associated
with increased recurrence rates.
Figure 2 shows the overall survival and RFS for the entire cohort of patients. The
mean overall survival was 188.28 (2.915) mo, while the RFS was 195.697 (2.234) mo.
According to the AFIP criteria, the high-risk group showed the shortest RFS [122.212
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Table 1 Demographic and clinicopathologic characteristics n (%)
Overall (n = 1303)

Recurrence (107)

No recurrence (1196)

OR (95%CI)

P-value

Male

681 (52.3)

65 (60.7)

616 (51.5)

Female

622 (47.7)

42 (39.3)

580 (48.5)

0.686 (0.458, 1.028)

0.067

55.77 (13.696)

55.76 (0.390)

55.83 (1.538)

1.000 (0.986, 1.015)

0.276

Gastric
Non-gastric

873 (67.0)

38 (35.5)

835 (69.8)

430 (33.0)

69 (64.5)

361 (30.2)

4.200 (2.774, 6.359)

< 0.05

64.91 (35.793)

75.36 (4.608)

63.98 (0.995)

1.008 (1.003, 1.013)

< 0.05

1.128 (1.092, 1.165)

< 0.05

4.694 (3.003, 7.337)

< 0.05

< 0.05

Gender

Age (yr)
Mean (SD)
Tumor location

Follow-up period (mo)
Mean (SD)
Tumor size
Mean (SD)

5.14 (4.862)

9.01 (0.663)

4.80 (0.130)

≤ 5 cm

775 (59.5)

28 (26.2)

747 (62.5)

> 5 cm

528 (40.5)

79 (73.8)

449 (37.5)

≤ 5/50 HPFs

877 (67.3)

44 (41.1)

833 (69.6)

> 5/50 HPFs

426 (32.7)

63 (58.9)

363 (30.4)

3.286 (2.193, 4.923)

Yes

34 (2.6)

27 (25.2)

7 (0.6)

57.327 (24.220, 135.685)

No

1269 (97.4)

80 (74.8)

1189 (99.4)

Very low risk

347 (26.6)

14 (13.10)

333 (27.80)

0.182 (0.101, 0.329)

< 0.05

Low risk

394 (30.2)

10 (9.30)

384 (32.10)

0.113 (0.057, 0.222)

< 0.05

Intermediate risk

162 (12.4)

8 (7.50)

154 (12.90)

0.225 (0.106, 0.478)

<0.05

High risk

400 (30.7)

75 (70.10)

325 (27.20)

Very low risk

619 (47.5)

15 (14.00)

604 (50.50)

0.081 (0.045, 0.146)

< 0.05

Low risk

250 (19.2)

16 (15.00)

234 (19.60)

0.224 (0.125, 0.401)

< 0.05

Intermediate risk

173 (13.3)

15 (14.00)

158 (13.20)

0.311 (0.170, 0.568)

< 0.05

High risk

261 (20.0)

61 (57.00)

200 (16.70)

Mitotic index

Tumor rupture

< 0.05

Modified NIH

AFIP criteria

OR: Odds ratio; CI: Confidence interval; SD: Standard deviation; HPF: High-power field; AFIP: Armed Forces Institute of Pathology; NIH: National
Institutes of Health.

(4.364) mo, P < 0.05] and overall survival [158.542 (5.193) months, P < 0.05] (Figure 3).
We performed ROC analysis to compare the accuracy of the above GIST risk
stratification systems (Figure 4). Both the 2- and 5-year predicated probabilities of RFS
were calculated in the MSKCC nomogram. The AUCs of modified NIH, AFIP,
MSKCC (2-year), MSKCC (5-year), and contour map criteria were 0.726, 0.754, 0.725,
0.737, and 0.739, respectively. Pairwise comparisons of the ROC curves are shown in
Table 2.

DISCUSSION
Proper stratification is important to determine whether a patient should undergo TKI
therapy or whether frequent review is necessary. Tumor size > 5 cm, mitotic count >
5/50 HPFs, non-gastric location, and tumor rupture were significantly associated with
increased recurrence rates in our study. Jumniensuk et al[14] found that metastasis
happened in 27.7% of GIST patients, which mostly occurred within 2 yr. They also
found that metastasis correlated with tumor size > 10 cm (P = 0.023) and mitotic count
> 5/5 mm2 (P = 0.000). In the study of Supsamutchai et al[15], they demonstrated that
there were significant differences between mitotic index or tumor size and the risk of
recurrence or metastasis (P = 0.036). Our data demonstrated that tumor location was
also an important factor affecting recurrence. According to common dogma, intestinal
GISTs are associated with a worse prognosis compared with gastric GISTs[16]. Emory et
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Figure 2

Figure 2 Recurrence-free survival and overall survival for the entire cohort of patients. A: Recurrence-free survival; B: Overall survival. RFS: Recurrence-free
survival.

al[17] showed that overall survival was best for those patients with tumors confined to
the esophagus and worst for those whose tumors originating in the small bowel (P =
0.00109). Tumors located in the fundus or at the gastroesophageal junction were
associated with recurrence (P < 0.001)[18]. However, none of the currently available
prognostic criteria take tumor site inside the stomach into account when calculating
the risk of recurrence of GISTs. According to our study, tumor rupture is another
factor that should be considered, which is consistent with the study of Rutkowski et
al[19]. Hohenberger et al[20] showed that 15 patients with a GIST rupturing into the
abdominal cavity recurred in 16 (94%) patients without adjuvant treatment. The AFIP
criteria, which demonstrated the largest AUC in our study, cover all these prognostic
factors.
Upon pairwise comparison of the ROC curves, the AUC of the AFIP criteria was
greater than that of the modified NIH criteria (P < 0.05), although the other pairwise
comparisons were not significantly different. This result is consistent with the
recommendation made by the NCCN on GISTs in 2017, which also concluded that the
AFIP criteria have advantages over the modified NIH criteria based on a number of
studies. The study by Goh et al also illustrated that the AFIP risk criteria performed
best among the three systems (NIH, modified NIH, and AFIP) for primary localized
GISTs[21]. However, in the study by Belfiori et al[22], the MSKCC nomogram seemed to
perform better than the NIH, modified NIH, and AFIP criteria in their sample and
was suggested for use in clinical practice to predict the risk of recurrence. However,
this study only covered 37 GISTs and observed 9 (24%) recurrences with a median
follow-up period of 65 mo, which was shorter than the follow-up period in our study.
The study by Chok et al[23] reached the same conclusion. It is hard to explain the exact
reasons why the AFIP criteria better predicted recurrence compared to the other risk
classification systems in our included patients. However, the AFIP criteria are based
on a population of 1684 patients, which is much larger than those corresponding to
the other prognostic classification systems, and this difference may support the more
objective nature of the AFIP criteria. In addition, the AFIP system draws a wider
prognostic divergence between tumors located in the gastric region and the nongastric region. For example, a tumor smaller than 2 cm with a mitotic count between 5
and 10 per 50 HPFs in a non-gastric location would be classified in the intermediaterisk group by the modified NIH criteria, whereas the AFIP criteria would classify
such a tumor in the high-risk group. In contrast, for the nomogram criteria, the risk
levels depend on whether the tumor location is colorectal or intestinal. Although
intestinal GISTs show a worse prognosis than colorectal tumors, the low proportion of
intestinal GISTs in our study limited this predictive impact. Moreover, the nomogram
method tends to overestimate the probability of recurrence in low-risk tumors, as a
result of the fact that its performance tends to be poorer in study cohorts with a high
proportion of low-risk tumors as our data. With regard to the contour maps, these
emphasize tumors outside of the GI tract and those which have ruptured. In clinical
work, it is rare to encounter tumors outside of the GI tract and those that rupture.
Moreover, the reported frequency of rupture in GISTs varies greatly, from 2% to
22% [19,24] . In our multicenter data, the frequency of rupture was 2.6%. However,
contour maps might benefit for the individual prognosis estimation because the

WJG

https://www.wjgnet.com

1243

March 14, 2019

Volume 25

Issue 10

Chen T et al. Risk stratification systems’ performance for GISTs
Figure 3

Figure 3 Recurrence-free survival and overall survival between different groups according to the Armed Forces Institute of Pathology criteria. A:
Recurrence-free survival; B: Overall survival. RFS: Recurrence-free survival; AFIP: Armed Forces Institute of Pathology.

tumor size and mitotic count are integrated as continuous variables, especially when
the tumor size or mitotic count is close to the cutoff values of modified NIH or AFIP
criteria based on the categories. Nevertheless, further studies should focus on more
rigorous analysis of the accuracy of the nomogram method and contour maps.
A number of other factors have recently been shown to be associated with the
prognosis of stromal tumors, from the genetic level to the protein level[25-29]. In 2016,
Feng et al found that the parameters in peripheral blood cells such as high neutrophilto-lymphocyte ratio and monocyte-to-lymphocyte ratio were associated with a poor
prognosis among GISTs and thus may constitute a convenient, reproducible, and
inexpensive approach to predict the prognosis of these tumors[30]. These factors may
have the opportunity to be added to the prognosis evaluation systems for stromal
tumors in the future, which requires further studies.
There is no denying that there are still some deficiencies in our research. First, our
study was a retrospective study, and prospective studies are needed to verify our
conclusions. Second, the follow-up time was relatively short and a large number of
people were lost to follow-up. All of these factors might result in bias during the
analysis. We are establishing better follow-up systems and diagnostic methods,
hoping to enlarge our sample size. We firmly believe that more accurate data can be
obtained in the future.
In summary, our results demonstrate that the AFIP criteria performed better than
the NIH modified criteria, the MSKCC nomogram, and the contour maps in Chinese
patients and may therefore be preferred to use in clinical practice to predict the risk of
recurrence for GISTs in the Chinese population.
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Table 2 Pairwise comparisons of receiver operating characteristic curves
Difference (95%CI)

P-value

AFIP-MAP

0.3485

0.7275

AFIP-MSKCC_2 yr

-0.2933

0.7693

AFIP-MSKCC_5 yr

0.5597

0.5757

AFIP-Modified NIH

4.2594

< 0.05

MAP-MSKCC_2 yr

-0.4296

0.6675

MAP-MSKCC_5 yr

0.3559

0.7219

MAP-Modified NIH

1.7202

0.0854

MSKCC_2 yr-MSKCC_5 yr

0.7895

0.4298

MSKCC_2 yr-Modified NIH

1.2829

0.1995

MSKCC_5 yr-Modified NIH

0.5711

0.5679

MSKCC_2 yr: The 2-yr predicated probability of recurrence-free survival; MSKCC_5 yr: The 5-yr predicated probability of recurrence-free survival; MAP:
Contour maps. AFIP: Armed Forces Institute of Pathology; MSKCC: Memorial Sloan Kettering Cancer Center; NIH: National Institutes of Health; CI:
Confidence interval.

Figure 4

Figure 4 Receiver operating characteristic curve analysis of the risk of gastrointestinal stromal tumor recurrence. MAP: Contour maps; MSKCC_2 year: The
2-year predicated probability of recurrence-free survival; MSKCC_5 year: The 5-year predicated probability of recurrence-free survival; NIH: National Institute of
Health; MSKCC: Memorial Sloan Kettering Cancer Center; AFIP: Armed Forces Institute of Pathology; ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumor type in the
gastrointestinal (GI) system. Presently, various classification systems to prognosticate GISTs
have been proposed.

Research motivation
It is unknown which classification system is more accurate when predicting the prognosis of
patient with GISTs. This study will help doctors decide when considering the frequency of
reexamination and whether to take a tyrosine kinase inhibitor.

Research objectives
The aim of this study was to evaluate the application value of four different risk stratification
systems for GISTs.

Research methods
Patients who were diagnosed with GISTs and underwent surgical resection at four hospitals
from 1998 to 2015 were identified from a database. Risk of recurrence was stratified by the
modified National Institute of Health (NIH) criteria, the Armed Forces Institute of Pathology
(AFIP) criteria, the Memorial Sloan Kettering Cancer Center (MSKCC) prognostic nomogram,
and the contour maps. Receiver operating characteristic (ROC) curves were established to
compare the four abovementioned risk stratification systems based on the area under the curve
(AUC).
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Research results
According to the ROC curve, the AFIP criteria showed the largest AUC (0.754).

Research conclusions
According to our data, the AFIP criteria were associated with a larger AUC than the NIH
modified criteria, the MSKCC nomogram, and the contour maps, which might indicate that the
AFIP criteria have better accuracy to support therapeutic decision-making for patients with
GISTs.

Research perspectives
The study evaluated the application value of four different risk stratification systems for GISTs
and found that the AFIP criteria have better accuracy in clinicalapplication. Due to the
imperfection of China's follow-up system and the particularity of its medical system, there may
be some bias in this data. In the future, we will improve the follow-up mechanism to ensure the
accuracy of data, and prospective studies may bring more accurate results.
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Abstract
BACKGROUND
Linked color imaging (LCI) is a method of endoscopic imaging that emphasizes
slight differences in red mucosal color.
AIM
To evaluate LCI in diagnostic endoscopy of early gastric cancer and to compare
LCI and pathological findings.
METHODS
Endoscopic images were obtained for 39 patients (43 lesions) with early gastric
cancer. Three endoscopists evaluated lesion recognition with white light imaging
(WLI) and LCI. Color values in Commission Internationale de l'Eclairage (CIE)
1976 L*a*b* color space were used to calculate the color difference (ΔE) between
cancer lesions and non-cancer areas. After endoscopic submucosal dissection,
blood vessel density in the surface layer of the gastric epithelium was evaluated
pathologically. The identical region of interest was selected for analyses of
endoscopic images (WLI and LCI) and pathological analyses.
RESULTS
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LCI was superior for lesion recognition (P < 0.0001), and ΔE between cancer and
non-cancer areas was significantly greater with LCI than WLI (29.4 vs 18.6, P <
0.0001). Blood vessel density was significantly higher in cancer lesions (5.96% vs
4.15%, P = 0.0004). An a* cut-off of ≥ 24 in CIE 1976 L*a*b* color space identified a
cancer lesion using LCI with sensitivity of 76.7%, specificity of 93.0%, and
accuracy of 84.9%.
CONCLUSION
LCI is more effective for recognition of early gastric cancer compared to WLI as a
result of improved visualization of changes in redness. Surface blood vessel
density was significantly higher in cancer lesions, and this result is consistent
with LCI image analysis.
Key words: Linked color imaging; Early gastric cancer; Endoscopic submucosal
dissection; Vessel density; Color difference
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study showed the utility of linked color imaging (LCI) for screening
endoscopy of early gastric cancer and the concordant change in blood vessel density with
redness in LCI image. The key results of the study were as follows: LCI gave better
contrast than white light imaging for the color difference between cancer lesions and
surrounding non-cancer tissue; an a* cutoff ≥ 24 for the value in Commission
Internationale de l'Eclairage 1976 L*a*b* color space had good sensitivity and
specificity for diagnosis of early gastric cancer; and surface blood vessel density in
cancer lesions was significantly higher than that in non-cancer areas.
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INTRODUCTION
The mortality of gastric cancer has been decreasing worldwide, but there are still
more than 800000 deaths due to this disease. Gastric cancer is the third leading cause
of death, followed by lung and colorectal cancer, in overall mortality worldwide[1]. In
Japan, the morbidity of gastric cancer ranks first in males and third after breast and
colorectal cancer in females[2]. Since advanced gastric cancer has a poorer prognosis,
early detection and treatment is required to overcome the disease.
Endoscopy is an essential modality for detection of early gastric cancer. Recent
advances and innovations in endoscopic devices have provided scopes with a high
pixel count, a smaller diameter, and various optical technology. In particular, imageenhanced endoscopy (IEE) that uses imaging and analysis of wavelengths of visible
light with illumination has a key role in detection of early gastrointestinal cancer.
Among IEE methods, narrow-band imaging (NBI) and blue light imaging (BLI) are
commonly used. NBI is effective for observation of capillaries on mucosal surfaces
through emission of narrow band light[3-5] and can be used for qualitative diagnosis
(differentiation of cancer from non-cancer tissues, and the extent of cancer)[6-8] in the
oropharynx and hypopharynx[9], esophagus[10,11] and stomach. BLI allows observation
of surface capillaries[12], in magnified observation, there is little difference in the
diagnostic performances of BLI and NBI[13].
A new IEE method, referred to as linked color imaging (LCI), with an endoscopic
light source was recently introduced by Fujifilm Corp. (Tokyo, Japan). LCI
observation is interchangeable with white light imaging (WLI)/BLI with just one push
of a button. LCI images are created by emission of white light and narrow-band shortwave light, and processing images to make a well-separated red area. The most
important wavelengths for diagnosis of normal mucosa and atrophic mucosa are
concentrated around the red color. LCI emphasizes slight differences in the “red”
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color of the mucosa by image processing, including enhancement of differences in
chroma and hue of the red mucosal color. As a result, red mucosa is visualized as
redder and white mucosa as whiter. LCI has a color shade that is closer to WLI than
NBI and BLI and processes images to separate the mucosal color more effectively;
therefore, LCI is a suitable imaging method to identify early gastric cancer.
The utility of LCI for diagnosis of Helicobacter pylori gastritis has been well
described[14], but there are few studies of LCI for diagnosis of gastrointestinal cancer
and, to our knowledge, parallel analyses of LCI, WLI, and pathology samples have
not been reported. Therefore, the objectives of this study are to evaluate the utility of
LCI for endoscopic diagnosis of early gastric cancer and to examine if pathological
findings can explain the changes in red shade in LCI.

MATERIALS AND METHODS
Materials
The subjects were 39 patients (43 lesions) with early gastric cancer who underwent
endoscopic submucosal dissection (ESD) of the stomach. WLI and LCI at the same
time point were used for comparison of endoscopic images. All procedures were
performed in the Department of Gastroenterology and Hepatology, Nagoya
University Graduate School of Medicine from September 2016 to January 2018. This
study was conducted after approval by the ethics committee of Nagoya University,
and was performed in accord with the Helsinki Declaration. All subjects gave
informed consent to participation after receiving a written explanation of the study.

Methods
Equipment and setting: An ELUXEO™ system (video processor VP-7000, light source
BL-7000) and a Video Endoscope EG-760Z (Fujifilm) were used in the study. In WLI,
the structure emphasis was set at H+1+3 (SE = Hi, DH = +1, DL = +3). In LCI, the
structure emphasis was set at A6 and the color emphasis was set at C1. Endoscopic
images were stored as uncompressed TIFF files. Images were 1280 × 1024 pixels and
RGB 24-bit color.
Image assessment by endoscopists: WLI and LCI images were taken before
endoscopic therapy and not magnified in the study. Lesions were imaged with WLI
and LCI at the same timepoint, and the images were placed in a file in random order.
These images were then evaluated by three endoscopists who routinely perform
endoscopic therapy and are board-certified fellows of the Japan Gastroenterological
Endoscopy Society. The evaluators were blinded to clinical data and pathological
results. Each evaluator viewed one WLI and one LCI image simultaneously and
assessed which image was superior for lesion recognition using a 5-point Likert scale:
+2, very much; +1, somewhat; 0, undecided; -1, not really; -2, not at all. The same
display was used for assessment. The evaluators assessed images alone without
discussion with other evaluators.
Color assessment of endoscopic images: Two regions of interest (ROI, diameter 24
pixels) were picked from each lesion. One was from the cancer lesion and the other
from surrounding non-cancer mucosa. Non-cancer mucosa was normal mucosa
without ulceration or other specific changes. After ESD, the identical ROI was marked
in the ESD resected sample and evaluated pathologically. ROI color in the endoscopic
image was assessed using Commission Internationale de l'Eclairage (CIE) 1976 L*a*b*
color space. This is a three-dimensional space for presenting a color with axes of L*
(from black to white; white is highest), a* (from green to red; red is highest), and b*
(from blue to yellow; yellow is highest). The difference between two colors (color
difference) was approximated by the distance in the CIE 1976 L*a*b*color space[15].
L*a*b* values of the ROI in cancer and non-cancer tissues were measured using
Adobe Photoshop CS4 (Adobe Systems Inc., San Jose, CA, United States) to estimate
the color difference (Figure 1).
Histopathological assessment: Resected gastric tissue was fixed in 10% neutral
buffered formalin and embedded in paraffin. Routine hematoxylin and eosin staining
(Figure 2A) and immunohistochemical staining were performed using 3-μm sections.
CD31 immunohistochemistry (Figure 2B) was used to highlight the blood vessel wall,
using a commercial primary antibody (clone JC/70A, 1:1200; Dako, Glostrup,
Denmark). The blood vessel area and its proportion of the total area were analyzed
based on photomicrographs for each ROI at ×100 magniﬁcation. An area of 350 μm
depth from the surface of the mucosa was trimmed on the photomicrograph (Figure
2C) and the blood vessel area was defined as the sum of the CD31-positive area and
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Figure 1

Figure 1 Color values and color differences between cancer and non- cancer areas. A region of interest
(diameter: 24 pixels) was established in each lesion. Color values (L*, a*, b*) were measured using Adobe Photoshop
CS4 to estimate color differences (ΔE) between cancer and non-cancer areas. The results are shown in Table 2.
WLI: White light imaging; LCI: Linked color imaging.

the area encircled by CD31-positive endothelial cells (Figure 2D and E). Recognition
and calculation of the positive area was performed automatically using image
analysis software (WinRoof v.3.9.0, Mitani Co., Tokyo, Japan).
Statistical analysis: Statistical analysis were performed using SPSS v.22.0 for
Windows (IBM Japan, Tokyo, Japan) and SAS 9.4 (SAS Institute, Inc.). Variables are
expressed as medians (range). Differences in paired continuous variables were
compared by Wilcoxon signed-rank test, and differences in independent continuous
variables were compared by Wilcoxon rank sum test. ROC curves were created with
values in CIE 1976 L*a*b* color space to differentiate between cancer and non-cancer
lesions. Diagnostic performance was estimated based on the area under the curve
(AUC), cut-off values, sensitivity and specificity. The significance level was set at a
two-tailed P value < 0.05.

RESULTS
The background and clinicopathological characteristics of the patients and lesions are
shown in Table 1. Most lesions were differentiated tissue type (well or mod) and
intramucosal carcinoma. All cases were completely resected with a free margin.
Evaluation by three endoscopists indicated that LCI was superior to WLI for
recognition of lesions of early gastric cancer (P < 0.0001). This finding being
particularly strong for flat/depressed lesions compared to elevated lesions (Figure 3).
The color difference (ΔE) between cancer and non-cancer areas was significantly
higher in LCI than in WLI [29.4 (9.4-63.9) vs 18.6 (5.1-38.4), P < 0.0001] (Table 2) and
thus LCI could differentiate a cancer lesion from a non-cancer area better than WLI. In
LCI, using a cut-off from ROC curves of ≥ 24 for detection of a cancer lesion, the
diagnostic performance had sensitivity of 76.7%, specificity of 93.0%, positive
predictive value (PPV) of 91.7%, negative predictive value (NPV) of 80.0%, and
accuracy of 84.9%. In pathological assessment, the blood vessel density in the surface
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Figure 2

Figure 2 An example of blood vessel density calculation by imaging analysis software. A: Hematoxylin and eosin staining of a cancer lesion (case 43, original
magnification × 100, scale bar 100 μm). B: CD31 immunohistochemistry highlights blood vessels. C: A depth of 350 μm was trimmed manually. Automatically
recognized blood vessels are colored in the cancer lesion (D) and non-cancer area (E). The calculated blood vessel area and ratio in this case are shown in the table.

layer was significantly higher in cancer lesions than in non-cancer areas [5.96% (2.1717.08) vs 4.15% (1.71-8.22), P = 0.0004] (Figure 4). Surface blood vessel density
exceeding 9% was only found in cancer lesions. The relationship between the value in
CIE 1976 L*a*b* color space and blood vessel density in WLI and LCI is shown in
Figure 5.

DISCUSSION
The results of this study show the utility of LCI for screening endoscopy of early
gastric cancer and the concordant change in blood vessel density with redness in the
LCI image. To our knowledge, this is the first study to compare objective color
evaluation of early gastric cancer using the CIE 1976 L*a*b* color space in LCI with a
pathological analysis of blood vessel density. This study showed that the large color
difference in LCI may be due to the surface blood vessel density. The key results of
the study were as follows: LCI recognized early gastric cancer lesions more effectively
than WLI; LCI gave better contrast than WLI for the color difference between cancer
lesions and the surrounding non-cancer area; an a* cutoff ≥ 24 for the value in CIE
1976 L*a*b* color space had good sensitivity and specificity for diagnosis of early
gastric cancer; and surface blood vessel density in cancer lesions was significantly
higher than that in non-cancer areas.
Based on an assessment by three endoscopists, LCI recognized early gastric cancer
lesions more easily than WLI. A previous study also indicated that LCI gave images
that were easier to review than WLI for both experts and non-experts in > 70% of
patients with early gastric cancer[16]. Endoscopists attempt to find a lesion using the
ruggedness of the mucosa and changes in color shade when observing inside the
stomach, but this requires appropriate technology to show slight differences in color
shade. Most lesions with slight differences in color shade can be detected by WLI
using innovations such as adjusted air volume and progression in lesions. However, it
is difficult to recognize a flat lesion without mucosal ruggedness or a slightly recessed
lesion. To recognize such lesions, a change in color shade between a cancer lesion and
a non-cancer area is important.
Subjective descriptions of color are commonly used in conventional endoscopic
findings, and consequently, it is difficult to make an objective evaluation. In this
study, CIE 1976 L*a*b* color space was used to assess the color objectively. The results
showed that LCI gave better contrast than WLI for the color difference between cancer
and non-cancer areas. These results are consistent with the assessment that LCI is a
better imaging method than WLI for recognition of early gastric cancer, especially for
flat and recessed lesions, which are likely to be assessed based on color difference,
rather than on mucosal ruggedness.
The relationship of cancer and the microvascular architecture has been widely
examined [17-20] , with reports of an irregular pattern and heterogeneity of the
vasculature, and microvascular dilatation. In our study, we used non-magnified
endoscopy to analyze the gross vascular effect, rather than the single vessel
architecture. Since irregular running and vessel dilation can increase the blood vessel
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Table 1 Characteristics of the patients and tumors
Item

Number

Cases/lesions

Range or Percentage

39/43

Age (yr): median (range)

74

Sex: male/female

(57-88)

27/12

Tumor major axis (mm): median (range)

15

(6-40)

U (Fundus)

5

(11.6)

M (Corpus)

7

(16.3)

L (Antrum and Pylorus)

30

(69.8)

Remnant Stomach

1

(2.3)

Type 0-I

2

(4.6)

Type 0-IIa

9

(20.9)

Location (%)

Macroscopic type (%)

Elevated

Type 0-IIa+IIc

2

(4.7)

Flat

Type 0-IIb

7

(16.3)

Depressed

Type 0-IIc

23

(53.5)

Red

20

(46.5)

Color of tumor in WLI

Infection with Helicobacter pylori
Depth of invasion (%)

Histological type (%)

White

2

(4.7)

Isochromatic

21

(48.8)

Positive

14

(32.6)

M

36

(83.7)

SM1

4

(9.3)

SM2

3

(7.0)

Differentiated (well or mod)

40

(93.0)

Undifferentiated (poor or sig)

3

(7.0)

M: Mucosa; SM: Submucosa.

density, our results are closely related to previous studies using magnified
endoscopy. The endoscopic color of early gastric cancer is widely distributed from
strong reddening to fading. Some previous studies have mentioned the role of the
number of capillaries in defining the color of the mucosa[21-23]. An increase in number,
as might be assumed, can increase the blood vessel density. Furukawa et al[24] also
mentioned the significance of the blood vessel density. Given the depth that
endoscopic light can reach, we examined blood vessel density from the surface to a
depth of 350 μm[25]. For as objective an evaluation as possible, the blood vessel density
was assessed using pathological imaging analysis software (WinRoof v.3.9.0). This
analysis showed that the blood vessel density was significantly higher in cancer
lesions than in non-cancer areas, and exceeded 9% in all cancer lesions in the study.
These results are consistent with findings showing that the blood vessel density in
cancer lesions is higher than that in non-cancer areas in differentiated gastric cancer[24].
Changes in redness between cancer and non-cancer areas in pathological images
were assessed objectively by estimating a value in CIE 1976 L*a*b* color space. In LCI,
ROC curves drawn using this value estimated an AUC of 0.86 at an a* cut-off value of
24. Values of ≥ 24 and < 24 indicated cancer and non-cancer areas, respectively, with a
diagnostic sensitivity of 76.7%, specificity of 93.0%, PPV of 91.7%, NPV of 80.0%, and
accuracy of 84.9%. We believe that our finding can lead to improved diagnosis of
cancer lesions, based on objective evaluation using CIE 1976 L*a*b* color space. If
these color values are evaluable in real time, artificial intelligence may permit
automatic recognition and diagnosis of lesions.
This study has several limitations. First, it was a single-center and small-scale
study. Second, the subjects were patients with early gastric cancer who underwent
ESD, and consequently, most had differentiated intramucosal carcinoma. To include
patients with undifferentiated cancer and early gastric cancer invading the
submucosa, patients who underwent surgical resection would need to be added.
Third, in this study, we focused only on cancer, and we did not evaluate inflammation
or adenoma. Fourth, because recognition of WLI or LCI is obvious for expert
endoscopist, bias is inevitable in the evaluation. To overcome this bias, we used
objective color evaluation based on CIE 1976 L*a*b* color space.
In conclusion, LCI was useful for recognition of early gastric cancer lesions because
this method provides good contrast in color differences between lesions and
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Table 2 Color differences between cancer and non-cancer areas in white light imaging and
linked color imaging
WLI

LCI

P value
< 0.0001

Color differences ΔE1 [median (min-max)]

18.6 (5.1-38.4)

29.4 (9.4-63.9)

Elevated

15.0 (5.8-34.4)

28.5 (11.0-40.2)

0.0327

Flat and depressed

20.6 (5.1-38.4)

30.9 (9.4-63.9)

< 0.0001

1

Wilcoxon signed-rank test. WLI: White light imaging; LCI: Linked color imaging.

surrounding tissue. Blood vessel density from the surface to a depth of 350 μm was
higher in cancer lesions than in non-cancer areas, and LCI clearly shows this feature
as a change in redness.
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Figure 3

Figure 3 Recognition of early gastric cancer lesions using a Likert scale. Linked color imaging was superior to white light imaging for recognition of early gastric
cancer lesions based on evaluations by three endoscopists (P < 0.0001). This effect was stronger for flat/depressed lesions than for protruding lesions.
Figure 4

Figure 4 Blood vessel densities from the surface layer to a depth of 350 μm in cancer and non-cancer areas. The blood vessel density was significantly higher
in cancer than in non-cancer areas [median (range): 5.96% (2.17-17.08) vs 4.15% (1.71-8.22), P = 0.0004].
Figure 5

Figure 5 Relationship of a* in Commission Internationale de l'Eclairage 1976 L*a*b* color space (X axis) with blood vessel density from the surface layer to
350 μm (Y axis) using (A) white light imaging (WLI) and (B) linked color imaging (LCI). Cancer and non-cancer areas were better differentiated with LCI
compared to WLI. The blood vessel density was ≥ 9% in all cancer lesions. Using a cut-off value of ≥ 24 for cancer lesions, the diagnostic performance with LCI had
sensitivity of 76.7%, specificity of 93.0%, positive predictive value of 91.7%, negative predictive value of 80.0%, and accuracy of 84.9%. WLI: White light imaging; LCI:
Linked color imaging.
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ARTICLE HIGHLIGHTS
Research background
Linked color imaging (LCI) emphasizes slight differences in the “red” color of the mucosa by
image processing, including enhancement of differences in chroma and hue of the red mucosal
color.

Research motivation
The utility of LCI for diagnosis of Helicobacter pylori gastritis has been well described, but there
are few studies of LCI for diagnosis of gastrointestinal cancer and, to our knowledge, parallel
analyses of LCI, white light imaging (WLI), and pathology samples have not been reported.

Research objectives
The objectives of this study are to evaluate the utility of LCI for endoscopic diagnosis of early
gastric cancer and to examine if pathological findings can explain the changes in red shade in
LCI.

Research methods
Three endoscopists evaluated lesion recognition with WLI and LCI. Color values in Commission
Internationale de l'Eclairage (CIE) 1976 L*a*b* color space were used to calculate the color
difference (ΔE) between cancer lesions and non-cancer areas. After endoscopic submucosal
dissection, blood vessel density in the surface layer of the gastric epithelium was evaluated
pathologically. The identical region of interest was selected for analyses of endoscopic images
(WLI and LCI) and pathological analyses.

Research results
LCI gave better contrast than WLI for the color difference between cancer lesions and
surrounding non-cancer tissue; an a* cutoff ≥ 24 for the value in CIE 1976 L*a*b* color space had
good sensitivity and specificity for diagnosis of early gastric cancer; and surface blood vessel
density in cancer lesions was significantly higher than that in non-cancer areas.

Research conclusions
LCI was useful for recognition of early gastric cancer lesions because this method provides good
contrast in color differences between lesions and surrounding tissue. Blood vessel density from
the surface to a depth of 350 μm was higher in cancer lesions than in non-cancer areas, and LCI
clearly shows this feature as a change in redness.

Research perspectives
If these color values are evaluable in real time, artificial intelligence may permit automatic
recognition and diagnosis of lesions.
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Abstract
BACKGROUND
Local endoscopic resection is an effective method for the treatment of small rectal
carcinoid tumors, but remnant tumor at the margin after resection remains to be
an issue.
AIM
To evaluate the efficacy and safety of resection of small rectal carcinoid tumors by
endoloop ligation after cap-endoscopic mucosal resection (LC-EMR) using a
transparent cap.
METHODS
Thirty-four patients with rectal carcinoid tumors of less than 10 mm in diameter
were treated by LC-EMR (n = 22) or endoscopic submucosal dissection (ESD) (n =
12) between January 2016 and December 2017. Demographic data, complete
resection rates, pathologically complete resection rates, operation duration, and
postoperative complications were collected. All cases were followed for 6 to 30
mo.
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RESULTS
A total of 22 LC-EMR cases and 12 ESD cases were enrolled. The average age was
48.18 ± 12.31 and 46.17 ± 12.57 years old, and the tumor size was 7.23 ± 1.63 mm
and 7.50 ± 1.38 mm, respectively, for the LC-EMR and ESD groups. Resection
time in the ESD group was longer than that in the LC-EMR group (15.67 ± 2.15
min vs 5.91 ± 0.87 min; P < 0.001). All lesions were completely resected at one
time. No perforation or delayed bleeding was observed in either group.
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Pathologically complete resection (P-CR) rate was 86.36% (19/22) and 91.67%
(11/12) in the LC-EMR and ESD groups (P = 0.646), respectively. Two of the three
cases with a positive margin in the LC-EMR group received transanal endoscopic
microsurgery (TEM) and tumor cells were not identified in the postoperative
specimens. The other case with a positive margin chose follow-up without
further operation. One case with remnant tumor after ESD received further local
ligation treatment. Neither local recurrence nor lymph node metastasis was
found during the follow-up period.
CONCLUSION
LC-EMR appears to be an efficient and simple method for the treatment of small
rectal carcinoid tumors, which can effectively avoid margin remnant tumors.
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Core tip: Rectal carcinoid is a common clinical submucosal tumor of the digestive tract.
Small rectal carcinoids rarely have lymph node metastasis or distant metastasis, and local
endoscopic resection is an effective method for the treatment of small rectal carcinoid
tumors, but remnant tumor at the margin after resection remains to be an issue. Endoloop
ligation after cap-endoscopic mucosal resection using a transparent cap appears to be an
efficient and simple method for the treatment of small rectal carcinoid tumors, which can
effectively avoid margin remnant tumors.

Citation: Zhang DG, Luo S, Xiong F, Xu ZL, Li YX, Yao J, Wang LS. Endoloop ligation after
endoscopic mucosal resection using a transparent cap: A novel method to treat small rectal
carcinoid tumors. World J Gastroenterol 2019; 25(10): 1259-1265
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1259.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1259

INTRODUCTION
Rectal carcinoid tumor is one of the most common neuroendocrine tumors in the
digestive tract. Most of them have no clinical symptoms and are unintentionally
discovered by colonoscopy [1] . The risk of lymph node metastasis and distant
metastasis for rectal carcinoid with a diameter less than 10 mm is small. Thus,
microscopic local excision is currently the commonly used method for the treatment
of rectal carcinoid tumors[2]. However, because most of these tumors are located in the
submucosal layer of the rectal wall in the lower rectum[3], traditional endoscopic
resection methods do not ensure complete removal of the tumor, leading to a positive
margin of resection, which often requires further surgical intervention. Recently,
endoscopic submucosal dissection (ESD) is considered to be an effective method for
the treatment of rectal carcinoid tumors, but its technical requirements and the
associated complications are relatively high[4]. Nylon endoloop ligation method has
been proved to be an effective treatment for submucosal lesions of the upper digestive
tract. For subepithelial tumors derived from the muscularis propria, the nylon
endoloop used after resection can automatically fall off to achieve “let it go” effect[5,6].
Few studies have evaluated the use of nylon ligation in the treatment of rectal
carcinoma after endoscopic resection of rectal carcinoid tumor. Therefore, this study
compared the efficacy of ESD and ligation after cap-endoscopic mucosal resection
(LC-EMR) in the treatment of rectal carcinoid tumors by retrospective analysis. We
also evaluated the advantages of LC-EMR in the treatment of rectal carcinoid tumors.

MATERIALS AND METHODS
We retrospectively analyzed the cases diagnosed as rectal carcinoid tumors and
treated by LC-EMR or ESD in the gastroenterology unit of Shenzhen People’s
Hospital between January 2016 and December 2017. The studied cohort was selected
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based on the following criteria: (1) rectal carcinoid tumors confirmed by histological
diagnosis; (2) lesions ≤ 10 mm by EUS; (3) carcinoid syndrome without symptoms;
and (4) no pararectal lymph node or distant metastasis as determined by pelvic and
abdominal computed tomography (CT) before the procedure. The study protocol was
approved by the ethics committee of the hospital and all patients gave their informed
consent before the procedures. “Complete resection” refers to the absence of any
visible residual tumor under endoscopy after tumor resection. A pathologically
complete resection (P-CR) was defined as an en bloc resection with no lateral or deep
margins of the tumor.

Endoscopic devices and procedures
LC-EMR procedure: A wide (14.9 mm-diameter), soft, straight, transparent cap with
an inside rim (D-201-11802, Olympus) was fitted onto the tip of a standard singlechannel endoscope (GIF-260, Olympus). A ligating device with a 20mm maximum
detachable nylon loop (MAJ-339, Olympus) was inserted into the accessory channel of
the endoscope. Other devices include Dual knife, injection needles, snares, and hot
biopsy forceps from Olympus, as well as a high-frequency generator (ICC-200, ERBE).
There were four steps in LC-EMR. The first step was to loop the crescent-shaped
snare around the rim of the transparent cap. The second step was aspiration and
ligation of the lesion with a high-frequency electrosurgical snare. The third step was
the resection of the lesion via electrocautery. The fourth step was the aspiration of the
lesion into the ligator device, followed by deployment of the endoloop (Figure 1A-F).
ESD procedure: ESD was performed using a single-channel endoscope with a short
transparent cap that was attached to the tip of endoscope. First, the submucosal
solution was injected and the circumferential mucosa of the lesion was incised using a
dual knife. Then, according to the method reported in the literature[5], circumferential
incision, submucosal dissection, and treatment of wounds were performed. All
procedures were conducted by two skilled endoscopists (Zhang DG and Wang LS).
Pathological examination included identification of histopathologic type, invasion
depth, lateral and vertical resection margins, lymphovascular involvement, as well as
immunohistochemical testing, and grades were determined by mitotic count and Ki67 labeling index. All patients were routinely fasted for 1 d after surgery and
discharged if there were no any significant complications.

Statistical analysis
All statistical analyses were performed using SPSS 16.0 statistical software (SPSS Inc,
United States). Continuous variables are represented as the mean ± standard
deviation (SD) and categorical data are showed as number (n) and percentage (%).

RESULTS
A total of 34 patients including 24 males and 10 females with an average of 19-79
(47.47 ± 12.25) years participated in the study. The LC-EMR group had 22 cases and
the ESD group had 12 cases. The mean ages of the ESD and LC-EMR groups were
48.18 ± 12.31 and 46.17 ± 12.57, respectively. Tumor size of the ESD and LC-EMR
groups was 7.23 ± 1.63 mm and 7.50 ± 1.38 mm, respectively. The resection time
(including resection and closure time) of the ESD group was longer than that of the
LC-EMR group (15.67 ± 2.15 min vs 5.91 ± 0.87 min, P < 0.001). All lesions had onetime complete resection. No perforation or delayed bleeding was observed in either
group. P-CR was 86.36% (19/22) and 91.67% (11/12) in the LC-EMR group and ESD
group (P = 0.646), respectively. Pathology diagnosis was confirmed as G1. Two of the
three cases with a positive margin in the LC-EMR group received transanal rectal
tumor resection and tumor cells were not identified in the postoperative specimens
(Figure 1G-L). The other case with a positive margin chose follow-up without further
operation. One case with remnant tumor after ESD received further local ligation
treatment. Generally, colonoscopy was performed and postoperative scar and
recurrence were observed 6 months after resection, and then at an interval of 1 to 2
years. For the two patients with remnant tumor after LC-EMR or ESD who did not
choose further surgery, colonoscopy was performed and postoperative scar and
recurrence were observed 3 mo after resection, and then repeat colonoscopy and
abdominal CT scan were performed at an interval of 1 year. Neither local recurrence
nor lymph node metastasis was found during the follow-up period (Tables 1-3).

DISCUSSION
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Figure 1

Figure 1 Utilizing endoloop ligation after cap-endoscopic mucosal resection using a transparent cap to remove rectal carcinoid tumor. Pathology suggested
positive margins and further transanal endoscopic microsurgery pathology was negative. A: Endoscopy showing a rectal carcinoid about 10 mm in diameter; B: An
electric snare mounted on the transparent cap on the inner lens end; C: Wound after resection; D: Nylon endoloop device installed on the inner lens end; E: Wound
after nylon endoloop ligation resection; F: Endoscopic resection of the intact tumor; G: Pathological specimen suggesting a carcinoid, vertical margin positive (× 10);
H: Positive immunohistochemical staining for CD56 (× 100); I: Positive immunohistochemical staining for chromogrin (× 100); J: Positive immunohistochemical staining
for Syn (× 100); K: Immunohistochemical staining for Ki-67 (< 2%; × 100); L: Transanal endoscopic microsurgery surgery did not identify tumor cells (× 10).

Rectal carcinoid tumors were restricted to the submucosa and had a lower risk of
metastasis when the tumor was less than 10 mm in diameter without lymphoid or
vascular infiltration[2,4]. Local or endoscopic excision is considered curative for these
tumors[7]. However, it is difficult to completely resect carcinoid tumors of the rectum
by conventional EMR, because about 75% of the tumors have extended into the
submucosa [8] . Compared with EMR, ESD is considered a better method for the
treatment of rectal carcinoid tumors, but it requires higher technical means and is
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Table 1 General information of patients in the two groups
LC-EMR (n = 22)

ESD (n = 12)

P-value

48.18 ± 12.31

46.17 ± 12.57

0.907

17/5

7/5

0.016

Tumor size (mm)

7.23 ± 1.63

7.50 ± 1.38

0.531

Distance from anal verge (cm)

6.27 ± 0.98

6.75 ± 1.48

0.281

Age (yr)
Sex (M/F)

LC-EMR: Ligation after cap-endoscopic submucosal resection; ESD: Endoscopic submucosal dissection.

relatively time consuming and has more complications [7] . Other improved EMR
methods, such as endoscopic double snare polypectomy (EDSP) [9] , EMR with a
ligation device (ESMR-L)[10], EMR with double ligation (ESMR-DL)[11], or EMR after
circumferential pre-cutting (EMR-P) [12] , can remove deeper layers of the tumor
without significant complications for small rectal carcinoids. However, the edge
remnant is always the problem that needs to be solved for local endoscopic resection.
Recent studies have shown that the treatment method is the only independent factor
affecting the P-CR rate of rectal carcinoid tumors. Wang et al [13] compared the
therapeutic effects of EMR-C (30 cases) and ESD (25 cases) for rectal carcinoids < 16
mm in diameter, and the results showed that nine cases in the EMR-C group had
positive basal margins. During the 18 mo of follow-up, five cases in the EMR-C group
had local recurrence, while no recurrence was found in the ESD group. Chen et al[14]
conducted a retrospective study of 66 patients with rectal carcinoids less than 15 mm
in diameter, and the results showed that P-CR was 96.43% and 93.94% for ESD and
circumferential incision before EMR (CI-EMR) groups, respectively. For smaller rectal
carcinoid tumors, if residual lesions appear after endoscopic resection, more of them
were vertical resection margin positive. Theoretically, ligation after endoscopic
resection can reduce the incidence of residual tumor, so this study selected LC-EMR
and ESD for comparison and further evaluated the effect of LC-EMR in the treatment
of small rectal carcinoid.
Our study showed that although there were three positive margins in the LC-EMR
group and two of them underwent further surgical local resection, no tumor invasion
was found in the surgical specimens. We speculated that this is because local
endoloop ligation after EMR-C led to ischemic necrosis, which further achieved the
effect of clearing local lesions, similar to the effect of “let it go” in the treatment of SET
by endoloop as reported in the previous literature[6]. This might also be the reason that
the other LC-EMR patient who chose follow-up did not have recurrence. Compared to
ESD, LC-EMR is easier and less time consuming. Furthermore, endoloop ligation after
EMR-C helps prevent wound bleeding and seal wounds.
Compared with band ligation, endoloop ligation can achieve more robust ligation
even if there is local scarring[15]. Another ESD patient with a positive margin refused
further surgery. In spite of wound fibrosis, we chose to perform local endoloop
ligation 1 wk after resection. In the follow-up period, no tumor recurrence or
metastasis was found, and no tumor cells were found in the local biopsy at 3 mo after
resection.
The study had some limitations. First, this study is a single-center retrospective
study with limited sample size. In addition, considering that rectal carcinoid is a slowgrowing tumor, long-term follow-up is necessary to determine the efficacy of LCEMR. However, LC-EMR appears to be an efficient and simple method for the
treatment for small rectal carcinoid tumors less than 10 mm, which can effectively
prevent remnant tumors at the resection margin, especially in case of absence of ESD
availability.
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Table 2 Summary of the therapeutic efficacy in the two groups n (%)
LC-EMR (n = 22)
Endoscopic complete resection
Pathologically complete resection

ESD (n = 12)

P-value

22 (100)

12 (100)

1.000

19 (86.36)

11 (91.67)

0.646

Histological margin involvement
Lateral

0 (0)

0 (0)

1.000

Vertical

3 (13.64)

1 (8.33)

0.646

5.91 ± 0.87

15.67 ± 2.15

0.001

0 (0)

0 (0)

1.000

Resection time (min, ± SD)
Recurrence follow-up

LC-EMR: Ligation after cap-endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 3 Further treatment of patients with a positive resection margin in the two groups
LC-EMR (n = 3)

ESD (n = 1)

TEM (n)

2

0

Religation (n)

0

1

Negative

Negative

0

0

Histological after surgery or endoscopy
Recurrence follow-up (n)

LC-EMR: Ligation after cap-endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; TEM: Transanal endoscopic microsurgery.

ARTICLE HIGHLIGHTS
Research background
Rectal carcinoid tumor is a clinically common submucosal tumor of the digestive tract. Lymph
node metastasis risk of rectal carcinoid tumors less than 1 cm is low. Endoscopic local resection
is currently the main treatment method, of which endoscopic submucosal dissection (ESD) is the
first choice. Endoscopic mucosal resection (EMR) is also a commonly used treatment method for
digestive tract mucosal lesions, with low technical requirements and relatively easy to grasp.
Previous studies have shown that EMR also has a good effect on rectal carcinoids, but there is a
residual risk of basal tumors, even with improved EMR (such as EMR-cap, EMR-P, C-EMR and
so on). Therefore, it is of certain clinical value to explore a simple and effective method to treat
small rectal carcinoids on the basis of EMR.

Research motivation
This study aimed to explore a simple and effective endoscopic resection method for the
treatment of small rectal carcinoids, especially when ESD is not available.

Research objectives
The clinical application of ligation assisted endoscopic resection is extensive, especially for
gastrointestinal submucosal tumors, and even the tumors less than 2 cm derived from the
muscularis propria also can achieve satisfactory results. For some submucosal tumors that may
have residual tumor in the basal part after endoscopic resection, the ligation method after
endoscopic resection can lead to the final ischemic necrosis of the residual tumor and achieve the
purpose of complete resection. The purpose of this study was to explore the efficacy of
transparent cap assisted endoscopic mucosal resection combined with postoperative endoloop
ligation in the treatment of rectal carcinoids.

Research methods
This study retrospectively analyzed the cases diagnosed as rectal carcinoid tumors and treated
by ligation after cap (LC)-EMR or ESD in the gastroenterology unit of Shenzhen People’s
Hospital between January 2016 and Decemeber 2017. Patients' demographic data, the complete
resection rates, operation duration, and postoperative complications were collected.

Research results
A total of 34 patients including 24 males and 10 females with an average of 19-79 (47.47 ± 12.25)
years participated in the study. The mean ages, tumor size, resection time, and pathologically
complete resection (P-CR) rates of the ESD (n = 12) and LC-EMR (n = 22) groups were 48.18 ±
12.31 years vs 46.17 ± 12.57 years, 7.23 ± 1.63 mm vs 7.50 ± 1.38 mm, 15.67 ± 2.15 min vs 5.91 ± 0.87
min, and 91.67% (11/12) vs 86.36% (19/22), respectively. No perforation or delayed bleeding was
observed in either group. Pathology diagnosis was confirmed as G1. Two of the three cases with
a positive margin in the LC-EMR group received transanal rectal tumor resection and tumor cells
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were not identified in the postoperative specimens. The other case with a positive margin chose
follow-up without further operation. One case with remnant tumor after ESD received further
local ligation treatment. Neither local recurrence nor lymph node metastasis was found during
the follow-up period. Both LC-EMR and ESD were effective methods to treat small rectal
carcinoid tumors.

Research conclusions
LC-EMR appears to be an efficient and simple method for the treatment for small rectal carcinoid
tumors less than 10 mm, especially when ESD is not available. LC-EMR can effectively prevent
remnant tumors at the resection margin. Considering rectal carcinoid is a slow-growing tumor,
long-term follow-up is necessary to determine the long- term efficacy of LC-EMR.

Research perspectives
To avoid local tumor residue after endoscopic resection, it is necessary to perform postoperative
prophylactic endoloop ligation, even after ESD.
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Abstract
BACKGROUND
Asymptomatic children with Crohn’s disease (CD) require ongoing monitoring to
ensure early recognition of a disease exacerbation.
AIM
In a cohort of pediatric CD patients, we aimed to assess the utility of serial fecal
calprotectin measurements to detect intestinal inflammatory activity and predict
disease relapse.
METHODS
In this prospective longitudinal cohort study, children with CD on infliximab
therapy in clinical remission were included. Fecal calprotectin levels were
assessed at baseline and at subsequent 2-5 visits. Clinical and biochemical disease
activity were assessed using the Pediatric Crohn’s Disease Activity Index, Creactive protein and erythrocyte sedimentation rate at baseline and at visits over
the following 18 mo.

additional data are available.

RESULTS
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53 children were included and eighteen patients (34%) had a clinical disease
relapse during the study. Baseline fecal calprotectin levels were higher in patients
that developed symptomatic relapse [median (interquartile range), relapse 723
μg/g (283-1758) vs 244 μg/g (61-627), P = 0.02]. Fecal calprotectin levels > 250
μg/g demonstrated good predictive accuracy of a clinical flare within 3 mo (area
under the receiver operator curve was 0.86, 95% confidence limits 0.781 to 0.937).
CONCLUSION
Routine fecal calprotectin testing in children with CD in clinical remission is
useful to predict relapse. Levels > 250 μg/g are a good predictor of relapse in the
following 3 mo. This information is important to guide monitoring standards
used in this population.
Key words: Fecal calprotectin; Disease relapse; Biomarker; Crohn’s disease; Children
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Core tip: It has becoming increasingly evident that many children with Crohn’s disease
(CD) who are in clinical remission continue to have ongoing active intestinal
inflammation. This prospective paediatric study demonstrates the utility of fecal
calprotectin monitoring in asymptomatic children with CD. In this study, a significant
number of children were found to have elevated levels despite clinical remission, and
levels of > 250 μg/g were found to be a good predictor of clinical relapse in the
subsequent 3 mo.
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INTRODUCTION
Crohn’s disease (CD) is a type of inflammatory bowel disease (IBD) with clinical
course characterized by periods of disease remission and exacerbation. In children,
worsening disease activity can be complicated by poor growth and development,
hospitalizations, surgeries, and school absences. In addition, quality of life is
correlated with disease activity, further supporting the importance of maintaining
disease remission[1]. IBD patients have regular follow-up appointments with their
gastroenterologist to closely monitor the inflammatory state of the disease with the
aim of implementing timely adjustments to medical therapy to prevent worsening of
disease activity and development of complicated disease. Unfortunately, clinical
symptoms typically lag behind the early intestinal inflammatory changes.
Consequently treatment changes are often initiated only after deterioration in clinical
status has occurred reinforcing the need for closer monitoring and better evaluation of
intestinal inflammatory activity.
Clinicians utilize different tests to monitor inflammatory burden and predict
relapse in children with IBD. The most accurate methods include endoscopic
evaluation, capsule endoscopy and magnetic resonance enterography; though, these
options are invasive, costly, time consuming and can have associated
complications[2-4]. Alternatively, less expensive and less invasive serum biomarkers
such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are also
used to monitor inflammatory activity[5]. However, up to one third of children with
IBD were found to have normal ESR and CRP levels at diagnosis despite endoscopic
evidence of active inflammation, thus demonstrating the lack of sensitivity of these
markers to reliably detect active intestinal inflammation[5].
More recently research efforts have been directed towards the use of fecal
calprotectin (FC), a stool test that is non-invasive, sensitive and less expensive than
imaging or endoscopic procedures[6,7]. Calprotectin is a calcium and zinc binding
cytosolic protein found in neutrophilic granulocytes released upon their activation[8].
This protein is stable in feces, and can be measured as a marker of intestinal
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inflammation[9]. Indeed, FC levels have been reported to correlate with endoscopic
evidence of mucosal healing a clinical measure that has been associated with a lower
two-year probability for a clinical disease flare[9,10]. In particular, FC levels < 250 μg/g
have been found to be a reliable marker of endoscopic mucosal healing in IBD
patients[11].
While FC has been studied extensively in disease diagnosis, responses to therapy
and post-operative monitoring[12-16], there is a paucity of robust data evaluating the
predictive role of FC for disease relapse in pediatric IBD patients in clinical disease
remission. Studies in adults have shown that FC is an accurate marker of intestinal
inflammation and provides a useful tool for predicting disease relapse in IBD patients
in clinical remission[7,17,18]. Most recently, a prospective study in adults evaluated the
accuracy of routine FC measurements to predict flares in IBD patients on maintenance
infliximab therapy, showing that FC was a good predictor of relapse and remission
over the subsequent 4 mo[19]. However, knowledge in pediatric patients is limited, as
prior studies lack long-term, prospective data using validated instruments to define
remission [20-23] . The aim of this study was to evaluate the accuracy of serial FC
measurements to predict clinical flares in pediatric CD patients on maintenance antitumor necrosis factor (anti-TNF) therapy and in clinical remission.

MATERIALS AND METHODS
Study design and methodology
In this blinded prospective longitudinal cohort study, pediatric patients with CD
receiving infliximab, and in clinical remission were consecutively recruited from BC
Children’s Hospital Division of Gastroenterology, Hepatology and Nutrition in
Vancouver, British Columbia, Canada between June 2013 and May 2015. Ethical
approval was obtained from the University of British Columbia Clinical Research
Ethics Board and the British Columbia Children’s and Women’s Research Review
Committee. Written informed consent was obtained prior to inclusion in the study.

Study population
Children ages 6-18 years old with an established diagnosis of moderate to severe CD
based on the revised Porto criteria were included[24]. Disease was characterized using
the Paris classification based on age at diagnosis, disease location and behaviour[25].
All participants were on maintenance infliximab infusions (i.e., > 14 wk from initiation
of therapy) at dosing intervals between 4 and 8 wk, and in clinical remission at
commencement of the study as defined by a Pediatric CD Activity Index (PCDAI)
score of < 10[26]. Potential subjects were excluded if they had at any time during the
study known infectious enteritis or colitis, regular use of non-steroidal antiinflammatory drugs (> 2 tablets/wk), or a diagnosis of celiac disease. All subjects
were required to have a minimum of 3 stool samples and on infliximab throughout
the study period.
Sample size was determined pragmatically based on the number of patients
available at our center and fulfilling inclusion criteria. Review of our clinical IBD
database showed 73 patients with CD receiving infliximab infusions. Based on our
departmental data over the preceding 4 years, we estimated an additional 10-12 new
patients per year eligible for the study. With 70%-80% enrolment, we estimated a
potential sample size of 58 to 66 patients. All consecutive cases during the study
period fulfilling inclusion criteria were invited to participate.

Fecal calprotectin
At enrolment patients provided a baseline stool sample, for baseline FC level,
followed by collections at subsequent 2-5 infliximab infusion visits (Figure 1).
Treating physicians, patients and families were blinded to FC results and no
management decisions during the study were based on FC results. Stool samples were
stored at 4 °C and processed within 7 d of collection to ensure stability of FC; 100 mg
of stool was extracted using the Buhlmann Smart Prep kit following vendor’s
instructions, and frozen at - 80°C until the day of the assay. Manual ELISA was
performed within 4 mo of sample extraction using the Buhlmann fCAL® ELISA kit
(Buhlmann EK-CAL, rev 2012-11-20) following vendor’s instructions for the lower
range procedure (working 10-600 μg/g). Samples with levels > 600 μg/g were diluted
according to vendor protocol and re-assayed. A FC level < 50 μg/g stool was
considered to be within the normal range. Imprecision studies and comparability of
patient results with other laboratories using the same assay were performed as part of
the method validation (See Supplementary data, Supplemental Figures 1 and 2).
In addition, stool samples from 25 healthy children between ages 6 to 18 years with
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Figure 1 Study design. Patients were clinically evaluated at study entry and then every 4-8 wk at infusion visits.
Blood tests for CRP, ESR and albumin were performed at each infusion visit. FC levels were measured every 4-8 wk
for the first 3-6 visits. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein.

no inflammatory conditions were tested. These subjects were recruited from the
general population and were screened for gastrointestinal symptoms and diseases,
associated inflammatory conditions, and nonsteroidal anti-inflammatory drugs use.

Clinical activity indices and additional data collection
The treating physician evaluated clinical disease activity at study enrolment and each
subsequent visit (4-8 weekly) using a PCDAI score (Figure 1). Standard laboratory
investigations including a complete blood count, CRP, ESR and albumin were
measured at each infusion visit and available to the physician. Appropriate results
were used to calculate the PCDAI including hematocrit, ESR, albumin, height, weight
and disease symptoms. Patients were followed for 18 mo to provide long-term data
on routine clinical evaluation and to monitor for clinical disease relapse. The primary
endpoint was symptomatic disease relapse defined as a PCDAI score of ≥ 10 with a
change of at least 10 points from the prior visit.
Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries,
time from diagnosis to infliximab start, and infliximab infusion dosing and interval
were collected. Any medication changes including the addition of new medications or
changes in the infliximab infusions (dosing or time interval) were recorded.

Statistical analysis
Continuous variables following a skewed distribution are presented using median
values and interquartile range (IQR) and Wilcoxon signed-rank test was used to
compare differences between patients that relapsed and those that remained in
clinical remission. Categorical data are presented as percentages. Time-to-event data
are presented using Kaplan-Meier survival curves for FC, ESR, CRP and albumin
levels. One predictor logistic regression and receiver operating characteristic (ROC)
curve analyses for FC, ESR, CRP and albumin were used to evaluate the cumulative
incidence of flares in a 2-wk time window around (before or after) 3 and 6 mo after
the FC and a 4-wk window around 12 mo after the FC. Specificity, sensitivity and
optimal threshold values of FC were determined from ROC curve analysis. The area
under the curve (AUC) of the ROC was used to determine accuracy of FC, which was
defined as poor (0.6-0.7), fair (0.7-0.8), good (0.8-0.9) and excellent (0.9-1.0)[27].
Variance components analysis and Bland-Altman plots were used to evaluate the
correlation between FC levels completed at our laboratory, the comparison laboratory,
and the Buhlmann Diagnostics comparison samples. A significance level of P < 0.05
was used in our analysis. Statistical analysis was performed using R (version 3.3.3)[28]
and cp-R Clinical Chemistry Software V 0[29].

RESULTS
Of the 25 healthy children evaluated, 17 had FC levels < 25 μg/g, 7 had levels
between 50 μg/g and 200 μg/g, and 1 had a level > 200 μg/g. Additional stool
samples were evaluated from 3 subjects with FC levels > 50 μg/g. The subject with
the highest level (247.9 μg/g) had a normal repeat FC (12.4 μg/g) and the other 2
subjects had levels of 47.6 μg/g (original 114.1 μg/g) and 88.5 μg/g (90.1 μg/g). The
median (IQR) of the group of health controls (following normalization of FC levels in
the two individuals) was 35 µg/g (IQR 20-50 μg/g).

Subject characteristics
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Sixty-two patients were prospectively enrolled. Three subjects withdrew because of
difficulty completing stool samples, 3 were transferred to adult care, 1 had a change in
diagnosis to ulcerative colitis, and 2 patients stopped infliximab treatment during the
study. Consequently, 53 children were analyzed. Thirty-six patients (68%) were male
and the median follow-up time was 1.5 years. A total of 205 stool samples were
collected during the study with a mean of 4 stool samples per patient. In addition to
infliximab, 46 (87%) of patients received co-immunosuppressive therapy, with
azathioprine prescribed most commonly (51% of patients). Patients’ clinical
characteristics are shown in Table 1.

Inflammatory markers at enrolment and subsequent relapse
At enrolment when all patients were in clinical remission (PCDAI < 10), serum
inflammatory markers and FC were initially evaluated (baseline data). The
cumulative number of patients with symptomatic relapse was 18 (34%), and the mean
time from enrolment to clinical flare was 7.1 mo (range, 1.5-15 mo). Baseline FC level
in the group with symptomatic relapse was higher than those remaining in clinical
remission [median 723 μg/g (IQR 283-1758) vs 244 μg/g (IQR 61-627), P = 0.02]
(Figure 2). The median FC level at the visit prior to relapse was 765 μg/g (IQR 5041800). Four outliers in the non-relapsing group had elevated FC at enrolment; 1 was 6
mo post diagnosis and FC levels gradually decreased to the normal range with no
intervention, 2 had a decrease in FC levels after antibiotic administration for
concurrent infections (urinary tract infection, pharyngitis) but FC levels remained
elevated (> 400 μg/g) and the final outlier had a persistent FC levels > 1800 μg/g at
study completion but remained in clinical remission. Both ESR and CRP levels were
elevated in this individual triggering infliximab dose escalation; however this did not
impact the FC level.
To further assess risk of clinical disease relapse in relationship to baseline FC levels,
time to clinical relapse curves were calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g. Significant differences in relapse rates were noted
in patients with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (Figure 3A,
P = 0.004). Significant differences were also noted for baseline CRP levels ≤ 5 and > 5
mg/L (Figure 3C, P = 0.015) and albumin < 35 and ≥ 35 g/L (Figure 3D, P = 0.008).
However, baseline ESR levels < 20 and ≥ 20 mm/h were not significantly different in
predicting clinical relapse over time (Figure 3B, P = 0.141).

Serial fecal calprotectin to predict relapse (longitudinal analysis)
Repeated measures analysis was used to determine if FC, ESR, CRP and albumin at an
individual visit were predictive of a clinical disease relapse at subsequent visits. Visits
with clinical relapse carried over from a previous visit were excluded. FC had good
accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 [95% confidence interval (CI) 0.781 to 0.937], (Figure 4A). In contrast, the
ROC values for ESR, CRP and albumin were lower at 0.651 (95% CI 0.481-0.821),
0.697(95%CI 0.527-0.866) and 0.773 (95%CI 0.662-0.883) respectively. The ability of FC
to predict clinical disease relapse decreased significantly at 6 and 12-mo time intervals
from stool collection with ROC values of 0.746 (95%CI 0.626-0.866) and 0.687 (95%CI
0.554-0.82) respectively (Figure 4B and C). ESR, CRP and albumin were also unreliable
predictors at 6 and 12-mo time points (Supplemental Table 1). Repeated measures
analysis showed that a FC value of approximately 500 μg/g provided a sensitivity of
85% and specificity of 73% for predicting clinical relapse at the next visit (Figure 5A
and B).

Disease management
Management decisions were based on PCDAI score, clinical assessment and serum
laboratory values. We expected that high FC would be associated with a high PCDAI
and vice versa, however this relationship was only seen in 24 children (45%)
(Supplemental Figures 3 and 4). In the remaining 29 children the PCDAI and FC level
did not correlate. Despite normal FC levels (< 250 μg/g) throughout the study in 14
patients, 4 (29%) had a medication escalation (Supplemental Figure 3). FC levels > 250
μg/g were reported in 39 (74%) patients at one or more time points, however 25 (64%)
did not have a clinical flare, and in 4 of these patients (16%) therapy was actually deescalated (Supplemental Figure 4). In the 14 patients with a clinical flare and raised
FC, six (43%) had escalation of therapy, while eight (57%) had no medication change
(Supplemental Figure 4).

DISCUSSION
Several studies in adult IBD patients have reported a strong association between
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Table 1 Clinical characteristics of the pediatric Crohn’s disease patients included in the study (n
= 53) n (%)
Clinical characteristics of the pediatric Crohn’s disease
Males

36 (68)

Age years (median, IQR)

14.9 (11.9-16.0)

Age at diagnosis years (median, IQR)

10.9 (8.3-13.1)

Duration of disease years (median, IQR)

3.0 (1.3-5.1)

Concomitant immunosuppressant
Azathioprine

27 (51)

Methotrexate

19 (36)

None

7 (13)

Previous IBD related surgery
Perianal surgery

1 (2)

Resectional surgery

6 (11)

Crohn’s disease: Age at diagnosis (Paris classification)
A1a: 0-< 10 yr

20 (38)

A1b: 10-< 17 yr

33 (62)

Crohn’s disease: Location (Paris classification)
L1

5 (9)

L2

22 (42)

L3

26 (49)

L4

35 (66)

Crohn’s disease: Behaviour (Paris classification)
B1: non-stricturing, non-penetrating

31 (59)

B2: stricturing

12 (23)

B3: penetrating

7 (13)

B2B3: penetrating and structuring

3 (5)

P: Perianal disease

17 (32)

Crohn’s disease: Growth impairment (Paris classification)
Evidence of growth delay

0 (0)

Infliximab dosing
Interval between infliximab doses (wk), mean (range)

7 (4-8)

Mean dose (mg/kg)

6.8

IQR: Interquartile range; IBD: inflammatory bowel disease.

elevated FC levels and clinically active inflammatory disease as well as the utility of
FC to predict disease relapse[17-19,30]. However, in children the data is more limited and
mostly confined to retrospective data collection or prospective studies with single FC
measurements and short study follow-up times[20-23]. This prospective study is the first
to evaluate serial blinded FC measurements to assess their value in predicting clinical
disease relapse in children with IBD. Our study showed that serial FC levels could
predict clinical disease relapse in patients with quiescent CD on infliximab during an
18-mo follow up period. Moreover, FC demonstrated good predictive accuracy of
clinical disease relapse within 3 mo and was superior, but not significantly so, to other
currently available serum biomarkers at predicting clinical relapse.
Consistent with the adult and pediatric studies that reported higher baseline FC
levels in patients who developed symptomatic relapse, our patients who developed
symptomatic relapse had significantly higher baseline median FC levels than those
patients who maintained clinical remission (723 μg/g vs 244 μg/g). Reported cut-off
of FC to predict risk of relapse in adults and children with IBD vary widely ranging
from 120-340 μg/g in adults[18,19,31] and 108-500 μg/g in paediatrics[20,21,23]. Dierderen et
al[20] in their recent retrospective study in pediatric IBD patients noted that a baseline
FC of 250 µg/g was predictive of symptomatic relapse within 6-mo, with a hazard
ratio of 1.46 (95%CI: 1.21-1.77) with a good predictive accuracy (AUC: 0.82). Similarly,
in our study, Kaplan-Meier time-to-relapse plots using FC level ≥ 250 μg/g
determined that patients followed prospectively over 18-mo had a significant 7.9-fold
(95%CI 1.1-56.1) increased risk of developing a clinical relapse than patients with
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Figure 2

Figure 2 Increased baseline fecal calprotectin values in pediatric patients with inflammatory bowel disease
are associated with elevated risk for clinical relapse.P = 0.02. Bar graphs represent median values with
interquartile range. FC: Fecal calprotectin.

lower values (P = 0.004). Moreover, FC had good accuracy in predicting clinical
disease relapse within 3 mo of collection with an ROC value of 0.86 (95%CI 0.7810.937).
Dierderen et al[20] reported an optimal FC cut off in pediatric IBD patients (n = 114)
of 350 μg/g with a sensitivity and specificity of 82% and 79% and a positive and
negative predictive value of 41% and 96% respectively. Conversely, in a short term
cross-sectional, observational, prospective cohort study in adult patients with IBD in
clinical remission on maintenance Infliximab a FC concentration > 160 μg/g was
reported to have a sensitivity and specificity for predicting relapse of 91.7% and 82.9%
respectively[32]. In contrast, we determined that FC values > 500 μg/g provided the
best sensitivity and specificity to predict a clinical disease relapse at the next visit.
A comparable study to ours but in adult IBD patients in clinical remission on antiTNF therapy followed prospectively until relapse or for 16-mo reported that FC levels
≥ 300 μg/g predicted relapse over the following 4 mo with a probability of 78.3%[19].
Moreover, two consecutive FC values ≥ 300 μg/g increased the probability of
predicting clinical relapse to 85.7%. However, the study population included both CD
(n = 71) and ulcerative colitis (n = 24) patients. In the CD cohort a FC value > 290 μg/g
predicted relapse at any time over the following 4 mo with a probability of 96%. The
variability in FC cut offs is multifactorial and likely related to differences in study
design, populations, duration of follow-up, use of clinical indicators of symptomatic
relapse, differences in methodology for FC quantification and fewer FC
measurements. Notably, our study prospectively assessed serial FC only in CD
patients on infliximab in clinical remission and the methodology for FC quantification
was validated in our laboratory prior to measuring levels. Indeed, FC levels < 500
μg/g correlated more closely than those in the upper range and given that our study
found optimal cut-offs for predicting relapse to be < 600 μg/g, using the lower range
procedure is valid.
Notably, in keeping with adult IBD practice, our study shows that children should
also have FC levels checked every 3 mo to ensure adequate monitoring. Indeed,
earlier detection of intestinal inflammation, with more timely management changes
could result in fewer disease flares, improvement in patient quality of life and
ultimately a decreased burden on the health care system.
A major strength of our study was the blinded and prospective longitudinal design
with repeated measurements of FC, ESR, CRP and PCDAI scores. The blinding of FC
results ensured that therapeutic changes were based upon our current disease
monitoring practices and were not made based upon the FC result. The repeated
measures allowed us to evaluate the temporal relationship between test results and
clinical relapse providing new information that prior studies are lacking [20] .
Furthermore, evaluation of management decisions following study completion
exposed the deficiencies in routine assessment methods when compared to FC. Of the
39 patients with elevated FC levels, FC remained elevated in 49% of patients during
the study. While only one patient in our study had a disease complication, longerterm follow-up may uncover complications that occur in the group with persistent
elevations of FC levels. Notably, in the CALM multicentre, randomized controlled
study in adult patients with CD, escalation to adalimumab based on the tight control
(FC ≥ 250 μg/g, CRP ≥ 5 mg/L, CDAI ≥ 150, or prednisone use in the previous week)
compared to standard clinical management (symptom-driven decisions alone)
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Figure 3 Kaplan-Meier curves at baseline through the first year of follow-up showing differences in predicting clinical relapse. A: Kaplan-Meier curves for
FC; B: Kaplan-Meier curves for ESR; C: Kaplan-Meier curves for CRP; D: Kaplan-Meier curves for albumin. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation
rate; CRP: C-reactive protein.

resulted in better clinical and endoscopic outcomes at week 48[33].
While this study was limited by sample size and by the limited sensitivity of the
PCDAI clinical score this was offset by the inclusion of repeated measurements of
biomarkers and PCDAI scores collected prospectively at multiple visits over an 18 mo
follow up period. Notable, the PCDAI remains a tool frequently used in clinical care
and research studies in children; however, the gold standard assessment tool for
disease activity is endoscopic evaluation. Indeed endoscopic guided management of
IBD is becoming increasing recommended, although its true value and frequency of
use and the role of FC in guiding endoscopic intervention remain to be evaluated
prospectively. Although symptom based monitoring remains an important outcome
variable, it has become increasingly evident that it correlates poorly with more
objective measures of disease activity, necessitating evaluating the predictive value of
biochemical markers of inﬂammation. The inclusion of endoscopy to guide
management of IBD is increasingly recommended, although its true value remains to
be prospectively evaluated.
In conclusion, this prospective longitudinal pediatric study is the first to
demonstrate that routine serial FC measurements are an independent valuable
predictor of symptomatic relapse. Moreover, FC elevation was noted up to 3 mo prior
to the appearance of symptomatic relapse. Consequently, implementing a 3-monthly
test to treat FC monitoring strategy would allow clinicians to make timely therapeutic
adjustments in advance of disease relapse. However, future prospective studies are
also necessary to evaluate the impact of routine FC monitoring on long-term patient
outcomes and healthcare system burdens. Furthermore, research evaluating the
relationship between FC levels and infliximab drug trough levels will be necessary to
better understand the relationship and to further guide management decisions.

WJG

https://www.wjgnet.com

1273

March 14, 2019

Volume 25

Issue 10

Foster AJ et al. Fecal calprotectin monitoring for predicting relapse
Figure 4

Figure 4 Receiver operator characteristic curve analysis for predicting clinical disease relapse. A: 3-mo; B: 6-mo; C: 12-mo. FC levels at the 3-mo visit more
accurately predict clinical disease relapse than at 6-mo and 12-mo post baseline (univariate analysis). FC: Fecal calprotectin; AUC: Area under the curve; CI:
Confidence interval.
Figure 5

Figure 5 Sensitivity at various fecal calprotectin cut off values to predict a clinical disease flare. A: Sensitivity at various fecal calprotectin cut off values to
predict a clinical disease flare at the next visit; B: False positive rates to predict a disease flare at the next visit for various FC levels (repeated measures). FC: Fecal
calprotectin.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) is a chronic relapsing intestinal inflammatory disorder

WJG

https://www.wjgnet.com

1274

March 14, 2019

Volume 25

Issue 10

Foster AJ et al. Fecal calprotectin monitoring for predicting relapse
requiring ongoing monitoring to optimize care. It has become increasing evidence that sustained
remission reduces the likelihood of complicated disease. Consequently the incorporation of
effective monitoring tools is required to assess disease activity allowing for the escalation of
therapy in a timely manner. Fecal calprotectin (FC) has been studied in disease diagnosis and
response to therapy but there is limited data evaluating its role in disease relapse in pediatric
IBD patients in clinical remission. In the present prospective pediatric IBD study, we show that
routine serial FC measurements are a valuable predictor of symptomatic relapse.

Research motivation
The motivation of the study was to evaluate the utility of FC as a predictive marker of disease
relapse and in doing so reinforce the use of this strategy in clinical practice. Moreover adopting
the strategy outlined in the paper will hopefully lead to better monitoring of disease activity
with early optimization of therapy reducing the likelihood of fully blown clinical flare ups.
Further research will need to look at the utility of this monitoring strategy and the role and
relationship to endoscopic monitoring of disease activity and mucosal healing.

Research objectives
The main objective was to evaluate the accuracy of serial FC measurements to predict clinical
flares in pediatric Crohn’s disease (CD) patients on maintenance anti-tumor necrosis factor
therapy and in clinical remission. The realization of this objective infers that serial FC done 3monthly should be incorporated into clinical practice. Future research should also evaluate
whether this strategy improves the quality of care, patient outcomes and costs to health care
systems.

Research methods
This was a prospective observational study where serial FC levels were measure in pediatric
patients with IBD in clinical remission on Remicade. The responsible clinicians were blinded to
the FC results. Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries, time from
diagnosis to infliximab start, and infliximab infusion dosing and interval were collected. The
PDCAI was recorded at each visit. FC levels were measure by ELISA within 4-mo of sample
extraction. Standard statistical methodology was used. Continuous variables are presented using
median values and interquartile range (IQR) and Wilcoxon signed-rank test was used to
compare differences between patients who relapsed and remaining in clinical remission.
Categorical data are presented as percentages. Kaplan-Meier survival curves (time-to-event data)
are used for biomarkers [FC, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
albumin]. One predictor logistic regression and receiver operating characteristic (ROC) curve
analyses for biomarkers were used to evaluate the cumulative incidence of flares in a 2-wk time
window around (before or after) 3 and 6 mo after the FC and a 4-wk window around 12 mo after
the FC. Specificity, sensitivity and optimal threshold values of FC were determined from ROC
curve analysis.

Research results
Of the 62 patients prospectively enrolled, 53 were analyzed; 68% were male and median followup time 1.5 years. A total of 205 stool samples were collected and analyzed (mean of 4 stool
samples per patient). Symptomatic relapse was recorded in 18 (34%) patients (mean time from
enrolment to clinical flare 7.1 mo, range, 1.5-15 mo). Baseline FC level in the symptomatic relapse
group was higher than those remaining in clinical remission [median 723 μg/g (IQR 283-1758) vs
244 μg/g (IQR 61-627), P = 0.02]. The median FC level at the visit prior to relapse was 765 μg/g
(IQR 504-1800). Time to clinical relapse curves calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g showed a significant differences in relapse rates in patients
with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (P = 0.004). In addition, FC had
good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC value
of 0.86 [95% confidence interval (CI) 0.781-0.937]. Treatment decisions were based on clinical
symptoms and standard biomarkers of inflammation (ESR and CRP) and thus did not reflect the
potential benefit of the FC result. Consequently prospective evaluation of sequential FC testing is
required to evaluate the short and long-term benefits on disease remission and outcome.

Research conclusions
FC had good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 (95%CI: 0.781-0.937). Prospective monitoring with proactive intervention with
either endoscopy assessment of disease activity and extent and, or optimization of medical
therapy will reduce the likelihood of clinical flares, reduce the risk of complication and improve
patient outcomes. FC is a useful biological tool to evaluate disease activity in patients in clinical
remission on a biological agent. The Pediatric CD Activity Index (PCDAI) is not sensitive enough
to monitor disease activity in children with CD. The addition of FC monitoring improves the
quality of care for children with IBD. Regular 3-monthly FC monitoring should be incorporated
into clinical practice. However it is important to follow the trend in level and not rely on a single
level. That 3-monthly FC monitoring is a good addition to currently available biomarkers of
inflammation. That FC is a good predictor of clinical relapse. That 3-monthly FC monitoring
detects patients who will experience a symptomatic flare of disease. The inclusion of regular 3monthly FC monitoring into clinical practice. The addition of FC monitoring will improves the
quality of care and outcomes for children with IBD.

Research perspectives
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Such studies are important to do. Colonoscopy should be included as an endpoint. A treatment
decision can be made based on the FC result with subsequent determination whether the change
had positive benefit (i.e., normalization of FC level and evidence of mucosal healing at
colonoscopy). To prospective evaluate sequential FC testing and to determine the short and longterm benefits on disease remission, quality of life, patient outcome and related health care-costs.
To define the relationship between FC monitoring and endoscopic monitoring of disease activity
and mucosal healing. To determine the best cut off for FC for patients in remission. Prospective
interventional studies with clearly defined FC levels, endoscopic score and treatment strategies
with clearly defined primary and secondary outcomes (i.e., disease in steroid free remission,
disease biochemical remission, and mucosal healing).

ACKNOWLEDGEMENTS
The authors would like to thank Dr. Mat Provencal and his laboratory staff at the
Hôpital Maisonneuve-Rosemont, Quebec for their help with validation of our Elisa
method, and to Buhlmann for supplying the ELISA kits. Laboratory support at BC
Children’s Hospital was kindly provided by Diana Ralston. In addition, many thanks
to our research team including Alam Lakhani and Carlie Penner for assisting with
data collection. Dr Foster is supported by a research award provided by the Clinical
Investigator program (CIP), University of British Columbia and Dr Jacobson is a
Senior Clinician Scientist supported by the Children with Intestinal and Liver
Disorders (CHILD) Foundation and the BC Children’s Hospital Research Institute
Clinician Scientists Award Program, University of British Columbia. The authors
would also like to thank the children and their families who courageously live with
IBD on a daily basis and the members of the Division of Gastroenterology,
Hepatology and Nutrition at British Columbia Children’s Hospital.

REFERENCES
1

2
3

4

5

6

7
8
9

10

11

12

13

14

WJG

https://www.wjgnet.com

Chouliaras G, Margoni D, Dimakou K, Fessatou S, Panayiotou I, Roma-Giannikou E. Disease impact on
the quality of life of children with inflammatory bowel disease. World J Gastroenterol 2017; 23: 10671075 [PMID: 28246481 DOI: 10.3748/wjg.v23.i6.1067]
Makkar R, Bo S. Colonoscopic perforation in inflammatory bowel disease. Gastroenterol Hepatol (NY)
2013; 9: 573-583 [PMID: 24729766]
Nemeth A, Wurm Johansson G, Nielsen J, Thorlacius H, Toth E. Capsule retention related to small bowel
capsule endoscopy: A large European single-center 10-year clinical experience. United European
Gastroenterol J 2017; 5: 677-686 [PMID: 28815031 DOI: 10.1177/2050640616675219]
Stoddard PB, Ghazi LJ, Wong-You-Cheong J, Cross RK, Vandermeer FQ. Magnetic resonance
enterography: State of the art. Inflamm Bowel Dis 2015; 21: 229-239 [PMID: 25222657 DOI:
10.1097/MIB.0000000000000186]
Alper A, Zhang L, Pashankar DS. Correlation of Erythrocyte Sedimentation Rate and C-Reactive Protein
With Pediatric Inflammatory Bowel Disease Activity. J Pediatr Gastroenterol Nutr 2017; 65: e25-e27
[PMID: 27741061 DOI: 10.1097/MPG.0000000000001444]
Mosli MH, Zou G, Garg SK, Feagan SG, MacDonald JK, Chande N, Sandborn WJ, Feagan BG. CReactive Protein, Fecal Calprotectin, and Stool Lactoferrin for Detection of Endoscopic Activity in
Symptomatic Inflammatory Bowel Disease Patients: A Systematic Review and Meta-Analysis. Am J
Gastroenterol 2015; 110: 802-19; quiz 820 [PMID: 25964225 DOI: 10.1038/ajg.2015.120]
Sands BE. Biomarkers of Inflammation in Inflammatory Bowel Disease. Gastroenterology 2015; 149:
1275-1285.e2 [PMID: 26166315 DOI: 10.1053/j.gastro.2015.07.003]
Fagerhol MK. Calprotectin, a faecal marker of organic gastrointestinal abnormality. Lancet 2000; 356:
1783-1784 [PMID: 11117904 DOI: 10.1016/S0140-6736(00)03224-4]
Kostas A, Siakavellas SI, Kosmidis C, Takou A, Nikou J, Maropoulos G, Vlachogiannakos J,
Papatheodoridis GV, Papaconstantinou I, Bamias G. Fecal calprotectin measurement is a marker of shortterm clinical outcome and presence of mucosal healing in patients with inflammatory bowel disease. World
J Gastroenterol 2017; 23: 7387-7396 [PMID: 29151692 DOI: 10.3748/wjg.v23.i41.7387]
Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe P, De Vos M, Stokkers P, Hommes D,
Rutgeerts P, Vermeire S, D'Haens G; Belgian Inflammatory Bowel Disease Research Group; NorthHolland Gut Club. Mucosal healing predicts sustained clinical remission in patients with early-stage
Crohn's disease. Gastroenterology 2010; 138: 463-8; quiz e10-1 [PMID: 19818785 DOI:
10.1053/j.gastro.2009.09.056]
Kristensen V, Røseth A, Ahmad T, Skar V, Moum B. Fecal Calprotectin: A Reliable Predictor of Mucosal
Healing after Treatment for Active Ulcerative Colitis. Gastroenterol Res Pract 2017; 2017: 2098293
[PMID: 29225617 DOI: 10.1155/2017/2098293]
Carroccio A, Iacono G, Cottone M, Di Prima L, Cartabellotta F, Cavataio F, Scalici C, Montalto G, Di
Fede G, Rini G, Notarbartolo A, Averna MR. Diagnostic accuracy of fecal calprotectin assay in
distinguishing organic causes of chronic diarrhea from irritable bowel syndrome: A prospective study in
adults and children. Clin Chem 2003; 49: 861-867 [PMID: 12765980 DOI: 10.1373/49.6.861]
Kostakis ID, Cholidou KG, Vaiopoulos AG, Vlachos IS, Perrea D, Vaos G. Fecal calprotectin in pediatric
inflammatory bowel disease: A systematic review. Dig Dis Sci 2013; 58: 309-319 [PMID: 22899243 DOI:
10.1007/s10620-012-2347-5]
Fagerberg UL, Lööf L, Myrdal U, Hansson LO, Finkel Y. Colorectal inflammation is well predicted by
fecal calprotectin in children with gastrointestinal symptoms. J Pediatr Gastroenterol Nutr 2005; 40: 450455 [PMID: 15795593 DOI: 10.1097/01.MPG.0000154657.08994.94]

1276

March 14, 2019

Volume 25

Issue 10

Foster AJ et al. Fecal calprotectin monitoring for predicting relapse
15

16

17

18
19

20

21

22

23
24

25

26

27
28
29
30

31

32

33

Pavlidis P, Gulati S, Dubois P, Chung-Faye G, Sherwood R, Bjarnason I, Hayee B. Early change in faecal
calprotectin predicts primary non-response to anti-TNFα therapy in Crohn's disease. Scand J Gastroenterol
2016; 51: 1447-1452 [PMID: 27400728 DOI: 10.1080/00365521.2016.1205128]
Hukkinen M, Pakarinen MP, Merras-Salmio L, Koivusalo A, Rintala R, Kolho KL. Fecal calprotectin in
the prediction of postoperative recurrence of Crohn's disease in children and adolescents. J Pediatr Surg
2016; 51: 1467-1472 [PMID: 26891835 DOI: 10.1016/j.jpedsurg.2016.01.017]
Mao R, Xiao YL, Gao X, Chen BL, He Y, Yang L, Hu PJ, Chen MH. Fecal calprotectin in predicting
relapse of inflammatory bowel diseases: A meta-analysis of prospective studies. Inflamm Bowel Dis 2012;
18: 1894-1899 [PMID: 22238138 DOI: 10.1002/ibd.22861]
Chew TS, Mansfield JC. Can faecal calprotectin predict relapse in inflammatory bowel disease: A mini
review. Frontline Gastroenterol 2018; 9: 23-28 [PMID: 29484157 DOI: 10.1136/flgastro-2016-100686]
Ferreiro-Iglesias R, Barreiro-de Acosta M, Lorenzo-Gonzalez A, Dominguez-Muñoz JE. Accuracy of
Consecutive Fecal Calprotectin Measurements to Predict Relapse in Inflammatory Bowel Disease Patients
Under Maintenance With Anti-TNF Therapy: A Prospective Longitudinal Cohort Study. J Clin
Gastroenterol 2018; 52: 229-234 [PMID: 27984399 DOI: 10.1097/MCG.0000000000000774]
Diederen K, Hoekman DR, Leek A, Wolters VM, Hummel TZ, de Meij TG, Koot BG, Tabbers MM,
Benninga MA, Kindermann A. Raised faecal calprotectin is associated with subsequent symptomatic
relapse, in children and adolescents with inflammatory bowel disease in clinical remission. Aliment
Pharmacol Ther 2017; 45: 951-960 [PMID: 28138990 DOI: 10.1111/apt.13950]
van Rheenen PF. Role of fecal calprotectin testing to predict relapse in teenagers with inflammatory
bowel disease who report full disease control. Inflamm Bowel Dis 2012; 18: 2018-2025 [PMID: 22275341
DOI: 10.1002/ibd.22896]
Walkiewicz D, Werlin SL, Fish D, Scanlon M, Hanaway P, Kugathasan S. Fecal calprotectin is useful in
predicting disease relapse in pediatric inflammatory bowel disease. Inflamm Bowel Dis 2008; 14: 669-673
[PMID: 18240279 DOI: 10.1002/ibd.20376]
Sipponen T, Kolho KL. Faecal calprotectin in children with clinically quiescent inflammatory bowel
disease. Scand J Gastroenterol 2010; 45: 872-877 [PMID: 20377469 DOI: 10.3109/00365521003782389]
Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder L, Kolho KL, Veres G, Russell RK,
Paerregaard A, Buderus S, Greer ML, Dias JA, Veereman-Wauters G, Lionetti P, Sladek M, Martin de
Carpi J, Staiano A, Ruemmele FM, Wilson DC; European Society of Pediatric Gastroenterology,
Hepatology, and Nutrition. ESPGHAN revised porto criteria for the diagnosis of inflammatory bowel
disease in children and adolescents. J Pediatr Gastroenterol Nutr 2014; 58: 795-806 [PMID: 24231644
DOI: 10.1097/MPG.0000000000000239]
Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russell RK, Fell J, Ruemmele FM, Walters T,
Sherlock M, Dubinsky M, Hyams JS. Pediatric modification of the Montreal classification for
inflammatory bowel disease: The Paris classification. Inflamm Bowel Dis 2011; 17: 1314-1321 [PMID:
21560194 DOI: 10.1002/ibd.21493]
Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort PM, Kirschner BS, Griffiths AM, Katz AJ, Grand
RJ, Boyle JT. Development and validation of a pediatric Crohn's disease activity index. J Pediatr
Gastroenterol Nutr 1991; 12: 439-447 [PMID: 1678008 DOI: 10.1097/00005176-199105000-00005]
Swets JA. Measuring the accuracy of diagnostic systems. Science 1988; 240: 1285-1293 [PMID: 3287615
DOI: 10.1126/science.3287615]
R Core Team (2017). A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. Available from: URL http://www.R-project.org/.
Holmes DT. cp-R, an interface the R programming language for clinical laboratory method comparisons.
Clin Biochem 2015; 48: 192-195 [PMID: 25448032 DOI: 10.1016/j.clinbiochem.2014.10.015]
Heida A, Park KT, van Rheenen PF. Clinical Utility of Fecal Calprotectin Monitoring in Asymptomatic
Patients with Inflammatory Bowel Disease: A Systematic Review and Practical Guide. Inflamm Bowel Dis
2017; 23: 894-902 [PMID: 28511198 DOI: 10.1097/MIB.0000000000001082]
Kallel L, Ayadi I, Matri S, Fekih M, Mahmoud NB, Feki M, Karoui S, Zouari B, Boubaker J, Kaabachi N,
Filali A. Fecal calprotectin is a predictive marker of relapse in Crohn's disease involving the colon: A
prospective study. Eur J Gastroenterol Hepatol 2010; 22: 340-345 [PMID: 19581809 DOI:
10.1097/MEG.0b013e32832bab49]
Ferreiro-Iglesias R, Barreiro-de Acosta M, Otero Santiago M, Lorenzo Gonzalez A, Alonso de la Peña C,
Benitez Estevez AJ, Dominguez-Muñoz JE. Fecal Calprotectin as Predictor of Relapse in Patients With
Inflammatory Bowel Disease Under Maintenance Infliximab Therapy. J Clin Gastroenterol 2016; 50: 147151 [PMID: 25811118 DOI: 10.1097/MCG.0000000000000312]
Colombel JF, Panaccione R, Bossuyt P, Lukas M, Baert F, Vaňásek T, Danalioglu A, Novacek G,
Armuzzi A, Hébuterne X, Travis S, Danese S, Reinisch W, Sandborn WJ, Rutgeerts P, Hommes D,
Schreiber S, Neimark E, Huang B, Zhou Q, Mendez P, Petersson J, Wallace K, Robinson AM, Thakkar
RB, D'Haens G. Effect of tight control management on Crohn's disease (CALM): A multicentre,
randomised, controlled phase 3 trial. Lancet 2018; 390: 2779-2789 [PMID: 29096949 DOI:
10.1016/S0140-6736(17)32641-7]

P- Reviewer: Kapel N, Matowicka-Karna J, Mesquita J, Talebi Bezmin Abadi A,
S- Editor: Yan JP L- Editor: A E- Editor: Yin SY

WJG

https://www.wjgnet.com

1277

March 14, 2019

Volume 25

Issue 10

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 March 14; 25(10): 1278-1288

DOI: 10.3748/wjg.v25.i10.1278

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Prospective Study

Non-guided self-learning program for high-proficiency optical
diagnosis of diminutive and small colorectal lesions: A singleendoscopist pilot study
Marco Bustamante-Balén, Carla Satorres, Lorena Puchades, Belén Navarro, Natalia García-Morales,
Noelia Alonso, Marta Ponce, Lidia Argüello, Vicente Pons-Beltrán
ORCID number: Marco BustamanteBalén (000-0003-2019-0158); Carla
Satorres (0000-0002-1442-634X);
Lorena Puchades
(0000-0001-8213-5440); Belén
Navarro (0000-0002-5700-3160);
Natalia Garcia-Morales
(0000-0003-0130-3778); Noelia
Alonso (0000-0003-4979-9522);
Marta Ponce (0000-0002-8897-0284);
Lidia Argüello Viudez
(0000-0002-3041-033X); Vicente
Pons-Beltrán (0000-0001-8909-8929).

Author contributions: Navarro B,
Satorres C and Garcia-Morales N
performed the literature research
and reviewed the manuscript draft;
Puchades L acquired data for
analysis and reviewed the
manuscript draft; Alonso N, Ponce
M, Argüello L and Pons-Beltrán V
revised the article for important
intellectual content; BustamanteBalén M conceived of and designed
the project, contributed to data
analysis, drafted the initial
manuscript, and reviewed the
different versions of the
manuscript.

Institutional review board
statement: The study protocol was
approved by the Hospital La Fe
Institutional Review Board, No.
2014/0074.

Informed consent statement:
Informed consent was obtained
from each patient.

Conflict-of-interest statement: The
authors have no conflicts of
interest to declare.

WJG

Marco Bustamante-Balén, Carla Satorres, Noelia Alonso, Marta Ponce, Lidia Argüello, Vicente
Pons-Beltrán, Gastrointestinal Endoscopy Research Group, Gastrointestinal Endoscopy Unit,
Digestive Diseases Department, La Fe Polytechnic University Hospital, Valencia 46026, Spain
Lorena Puchades, Digestive Diseases Department, La Fe Polytechnic University Hospital,
Valencia 46026, Spain
Belén Navarro, Natalia García-Morales, Gastrointestinal Endoscopy Unit, Digestive Diseases
Department, La Fe Polytechnic University Hospital, Valencia 46026, Spain
Corresponding author: Marco Bustamante-Balén, MD, PhD, Doctor, Gastrointestinal
Endoscopy Research Group, Gastrointestinal Endoscopy Unit, Digestive Diseases Department,
La Fe Polytechnic University Hospital, Avda. Fernando Abril Martorell, 106, Valencia 46026,
Spain. bustamante_mar@gva.es
Telephone: +34-96-12440225
Fax: +34-96-1246278

Abstract
BACKGROUND
The implementation of optical diagnosis (OD) of diminutive colorectal lesions in
clinical practice has been hampered by differences in performance between
community and academic settings. One possible cause is the lack of a
standardized learning tool. Since the factors related to better learning are not well
described, strong evidence upon which a consistent learning tool could be
designed is lacking. We hypothesized that a self-designed learning program may
be enough to achieve competency in OD of diminutive lesions of the colon.
AIM
To assess the accuracy of OD of diminutive lesions in real colonoscopies after
application of a self-administered learning program.
METHODS
This was a single-endoscopist prospective pilot study, in which an experienced
endoscopist followed a self-designed, self-administered learning program in OD
of colorectal lesions. An assessment phase divided in two halves with a 6-mo
period in between without performance of OD was developed in a populationbased colorectal cancer screening program. The accomplishment of the
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Preservation and Incorporation of Valuable Endoscopic Innovations criteria and
performance measures were calculated overall and in the two halves of the
assessment phase, assessing their response to the 6-mo stopping period. The
evolution of performance through blocks of 50 lesions was also assessed.
RESULTS
Overall, 152 patients and 522 lesions (≤ 5 mm: 399, and 6-9 mm: 123) were
included. The negative predictive value for the OD of adenoma in rectosigmoid
lesions diagnosed with high confidence was 91.7% [95% confidence interval (CI):
87.3-96.6]. The proportion of agreement on surveillance interval between OD and
pathological diagnosis was higher than 95%. Overall accuracy for diminutive
lesions diagnosed with high confidence was 89.5% (95%CI: 86.3-92.7). The overall
accuracy of OD was similar in the two halves of the assessment phase [90.1
(95%CI: 85.6-94.7) vs 88.2 (95%CI: 87.9-95.9)]. All the other performance
parameters were also equivalent, except for specificity. Specificity, negative
predictive value and accuracy were the parameters most affected by the stopping
period between the two halves. Upon analyzing trends on blocks of 50 lesions, an
improvement on sensitivity (P = 0.02) was detected only in the first half and an
improvement on accuracy (P = 0.01) was detected only in the second half.
CONCLUSION
A self-administered learning program is sufficient to achieve expert-level OD. To
maintain performance, continuous practice is needed, with a refresher course
following any long non-practice period.
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Core tip: The learning process for optical diagnosis (OD) of diminutive colorectal polyps
is not standardized, and this may influence the described differences in OD performance
between community and academic settings. Our study shows that an individual
following a self-designed and self-administered learning program is able to reach the
expert level of OD performance completely fulfilling the criteria of Preservation and
Incorporation of Valuable Endoscopic Innovations. However, continuous practice is
needed to maintain performance and, if a non-practice period is expected, a refresher
course is needed to avoid a significant drop in performance parameters.

Citation: Bustamante-Balén M, Satorres C, Puchades L, Navarro B, García-Morales N, Alonso
N, Ponce M, Argüello L, Pons-Beltrán V. Non-guided self-learning program for highproficiency optical diagnosis of diminutive and small colorectal lesions: A single-endoscopist
pilot study. World J Gastroenterol 2019; 25(10): 1278-1288
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1278.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1278

INTRODUCTION
Optical diagnosis (OD) of gastrointestinal epithelial lesions has become a reality due
to the development of new image enhancing technologies. The ability to perform in
situ differentiation of adenomatous and hyperplastic colorectal lesions has led to the
proposal of a resect-and-discard strategy for the management of diminutive (≤ 5 mm)
polyps[1]. Following this strategy, diminutive lesions would be resected and discarded
after an adenoma high-confidence OD has been made, while rectal diminutive lesions
with an OD of hyperplastic would be left in place. This strategy has been shown to be
cost-efficient[2].
An excellent accuracy of OD is a requirement for applying such a strategy, and it
has been shown to be so in many studies, most of them performed in academic
centers[3]. However, this good accuracy has not been well replicated in community
settings[4,5]. Learning of OD is key for its implementation in clinical practice, and the
lack of standardized learning tools may explain part of the problem. A wide variety of
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learning tools has been described, including classroom type[6], self-directed computerbased[3] or web-based teaching programs[7]. Still pictures, videos or both have been
used to explain the optical features of each type of polyp[8,9]. However, there are no
head-to-head comparisons between learning tools and most of them have not been
validated.
Moreover, people learn at different rates, as has been shown by some studies
monitoring the learning curve of OD. Some learners never get competency in OD,
while others need long-term monitoring[4,6]. Unfortunately, since the factors related to
better learning are not well described, the strong evidence upon which a consistent
learning tool could be designed is lacking. Despite these challenges, we hypothesized
that a self-designed learning program may be enough to achieve competency in OD of
diminutive lesions of the colon.
Our study was designed according to the following aims: (1) to assess the accuracy
of OD of diminutive lesions in real colonoscopies from a colorectal carcinoma (CRC)
screening program using narrow band imaging (NBI) and the NBI International
Colorectal Endoscopic (NICE) classification after following a non-guided selfadministered learning program; and (2) to describe the OD learning curve by
analyzing which parameters may be more suitable for monitoring competency.

MATERIALS AND METHODS
Study design and population
This was a single-endoscopist prospective pilot study, in which an experienced
endoscopist (> 500 colonoscopies per year and adenoma detection rate of 68%)
followed a self-designed, self-administered learning program for OD of colorectal
lesions. In this learning program, the NICE classification was reviewed and a
published set of still pictures[8] was used to identify the main optical characteristics of
hyperplastic and adenomatous polyps under NBI. Then, the NICE classification was
put into practice on 50 consecutive colorectal lesions identified in CRC screening
colonoscopies. The endoscopist reviewed the pathological records, when available,
comparing this diagnosis with the provided OD. A detailed evaluation of
inconsistencies was performed and diagnostic disagreements were reviewed with the
pathologist.
After completing the learning program, an assessment phase was begun in which
individuals scheduled for colonoscopy in the setting of the Valencian Government
Colorectal Screening Program were consecutively included. This screening program is
based on results from the immunological fecal occult blood test administered every 2
years and colonoscopy administered in cases of positivity. Exclusion criteria were
poor quality preparation (Boston < 2 in any colon segment), incomplete colonoscopy,
inflammatory bowel disease, coagulopathy that precluded taking samples, or
unwillingness to participate in the study. This assessment phase was divided in two
halves, with a predefined stopping period of 6 mo in between, in which no OD was
performed. No OD refresher course was given before the beginning of the second
phase.

Colonoscopy procedure
For bowel preparation, a split-dose scheme using sodium picosulphate plus
magnesium citrate (Citraflet®; Casen Recordati, S.L., Zaragosa, Spain) or 2-L
polyethylene glycol (PEG) plus ascorbate (Moviprep®; Salix Pharmaceuticals,
Bridgewater, NJ, United States) was administered. All colonoscopies were performed
using high-resolution CF-HQ190AL or CF-H190L endoscopes (Olympus, Optical Co.,
Ltd., Tokyo, Japan) and a video endoscope system (EVIS EXERA III; Olympus).

Variables
Data on age, sex, and personal and familiar histories of colon polyps or CRC were
recorded. For every lesion, data on size, morphology (following the Paris
classification [10] ), location, NICE classification [11] group, and final OD were also
recorded. All data were prospectively included in a database built in Access 2003
(Microsoft Corp., Redmon, WA, United States). Pathological diagnosis was
introduced in the database by a researcher involved neither in the colonoscopies nor
in the OD process. Therefore, during this phase of the study, the endoscopist was
blind to the pathological report and no feedback was provided. Only diminutive
lesions (1-5 mm) or small lesions (6-9 mm) were considered for the analysis.
The optical and pathologic diagnostics were compared for the diagnosis of
adenoma vs non-adenomatous lesions, considering pathology as the gold standard.
For analysis purposes, hyperplastic polyps, sessile serrated polyps, inflammatory
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polyps, and biopsies informed as normal were considered as non-adenomatous
lesions.

Study end-points
The primary end-point was the Preservation and Incorporation of Valuable
Endoscopic Innovations (PIVI) criteria[1] accomplishment at the end of the study. The
final surveillance recommendation when using OD was the combination of OD of
diminutive lesions and the pathology report of larger lesions. The concordance
between the recommended follow-up from OD and from pathology was calculated
for the three main currently available guidelines (European Union [12] , European
Society of Gastrointestinal Endoscopy[13], and American Society for Gastrointestinal
Endoscopy[14]). Patients in whom an in-situ surveillance recommendation could not be
given (i.e., those with no diminutive lesions, with at least one polyp diagnosed with
low confidence, or diagnosed with a CRC or a large polyp scheduled for endoscopic
mucosal resection) were not included in this analysis. Secondary end-points were the
evaluation of overall accuracy, sensitivity, specificity, positive and negative predictive
values (PPV and NPV, respectively), and positive likelihood ratio for the diagnosis of
adenoma. All performance values were calculated at the end of the first half, at the
end of the study and during the assessment phase in groups of 50 lesions.

Sample size estimate on and statistical methods
To obtain a precision of 3% in the estimation of the accuracy of OD for diminutive
lesions, using a bilateral 95% confidence interval (CI) and expecting an accuracy of
90%, at least 385 diminutive lesions had to be included.
Each patient’s and lesion’s characteristics were summarized by median (standard
deviation) for continuous variables and by number (percentage) for categorical
variables. Sensitivity, specificity, PPV and NPV, and positive likelihood ratio were
calculated as measures of accuracy together with their 95%CIs. True positive and
negative values were defined as an agreement between OD and histology. The
Cochran-Armitage test for trend was used to determine if performance improved
through blocks of 50 lesions in both halves of the study. P-values were two-sided, and
differences were considered significant at P < 0.05. Analysis was performed by using
the Stata statistical package, version 14.2 (Stata Corp, College Station, TX, United
States). The results of this study are reported in accordance with Standards for
Reporting of Diagnostic Accuracy guidelines[15].

RESULTS
From January 2015 to January 2017, 152 individuals who underwent a CRC screening
colonoscopy were selected for study inclusion. Their main characteristics are
summarized in Table 1. These patients harbored 522 lesions [1-5 mm in 399 (76.4%)
and 6-9 mm in 123 (23.6%)], the main characteristics of which are summarized in
Table 2.

PIVI criteria
Overall, 55 (59.8%) diminutive rectosigmoid lesions were diagnosed as hyperplastic
and 34 (36.9%) as adenoma. One lesion was lost for analysis and two were categorized
as normal mucosa. The NPV for the OD of adenoma in rectal lesions diagnosed with
high confidence was 91.7% (95%CI: 87.3-96.6). In 59 patients (38.8%), an in-situ
surveillance recommendation could not be given; these patients included 40 with at
least one lesion diagnosed with low confidence, 7 with no diminutive lesion, 9 with a
CRC or a malignant polyp diagnosed in the same colonoscopy, and 3 with large
polyps suitable for endoscopic mucosal resection. The proportion of agreement on
surveillance interval between OD and pathological diagnosis following the different
guidelines for the remaining 92 patients is summarized in Table 3.

Accuracy of OD
Regarding the OD with NBI, 520 lesions were classified as adenomas or hyperplastic
polyps, with 347 (87.0%) diminutive lesions and 116 (94.3%) small lesions diagnosed
with high confidence (Table 2).
The performance values for the OD of small and diminutive lesions are
summarized in Table 4. Overall accuracy for diminutive and small lesions diagnosed
with high confidence was 89.5% (95%CI: 86.3-92.7) and 99.1% (95%CI: 97.4-100.0)
respectively. Values were, as expected, much lower for lesions diagnosed with low
confidence (Table 4). These values did not differ significantly when comparing
location (distal vs proximal) and morphology (sessile vs flat) (data not shown).
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Table 1 Patient characteristics, n = 152
Characteristic

Value

Age, yr

61.1 ± 6.2

Female sex n (%)

56 (36.8)

Familiar history of CRC n (%)

33 (21.7)

Number of polyps

3.8 ± 3.0

Number of adenomas

2.7 ± 2.6

Number of advanced adenomas

0.6 ± 1.0

CRC: Colorectal cancer.

Learning curve assessment
The overall accuracy of OD was similar in the two halves of the study [90.1% (95%CI:
85.6-94.7) vs 88.2 (95%CI: 87.9-95.9)]. All the other performance parameters were also
equivalent, except for specificity (Table 5). The NPV for adenoma in rectosigmoid
lesions and agreement on surveillance intervals were also similar between both halves
of the study (Table 5).
Figure 1 depicts the evolution during time of OD performance of diminutive
lesions. Specificity, NPV and accuracy were the parameters most affected by the
stopping period between the two halves. However, sensitivity and the percentage of
lesions diagnosed with high confidence are more robust parameters. Analyzing trends
on blocks of 50 lesions showed an improvement in specificity (P = 0.0001) and NPV (P
= 0.00001) in both halves. However, an improvement in sensitivity (P = 0.02) was
detected only in the first half and an improvement in accuracy (P = 0.01) was detected
only in the second half. There was no significant improvement in the percentage of
lesions diagnosed with high confidence in either of the two halves as the trainee
progressed through lesion batches.

DISCUSSION
Our study shows that a good accuracy, reaching an expert level, and complete
fulfillment of the PIVI criteria can be accomplished by self-learning. At the end of the
study, the NPV for the OD of adenoma in rectal lesions was 91.7% and the proportion
of agreement in the surveillance intervals between OD and pathology was higher than
95%.
Previous studies on OD learning have shown conflicting results. When it comes to
performing OD in real colonoscopies, several studies and a meta-analysis have shown
lower levels of performance (i.e., not fulfilling the PIVI criteria) in community
hospitals than in academic centers, despite a structured learning program having been
followed [4,5,16] . On the contrary, other authors have shown that trainees without
previous experience in NBI can meet PIVI thresholds after following a standardized
learning program[17]. One of the possible explanations for this discrepancy may be the
different design of the learning tool.
We used a validated set of still pictures followed by a practice on real colonoscopies
with auto-administered feedback, hypothesizing that the latter would ease the
transition from still pictures to real practice and shorten the learning curve. For the
initial learning steps, several training modules have been used in the literature,
including classroom-type[8,18], computer training[19] and web-based[20] modules. All
systems may have similar efficacy as it has been suggested in a recent report showing
that self-learning using a computer-based program with pictures and videos is as
efficient as a classroom-type teaching session for learning OD[21]. Therefore, the key to
efficacy of the learning program may be more in other adds-on or modifications.
Other authors have also shown a good efficacy of learning when introducing an in
vivo phase during the learning program, with a pre-defined number of
colonoscopies[22] or lesions[6]. In our study, 50 lesions were sufficient to meet the PIVI
criteria at the end of the assessment phase.
Other modifications that have been tested in the literature are refresher teaching
sessions and periodic feedback. We did not introduce any refresher session, not even
before the beginning of the second period of the assessment phase after the 6-mo
stopping period, and it did not affect the final results on efficacy. Any feedback was
allowed during the assessment phase and the endoscopist was blinded to the
pathology results. Regarding these two modifications, there is some controversy in
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Table 2 Lesion characteristics n (%)
Characteristic

1-5 mm

6-9 mm

Number of lesions by size

399 (76.4)

123 (23.6)

0-Ip

3 (0.7)

22 (17.9)

0-Is

273 (68.4)

88 (71.5)

0-IIa

117 (29.3)

11 (8.9)

0-IIc

2 (0.5)

0

0-IIa + IIc

3 (0.7)

0

0-IIb

1 (0.2)

2 (1.6)

Adenoma

255 (63.9)

97 (78.9)

Hyperplastic

Paris classification

Pathology

106 (26.6)

17 (13.6)

SSP

8 (2.0)

7 (5.6)

Other

26 (6.5)

1 (0.8)

Lost/not enough sample

4 (1.0)

1 (0.8)

Proximal

248 (62.2)

56 (45.5)

Distal

151 (37.8)

67 (54.5)

NICE 1

288 (72.2)

102 (82.9)

NICE 2

110 (27.6)

20 (16.3)

347 (87.0)

116 (94.3)

Location

1

Optical diagnosis

High-confidence diagnosis

1

Only available for 520 lesions (1 lesion excluded because a poor approach to application of narrow band
imaging, and 1 subepithelial lesion). NBI: Narrow band imaging; NICE: NBI International Colorectal
Endoscopic classification system; SSP: Sessile serrated polyp.

the literature. Paggi et al[23] introduced refresher teaching sessions every 2 mo and
monthly feedback on individual performance, achieving an overall NPV for adenoma
in rectosigmoid lesions of 91.3% and more than 90% of agreement on surveillance
intervals. Patel et al [17] delivered periodic feedback to all the participants in a
prospective study and were able to show an overall NPV for high-confidence
diagnosis of rectosigmoid lesions of 94.7% and a surveillance interval agreement of
91.2%. However, a randomized trial was not able to show any influence of feedback
on final performance[6].
We planned a stopping period at the middle of the study to investigate if a nonpractice period could influence performance and to detect which parameters were
affected the most. Following the stopping period (which was not followed by a
refresher course), almost all performance parameters dropped significantly.
Specificity was the most affected parameter, and it took 200 lesions to reach previous
levels. On the other hand, sensitivity was very resistant to inactivity. Accuracy
dropped from 0.89 to 0.77, and it took 150 lesions to reach 0.90. NPV for adenoma in
rectal lesions also dropped significantly, from 0.90 to 0.67.
Regarding trends for improvement through blocks of 50 lesions, a significant
improvement was detected in both halves for specificity and NPV, suggesting that the
number of false positives and false negatives are only significantly reduced after
ongoing practice. The significant trend for improvement of accuracy only in the
second period suggests that if a long non-practice period has occurred, a refresher
course in OD is needed. A previous study[24] of 12 endoscopists evaluating 80 videos at
12 wk apart found a significant improvement in accuracy in both periods; however,
that study did not include real colonoscopies.
The strength of the current study described herein is its design as a singleendoscopist study, which allowed for detailed analysis of the learning process.
Another strength is that the PIVI criteria on surveillance agreement has been
calculated for the most widely applied international guidelines, showing that learning
is consistently strong under different circumstances. However, some issues may limit
generalizability. First, the single-endoscopist study design carries the risk of the
results being dependent on the trainee´s characteristics. Studies including several
endoscopists have shown that despite an overall good performance, many individuals
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Table 3 Concordance between proposed surveillance interval between optical diagnosis and
pathology, n = 93
Guideline

Concordance

Too long

Too short

n

% (95%CI)

n

% (95%CI)

n

% (95%CI)

EU

89

95.7 (91.9-100)

2

2.1 (0-21.4)

2

2.1 (0-21.4)

ESGE

90

96.8 (93.5-100)

2

2.1 (0-21.4)

1

1.1 (0-20.5)

ASGE

89

95.7 (91.9-100)

3

3.2 (0-22.3)

1

1.1 (0-20.5)

ASGE: American Society of Gastrointestinal Endoscopy; CI: Confidence interval; ESGE: European Society of
Gastrointestinal Endoscopy; EU: European Union.

do not reach the PIVI thresholds[4,22] and that in many cases a continuous monitoring is
needed. Nonetheless, the statement that an efficient self-learning program is possible
when the trainee is highly motivated seems conclusive.
Another limitation is that all patients belong to a FIT-positive population. In this
situation, the probability of finding polyps is higher and this may enhance the
learning process. The diagnosis of sessile serrated polyp was not considered, and
these polyps were included in the non-adenomatous group. However, this only
comprised 2% of samples and none of the hyperplastic lesions were more than 10 mm,
having little relevance to the final results.
In conclusion, a self-administered learning program including real colonoscopies is
sufficient to learn OD at an expert level. However, continuous practice is needed to
maintain performance and a refresher course is needed if a long non-practice period
occurs. Performance values behave differently after a stopping period, and this
should be taken into account when planning a monitoring program.
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Table 4 Overall diagnostic performance of narrow band imaging and the Narrow Band Imagig International Colorectal Endoscopic
classification system
High-confidence

Low-confidence

Parameter
1-5 mm, n = 347

6-9 mm, n = 115

1-5 mm, n = 51

6-9 mm1, n = 7

Sensitivity

97.0 (95.2-98.8)

100.0

76.0 (64.3-87.7)

N/A

Specificity

74.3 (69.4-78.6)

94.4 (90.2-98.6)

46.1 (32.4-59.8)

57.1 (20.4-57.1)

PPV

88.5 (84.6-91.4)

99.0 (97.2-100.0)

57.6 (44.0-71.2)

0

NPV

92.3(89.1-94.8)

100.0

66.7 (53.8-79.6)

100.0

LR+

3.8 (1.2-4.8)

18.0 (10.1-23.9)

1.4 (-1.8-4.6)

N/A

89.5 (85.7-92.3)

99.1 (97.4-100.0)

60.7 (47.3-74.1)

57.1 (20.4-57.1)

Accuracy

Data are given as % (95%CI).
1
No adenoma was diagnosed with low-confidence.
CI: Confidence interval; LR: Likelihood ratio; N/A: Non-applicable; NPV: Negative predictive value; PPV: Positive predictive value.

Table 5 Comparison of the diagnostic performance measures and Preservation and Incorporation of Valuable Endoscopic Innovations
criteria fulfillment between the two halves of the study
Parameter

1st half, n = 1651

2nd half, n = 1821

Sensitivity

96.1 (93.1-99.0)

97.6 (95.4-99.8)

Specificity

82.0 (76.1-87.9)

65.4 (58.5-72.3)

PPV

90.1 (85.5-94.7)

87.2 (82.3-92.0)

NPV

92.6 (88.6-96.6)

91.9 (87.9-95.9)

Accuracy

90.1 (85.6-94.7)

88.2 (87.9-95.9)

NPV rectosigmoid lesions

92.3 (87.3-96.6)

90.5 (86.2-94.8)

UE

100.0

93.3 (89.7-96.9)

ESGE

100.0

95.1 (92.0-98.2)

ASGE

100.0

93.3 (91.6-98.2)

Surveillance interval agreement

Data are given as % (95%CI).
1
Only for diminutive lesions diagnosed with high-confidence.
ASGE: American Society of Gastrointestinal Endoscopy; ESGE: European Society of Gastrointestinal Endoscopy; EU: European Union; NPV: Negative
predictive value; PIVI: Preservation and Incorporation of Valuable Endoscopic Innovations; PPV: Positive predictive value.

Figure 1

Figure 1 Performance parameters by blocks of 50 lesions during the two halves of the study. The yellow line represents the 6-mo stopping period. NPV:
Negative predictive value; PPV: Positive predictive value.
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Research background
The resect-and-discard strategy for the management of diminutive colon polyps is a paradigm
shift based on an accurate optical diagnosis (OD). Such a high accuracy has only been achieved
by experts, while the performance in community hospitals does not reach thresholds that would
allow its universal implementation. The lack of a standardized learning tool for OD of colon
lesions may contribute to this problem.

Research motivation
Although several learning tools have been described, most of them are not validated and there is
a great variability in their components and designs. We hypothesized that self-learning of OD is
feasible and that accuracy thresholds can be achieved with a self-administered program. A
detailed description of the learning process can provide valuable information for the design of
an OD learning system.

Research objectives
We aimed to assess the accuracy of OD of diminutive lesions in real colonoscopies using the
International Colorectal Endoscopic classification system for narrow band imaging after
following a non-guided self-administered learning program. We also aimed to describe in detail
the learning process by analyzing which parameters may be more suitable for monitoring
competency.

Research methods
An experienced endoscopist followed a self-designed, self-administered learning program in OD
of colorectal lesions. Then, OD was applied to lesions detected in colorectal cancer screening
colonoscopies. The study period was divided in two halves, with a 6-mo period in between with
no performance of OD. Sensitivity, specificity, predictive values and accuracy of the OD
compared to the pathological report were calculated for overall results and for the two halves of
the study. The accomplishment of the Preservation and Incorporation of Valuable Endoscopic
Innovations (PIVI) criteria and the evolution of performance parameters through blocks of 50
lesions were also assessed.

Research results
Overall, 152 patients and 522 lesions were included in the analysis. Regarding the
accomplishment of the PIVI criteria, the negative predictive value for the OD of adenoma in
rectal lesions diagnosed with high confidence was 92.6% (95% confidence interval: 86.4-97.6) and
the proportion of agreement on surveillance interval between OD and pathological diagnosis
following the different guidelines was over 95%. Overall accuracy for diminutive lesions
diagnosed with high confidence was 89.5% (95% confidence interval: 85.7-92.3). Specificity,
negative predictive value and accuracy were the parameters most affected by the stopping
period between the two halves. Analyzing trends on blocks of 50 lesions showed an
improvement in sensitivity (P = 0.02) only in the first half of the study and an improvement on
accuracy (P = 0.01) only in the second half.

Research conclusions
This study shows that a self-administered learning program based on still pictures plus an in vivo
phase with auto-feedback is feasible to reach quality standards on OD of colorectal lesions. It
also shows that a non-practice period deteriorates performance, and in that case a refresher
course seems advisable. These results have practical implications in the design of OD learning
tools and in the development of a quality monitoring system.

Research perspectives
These data have become the base for the design and validation of a self-administered learning
tool that are currently in process. The efficacy of this kind of tool should be tested with
endoscopists having different levels of experience and being from different backgrounds.
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Abstract
Hepatocellular carcinoma (HCC) is one of major causes of cancer mortality
worldwide. For decades, 18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET) has been widely used for staging, predicting prognosis, and
detecting cancer recurrence in various types of malignant diseases. Due to low
sensitivity of FDG PET for detecting intrahepatic HCC lesions, the clinical value
of FDG PET in HCC patients has been limited. However, recent studies with
diverse analytic methods have shown that FDG PET has promising role in aiding
management of HCC patients. In this review, we will discuss the clinical role of
FDG PET for staging, predicting prognosis, and evaluating treatment response in
HCC. Further, we will focus on recent clinical studies regarding implication of
volumetric FDG PET parameters, the significance of FDG uptake in HCC for
selecting treatment and predicting treatment response, and the use of radiomics
of FDG PET in HCC.
Key words: Hepatocellular carcinoma; Fluorodeoxyglucose F18; Positron emission
tomography; Staging; Prognosis
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Core tip: Because of low sensitivity, clinical use of 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET) has been limited in patients with hepatocellular
carcinoma (HCC). However, recent studies have shown clinical significance of FDG
PET in various ways. The objective of this review is to provide an overview of the
current literature regarding FDG PET in HCC and discuss emerging role of FDG PET in
aiding management of HCC patients.

Citation: Lee SM, Kim HS, Lee S, Lee JW. Emerging role of 18F-fluorodeoxyglucose positron
emission tomography for guiding management of hepatocellular carcinoma. World J
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INTRODUCTION
In 2018, approximately 841000 new cases of liver cancer and 782000 associated deaths
occurred worldwide, with liver cancer being the second leading cause of cancer death
for males [1] . Hepatocellular carcinoma (HCC) is the most common primary liver
cancer, accounting for 75%-85% of cases of liver cancer[1]. HCC is well-known as a
highly lethal cancer, showing similar numbers of new cases and cancer deaths[1,2].
Hepatitis B virus (HBV), hepatitis C virus (HCV), and alcohol intake are leading
causes of HCC. In developed countries, obesity is an emerging risk factor for HCC[2,3].
The Barcelona Clinical Liver Cancer (BCLC) staging system, endorsed by the
European Association for the Study of the Liver and the European Organization for
Research and Treatment of Cancer (EASL-EORTC), has been considered as the
standard staging system for HCC in clinical practice because it links tumor stage to
treatment strategy and has been validated in various different clinical situations[4]. For
HCC patients with stage 0 (single tumor < 2 cm) and stage A (single tumor > 2 cm or 3
tumor nodules < 3 cm), curative treatments including surgical resection, liver
transplantation, and local ablation have been indicated[4]. For HCC patients with stage
B (multinodular tumors), transarterial chemoembolization (TACE) is primarily
recommended[4]. For HCC patients with stage C (tumors with portal vein invasion
and/or extrahepatic spread), sorafenib is recommended as the first-line treatment[4].
18
F-fluorodeoxyglucose (FDG), a glucose analog, is carried into viable cells by
glucose transporter and subsequently phosphorylated by hexokinase, which has the
same metabolic pathway as glucose [5] . Therefore, FDG on positron emission
tomography (PET) has been widely used as an imaging marker of glucose metabolism
of normal organs and cancer tissue[6-8]. Since cancer cells show high rates of glycolysis,
FDG uptake is increased in cancer tissue[5]. Thus, FDG PET has shown incremental
value for diagnosing, staging, predicting prognosis, and restaging diverse kinds of
malignant diseases[5,9-11]. In contrast, FDG uptake in HCC varies according to the
differentiation of HCC lesion[12,13]. Earlier studies with FDG PET have shown a low
diagnostic ability for detecting intrahepatic HCC lesions [ 1 2 - 1 4 ] , leading to a
preconception that FDG PET has limited clinical value in patients with HCC.
Nevertheless, diverse attempts have been performed to establish clinical role of FDG
PET in HCC and recent studies have shown encouraging results of FDG PET in aiding
management of patients with HCC.
In this review, we first summarized characteristics of HCC cells related with FDG
uptake and results of studies regarding diagnostic and prognostic values of FDG PET
in HCC. We then overviewed recent studies that dealt with volumetric FDG PET
parameters, the significance of FDG uptake in HCC for selecting treatment and
predicting treatment response, and radiomics of FDG PET in patients with HCC.

RELATIONSHIP BETWEEN HCC CHARACTERISTICS AND
FDG UPTAKE
Because cancer cells have higher glycolytic rates than normal cells, higher amounts of
glucose transporter and hexokinase expression are observed in tumor cells, resulting
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in increased FDG uptake in cancer lesions[15,16]. However, HCC cells show different
expression patterns of proteins related to FDG uptake. HCC has lower level of glucose
transporter-1 expression than cholangiocarcinoma and hepatic metastatic lesion[17,18].
Furthermore, high expression of glucose-6-phosphatase which hydrolyzes FDG-6phosphate to FDG that can be transported out of the cell has been observed in HCC[19].
These different expression patterns contribute to low accumulation of FDG uptake in
HCC, thereby reducing sensitivity for detecting HCC lesions [19,20] . Nevertheless,
increased glucose transporter expression and hexokinase activity have been
demonstrated in high-grade HCC which is positively correlated with FDG uptake[19,21].
Therefore, diverse degrees of FDG uptake have been shown according to the
histopathological grade of HCC[12,13,20]. Well-differentiated HCC reveals tumor-to-nontumor liver uptake ratio (TLR) of around 1.1, indicating difficulty of differentiating
FDG uptake of well-differentiated HCC lesion from that of normal liver tissue[20].
Meanwhile, TLR of poorly-differentiated HCC lesion is more than 2.0[20]. A previous
study has shown that, by using the degree of FDG accumulation in HCCs, FDG PET
could differentiate poorly-differentiated type from well-differentiate type with a
sensitivity of 84% and a specificity of 75%[22].
Recent studies have assessed the relationship between HCC characteristics and its
FDG uptake at molecular level. Lee et al[18] have compared gene expression profiles
between HCCs with low FDG uptake and HCCs with high FDG uptake using surgical
specimens of 10 HCC patients. In their study, HCCs with high FDG uptake
demonstrated different gene expression profiles compared to those with low FDG
uptake, showing increased expression of 11 genes particularly related to tumor cell
adhesion, invasion, metastasis, anti-tumoral immunity, and chemotherapeutic
response. They suggested that HCCs with high FDG uptake might have a more
aggressive nature than those with low FDG uptake and that FDG uptake pattern of
HCC could reflect potential of tumor progression and metastasis. Another recent
study has evaluated the association between FDG uptake and expression of epithelialmesenchymal transition markers in HCC[21]. Epithelial-mesenchymal transition is the
formation process of motile cells from immotile epithelial cells and is known to be
involved in the formation of metastatic cancer cells[23]. During epithelial-mesenchymal
transition processes, expression levels of mesenchymal markers such as N-cadherin
and vimentin increased, while expression of E-cadherin, an epithelial cell junction
protein, is lost[21,23]. The recent study demonstrated that, in HCCs with high FDG
uptake, expression levels of N-cadherin and vimentin were up-regulated and the
expression of E-cadherin was repressed[21]. These significant associations between
FDG uptake and expression of epithelial-mesenchymal transition-related proteins in
HCC provides a basis for hypothesis that FDG PET might be useful for predicting the
risk of extrahepatic metastasis in HCC patients[21].

FDG PET IN STAGING HCC
Due to reduced FDG uptake in low-grade HCCs, previous studies have consistently
reported a low sensitivity of FDG PET for detecting primary HCC lesions, ranging
from 36% to 70%[12-14,20,24-26]. A previous study by Teefey et al[27] even reported that FDG
PET detected none of cancer lesions in nine patients with HCC who underwent
imaging examinations for work-up of liver transplantation. Based on results of these
studies, EASL-EORTC guidelines has mentioned that FDG PET scan is not accurate
for early diagnosis of HCC[4]. In contrast, FDG PET has shown promising results for
detecting extrahepatic metastasis. Because poorly-differentiated HCCs tend to
metastasize more frequently, a positive statistical correlation between FDG avidity of
primary HCCs and tendency of extrahepatic metastasis has been shown, suggesting
that metastatic HCC lesions would also have increased FDG uptake[28]. Extrahepatic
metastasis is not an unusual finding in HCC. During staging work-up of HCC,
extrahepatic metastases have been found in up to 37% of patients, with the most
frequent site of metastasis being the lung, followed by lymph node, bone, and adrenal
gland[29,30]. In previous studies, FDG PET has demonstrated high sensitivities of 77%100% for detecting extrahepatic metastasis[28,31-34]. FDG PET has also shown superior
diagnostic ability for detecting bone metastasis compared to bone scintigraphy and
incomparable diagnostic accuracy for detecting lymph node metastasis compared to
conventional computed tomography (CT) scan[31,32]. However, FDG PET has a low
sensitivity of 20% for detecting pulmonary metastases of less than 1 cm[31]. Therefore,
the diagnostic accuracy of chest CT was superior to that of FDG PET for detecting
pulmonary metastasis[31].
Clinical utility of imaging modality in staging malignant disease depends on
whether the imaging examination can make further shift in cancer staging compared
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to conventional examinations, thereby, changing treatment modality[35]. In this respect,
high diagnostic ability of FDG PET for detecting extrahepatic metastasis might not
justify the clinical use of FDG PET in staging HCC. Delineation of additional
extrahepatic metastatic lesion by FDG PET might have no significant effect on staging
and selecting treatment in HCC patients whose extrahepatic metastases are already
found by conventional imaging modalities[35]. The clinical role of FDG PET in staging
HCC should be evaluated in terms of ability to change cancer stage and treatment.
However, only a small number of studies have assessed this ability of FDG PET in
HCC patients, which are summarized in Table 1. In previous studies, FDG PET
changed stage and treatment modalities in 1.5%-25% of HCC patients, mainly due to
additional detection of extrahepatic metastases[26,34,35]. A recent study by Cho et al[35] has
enrolled the largest number of patients (457 consecutive patients with HCC) among
the studies. In their study, 5.0% of patients with BCLC stage A (6 out of 119 patients)
and 1.4% of patients with BCLC stage B (1 out of 71 patients) were upstaged to stage
C by FDG PET while none of patients with BCLC stage 0, C, or D had a shift in stage
by FDG PET. Furthermore, additional extrahepatic metastases detected by FDG PET
were found only in patients with T2 (3 out of 111 patients, 2.7%) and T3 (4 out of 78
patients, 5.1%) classifications of HCC. They suggested that routine staging FDG PET
could have the clinical utility in patients with BCLC stage A and B or with T2 and T3
classifications.

FDG UPTAKE OF HCC AS A PREDICTOR FOR PROGNOSIS
Because FDG uptake of HCC is associated with tumor differentiation and
aggressiveness, it is reasonable to assume that FDG uptake of HCC might have
significant association with prognosis[18,19,21]. Therefore, most studies on FDG PET in
HCC patients have assessed the prognostic value of FDG PET for predicting clinical
outcomes. These studies are summarized in Tables 2-4. In previous studies, visual
analysis, maximum FDG uptake of tumor expressed as standardized uptake value
(SUV), and TLR have been the most commonly used FDG PET parameters for
evaluating FDG uptake of HCCs. Visual assessment and SUV are also commonly used
as PET parameters in studies on other malignant diseases[36,37]. TLR has been preferred
in studies with HCC patients because TLR is known to correlate more closely with
HCC doubling time and represent metabolic activities of HCCs more precisely than
SUV[38-40].
In previous studies on HCC patients who underwent curative surgical resection
(Table 2), FDG uptake of HCC showed significant association with tumor recurrence,
especially early recurrence after surgery, and overall survival, demonstrating worse
survival in patients with high FDG uptake[41-46]. However, several studies have failed
to show the relationship between FDG PET findings and clinical outcomes on
multivariate analysis[47-49]. A recent study by Kim et al[49] has retrospectively enrolled
226 patients with HBV-related HCC and evaluated the prognostic value of FDG PET
findings. Results of that study revealed that, although positive FDG uptake of HCCs
was significantly associated with overall survival, there was no significant difference
in disease-free survival according to findings of FDG PET, suggesting that FDG PET
could not predict the exact prognosis in patients with HBV-related HCC, because
recurrence of HBV-related HCC also included intrahepatic metastasis or de novo
recurrence. A retrospective multicenter study including 526 patients from nine
Korean institutions has made a prognostic prediction model by combining alphafetoprotein (AFP)-des-gamma-carboxy prothrombin-tumor volume (ADV) score and
FDG PET findings that are all available on staging work-up before surgical
resection[50]. The prognostic prediction model exhibited significant differences in
tumor recurrence rates and overall survival rates according to ADV scores and PET
findings, showing recurrence rate of 67.9% and survival rate of 70.6% in patients with
high ADV score and hypermetabolic HCCs while the recurrence rate and survival rate
in patients with low ADV score and isometabolic HCCs were 21.1% and 96.6%,
respectively. The authors of that study suggested that, by using a combination of
ADV scores and FDG PET findings, the risk of HCC recurrence could be reliably
predicted.
In previous studies on HCC patients who underwent liver transplantation (Table
3), FDG PET findings consistently showed significant associations with recurrencefree survival and overall survival, demonstrating high recurrence rates after liver
transplantation in patients with high FDG uptake[39,51-61]. To select candidates for liver
transplantation, the Milan criteria (a solitary tumor no more than 5 cm in diameter or
2 to 3 tumors no more than 3 cm in diameter) and the University of California San
Francisco (UCSF) criteria (a solitary tumor up to 6.5 cm in diameter or up to 3 tumors

WJG

https://www.wjgnet.com

1292

March 21, 2019

Volume 25

Issue 11

Lee SM et al. FDG PET in HCC

Table 1 Current literature evaluating the role of 18F-fluorodexoyglucose positron emission tomography in staging hepatocellular
carcinoma
No. of patients
No. of patient with
with a change of
a change of stage
treatment by FDG
by FDG PET
PET

First author

Year

No. of patients

Study design

Staging system

Yoon et al[34]

2007

87

Not specified

TNM

4 patients (4.6%), 3
patients TNM IVa to
IVb, 1 patient TNM
III to IVa

Not specified

Kawamura et al[26]

2014

64

Retrospective

BCLC

16 patients (25%), 6
patients BCLC 0 to
C, 7 patients BCLC
A to C, 3 patients
BCLC B to C

16 patients (25%)

Cho et al[35]

2014

457

Retrospective

BCLC and TNM

7 patients (1.5%), 6
patients BCLC A to
C, 1 patient BCLC B
to C

7 patients (1.5%)

FDG: 18F-fluorodexoyglucose; PET: Positron emission tomography; HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer.

no more than 4.5 cm with a total diameter up to 8 cm) have been commonly used[62,63].
Therefore, most studies have compared the prognostic value of FDG PET with the
conventional criteria or combined FDG PET findings with the conventional criteria to
further stratify recurrence risk after liver transplantation[51-58,61]. In previous studies,
patients beyond the Milan criteria, but, showing negative finding on FDG PET had
clinical outcomes comparable to those within the Milan Criteria[52,53,55,61]. Furthermore,
even if patients met the Milan criteria, higher recurrence rate was found in those with
high FDG uptake of HCCs than that in those with low FDG uptake[39,51]. A previous
study by Lee et al[58] has proposed new selection criteria with FDG PET finding and
total tumor size (10 cm). The new criteria had similar area under the receiver
operating characteristic curve value for predicting disease-free survival compared to
the Milan criteria or the UCSF criteria [58] . Takada et al [60] have performed a
retrospective multicenter study with 182 HCC patients who underwent living donor
liver transplantation from 16 Japanese medical centers. In that study, FDG PET
finding was found to be an independent predictive factor for tumor recurrence along
with the Milan criteria and serum AFP level. Patients beyond the Milan criteria but
with low serum AFP level and negative FDG PET finding (19%) had similar 5-year
recurrence rate to those within the Milan criteria (6%). They also had significantly
lower 5-year recurrence rate than those beyond Milan criteria with high serum AFP
level and positive PET finding (53%). They suggested that FDG PET could provide
additional information for making decisions regarding liver transplantation for HCC
patients[60].
The prognostic value of FDG PET has also been assessed in HCC patients treated
with palliative treatments including TACE, concurrent chemoradiotherapy (CCRT),
radiotherapy, transarterial radioemolization (TARE), and sorafenib (Table 4)[40,64-76]. For
patients treated with TACE, CCRT, or radiotherapy, previous studies showed longer
progression-free survival and overall survival in patients with low FDG uptake of
HCCs, indicating significant associations between FDG avidity of HCCs and clinical
outcomes[64-70]. For patients treated with TARE using yttrium-90 (90Y), contradictory
results have been shown between studies. Previous studies have revealed longer
progression-free survival and overall survival in patients with low FDG uptake of
HCCs[72,74], including a recent prospective study with uniform patient cohort[75]. In
contrast, one study showed no significant association between FDG uptake of HCCs
and survival[73] and another study even showed better progression-free survival in
patients with high FDG uptake[71]. This controversy could be due to the small number
of enrolled patients with heterogeneous clinical conditions among studies and further
larger studies are warranted. Only two studies have evaluated the prognostic value of
FDG PET in patients treated with sorafenib monotherapy[40,76]. Both studies showed
significantly better survival in patients with low FDG uptake of HCCs[40,76]. However,
only a small number of patients are enrolled in both studies and concomitant local
therapies are also commonly performed in patients with BCLC stage C. These might
have limited analyses in these studies.
Recently, the Korean Society of Nuclear Medicine Clinical Trial Network (KSNM
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Table 2 Current literature evaluating the prognostic value of 18F-fluorodexoyglucose positron emission tomography in hepatocellular
carcinoma patients with surgical resection
First author

Year

No. of patients

Study design

PET parameter

Cut-off values of
PET parameter

Hatano et al[41]

2006

31

Retrospective

TLR

2.0

TLR showed
significant positive
association with
overall survival

Ahn et al[47]

2011

93

Retrospective

SUV, TLR

4.0, 2.0

High SUV and TLR
were predictors for
early recurrence, but
showed no statistical
significance on
multivariate analysis

Kitamura et al[42]

2012

63

Retrospective

TLR

2.0

TLR was an
independent
predictor for early
recurrence

Han et al[43]

2014

298

Retrospective

SUV

3.5

SUV was an
independent
predictor for
recurrence-free
survival and overall
survival

Baek et al[48]

2015

54

Retrospective

Tumor-to-muscle
ratio

6.36

Tumor-to-muscle
ratio was associated
with recurrence-free
survival, but, no
statistical
significance on
multivariate analysis

Cho et al[44]

2017

56

Retrospective

SUV

4.9

Recurrence rate was
higher in patients
with high SUV, but,
no significant
difference of
disease-free survival
and overall survival
according to SUV

Hwang et al[50]

2018

526

Retrospective

Visual analysis

-

Combination of
ADV score and PET
finding can predict
risk of early
recurrence and
survival

Kim et al[49]

2018

226 HBV-related
HCC

Retrospective

Visual analysis

-

Positive PET finding
was associated with
overall survival, but,
not a predisposing
factor for diseasefree survival in
HBV-related HCC
patients

Lim et al[45]

2018

78

Prospective

Visual analysis

-

Positive PET finding
was an independent
predictor for early
recurrence

Yoh et al[46]

2018

207

Retrospective

TLR

2.0

Prognostic model
incorporating ALBI
grade and PET
finding can predict
the disease-free
survival and overall
survival

Findings

FDG: 18F-fluorodexoyglucose; PET: Positron emission tomography; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; TLR: Tumor-to-non-tumor
liver uptake ratio; SUV: Standardized uptake value; ADV: Alpha-fetoprotein-Des-gamma-carboxy prothrombin-tumor volume; ALBI: Albumin-bilirubin.

CTN) working group has performed a retrospective multicenter study to assess
clinical role of FDG PET in HCC patients[77-80]. They retrospectively recruited 847
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Table 3 Current literature evaluating the prognostic value of 18F-fluorodexoyglucose positron emission tomography in hepatocellular
carcinoma patients with liver transplantation
First author

Year

No. of patients

Study design

PET parameter

Cut-off values of
PET parameter

Yang et al[51]

2006

38

Retrospective

Visual analysis

-

Patients with
negative PET
findings had
significantly higher
recurrence-free
survival than those
with positive
findings

Kornberg et al[52]

2009

42

Retrospective

Visual analysis

-

Patients with
positive PET
findings had
significantly higher
recurrence rate with
lower recurrencefree survival than
those with negative
findings

Lee et al[39]

2009

59

Retrospective

Tmax/Lmax

1.15

Tmax/Lmax was an
independent
predictor for
recurrence-free
survival

Kornberg et al[53]

2012

91

Retrospective

Visual analysis

-

PET finding was an
independent
prognostic variable
for recurrence-free
survival, and
positive PET status
was the independent
predictor of patient
dropout from the
waiting list of liver
transplantation

Lee et al[54]

2013

191

Retrospective

Visual analysis

-

Positive PET status
was an independent
prognostic factor for
disease-free survival
influencing early
recurrence

Detry et al[55]

2015

27

Retrospective

Tmax/Lmax

1.15

Tmax/Lmax
independently
predicted
recurrence-free
survival

Hong et al[56]

2016

123

Retrospective

TLR

1.10

Combination of
serum AFP and PET
finding predicted
better disease-free
survival than using
the Milan criteria

Hsu et al[57]

2016

147

Retrospective

SUV, TLR

4.8, 2.0

Combination of
UCSF criteria and
PET finding can
predict the risk of
recurrence

Lee et al[58]

2016

280

Retrospective

Visual analysis

-

The criteria
combined of FDG
PET and total tumor
size can predict
disease-free survival
and overall survival,
and showed similar
area under the ROC
curve of the Milan
and UCSF criteria
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Kornberg et al[59]

2017

116

Retrospective

Visual analysis

-

Combining
radiographic criteria
with FDG PET
finding can predict
recurrence-free
survival

Takada et al[60]

2017

182

Retrospective

Visual analysis

-

PET positive status
was an independent
risk factor for
recurrence-free
survival

Ye et al[61]

2017

103

Retrospective

Visual analysis

-

Patients beyond the
Milan criteria with a
negative PET
finding had
comparable
recurrence-free
survival in
comparison with
those within the
Milan criteria

FDG: 18F-fluorodexoyglucose; PET: Positron emission tomography; HCC: Hepatocellular carcinoma; Tmax/Lmax: Maximum FDG uptake of tumor-tomaximum FDG uptake of the normal liver ratio; TLR: Tumor-to-non-tumor liver uptake ratio; SUV: Standardized uptake value; AFP: Alpha-fetoprotein;
UCSF: University of California San Francisco; ROC: Receiver operating characteristic.

patients with newly diagnosed HCC who underwent pretreatment FDG PET/CT
from seven university hospitals at Korea and published several studies regarding the
prognostic value of FDG PET[77,78]. One of their studies included 317 patients with
BCLC stage 0 or A from the cohort and evaluated the predictive value of FDG PET for
recurrence-free survival and overall survival[77]. They classified the 317 patients into
two groups, a curative therapy cohort (patients who underwent surgical resection,
liver transplantation, and local ablation) and a TACE cohort, and assessed the
relationship between FDG PET findings and survival in each group. TLR was an
independent predictor for both recurrence-free survival and overall survival in the
curative therapy cohort. However, TLR failed to show association with survival in the
TACE cohort. In the TACE cohort, only the Model for End-Stage Liver Disease score
was an independent prognostic factor for overall survival. Considering that only
patients who could not undergo curative therapy due to unsuitable HCC location or
impaired liver function were included in the TACE cohort, underlying liver function
rather than FDG uptake of HCC might have a significant association with survival[77].
Another study by KSNM CTN has evaluated prognostic value of FDG PET in 291
patients with BCLC stage C[78]. They classified patients into two groups; patients with
intrahepatic metastasis and patients with extrahepatic metastasis. They showed that
higher TLR was associated with extrahepatic metastasis and was an independent
predictor for overall survival in both groups. Furthermore, patients with intrahepatic
metastases but high TLR had a poor prognosis comparable to patients with
extrahepatic metastases and low TLR, suggesting the prognostic significance of
primary HCCs uptake irrespective of the extent of metastasis.
In addition to FDG uptake of primary HCC tumors, a recent study by Lee et al[81]
has evaluated the prognostic value of FDG uptake of portal vein tumor thrombosis.
HCC cells can spread to other segments of the liver and distant organs via portal vein;
therefore, portal vein tumor thrombosis has a significant impact on the prognosis of
HCC patients[81-83]. Lee et al[81] have enrolled 166 HCC patients with portal vein tumor
thrombosis but no extrahepatic metastasis and compared the prognostic value of FDG
uptake of portal vein tumor thrombosis with FDG uptake of primary tumor. Their
results revealed that only FDG uptake of portal vein tumor thrombosis was an
independent predictor for both progression-free survival and overall survival. They
also found that patients with high FDG uptake of portal vein tumor thrombosis had
worse survival than those with low FDG uptake, irrespective of the degree of FDG
uptake of primary HCCs. Based on these results, they concluded that FDG uptake of
portal vein tumor thrombosis rather than FDG uptake of primary tumor should be
used to predict clinical outcomes in locally advanced HCC.

VOLUMETRIC PARAMETERS OF PET AND RECURRENCE
PATTERN OF HCC
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Table 4 Current literature evaluating the prognostic value of 18F-fluorodexoyglucose positron emission tomography in hepatocellular
carcinoma patients with treatments other than surgical resection and liver transplantation

First author

Year

No. of patients

Study design

PET parameter

Cut-off values
of PET
parameter

Treatment

Findings

Song et al[64]

2012

83

Retrospective

TLR

1.90

TACE

Patients with low
TLR ratios had
significantly
longer overall
survival than
those with high
ratios, but, no
significant
difference of
time-toprogression was
shown between
them

Song et al[65]

2013

58

Retrospective

TLR

1.70

TACE

FDG PET can
predict response
to TACE and
tumor
progression

Ma et al[66]

2014

27

Retrospective

ΔTSUVmax%

0.1

TACE

ΔTSUVmax% can
predict response
to TACE and
overall survival

Kim et al[67]

2015

77

Retrospective

TLR

1.83

TACE

TLR was an
independent
predictor of
overall survival
and tumor
progression

Kim et al[68]

2011

107

Retrospective

SUV

6.1

CCRT

SUV was
significantly
associated with
progression-free
survival and
overall survival,
and patients with
high SUV was
more likely to
have extrahepatic
metastasis

Huang et al[69]

2013

31

Retrospective

SUV

3.2

SABR

SUV was the
significant
prognostic
indicator of
disease control
rate

Rhee et al[70]

2017

228

Retrospective

SUV, TLR

4.825,2.355

Radiotherapy

Low FDG uptake
group had better
treatment
response, longer
median
progression-free
and overall
survival

Kucuk et al[71]

2013

19

Retrospective

Visual analysis

-

Radioembolizatio High FDG uptake
n
lesions
unexpectedly had
better
progression-free
survival rates

Sabet et al[72]

2014

33

Retrospective

Visual analysis

-

Radioembolizatio
n
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Soydal et al[73]

2015

28

Retrospective

Visual analysis,
SUV

Not specified

Radioembolizatio
n

Age, serum AFP
level, and tumor
size were
significantly
associated with
survival, but,
SUV showed no
significant
association

Abuodeh et al[74]

2016

34

Retrospective

Visual analysis

-

Radioembolizatio
n

FDG avidity
independently
predicts local
liver control,
distant liver
control, and
progression-free
survival

Jreige et al[75]

2017

48

Prospective

SUV, TLR

5.0,2.0

Radioembolizatio
n

Both SUV and
TLR were
predictive
markers of overall
survival

Lee et al[76]

2011

29

Retrospective

SUV

5.0

Sorafenib

SUV was an
independent
prognostic factor
for overall
survival

Sung et al[40]

2018

35

Retrospective

TLR

2.9

Sorafenib

TLR was
significant
predictor for
progression-free
survival and
overall survival

FDG: 18F-fluorodexoyglucose; PET: Positron emission tomography; HCC: Hepatocellular carcinoma; TLR: Tumor-to-non-tumor liver uptake ratio;
ΔTSUVmax%: Relative changes of maximum FDG uptake of tumor between pre-therapeutic and post-therapeutic FDG PET scans; SUV: Standardized
uptake value; TACE: Transarterial chemoembolization; CCRT: Concurrent chemoradiotherapy; SABR: Streotactic ablative radiotherapy; AFP: Alphafetoprotein.

In recent decades, volumetric PET indices such as metabolic tumor volume (MTV)
and total lesion glycolysis (TLG) have been considered as promising PET parameters
that can accurately reflect the metabolic burden of malignant lesion[84-86]. SUV and TLR
represent only the highest metabolic activity of cancer lesion. On the other hand, MTV
is defined as tumor tissue volume that has FDG uptake beyond the intensity of FDG
uptake of normal tissue; thus, it can reflect tumor extent[85-87]. TLG is the product of
MTV and mean FDG uptake of tumor, which combines both metabolic and
volumetric information of the tumor[84,86]. A number of studies have demonstrated that
MTV and TLG have higher predictive values for survival than SUV in various
malignant diseases during the last two decades[84,86-89]. However, in HCC patients,
clinical study that calculated MTV and assessed the prognostic value of MTV was first
published in 2015 [90] . Since then, only a few studies have evaluated the clinical
implication of volumetric PET parameters[91-93].
To measure MTV of cancer lesion, two processes should be performed: delineating
tumor lesion from surrounding normal tissue and determining threshold SUV to
identify metabolically active tumor volume[90]. Due to heterogeneous and diverse
degrees of FDG uptake in HCC and relatively high FDG uptake in normal liver tissue,
it is difficult to perform both processes in HCC, thus hindering attempts to measure
volumetric PET parameters [90] . Lee et al [90] have proposed a novel method using
intensity-volume histogram to measure MTV of HCCs that can surpass these
limitations. They drew regions of interest over HCC lesion and normal liver tissue
and prepared intensity-volume histogram (a plot of volume of a given structure as a
function of the SUV) of the HCC lesion and normal liver tissue (Figure 1). Using such
intensity-volume histograms of HCC and normal liver tissue, the sum of tumor voxels
with higher FDG uptake than normal liver tissue could be calculated for each patient.
They calculated MTV2SD (defined as the sum of the tumor voxels over the SUV of the
97.5th percentile of the normal liver tissue voxels) from 59 HCC patients without
extrahepatic metastasis. On survival analysis of their study, MTV 2SD has more
significant prognostic value for predicting progression-free survival and overall
survival than TLR.
After publishing the first study with MTV in HCC, authors of the study have tried
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Figure 1

Figure 1 An example of the method for measuring metabolic tumor volume based on intensity-volume histogram from reference[88] with permission.
Maximal intensity projection (A) and transaxial image (C) of 18F-fluorodexoyglucose (FDG) positron emission tomography (PET) and contrast-enhanced computed
tomography image (B) showed a single hepatocellular carcinoma (HCC) with moderately increased FDG uptake. Regions of interest of HCC (red) and normal liver
tissue (blue) are manually drawn on transaxial PET images (D). Cumulative intensity-volume histogram plots for HCC (red) and normal liver tissue (blue) are
calculated from regions of interest. Standardized uptake value of the 97.5th percentile of the voxels of the normal liver tissue was 2.7 (blue box) and the fraction of the
tumor volume with ≥ 2.7 was 71.9% (black box). As the total tumor volume was 27.9 cm3 (red box), sum of the tumor voxels over the standardized uptake value of the
97.5th percentile of the normal liver tissue voxels of the patient was 20.1 cm3. HCC: Hepatocellular carcinoma; SUV: Standardized uptake value.

to assess the clinical value of volumetric PET parameters for predicting recurrence
pattern of HCC[92,93]. In HCC patients, extrahepatic metastasis after curative surgical
resection is known to be associated with poor prognosis due to limited therapeutic
option[42,92]. Furthermore, early recurrence with an interval of less than one year after
operation is also known to be a significant indictor for worse survival which is
comparable to the survival of patients with extrahepatic metastasis[47,93,94]. In previous
studies, tumor factors associated with tumor aggressiveness including tumor stage,
size, and grade have been found to be significant predictors for both extrahepatic and
early recurrences[47,93,95,96]. FDG uptake of HCC is also related to tumor grade and
aggressiveness, therefore, SUV and TLR of HCCs have also been shown to be
associated with the risk of extrahepatic and early recurrences[42,45,47,97]. Considering that
volumetric PET parameters can more precisely reflect metabolic characteristics and
burden of cancer lesions than FDG uptake intensity[86,89], volumetric PET parameters of
HCC can have more significant association with recurrence patterns of HCC than
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SUV or TLR. In two recent studies on the relationship between volumetric PET
parameters and recurrence pattern of HCC, the authors have measured MTV and TLG
of HCCs using SUV of the 97.5th percentile of the normal liver tissue as threshold SUV
and demonstrated that both MTV and TLG have superior prognostic value for
predicting both extrahepatic recurrence and early intrahepatic recurrence than TLR in
HCC patients after curative surgical resection[92,93]. On the other hand, late intrahepatic
recurrence with an interval of more than 1 year after surgery was associated with
HCV positivity and serum albumin level, while none of volumetric PET parameters
could predict the risk of late intrahepatic recurrence[93]. These results indicate that the
risk of both extrahepatic and early intrahepatic recurrences is associated with
metabolic tumor burden, while the risk of late intrahepatic recurrence is related to
underlying liver function and multicentric tumor formation tendency[93]. Authors of
these studies have suggested that volumetric PET parameters of HCC could be used
to predict the recurrence pattern and to select patients who might show poor survival
after curative surgical resection[92,93].
Kim et al[91] have calculated volumetric PET indices and evaluated their prognostic
values in 110 HCC patients who underwent liver transplantation. Different from the
method used in the study by Lee et al[90], they calculated uptake ratio between the
maximum SUV of HCCs and background tissue, inferior vena cava (TBRIVC) or normal
liver tissue (TBRNL), and used TBRIVC of 2.0 and TBRNL of 1.5 as threshold values for
measuring MTV. MTVIVC and MTVNL (defined as the sum of the tumor voxels which
had TBRIVC of more than 2.0 and TBRNL of more than 1.5) were measured. With MTV
and mean value of TBR, uptake-volume product (UVP) was calculated for each
background tissue. Results of their study revealed that both TBRIVC and UVPIVC were
independent predictors for recurrence-free survival. The authors suggested that
inferior vena cava might be a more reliable background tissue than the normal liver in
measuring MTV. They have also suggested that volumetric parameters as well as
metabolic activity of HCCs are effective predictors of recurrence after liver
transplantation[91].

USING FDG PET FOR SELECTING TREATMENT OF HCC
Increased FDG uptake in HCCs reflects aggressive biological activity of tumor and is
associated with poor survival[18,19,78]. Therefore, patients with high FDG uptake of
HCCs might have poor response to treatment. Previous studies on patients treated
with TACE have shown that patients with high FDG uptake have poor response to
treatment [65,98] . Furthermore, in HCC patients with high FDG uptake, major
hepatectomy that can minimize the possibility of residual tumor rather than minor
hepatectomy should be selected to obtain survival benefit[99]. However, in studies on
HCC patients treated with external beam radiotherapy, paradoxical relationship
between FDG uptake of HCC and treatment response has been shown[100-102]. Kim et
al [100] have retrospectively enrolled 35 HCC patients with TNM stage III-IV who
underwent FDG PET and subsequent radiotherapy with concurrent chemotherapy or
TACE. They showed that patients having HCCs of SUV ≥ 2.5 (80%; 16 out of 20
patients) had significantly higher objective response rate to radiotherapy than those
with HCCs of SUV < 2.5 (40%; 6 out of 15 patients). Choi et al[101] have retrospectively
reviewed 45 metastatic bone lesions in 22 HCC patients treated with radiotherapy.
They also revealed significantly better infield progression-free survival and infield
event-free survival in tumors with SUV of ≥ 3.0 compared to those in tumors with
SUV of < 3.0 (1-year progression-free survival, 88% vs 34%; 1-year event-free survival,
82% vs 52%). Another retrospective study by Jo et al[102] has investigated the predictive
value of FDG uptake of HCC in 36 HCC patients treated with radiotherapy. In that
study, patient group with high SUV (≥ 5.1) showed significantly higher objective
tumor response (63.6% vs 36.4%) than patient group with low SUV (< 5.1). In spite of
high tumor response, patient group with high SUV had worse overall survival mainly
due to the occurrence of distant metastasis. Authors of these studies have explained
this paradoxical relationship by radiosensitivity of highly proliferating tumor[100,102]. In
a previous study, FDG uptake of HCCs has shown a positive association with tumor
doubling time[38]. Because rapidly proliferating tumors are radiosensitive, HCCs with
high FDG uptake are considered to have better response to radiotherapy than those
with low uptake[100,102]. However, HCCs with high FDG uptake also have high risk for
early recurrence and distant metastasis[92,93]. Therefore, viable tumor cells in residual
lesions after radiotherapy could spread more rapidly and more frequently to
extrahepatic organs, resulting in worse overall survival[102].
Results of these studies on radiotherapy have indicated that HCCs might show
different responses to treatment according to the degree of FDG uptake of HCC. In
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this respect, a recent study reported by KSNM CTN working group has demonstrated
interesting results[79]. The study retrospectively enrolled 214 intermediate-to-advanced
stage patients without extrahepatic metastasis who underwent CCRT or TACE as an
initial treatment from a cohort of 847 HCC patients from seven hospitals. Authors of
the study have classified these enrolled patients into two patient groups according to
TLR of HCCs (patient groups with TLR > 2.0 and ≤ 2.0) and compared clinical
outcomes between patients treated with CCRT and TACE for each patient group. In
patient group with TLR > 2.0, patients treated with CCRT demonstrated significantly
longer progression-free survival and overall survival than those treated with TACE.
Meanwhile, for patient group with TLR ≤ 2.0, there were no significant differences in
progression-free survival or overall survival between patients treated with CCRT and
those treated with TACE. The authors suggested that, for patients with high FDG
uptake, multimodality treatment including radiotherapy could be more effective in
tumor control while HCCs with low FDG uptake seemed to be less affected by the
treatment modality. Considering that HCCs with low and high FDG uptake have
different tumor characteristics, genetic disposition, and recurrence pattern[18,19,21,93],
different treatment strategy might be needed according to findings of FDG PET in
HCC patients. However, as the study by KSNM CTN working group [79] was
retrospectively performed, further prospective study is needed to validate the role of
FDG PET in selecting treatment modality.

RADIOMICS OF FDG PET IN HCC
Currently, the concept of radiomics has been widespread in the field of oncology[103].
Radiomics is defined as high-throughput extraction of a large number of imaging
features that can comprehensively quantify tumor phenotypes[104,105]. Textural features
of cancer tissue on medical images are associated with genomic and proteomic
expression patterns of cancer cells and many studies have revealed that radiomics
signature made of textural features can independently predict prognosis in diverse
cancers including head and neck cancer, lung cancer, breast cancer, and esophageal
cancer[103,105,106]. However, in HCC, only a single study by Blanc-Durand et al[107] has
evaluated the prognostic value of textural features of HCC. In radiomics study of FDG
PET, image preprocessing including the process of delineation and segmentation of
tumor lesion is essential for textural analysis of PET images[105,108]. Considering that
HCC lesions have heterogeneous and variable FDG uptake, it is difficult to delineate
HCC lesions from normal liver tissue accurately as shown in aforementioned section
with volumetric PET parameters[90]. This might act as the main hurdle to perform
textural analysis in FDG PET images of HCC. Blanc-Durand et al [ 1 0 7 ] have
retrospectively enrolled 47 HCC patients who underwent pretreatment FDG PET and
subsequent transarterial radioembolization using 90Y. Using PET images of whole
liver including both tumor and non-tumoral liver for textural analysis, they extracted
108 textural features from these images. They claimed that, by introducing wholeliver in the radiomics model, both hepatic function and HCC biology could be
integrated into one system. With mainly using two textural features, strength (a
textural feature describing pattern perceivability, its value is high when intensity
pattern is easily defined and visible) and variance (a textural feature describing a
deviation from the mean), predictive radiomics scoring systems for progression-free
survival and overall survival were generated. On multivariate survival analysis, these
radiomics scoring systems turned out to be independent negative predictors for both
progression-free survival and overall survival. Moreover, prognostic values of
radiomics scoring systems did not differ even after stratification by BCLC staging and
tumor size. The authors suggested that whole-liver radiomics approach representing a
balance between normal liver tissue and tumor burden could provide prognostic
information for HCC patients. However, further studies with more patients are
warranted to validate the methodology and results of their study.

CONCLUSION
FDG PET is a non-invasive imaging method that can evaluate biological activity of
HCC. Although FDG PET has been considered to have low sensitivity for detecting
HCCs, it can detect unexpected extrahepatic metastasis with incremental prognostic
value for predicting survival. Furthermore, recent studies have demonstrated
encouraging results of FDG PET for predicting recurrence pattern and aiding the
selection of treatment for HCC. With development of new analytic methods of FDG
PET images such as volumetric and textural analyses, clinical use of FDG PET in HCC
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patients would be continuously evolving. FDG PET should be considered as an
imaging biomarker that can provide information for selecting management strategies
in HCC patients rather than a simple diagnostic imaging modality with a limited
sensitivity.
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Abstract
With the increasing number of individuals with diabetes and obesity,
nonalcoholic fatty liver disease (NAFLD) is becoming increasingly prevalent,
affecting one-quarter of adults worldwide. The spectrum of NAFLD ranges from
simple steatosis or nonalcoholic fatty liver (NAFL) to nonalcoholic steatohepatitis
(NASH). NAFLD, especially NASH, may progress to fibrosis, leading to cirrhosis
and hepatocellular carcinoma. NAFLD can impose a severe economic burden,
and patients with NAFLD-related terminal or deteriorative liver diseases have
become one of the main groups receiving liver transplantation. The increasing
prevalence of NAFLD and the severe outcomes of NASH make it necessary to
use effective methods to identify NAFLD. Although recognized as the gold
standard, biopsy is limited by its sampling bias, poor acceptability, and severe
complications, such as mortality, bleeding, and pain. Therefore, noninvasive
methods are urgently needed to avoid biopsy for diagnosing NAFLD. This
review discusses the current noninvasive methods for assessing NAFLD,
including steatosis, NASH, and NAFLD-related fibrosis, and explores the
advantages and disadvantages of measurement tools. In addition, we analyze
potential noninvasive biomarkers for tracking disease processes and monitoring
treatment effects, and explore effective algorithms consisting of imaging and
nonimaging biomarkers for diagnosing advanced fibrosis and reducing
unnecessary biopsies in clinical practice.
Key words: Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis; Steatosis;
Fibrosis; Noninvasive evaluation
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is becoming a major public health
issue worldwide. Currently, biopsy is the gold standard for the diagnosis of NAFLD, but
it has well-known limitations including sampling errors and severe complications. Thus,
noninvasive methods are best alterations to avoid the biopsy. Herein, the noninvasive
methods currently available for the assessment of NAFLD in adults are discussed, and
we further evaluate the advantages and disadvantages of different assessing tools. In
addition, we also analyze the potential of noninvasive biomarkers and their application
for tracking NAFLD progression and monitoring the treatment response.
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INTRODUCTION
With the increasing number of individuals with diabetes and obesity, nonalcoholic
fatty liver disease (NAFLD) is becoming increasingly prevalent, affecting more than
one-quarter of adults in the world[1] and 60% of diabetic patients[2] and rising to 90% in
the obese people [3,4] . In the United States, the prevalence of NAFLD in adults is
24.13%[1], and it is forecasted to be 33.5% in 2030, and NAFLD cases will reach 100.9
million in the general population[5]. In Asian, the prevalence of NAFLD has reached to
27.37% [1] , with 20.09% in China [6] . In some developing countries, such as Sudan,
Nigeria, and Iran, the prevalence of NAFLD is about 8.7%-20%[7-9]. The spectrum of
NAFLD covers from simple steatosis or nonalcoholic fatty liver (NAFL) to
nonalcoholic steatohepatitis (NASH). NAFLD, especially NASH, may progress to
fibrosis, leading to cirrhosis and hepatocellular carcinoma (HCC)[10]. NAFLD can
impose a severe economic burden[11-13], and patients with NAFLD-related terminal or
deteriorative liver diseases have become one of the main groups receiving liver
transplantation, overtaking hepatitis C patients[14,15]. Based on the double pressure of
the increasing prevalence of NAFLD and severe outcomes of NASH, many effective
treatments for NAFLD are under development. Lifestyle interventions combined with
the loss of 10% of body weight may improve the state of steatosis, inflammation, and
even fibrosis[16]. However, the majority of people poorly adhere to long-term, effective
lifestyle interventions, which leads to the rapid development of pharmacological
treatment. The current therapeutic targets of medicine in clinical trials cover metabolic
targets, oxidative stress and inflammation, gut health, and antifibrotics[17-27]. During
this period of clinical drug registration, histological biopsy is the key endpoint
replacing the long-term main outcomes, such as mortality[28,29]. However, liver biopsy
specimens have several limitations, such as representing only approximately 1/50000
of the organ and sampling bias. On the other hand, fibrosis is not uniformly
distributed[30], and liver biopsy may cause severe complications, such as mortality,
bleeding, and pain. Therefore, it is preferable to use effective noninvasive methods in
clinical practice for identifying NAFLD, tracking disease processes, and monitoring
treatment effects[31].

DIAGNOSIS OF NAFLD
Normal hepatic fat content is commonly defined when steatosis in liver histology is
less than 5% of hepatocytes[32-34]. NAFLD is diagnosed by a histological phenotype of
steatosis with the exclusion of other chronic liver diseases in more than 5% of
cases[35,36]. However, in clinical practice, noninvasive methods, including assessment of
biomarker panels and imaging, are widely applied instead of biopsy for diagnosing
NAFLD.

Serum biomarkers and biomarker panels
Fatty liver index (FLI): The FLI is a prevalent biomarker panel consisting of body
mass index (BMI), waist circumference, triglycerides, and gamma-glutamyl
transferase for identifying NAFLD, with a total score varying between 0 and 100[37].
The area under the receiver operating characteristic curve (AUROC) of FLI for
identifying NAFLD is 0.84[37], a low cutoff of 30 is used to rule out NAFLD (the
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negative likelihood ratio 0.2), and a high cutoff of 60 rule is used with a positive
likelihood ratio of 4.3. However, the FLI poorly distinguishes moderate-to-severe
steatosis from mild steatosis[38].
Hepatic steatosis index (HSI): The HSI is a biomarker panel consisting of BMI,
diabetes, and the alanine transaminase (ALT)/ aspartate transaminase (AST) ratio. It
had an AUROC of 0.79 and 0.82 in the derivation and validation groups, and the two
cutoffs, 30 and 36, achieved a > 90% sensitivity and specificity[39]. However, the HSI
accuracy decreases in obese children, with an AUROC of 0.67, sensitivity of 67%, and
specificity of 62%[40]. In addition, like the FLI, the HSI poorly distinguishes moderateto-severe steatosis from mild steatosis[38].
SteatoTest: The SteatoTest is a biomarker panel consisting of 10 biochemical tests, age,
gender, and BMI. SteatoTest exhibited an AUROC of 0.8 for identifying a > 5% liver
fat content in patients with chronic liver diseases[41]. Further studies are needed to
validate the SteatoTest for differentiating individuals with NAFLD from healthy
people.
NAFL screening score: The NAFL screening score is an easy-to-calculate model for
identifying NAFLD with age, fasting blood glucose, BMI, triglyceride, ALT/AST, and
uric acid. In a study of 48,489 patients with the gold standard of ultrasound (US), the
NAFL screening score had different cutoffs for males and females, with a cutoff of 32
yielding an AUROC of 0.83 for males and a cutoff of 29 yielding an AUROC of 0.86
for females [42] . In recent years, machine learning models based on laboratory
parameters have been constructed. Yip et al[42] conducted a study in 922 patients
involving 264 NAFLD patients diagnosed by proton-magnetic resonance spectroscopy
(1H-MRS). Six biomarkers from 23 routine laboratory tests were included to construct
the NAFLD ridge score, with an AUROC of 0.87-0.88. The low cutoff of 0.24 achieved
a sensitivity of 92% and negative predictive value (NPV) of 95%, and the high cutoff
of 0.44 achieved a 90% specificity with a corresponding positive predictive value
(PPV) of 84%[42]. Other biomarker panels, such as the triglyceride and glucose index
(TyG) and the FLD index, had a moderate AUROC of 0.78 (0.82-0.87) for identifying
NAFLD in Chinese subjects [43-45] . In sum, most studies of biomarker panels for
diagnosing NAFLD are based on suboptimal gold standards with US or 1H-MRS, and
few panels are validated in an independent group. Thus, future studies should not
only focus on the gold standard of biopsy but also include a large independent
validation group.

Imaging
US: US is the first-line imaging test used in clinical practice in individuals with
suspected NAFLD[35], with a typical appearance of a hyperechogenic liver. One recent
meta-analysis demonstrated that compared with histology, US had a pooled
sensitivity of 85% and specificity of 94% for moderate-to-severe steatosis [46] . In
contrast, US was incapable of detecting steatosis of less than 20%[36,47] or steatosis in
individuals with morbid obesity [38] . In addition, the accuracy of US for hepatic
steatosis assessment is affected by the presence of severe fibrosis[48] and intra- and
inter-observer variability. To detect NAFLD at early stage, the computed-assisted US
hepatic/renal ratio (H/R) and US hepatic attenuation rate are used to assess steatosis
quantitatively[47,48]. Both measurements exhibit a slightly better performance than
conventional US for assessing hepatic steatosis with an excellent performance with a
sensitivity of 95% and specificity of 100%, but the NPV is still low (72% for US H/R
ratio and 67% for US hepatic attenuation rate)[48,49]. In addition, this quantitative US
model could improve the reliability and reproducibility in comparison with
conventional US, when it is standardized by a tissue-mimicking phantom, while these
findings are needed to verify in further studies[49]. Above all, US is still recommended
for diagnosing moderate and severe steatosis in current guideline[44].
Computed tomography (CT): Nonenhanced CT has been used in clinics to evaluate
the severity of fatty liver since 1970, based on the fact that hepatic attenuation is
inversely associated with the hepatic fat content. Normal liver has an attenuation
value of 50-65 HU, and 8-10 HU higher than that of the spleen. However, the
attenuation value of the liver may decrease to less than 40 HU when fatty infiltration
occurs. Nonenhanced CT outperforms US in evaluating the severity of fatty liver,
achieving a specificity of 100% and sensitivity of 82% for diagnosing higher (>30%)
degrees of hepatic steatosis[50]. Contrast-enhanced CT images are another CT model
that can reduce the radiation exposure of nonenhanced CT[51]. However, contrastenhanced CT may be more suitable for severe hepatic steatosis using paraspinal or
intercostal muscle as the standard reference [52] because its sensitivity for mildmoderate hepatic steatosis is only 25% [53] . CT may also be used for hepatic fat
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quantification, such as dual-energy CT and hepatic attenuation measurement, but
these methods for assessing fatty liver should be sufficiently validated in future
clinical studies[54]. Although CT is more effective for evaluating hepatic steatosis, it is
also limited by insufficient accuracy for mild-to-moderate hepatic steatosis and
radiation exposure, especially in children[52].
Controlled attenuation parameter (CAP): CAP, a parameter based on ultrasonic
signals, is measured by the FibroScan® with an M probe (3.5 MHz), with a result of
100-400 dB/m. CAP with an M probe is reported to have an AUROC of 0.82 for
differentiating any degree of steatosis vs no steatosis[55]. In addition, the cutoff of 248
dB/m yields a sensitivity of 69% and specificity of 82%[55]. In addition, the study
suggests deducting 10 dB/m from the optimal cutoff of the CAP value for individuals
with NAFLD or NASH. However, the M probe is less accurate in differentiating
hepatic steatosis in obese people[56]. Therefore, the XL probe was devised to overcome
these limitations of the M probe with a lower failure rate and low reliability for
measuring liver stiffness in patients with a BMI ≥ 28kg/m2[57]. The XL probe has a
higher AUROC than the M probe for distinguishing any degree of steatosis and no
steatosis [58] . Even so, CAP is limited by a low sensitivity for mild steatosis and
operator dependency. Few studies have compared CAP with 1H-MRS for measuring
steatosis, and more studies in the future are required to further explore the role of
CAP for steatosis assessment.
Magnetic resonance based techniques: Magnetic resonance imaging (MRI)
determines steatosis by signal intensity differences on opposed-phase or fat saturation
MRI[59]. MRI-derived proton density fat fraction (MRI-PDFF) is a robust, noninvasive
MRI-based methods for assessing hepatic steatosis[60]. It uses MRI-visible protons that
combine with fat in the liver to quantify steatosis by dividing all protons in the liver.
Tang et al[60] found that MRI-PDFF was significantly associated with the histological
steatosis grade according to the NASH-CRN grade (ρ = 0.69, P < 0.001), independent
of age, sex, other NASH parameters, and NASH diagnosis. The robust correlation was
confirmed in several studies[61-63]. Tang et al[60] also reported an AUROC value of 0.99
for any grade of steatosis vs grade 0, 0.83 for grade 2 or higher vs grade 1 or lower,
and 0.89 for grade 3 vs grade 2 or lower. In addition, MRI-PDFF is superior to other
imaging tools for the assessment of hepatic steatosis[64,65], and its performance is not
affected by obesity. MRI-PDFF is also regarded as a robust noninvasive method to
monitor the treatment effect[66]; this aspect will be described in detail below. 1H-MRS is
another MR-based technique that directly measures the chemical compositions of the
liver [67] . It is usually used in clinical studies of NAFLD representing biopsy for
measurement of intrahepatocellular lipid (IHCL) through calculating PDFF[6,52]. 1HMRS was reported to have a high correlation with biopsy in steatosis assessment[69]
and a sensitivity of 80% for diagnosis of liver fat content ≥ 5% [70] . 1 H-MRS was
reported to have a good accuracy to detect small amounts of liver fat. Nasr et al[6]
found that 1H-MRS had a specificity of 100% and sensitivity of 79% with a PDFF cutoff value of 3%, a specificity of 94% and sensitivity of 87% with a PDFF cut-off value
of 2%. Although recognized as the most accurate noninvasive tool to assess PDFF
quantitatively, MRS is limited to its device- and operator-dependency, complexity,
and potentially errors[71]. Complex-based chemical shift imaging-based MRI (CSEMRI)
is regarded as a promising method to quantify PDFF, which could quantitatively
assess liver fat content with a refined pulse sequence[72-74]. It exhibits a high correction
with MRSPDFF (r2 = 0.985 for 1.5 T MR systems, r2 = 0.991 for 3.0 T MR systems)[71].
MR diffusion weighted imaging (DWI) measures motion of water protons diffusing
and tissue perfusing[75,76] and is regarded another promising tool for assessing liver fat
content[77], while it exerts poor performance for detecting steatosis in comparison with
MRS and dual echo in phase and out of phase imaging[78]. Therefore, more studies are
needed to evaluate the performance of DWI in the future.

Clinical implication
US is recommended as the first-line diagnostic method in assessing steatosis, while
serum biomarkers and biomarker panels are alternative tools when imaging tools are
not available in larger scale screening studies (Table 1)[35]. An increasing number of
biomarker panels are used in clinical and research applications, while most are
validated in studies with relatively small populations, in individuals at their health
checkup, or in studies with suboptimal gold criteria. Therefore, future well-designed
studies are needed to develop a more effective noninvasive biomarker panel for
identifying NAFLD. MRI-PDFF not only exerts an excellent performance for
diagnosing NAFLD but also accurately detects changes in fat content during disease
progression[79]; however, MRI-PDFF is costly, time-consuming, and device dependent,
which makes it difficult for wide application. More effective, feasible, and easily
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operated tools are needed for diagnosing NAFLD, especially for early steatosis.

DIAGNOSIS OF NASH
NASH is characterized by steatosis, ballooning, and inflammation, with/without
fibrosis, which accelerates disease progression. Early detection of NASH is conducive
to the prevention of NASH-related fibrosis. Noninvasive biomarkers for NASH
include simple serum biomarkers, biomarker panels, and imaging.

Serum biomarkers
Cytokeratin-18 (CK18): CK18, an intermediate filament protein, is one of the most
studied biomarkers for the diagnosis of NASH. It is cleaved during the period of cell
death, containing CK18 M30 and CK18 M65[80]. A meta-analysis of 25 studies reported
that M30 and M65 had pooled AUROCs of 0.82 and 0.80, while the pooled sensitivity
and specificity were 75% and 77%, and 71% and 77%, respectively[81]. Therefore, CK18
is commonly used with other serum biomarkers to diagnose NASH. Anty et al[82]
found that combining metabolic syndrome, ALT, and CK18 in a morbidly obese
population could achieve an AUROC of 0.88 compared with CK18 alone, with an
AUROC of 0.74. Grigorescu et al[83] reported that the triple combination of adiponectin,
CK18, and interleukin (IL)-6 achieved an AUROC of 0.90, a specificity of 85.7%, and a
sensitivity of 84.5%. However, the results should be further verified in future studies.
In addition, some studies have examined the difference in the accuracy of CK18 in
assessing NASH with different stages of fibrosis. Huang et al[84] found an AUROC of
0.93 for NASH with fibrosis stages 3-4 and 0.63-0.78 for NASH with fibrosis stages 0-2,
which may indicate that CK18 can predict the disease severity in NASH patients.
Inflammatory markers: CXCL10 is a proinflammatory cytokine involved in diabetes
and obesity [85] . In a previous study, CXCL10 exhibited a moderate accuracy for
differentiating NASH from simple steatosis (AUROC, 0.68) and non-NASH (AUROC,
0.77)[86]. Tumor necrosis factor-α (TNF-α) and IL-8 are common inflammatory markers,
which also exhibit a moderate performance with a sensitivity and specificity of 72%
and 76%, and 65% and 68%, respectively[87]. However, when combining these two
markers with pyroglutamate, the panel could achieve a sensitivity of 91% and
specificity of 87%[87].
Adipocytokines and hormones: Fibroblast growth factor 21 (FGF21) secreted by the
liver is another potential biomarker for NASH. One study reported that FGF21 had an
AUROC of 0.62, and the two cutoffs of 126 and 578 pg/mL had a > 90% sensitivity
and specificity for diagnosing NASH, but the PPV and NPV of FGF21 were moderate
(0.59-0.78) and low (0.49-0.60), respectively[88]. To improve the PPV and NPV, FGF21
was combined with CK18, which improved the PPV to 82% and the NPV to 74%.
Adiponectin was reported to be decrease in NASH patients[89], which had an AUROC
of 0.71 for diagnosing NASH[83]. However, the AUROC could reach to 0.90 when
adiponectin was combined with CK18 M65 and IL-8[83]. Other adipocytokines, such as
leptin and resistin, may be potentially markers for diagnosing NASH, while they are
needed to be further validated in more groups[29].
Other serum biomarkers: Serum iron is a common protein associated with oxygen
radicals, which contribute to necroinflammation and fibrosis, two important
parameters of NAFLD[90,91]. Serum iron was higher in individuals with NASH than in
those with simple steatosis [92,93] . In a Japanese study, serum ferritin exhibited a
moderate performance for diagnosing NASH (AUROC, 0.73)[94]. Another study of 619
biopsy-proven NAFLD patients constructed a scoring system that combined serum
ferritin with type IV collagen 7S and fasting insulin, which could be used to predict
NASH with an AUROC of 0.78-0.85[95].

Biomarker panel
NASHTest: The NASHTest combines 13 parameters to diagnose NASH in three
categories, namely, NASH, Borderline NASH, and No-NASH, according to Kleiner’s
criteria[96,97]. A study with 257 people found that the NASHTest achieved an AUROC
of 0.79 for NASH, 0.69 for borderline NASH, and 0.77-0.83 for no-NASH[98].
NASH ClinLipMet score: The NASH Clin score is a biomarker panel combining AST,
fasting insulin, and the PNPLA3 genotype at rs738409, which achieved an AUROC of
0.78 for diagnosing NASH in 384 patients with a histological diagnosis [98,99] . To
improve the accuracy, Zhou et al[98] added metabolic syndrome-based factors to the
NASH Clin score, which was named the ‘NASH ClinLipMet score‘. This latter score
can improve the AUROC to 0.87 and the sensitivity to 75%. However, it is more
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Table 1 Imaging modalities for diagnosing nonalcoholic fatty liver disease
Test

Description

Ultrasound

Accuracy

Advantages

Hyperechoic texture or a AUROC 0.93, Sn 85%,
bright liver
Sp 94% for diagnosis of
steatosis[33]

Computed
tomography

Cheap; No radiation;
Available; Easy to
perform

Guideline
recommendation

Disadvantages

Low sensitivity in
The first-line diagnostic
individuals with
test for diagnosing
steatosis < 20% or BMI >
moderate and severe
40 kg/m2; Observersteatosis[32]
dependency; Influenced
by fibrosis or iron
overload

Measurement of liver
steatosis with
attenuation values of
liver and spleen

AUROC 0.99, Sn 100%,
Sp 82% for diagnosis of
steatosis > 30%[29]

Visualize the whole
liver; Higher
applicability; Quantify
moderate-severe
steatosis

Low sensitivity for lightmoderate steatosis;
Radiation exposure

NA

CAP

Measurement of liver
steatosis with
ultrasound attenuation
by Fibroscan

AUROC 0.82, Sn 69%,
Sp 82% for diagnosis of
any steatosis[44]

Immediate assessment;
Can be used in
ambulatory clinic
setting; Measure LSM
simultaneously

Operator-dependency;
Limited sensitivity;
High failure rates in
obesity patient; Low
accuracy for quantifying
steatosis; Uncertain cutoff values

The role of CAP for
steatosis assessment is
inclusive, more future
studies are needed to
define the role of
CAP[32]

Magnetic resonance
based techniques

Quantitative
measurement of
steatosis over the entire
liver by adding
parameter to MRI
scanners

MRI-PDFF: AUROC
0.99, Sn 96%, Sp 100%
for diagnosis of any
steatosis[49] MRS: Sn
80%, Sp 80% for
diagnosing steatosis ≥
5%[58]

Not affected by obesity;
Expensive; Time
It is excellent to quantify
Quantify assess steatosis consuming; Device- and steatosis, but the high
over the entire liver;
operator-dependency;
price limits its
Lower sampling
Not suitable for patients
application[32]
variability
with implantable
devices

AUROC: Area under the receiver operating characteristic curve; Sn: Sensitivity; Sp: Specificity; BMI: Body mass index; CAP: Controlled attenuation
parameter; NA: Not applicable; MRI: Magnetic resonance imaging; MRI-PDFF: Magnetic resonance imaging-derived proton density fat fraction; MRS:
Magnetic resonance spectroscopy; LSM: Liver stiffness measurement.

suitable for research because the measurement of fasting insulin and PNPLA3
genotype is costly and complex in clinical practice.
Other biomarker panels: Tai et al[100] constructed a simple biomarker panel with the
parameters of BMI, ALT, and triglycerides. It achieved an AUROC of 0.80-0.82 in the
training and validation cohorts and only included 180 morbidly obese patients after
bariatric surgery. Li et al[101] developed a clinical score with ALT, gamma-glutamyl
transpeptidase, C-reactive protein, and ApoB/ApoA1 ratios. The cutoff of 3.8 gave a
sensitivity of 90% and a specificity of 87% for distinguishing NASH from NAFLD, but
the panel is limited to a small sample and lacks validation in an independent group.

Imaging for NASH
NASH consists of various parameters; thus, it is difficult to use routine imaging
techniques (ultrasonography, CT, or MRI) to distinguish between NASH and simple
steatosis. Elastography was investigated to distinguish NASH and simple steatosis.
Chen et al[102] found that the cutoff of 2.74 kPa of magnetic resonance elastography
(MRE) had an AUROC of 0.93, but the study had several limitations, such as a small
sample and a clear histological definition. Vibration-controlled transient elastography
(VCTE) was performed in South Korean patients with an AUROC of 0.75 and a
sensitivity of 86% for diagnosing NASH, but the specificity was only 58%[103]. Another
biomarker, liver iron accumulation (LIC), measured by the MR signal decay values, is
reported to be significantly related to NAFLD disease severity or fibrosis progression.
The MRI-based technology assessing LIC was found to have an AUROC of 0.91 for
assessing NASH, with a sensitivity of 83% and specificity of 80%[103]. Multiparametric
MRI technology was used to quantify hepatic steatosis, iron accumulation and fibrosis
by 1H-MRS, a T2* map and a T1 relaxation time map, respectively [104-107] . The
technology is regarded as a promising imaging biomarker in small studies[108] but
awaits independent confirmation from larger trials.

New biomarkers
Many potential biomarkers involving NASH are under study [109-114] . Circulating
microRNAs are potentially regarded as attractive biomarkers for NAFLD disease
severity due to their stability. A meta-analysis found that miR-34a was reported to
have a moderate AUROC of 0.78[115]. MiR-122 had a pooled AUROC of 0.64-0.70 for
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differentiating NASH and simple steatosis[116,117]. The combination of miR-122, -192,
and -21 with CK18-Asp396 achieved an AUROC of 0.83 for diagnosing NASH, while
the optimal cutoff gave a moderate sensitivity and specificity[118]. Other new methods
have been investigated, such as breath volatile organic compounds (VOCs). Breath
VOCs are closely related to oxidative stress, inflammation, and liver diseases[119-121].
Froukje et al[122] found that a panel consisting of three exhaled compounds, 1-propanol,
3-methyl-butanonitrile, and n-tridecane, had an AUROC of 0.77, PPV of 81%, and
NPV of 82% for differentiating NASH and non-NASH. In addition, some studies have
focused on omic markers. The production of lipidomic, proteomic, metabolomics, and
microbiome markers was elevated in NASH patients[123-131], but more studies with
larger validation groups in the future are needed to confirm these findings.

Clinical implication
Noninvasive biomarkers for NASH are an attractive field. CK18 is regarded as a
popular biomarker for NASH, but the accuracy varies in current studies. Biomarker
panels perform well in diagnosing NASH, but most of them are not validated in an
independent group. Although other noninvasive biomarkers, such as imaging and
gene biomarkers, are reported to be relatively high in accuracy, effective methods
should be available, simple, inexpensive, and accurate in the clinic. In addition, serum
biomarkers (e.g., CK18) are less accurate for diagnosing NASH with mild fibrosis,
which could lead to higher rates of misdiagnosis. To improve the diagnosis of early
NASH, biomarker panels or the combination of serum biomarkers with imaging may
contribute to ruling in or ruling out NASH with early fibrosis, but this prospect
should be verified in future studies.

DIAGNOSIS OF NAFLD RELATED FIBROSIS
According to the recommendation of the NASH-CRN, fibrosis is categorized into
nonfibrosis or mild fibrosis (Metavir = F0-1), significant fibrosis (SF, Metavir ≥ F2),
advanced fibrosis (AF, Metavir ≥ F3), and cirrhosis (Metavir = F4)[88]. The fibrosis stage
is reported to increase the overall mortality in individuals with NAFLD, but not
NASH[127]. Furthermore, SF, AF, and cirrhosis increased the hazard ratios by 1.6-, 3.04-,
and 6.53-fold for overall mortality in comparison with that of F0-F1[127]. Therefore, it is
urgent to identify early fibrosis through effective noninvasive methods.

Proprietary biomarkers of fibrosis
The proprietary biomarkers of fibrosis include the procollagen of type III collagen
(PIIINP), precursor C3-protein (PRO-C3), hyaluronic acid (HA), and TIMP1. Serum
PIIINP is a common fibrosis marker during fibrogenesis. It has a good performance
for diagnosing SF (AUROC, 0.81)[128]. Another PRO-C3 is a marker of the N-terminal
propeptide of type III collagen. Several studies have demonstrated that PRO-C3 has
an AUROC of 0.75-0.83 for diagnosing AF and 0.76 for cirrhosis [129,130] . HA is an
important element of the extracellular matrix, and it has AUROCs of 0.87, 0.89, and
0.92 for SF, AF, and cirrhosis, respectively[131]. TIMP1 is a fibrosis biomarker reflecting
tissue matrix remodeling, while TIMP1 shows a moderate performance for diagnosing
SF (AUROC, 0.74)[128]. To improve the accuracy, some models were constructed by
combining several specific fibrosis biomarkers or combinations of these fibrosis
biomarkers with other variables. The enhanced liver fibrosis (ELF) test is a
commercial tool that combines three circulating matrix turnover components,
including HA, PIIINP, and TIMP-1, with age[128]. Using a cutoff of 9.8, the ELF test
identified AF with a PPV of 72% and NPV of 97%[132]. Another model consisting of
PRO-C3, age, platelets, and the presence of diabetes can achieve an AUROC of 0.860.87 and an NPV of 0.97 for identifying AF[129]. However, further studies validating
these biomarkers in a large independent group are needed in the future.

Nonproprietary biomarkers of fibrosis or biomarker panels
AST-to-platelet ratio index (APRI): The APRI was originally a simpler calculation for
diagnosing fibrosis severity in chronic hepatitis C[133]. A recent meta-analysis reported
that the APRI had an AUROC of 0.70 for SF, 0.75 for AF, and 0.75 for cirrhosis[49].
Additionally, the pooled sensitivity of the APRI was relatively low, with a range of
0.33-0.73 for different cutoffs.
FIB-4: FIB-4 is a common biomarker panel used for assessing fibrosis severity and
includes age, platelet count, AST, and ALT. FIB-4 was primarily devised to assess the
liver fibrosis severity in hepatitis C patients who were also infected with human
immunodeficiency virus[134]. An AUROC value of 0.75 for SF, 0.80 for AF, and 0.85 for
cirrhosis was reported in NAFLD patients[49]. Two cutoffs were used for a higher PPV
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and NPV. For instance, using a cutoff of 1.3 for FIB-4, the panel predicted AF with an
85% sensitivity, 65% specificity, 36% PPV, and 95% NPV. On the other hand, using a
cutoff of 3.25, FIB-4 predicted AF with a 26% sensitivity, 98% specificity, 75% PPV,
and 85% NPV [135] . The two cutoffs may improve the PPV and NPV, avoiding
unnecessary biopsy, while the specificity of FIB-4 was 0.35 for assessing AF in elderly
individuals ≥ 65 years of age, which contributed to a high false positive rate[136].
Therefore, this study recommended a low cutoff of 2 for elderly patients > 65 years of
age, with a 77% sensitivity and 70% specificity. In addition, a recent Japanese study of
1050 biopsy-confirmed NAFLD patients recommended cutoffs of 1.88 and 2.67 for 6069 years of age and 1.95 and 2.67 for ≥ 70 years of age[137].
NAFLD fibrosis score (NFS): The NFS is the most common noninvasive biomarker
panel for assessing fibrosis severity; the panel consists of age, BMI, hyperglycemia,
AST/ALT ratio, platelets, and albumin. A multicenter study of 733 people reported a
low cutoff of -1.455 for AF with a PPV of 51%-56% and NPV of 88%-93%, and a high
cutoff of 0.676 yielded a PPV of 82%-90% and NPV of 80%-85%[138]. Using this model,
75% of biopsies could be spared with 90% correct prediction. In addition, Xiao et al[49]
demonstrated that the NFS had an AUROC of 0.72 for SF, 0.73 for AF, and 0.83 for
cirrhosis. The NFS was widely validated in different races, with a high AUROC and
NPV[135,137,138]. However, a low cutoff of 0.12 for NFS assessing fibrosis is recommended
for the elderly due to a high false positive rate [136] . The NFS and FIB-4 are
recommended to identify those at low or high risk for AF or cirrhosis in clinical
guidelines.
BARD score: The BARD score was an easily calculated score system for assessing
fibrosis severity, containing the parameters of BMI, aldosterone renin activity ratio,
and the presence of type 2 diabetes mellitus. A score of 2-4 increased the risk of AF by
17-fold, with an AUROC of 0.81 and NPV of 96%, but a low PPV of 43%[139]. However,
a subsequent study validated that the tool in the Japanese group could not achieve a
similar performance with an AUROC of 0.73 and NPV of 77% for AF[140]. In addition, a
meta-analysis reported that the BARD score had a pooled AUROC of 0.64 for SF, 0.73
for AF, and 0.70 for cirrhosis in NAFLD patients[49]. Even so, the BARD score was a
valuable model for predicting SF due to its ease and lack of indeterminate results in
clinical application.

Imaging
VCTE: VCTE is the first Food and Drug Administration (FDA)-approved
elastographic modality performed by FibroScan employing US-based technology.
This technology measures the velocity of a 50 MHz shear wave that is emitted by a
probe in the intercostal space into the liver. The velocity is positively related to liver
stiffness with a range of 1.5 to 75 kPa. A higher shear wave value indicates higher
liver stiffness. However, technical failure was found to be a common phenomenon
during the operation, ranging from 6.7% to 27.0%, and was primarily reported to be
related to a high BMI[141,142]. The “M” probe was the most prevalent probe measuring
shear wave velocity, with an AUROC of 0.83 for SF, 0.87 for AF, and 0.92 for
cirrhosis[49]. Although the “XL” probe was usually used for fibrosis in obese people to
reduce the failure rate, this rate was still 35% in patients with a BMI over 30 kg/m2[143].
Even so, the FibroScan XL probe yields an AUROC of 0.82 for SF, 0.86 for AF, and 0.94
for cirrhosis. One study investigating the suitable cutoffs indicated that 5.8 and 9.0, 7.9
and 9.6, and 10.3 and 11.5 had a > 90% sensitivity and specificity for SF, AF, and
cirrhosis, respectively[141]. However, the PPV was low for diagnosing fibrosis, and
transient elastography easily misclassifies AF as mild. One study comparing transient
elastography with the NFS and FIB-4 found that transient elastography was better for
AF and cirrhosis but less accurate for diagnosing fibrosis vs nonfibrosis and
significant fibrosis[70]. Therefore, some studies have used VCTE along with a serum
biomarker. Thomson et al[144] combined VCTE with a FibroMeter and achieved a PPV
of 84% for SF and PPV of 89% for AF.
Shear wave elastography (SWE): SWE is a new method integrated into conventional
US for assessing fibrosis. It can measure the shear wave velocity and provide a 2-D,
real-time, color map of liver elasticity, but it should be conducted under apnea, and
the region of the color map should be large vessel-free and at least 15 mm below the
capsule. SWE reportedly has a high diagnostic performance for fibrosis assessment in
chronic hepatitis patients[145,146]. In NAFLD patients, SWE yielded an AUROC value of
0.86 for SF, 0.89 for AF, and 0.88 for cirrhosis, respectively [147] . The results also
demonstrated that SWE was better than FibroScan and acoustic radiation force
impulse (ARFI). No specific regulations are recommended by the manufacturer for
assessing the quality of measurement; thus, some studies assessed the failure rate of
SWE with reliability criteria of FibroScan [147]. In addition, as with the ARFI, the
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accuracy of SWE is affected by interobserver variation and food intake[148]. Therefore,
these measurements are recommended to be performed by very experienced
radiologists in patients with fasting for at least 2 h[148].
ARFI: ARFI elastography is an alternative tool for fibrosis assessment integrated into
conventional US. It uses short-term acoustic pulses to produce shear waves[149], with
the results expressed in m/s. ARFI should be operated under apnea, and the region of
interest should be a vessel-free region. ARFI had an AUROC of 0.77 for SF, 0.84 for
AF, and 0.84 for cirrhosis [147] . Another meta-analysis reported that the pooled
sensitivity and specificity were 80.2% and 85.2%, respectively, for detecting SF[150].
However, its accuracy was affected by the presence of severe steatosis[151,152]. Further
studies are needed to explore the optimal cutoffs of ARFI at different levels of
steatosis.
MRE: MRE is a noninvasive MRI-based method measuring liver stiffness by using a
modified phase-contrast method[153-156]. MRE can assess the entire liver with a high
success rate[157]. It is not affected by steatosis and may be applied in patients with
obesity, ascites, or bowel interposition between the liver and anterior abdominal
wall[158]. The available MRE model contains 2D-MRE (shear wave frequency 60Hz)
and 3D-MRE (shear wave frequency 40Hz). 2D-MRE is more frequently used for
assessing liver fibrosis in NAFLD patients. A meta-analysis reported that the pooled
AUROCs of 2D MRE for diagnosing SF, AF, and cirrhosis were 0.87, 0.90 and 0.91,
respectively[159]. 3D-MRE had a better performance (AUROC, 0.98) for detecting AF
than 2D-MRE (AUROC, 0.92)[160], and the NPVs of 2D-MRE and 3D-MRE were 0.98
and 1.0, respectively[160]. Compared to other noninvasive fibrosis biomarkers, MRE
was superior to FibroScan, ARFI, and common biomarker panels for discriminating
dichotomized fibrosis stages in NAFLD patients[65,161]. Xiao et al[42] found that MRE had
an AUROC of 0.96, sensitivity of 0.84, and specificity of 0.90 for detecting AF, which
was better than BARD score, NFS, and FibroScan. Considering the higher accuracy of
MRE in diagnosing fibrosis, it is increasingly regarded as a promising surrogate
biomarker for monitoring fibrosis progression and endpoints of fibrosis therapy[60].
However, MRE has several limitations. It cannot be applied to individuals with
hepatic iron overload due to the interfering signal intensity. On the other hand, the
cost of MRE and its dependence on MRI facilities limit its wide application.

New biomarkers
Serum DNA methylation has been investigated as a potential biomarker for assessing
fibrosis. The plasma DNA methylation of PPARγ promoter was reported to have a
good performance for diagnosing AF (AUROC, 0.91), and the cutoff of 0.81 gave a
PPV of 91% and NPV of 87%[162]. In addition, the DNA methylation at the PPARγ
promoter is superior to the NFS in diagnostic performance and avoids using two
cutoffs, but it should be validated in more independent groups.

Clinical implication
Biomarker panels are cheap, feasible, reproducible, and have a good NPV for fibrosis,
but they are limited by its low PPV (Table 2). MRE shows excellent accuracy for
fibrosis severity but may only be used in some drug studies due to its high cost and
unavailability (Table 3). Transient elastography together with biomarker panels
would be widely used for assessing fibrosis, but the efficiency should be evaluated in
more independent groups. Above all, it is recommended to combine serum
biomarkers or clinical rules with imaging tools to diagnose fibrosis, which could
reduce unnecessary diagnostic liver biopsies.

NONINVASIVE BIOMARKERS FOR DISEASE PROGRESSION
AND THERAPY
Tracking disease progression
NAFLD significantly increases the risk of liver disease-related morbidity, mortality,
and liver transplantation[163,164]. Fibrosis, but not simple steatosis and NASH, increased
the risk of mortality in NAFLD patients in a retrospective study with a mean followup period of 20 years[119]. Singh et al[165] found that one stage of fibrosis progression
takes 14.3 years and 7.1 years in individuals with simple steatosis and NASH patients,
respectively. In addition, most NAFLD cases are asymptomatic until the disease has
progressed to cirrhosis, and repeated biopsy is impractical. Therefore, there is a need
to apply useful noninvasive biomarkers to monitor disease progression. A prospective
study with a median of seven follow-ups found that the ELF test had an AUROC of
0.87 for predicting liver-related clinical outcomes, which was higher than that of
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Table 2 Biomarker panels for diagnosing nonalcoholic fatty liver disease related fibrosis
Test

Description

APRI

Accuracy

Advantages

AST/platelet ratio index AUROC 0.70 for SF, 0.75 High feasibility; Cheap;
for AF, and 0.75 for
Reproducible
cirrhosis[28]

Fibrosis-4 index

NFS

BARD score

Guideline
recommendation

Disadvantages
Low specificity to
diagnose AF; The
application of two cutoffs could not
discriminate between
intermediate stages of
fibrosis

NA

Age, AST, ALT, and
platelet count

AUROC 0.75 for SF, 0.80 High feasibility; Cheap;
for AF, and 0.85 for
Reproducible
cirrhosis[28]

The application of two
cut-offs could not
discriminate between
intermediate stages of
fibrosis; Influenced by
age

FIB-4 can be used to
identify those at low or
high risk for AF or
cirrhosis [32,34]

Age, BMI, impaired
fasting glucose and/or
diabetes, AST, ALT,
platelet, Count, and
albumin

AUROC 0.72 for SF, 0.73 High feasibility; Cheap;
for AF, and 0.83 for
Reproducible
cirrhosis [28]

The application of two
cut-offs could not
discriminate between
intermediate stages of
fibrosis; Influenced by
age; Influenced by
interpretation of BMI
across different ethnic
groups

NFS can be used to
identify those at low or
high risk for AF or
cirrhosis[32]

AST, ALT, BMI, and
diabetes

AUROC 0.64 for SF, 0.73 High feasibility; Cheap;
for AF, and 0.70 for
Reproducible; No
cirrhosis[28]
intermediate stages of
fibrosis

Low specificity to
diagnose SF and
cirrhosis; Influenced by
interpretation of BMI
across different ethnic
groups

NA

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; AUROC: Area under the receiver-operating characteristics
curve; NFS: Nonalcoholic fatty liver disease fibrosis score; APRI: AST/platelet ratio index; NA: Not applicable; SF: Significant fibrosis; AF: Advanced
fibrosis.

biopsy (AUROC, 0.82)[166]. Sebastiani et al[167] found that baseline liver histology, APRI,
FIB-4, and NFS for predicting clinical outcomes had AUROCs of 0.85, 0.89, 0.89 and
0.79, respectively. Another study reported that FibroScan had an accuracy of 0.73 for
predicting all-course mortality[168]. Further studies are needed to determine more
effective noninvasive biomarkers for the progression of NASH to NASH-related
fibrosis and the progression of NASH-related fibrosis to adverse clinical outcomes.

Monitoring responses to therapies
In terms of NAFLD treatment, it is impractical to observe the primary endpoint of
mortality due to long-term follow-up[28,169,170]. Therefore, the FDA recommends that
histological improvement be confirmed when the resolution of NASH is obtained
without the worsening of fibrosis or when fibrosis is improved without the worsening
of NASH[171]. However, repeated biopsy hinders the development of drugs; thus, there
is a need to investigate noninvasive surrogates replacing biopsy. MRI-PDFF was
usually employed to evaluate the liver fat content change in clinical trials of NASH
patients[66]. A study of 113 NASH patients treated with obeticholic acid found that
MRI-PDFF had an AUROC of 0.81 for reduced histological steatosis grade[172]. In
contrast, a recent phase II trial of selonsertib found that MRI-PDFF had an AUROC of
0.70 for reduced histological steatosis grade, and the optimal cutoff was 0% with a
PPV of 39% and NPV of 92%[173]. Therefore, whether the change in MRI-PDFF could be
regarded as an effective surrogate endpoint for NASH treatment should be further
evaluated. Liver function has been regularly regarded as a noninvasive biomarker for
assessing the monitoring treatment effect, while ALT concentrations in about twothirds of patients is normal [174] , and NASH patients usually exhibit spontaneous
changes in liver function. Therefore, the ALT change is usually accompanied by a
steatosis change, which is regarded as an effective noninvasive endpoint substituting
the histological changes in NASH[171]. The change in liver stiffness measurement
(LSM) measured by MRE was evaluated to investigate the antifibrosis effect in
NAFLD. Jayakumar et al[173] showed that the MRE had an AUROC of 0.62, PPV of 39%,
and NPV of 92% for fibrosis improvement. The biomarker panel has also been
investigated for predicting fibrosis improvement in intervention studies of NASH
patients. Vilar et al[175] constructed a model consisting of three variables, glycated
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Table 3 Imaging modalities for diagnosing nonalcoholic fatty liver disease related fibrosis
Test

Description

VCTE

Measuring the velocity
of a 50 mHz shear wave,
which is positively
related to liver stiffness

SWE

A method integrated
AUROC 0.86, 0.89, and
into conventional
0.88, respectively, for
ultrasound provides a 2- AF, SF, and cirrhosis[123]
D, real-time, color map
of liver elasticity

ARFI

A method integrated
into a conventional
ultrasound measures
shear wave speed

MRE

Accuracy

Advantages

AUROC 0.83, 0.87, and
Relatively low cost;
0.92 , respectively, for
Good reproducibility
AF, SF, and cirrhosis
Short processing time;
with M probe[28];
Can be used in
AUROC 0.82, 0.86, and ambulatory clinic setting
0.94, respectively, for
AF, SF, and cirrhosis
with XL probe[117]

AUROC 0.77, 0.84, and
0.84, respectively, for
AF, SF, and cirrhosis[123]

A noninvasive MRI
AUROC 0.87, 0.90, and
based method measures
0.91, respectively, for
liver stiffness by a
AF, SF, and cirrhosis[131]
modified phase-contrast
method

Guideline
recommendation

Disadvantages

Fasting for 2 h; Device- FibroScan can be used to
and operatoridentify those at low or
dependency; Influenced
high risk for AF[32,34]
by obesity, congestion,
and inflammation;
Uncertain cut-off values;
Intermediate stages due
to two cut-offs

Good reproducibility;
Not affected by obesity
or ascites

Relatively high cost;
Fasting for 2 h; Deviceand operatordependency; Quality
criteria not well defined

NA

Good reproducibility;
Not affected by obesity
or ascites ROI smaller
than transient
elastography

High cost; Fasting for 2
h; Device- and operatordependency; Quality
criteria not well defined;
Intermediate stages due
to two cut-offs

NA

Good reproducibility;
High cost; Time
MRE is clinically useful
Not affected by obesity consuming; Fasting for 2
tools for identifying
or ascites
h; Device- and operatoradvanced fibrosis in
dependency;
patients with
Intermediate stages due nonalcoholic fatty liver
to two cut-offs
disease[34]

AUROC: Area under the receiver operating characteristic curve; MRE: Magnetic resonance elastography; VCTE: Vibration-controlled transient
elastography; SWE: Shear wave elastography; TE: Transient elastography; ARFI: Acoustic radiation force impulse; NA: Not applicable; ROI: Region of
interest.

hemoglobin, platelets, and ALT, which demonstrated an AUROC of 0.96 for fibrosis
improvement, which is higher than the change in platelet count (AUROC, 0.80), APRI
(AUROC, 0.50), FIB-4 index (AUROC, 0.63), and NFS (AUROC, 0.77). The biomarker
panels may be the ideal noninvasive tools for assessing the response during the
process of therapy, but they should be accurate, available, inexpensive, and simple.

CONCLUSION
The past several years have witnessed the extensive development of noninvasive
methods in the NAFLD field, from serum biomarkers and imaging to omics. US and
H-MRI have a relatively high accuracy for diagnosing NAFLD, and US is prevalently
used in clinical practice and research due to its availability and low cost. There are
currently no effective noninvasive biomarkers recommended for diagnosing NASH.
Future studies are needed to investigate more efficient noninvasive biomarkers for
distinguishing NASH from simple steatosis. VCTE is the FDA-approved elastographic
model for assessing fibrosis severity, and it could further improve the diagnostic
performance when combined with biomarker panels. Furthermore, effective
algorithms consisting of imaging and nonimaging biomarkers should be applied to
clinical practice to reduce unnecessary biopsies (Figure 1). In addition, there is a need
to investigate the cost-effectiveness of noninvasive evaluations in diagnosing NAFLD,
tracking disease progression, and monitoring responses to the therapies.
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Figure 1

Figure 1 Clinical algorithm with noninvasive testing and liver content measurement by Fibroscan for detecting advanced fibrosis in nonalcoholic fatty
liver disease patients. NFS: Nonalcoholic fatty liver disease fibrosis score; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic fatty hepatitis; LSM: Liver
stiffness measurement.
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Abstract
BACKGROUND
Hepatitis C virus (HCV) is a leading cause of worldwide liver-related morbidity
and mortality. The World Health Organization released an integrated strategy
targeting HCV-elimination by 2030. This study aims to estimate the required
interventions to achieve elimination using updated information for direct-acting
antiviral (DAA) treatment coverage, to compute the total costs (including
indirect/societal costs) of the strategy and to identify whether the elimination
strategy is cost-effective/cost-saving in Greece.
AIM
To estimate the required interventions and subsequent costs to achieve HCV
elimination in Greece.
METHODS
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A previously validated mathematical model was adapted to the Greek HCVinfected population to compare the outcomes of DAA treatment without the
additional implementation of awareness or screening campaigns versus an HCV
elimination strategy, which includes a sufficient number of treated patients. We
estimated the total costs (direct and indirect costs), the disability-adjusted life
years and the incremental cost-effectiveness ratio using two different price
scenarios.
RESULTS
Without the implementation of awareness or screening campaigns,
approximately 20000 patients would be diagnosed and treated with DAAs by
2030. This strategy would result in a 19.6% increase in HCV-related mortality in
2030 compared to 2015. To achieve the elimination goal, 90000 patients need to be
treated by 2030. Under the elimination scenario, viremic cases would decrease by
78.8% in 2030 compared to 2015. The cumulative direct costs to eliminate the
disease would range from 2.1-2.3 billion euros (€) by 2030, while the indirect costs
would be €1.1 billion. The total elimination cost in Greece would range from €3.23.4 billion by 2030. The cost per averted disability-adjusted life year is estimated
between €10100 and €13380, indicating that the elimination strategy is very costeffective. Furthermore, HCV elimination strategy would save €560-895 million by
2035.
CONCLUSION
Without large screening programs, elimination of HCV cannot be achieved. The
HCV elimination strategy is feasible and cost-saving despite the uncertainty of
the future cost of DAAs in Greece.
Key words: Hepatitis C elimination; Cost effectiveness; Cost of elimination; Indirect
costs; Projections; Mathematical modelling; Awareness and screening programs; World
Health Organization targets
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Elimination of hepatitis C virus (commonly known as HCV) cannot be achieved
in Greece without the implementation of large awareness and screening programs, as
treatment coverage will be suboptimal. To achieve the elimination goals, 90000 patients
need to be treated by 2030. The overall cumulative cost of elimination would range from
3.2-3.4 billion euros by 2030. The HCV elimination strategy in Greece is feasible and
cost-saving despite the uncertainty of the future cost of the direct-acting antivirals.

Citation: Gountas I, Sypsa V, Papatheodoridis G, Souliotis K, Athanasakis K, Razavi H,
Hatzakis A. Economic evaluation of the hepatitis C elimination strategy in Greece in the era
of affordable direct-acting antivirals. World J Gastroenterol 2019; 25(11): 1327-1340
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1327.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1327

INTRODUCTION
Hepatitis C virus (HCV) infection is a major public health problem; it affects 1% of the
world population[1] and is one of the main causes of chronic liver disease-related death
in the developed world[1,2]. It has been estimated that approximately 50%-85% of HCV
cases developed chronic hepatitis. Many patients with chronic HCV (CHC) infection
do not result in clinically apparent liver disease because it is generally a slow
progressive infection. Five percent to 30% of chronically infected individuals
developed cirrhosis over a span of 20 to 30 yr[3,4]. The recent introduction of directacting antivirals (DAAs) has the potential to change the future disease burden, as they
achieve higher sustained virological response (SVR) rates, have fewer side effects and
are simpler regimens compared to interferon (IFN)-based therapies[5,6]. Due to recent
developments of antiviral treatments, the target of eliminating HCV by 2030 has
become achievable[7]. Although the cost of providing DAAs has been extensively
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debated since their introduction, the cost and cost-effectiveness of implementing an
HCV elimination strategy has recently been put on the agenda[8-12].
Greece has one of the highest prevalence rates of CHC infection in Europe, with
approximately 33% of chronically infected patients in the advanced fibrosis stages (≥
F3)[13,14]. Additionally, it has an older infected population compared to other countries,
meaning that the mean fibrosis progression is relatively rapid and the probability of
HCV-related mortality or morbidity is high[15-17]. Therefore, although HCV prevalence
in Greece has been decreasing since its peak in 2005, morbidity and mortality are
forecasted to increase in the next years[14,18]. Moreover, the diagnostic rate is low
(approximately 20%). Except for the significant HCV epidemic, Greece has faced a
substantial financial crisis since 2008. Since then, the Greek economy has substantially
shrunk; the gross domestic product (GDP) fell by 22%, about one-fifth of the
aggregate production was lost and the public pharmaceutical expenditure was
reduced by more than 50%[19].
Recently, a modeling study quantified the impact of IFN-free DAAs on HCVrelated morbidity and mortality in Greece under the World Health Organization
(WHO) Global Hepatitis Strategy[14]. This study showed that improved prevention
strategies, large and effective screening programs and increased treatment coverage
with DAAs were necessary to reach the goal of HCV elimination in Greece by 2030.
To implement this strategy, it is vital to consider the cost of the proposed strategy,
which poses significant financial challenges for the healthcare system.
The aims of this study are (1) to estimate the required interventions to achieve
elimination using updated information for DAA treatment coverage, (2) to compute
the total costs (including the indirect costs) of the strategy and to (3) identify whether
the elimination strategy is cost-effective for Greece.

MATERIALS AND METHODS
Disease burden model
To estimate the current number of patients in the various disease stages and to project
the future disease burden and the associated costs, we used an Excel-based disease
progression model, which represents the natural history of CHC according to the
METAVIR scoring system constructed by the Center for Disease Analysis (CO, United
States)[20]. It has been used in several countries with country-specific data as input[18].
Appropriate input for Greece was obtained from the literature. Further details about
the description of the model and Greek-specific epidemiological inputs have been
previously published[14,18].
To examine the epidemiological and economic impact of the WHO Global Hepatitis
Strategy, we created a scenario according to WHO recommendations and compared it
with the current HCV management strategy in Greece, where patients are treated
with INF-free DAA regimens with limited population coverage due to the low
diagnostic rate and the lack of awareness or screening campaigns.

Examined epidemiological scenarios
Base case: In the baseline scenario, patients are treated with IFN-free DAA regimens
without the additional implementation of awareness or screening campaigns. This
would lead to a gradual decrease in the available patients for treatment. Treatment is
limited to fibrosis stage ≥ 2, which represents the 2017 national treatment guideline.
Approximately 2,000 cases were treated in Greece in 2017. We assumed that this
figure would be the same in 2018 but would gradually decrease to 1000 cases by 2020
and would then remain at this number. SVR rates were assumed to be 90% for
genotype 1, 3 and 95% for genotype 2, 4[15] (Table 1).
WHO Global Hepatitis Strategy: The WHO Global Hepatitis Strategy integrates both
prevention and disease burden targets[7]. More specifically, the prevention target aims
to reduce new infections by 90%, while the mortality target aims to reduce HCV
mortality to 65% by 2030 compared to 2015. To achieve the WHO goals in Greece, the
number of diagnosed and treated patients should gradually increase up to 7000 and
6800 patients per year, respectively. Initially, through 2018, patients with fibrosis stage
≥ F2 will be treated. After 2019, treatment coverage should be expanded to all patients
(Table 1).

Economic portion of the model
Regarding the economic portion of the model, we have computed the direct and the
indirect/societal costs of HCV infection.
Direct and indirect/societal costs: Direct costs include the cost of antiviral treatment
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Table 1 Evaluated scenarios for projections of the future burden of hepatitis C infection in Greece
Scenario

Year

SVR

Treatment coverage/yr

Fibrosis stage

Diagnosed patients/yr

Base case

2015-2016

90%-95%

~1000

≥ F3

4000

2017-2019

95%

~2000

≥ F2

3200

2020-2021

95%

~1300

≥ F2

2000

2022-2023

95%

~1000

≥ F2

1400

2024-2035

95%

~1000

≥ F2

1000

2015-2016

90%-95%

~1000

≥ F3

4000

2017-2019

95%

~4700

≥ F2

4800

2020-2021

95%

~6800

≥ F0

6820

2022-2023

95%

~6800

≥ F0

6130

2024-2035

95%

~7000

≥ F0

6130

WHO Global Hepatitis Strategy

SVR: Sustained virologic response rates; WHO: World Health Organization.

per treated patient per year, annual health care costs per patient, screening/diagnostic
costs per patient, as well as laboratory costs per treated patient (Table 2)[21].
Data for healthcare costs were obtained through a database from Greek liver clinics.
The annual cost for F0-F3 patients, for the third-party payer in Greece, without
antiviral treatment, is 230 €. The costs of compensated cirrhosis (F4), decompensated
cirrhosis and hepatocellular carcinoma (HCC) without the cost of antiviral treatments
are 1340 €, 4460 €, and 33000 € per year, respectively. Liver transplant patients have a
cost of 134630 € in the first year and 4640 € in subsequent years[22]. Lab costs (e.g., antiHCV, RNA test, genotyping exam and liver biopsy/elastography) are 350 €, while the
cost per anti-HCV screening is 10 €.
The average treatment cost per DAA-treated patient in Greece in 2016 was 42000
€[23]. Recently, price negotiations concerning the cost of DAAs were implemented,
resulting in reduced treatment costs. The price per DAA regimen is confidential.
However, the average cost per treatment can be calculated. According to the official
press release of the Ministry of Health, a closed pharmaceutical budget of about 67.6
million has been committed to treat 5500 patients in the next 14 mo[24,25]. Dividing the
budgeted money by the expected treated patients equates to a cost of treatment of
about 12300 €. Furthermore, the Minister for Health stated[26,27] that the negotiation
achieved a savings of 68% compared to the average pre-negotiated price (42000 € ×
32% = 13400 €). Combining the above estimations, we assumed that the average cost
of DAAs after negotiation can be estimated at 13000 € per treated patient.
Due to the considerable uncertainty of the future price evolution for DAAs, we
considered two cost-scenarios. In the first scenario (conservative scenario), we
assumed that the price of DAAs would remain constant through our study (until
2035), while in the second scenario (optimistic scenario), we assumed a further 35%
price reduction after 2024. Under the base case, we assumed no price reduction of
DAAs due to the limited number of treated patients (Table 2).
The indirect or societal cost was used to approximate loss of productivity due to
HCV related disabilities and loss of life. The disability-adjusted life year (DALY)
metric[28] was used to estimate the indirect costs of the disease. One DALY can be
thought of as one lost year of "healthy" life. DALYs are computed by combining years
of life lost (YLLs) and years lost due to disability (YLDs) and weighted by the severity
of the disease[29]. Future direct and indirect costs were discounted at rate of 3%. The
cost per DALY was estimated to be equal to the gross national income (GNI) per
capita in 2016 (19000 €).
The cost-effectiveness of the elimination strategy was estimated using the
incremental cost-effectiveness ratio (ICER), which have been compared to the GNI per
capita of Greece in 2016. If ICER is lower than 1 GNI per capita, then the intervention
is considered “highly cost effective”[30].
ICER = (Cost of examine strategy - cost of the base strategy)/|DALYs of examine
strategy - DALYs of the base strategy|
We considered a strategy as “cost-saving” when the difference between all direct
and indirect costs of the elimination scenario up to 2035 from those of the base case
was positive.
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Table 2 Annual direct costs per patients in Euros
Annual costs, €
Lab costs for anti-HCV, RNA test, genotyping exam and liver biopsy/elastography

350

Screening cost per screen

101

Cost per diagnosed patient without antiviral treatment
F0-F3

230

Compensated cirrhosis, F4

1340

Decompensated cirrhosis

4460

Hepatocellular carcinoma

33000
1346002

Liver transplantation
Liver transplant - subsequent years

4600

Antiviral treatment costs of DAAs
2015-2016

42000

2017-2023

13000

2024-2035

13000/85003

1

Cost per screen;
Cost per patient for one time (includes all pre-transplantation, transplantation and post-transplantation
courses);
3
Under optimistic price reduction scenario. DAAs: Direct-acting antivirals; HCV: Hepatitis C virus.
2

RESULTS
Epidemiological projections
Under the base case scenario, the model predicted a continuous decline in the number
of viremic cases in Greece through 2035 (Table 3, Figure 1A-E). The viremic
population would decrease by 8.3% and 11.1% in 2030 and 2035 compared to 2015,
respectively. However, unlike viremic cases, HCV complications are anticipated to
increase over the same time period.
The number of patients with compensated cirrhosis is anticipated to be 21100 cases
by 2030 (19.2% higher than 2015). In 2035, the number of compensated cirrhosis cases
is expected to be 21280 (20.2% higher than 2015). Similarly, the number of
decompensated cirrhosis cases would increased to 2160 (18.3% higher than 2015) and
2200 (20.2% higher than 2015) cases in 2030 and 2035, respectively. Regarding HCC
cases, the model projected an increase of 19.4% (705 cases) and 20.3% (710 cases) in
2030 and 2035 compared to 2015, respectively. Concerning liver related deaths, the
model projects an increase to 790 (19.6% higher than 2015) and 805 (21.9% higher than
2015) in 2030 and 2035, respectively (Table 3, Figure 1A-E). Under the base case, the
model estimates that about 20000 patients would be diagnosed and treated with
DAAs by 2030.
Under the Global Hepatitis Strategy, significant declines would be observed in
HCV morbidity and mortality. More specifically, individuals with compensated and
decompensated cirrhosis are expected to decrease by 63.3%, 66.7% in 2030 and 93.9%,
91.2% in 2035, respectively, compared to the corresponding number of cases of
compensated and decompensated cirrhosis in 2015. Similarly, HCC cases are
anticipated to decrease by 66.9% (195 cases) and 94.9% (30 cases) in 2030 and 2035
compared to 2015, respectively. Liver related deaths are projected to decrease by
65.7% (226 deaths) in 2030 and 91.4% (57 deaths) in 2035 compared to 2015,
respectively. Finally, the number of viremic cases would decrease by 78.8% (28000
cases) and 98.4% (2100 cases) in 2030 and 2035 compared to the number of viremic
cases in 2015, respectively (Table 3, Figure 1A-E). To achieve the elimination goals,
90000 patients need to be treated by 2030.

Economic projections
Annual direct costs: Under the base case scenario, the annual direct costs of HCV in
2016 are €105 million. Without the additional implementation of awareness or
screening campaigns, the number of available patients for treatment would drop,
leading to a corresponding decrease in the cost attributed to antiviral therapies.
Specifically, the annual direct costs would decline from €105 to €83 million by 2019
and remain at this level through 2035 (Figures 2 and 3).
Regarding the WHO Global Hepatitis Strategy, the model predicts a steep upward
trend in direct costs until 2023 and 2028 for the optimistic and the conservative price
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Figure 1

Figure 1 Projections of future chronic hepatitis C virus infection and complications under different treatment strategies. A: Total number of viremic cases; B:
Cirrhosis; C: Decompensated cirrhosis; D: Hepatocellular carcinoma; E: Liver deaths. WHO: World Health Organization.

reduction scenario, respectively, followed by a significant decline through 2035.
Compared to the base case, the annual direct cost of the elimination scenario would be
higher until 2032 and 2034 under the optimistic and the conservative price reduction
scenario, respectively (Figures 2 and 3).
The cost distribution is significantly different between the two strategies. In the
base case, where treatment coverage is relatively low, the majority of the cost is
attributed to healthcare costs. In contrast, under the HCV elimination scenario, the
dominant costs would be for antiviral treatments and laboratory costs. Under the
HCV elimination strategy (irrespective of price reduction scenarios), screening costs
would represent a significant share of direct costs between 2026 and 2029 due to the
fact that it would become more difficult to diagnose HCV infections due to the low
prevalence (Figure 3).
Annual indirect/societal costs: Concerning indirect/societal costs, the WHO strategy
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Table 3 Estimated number of total hepatitis C virus infected (viremic cases), compensated cirrhosis, decompensated cirrhosis and
hepatocellular carcinoma cases in 2030 and 2035 under base and hepatitis C virus elimination scenarios

2015, Base n

2020, n (% change
compared to 2015)

2030, n (% change
compared to 2015)

2035, n (% change
compared to base case in
2015)

Base case
Total infected

132500

127940 (-3.4)

121460 (-8.3)

117750 (-11.1)

Compensated cirrhosis

17700

18584 (+4.9)

21100 (+19.2)

21280 (+20.2)

Decompensated cirrhosis

1830

1885 (+3.0)

2160 (+18.3)

2200 (+20.2)

HCC

590

605 (+2.5)

705 (+19.4)

710 (+20.3)

Liver related deaths

660

686 (+3.9)

790 (+19.6)

805 (+21.9)

WHO Global Hepatitis Strategy
Total infected

107910 (-18.5)

28000 (-78.8)

2100 (-98.4)

Compensated cirrhosis

13584 (-23.2)

6480 (-63.3)

1084 (-93.9)

Compensated cirrhosis

1155 (-36.9)

610 (-66.7)

160 (-91.2)

HCC

395 (-33.0)

195 (-66.9)

30 (-94.9)

Liver related deaths

415 (-37.2)

226 (-65.7)

57 (-91.4)

HCC: Hepatocellular carcinoma; WHO: World Health Organization.

is expected to result in substantial savings throughout the length of the study
compared to the base case. More specifically, the indirect costs of WHO strategy
would be €16, €89, and €95 million lower compared to the base case in 2016, 2030 and
2035, respectively. The above results arise from the significant reduction of HCV
related end-stage liver disease, as well as the subsequent aversion of disability and
premature deaths (Figure 2).
Overall annual cost (total direct and indirect costs): The annual overall cost of base
case would have a slight decrease by 2035 due to the limited cost of antiviral
treatment (limited available patients for treatment). Compared to the base case, the
elimination strategy would be more expensive in the first phase, but it would become
less costly by 2024 and 2028 under the optimistic or the conservative price reduction
scenario, respectively.

Cost-effectiveness
It was estimated that to achieve elimination, an investment (direct costs) of €2.12 or
2.33 billion should be made by 2030 under the optimistic or the conservative price
reduction scenario, respectively. It is also important that at the same time, about €1.1
billion would be lost (indirect costs). Summing up the above, the overall cumulative
cost of HCV elimination would be range between €3.2 and 3.4 billion by 2030. The
corresponding costs by 2035 would vary between €3.5 and 3.8 billion (Figure 4).
The ICER computes that the cost per averted DALY by 2030 would be €10100 and
€13380 under the optimistic or the conservative price reduction scenario, respectively.
Similarly, the cost per averted DALYs by 2035 would be €5100 and €8300. In all
scenarios, the elimination strategy was always a very cost-effective strategy (Table 4).
The HCV elimination strategy appears to be a cost-saving strategy, as €895 million
and €560 million would be saved by 2035 under the optimistic or the conservative
price reduction scenario, respectively (Figures 2D and 4).

DISCUSSION
The analysis shows that while overall HCV prevalence in Greece will decline, disease
burden related to HCV and associated costs will continue to grow in the era of DAAs
due to failure to diagnose and treat sufficient numbers of patients. Similar patterns
have been observed in the IFN era[13,16,31-33].
Our analysis highlights that HCV management without effective awareness and
screening campaigns would be an expensive and ineffective health policy strategy.
The reason is that few patients would be diagnosed and treated, leaving a significant
proportion of patients to progress to more advanced stages of the disease. Thus, the
additional budget gained from lower HCV awareness campaigns or low treatment
coverage would be paid in the next years in healthcare costs to treat the new cases of
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Figure 2

Figure 2 Projections of future costs of hepatitis C virus infection under different treatment strategies. A: Direct costs; B: Indirect costs; C: Annual total direct
and indirect costs; D: Total cumulative direct and indirect costs; E: Total cumulative direct and indirect costs. WHO: World Health Organization.

compensated or decompensated cirrhosis and HCC. On the contrary, the HCV
elimination strategy is a cost saving intervention (savings by 2035 varies from €560890 million), as it eliminates the high cost of HCV attributed to related end-stage liver
disease or premature death. It is important to note that the HCV elimination strategy
is an upfront investment, as a significant amount of money should be spent in the
beginning in order to save money later. For example, in Greece, the direct costs need
to be increased by 142% in 2020 compared to 2016.
Although the cumulative direct costs of the elimination strategy are costlier than
the base scenario (Table 4), when we take also into account the indirect costs caused
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Figure 3

Figure 3 Distribution of direct costs by direct-acting antiviral price scenario (conservative or optimistic). A: Base case scenario; B: Hepatitis C virus (HCV)
elimination conservative scenario; C: HCV elimination optimistic scenario.

by the disease, this relation changes and the elimination scenario become cheaper, as
HCV is a disease with high indirect costs (Figure 2D). In line with other studies, our
results have shown that the indirect cost of HCV is a significant component of the
elimination strategy, almost comparable to the corresponding direct cost of the
disease[9,10,20,33,34], as the vast majority of HCV-infected persons are of working age and
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Figure 4

Figure 4 Estimated cumulative costs of base case and hepatitis C virus elimination scenarios in 2030 and 2035. A: Direct costs; B: Indirect/societal costs; C:
Total costs. HCV: Hepatitis C virus.

HCV-infected patients are more likely to incur absenteeism (lost hours of work) and
presenteeism (decreased productivity while at work)[35,36].
The HCV elimination strategy is a cost-saving investment in the case of Greece (i.e.,
improved life expectancy and reduced costs at the same time). More specifically, this
investment would save €560-895 million by 2035, making it a very rewarding public
health investment.
There are a number of limitations that could impact the outcomes of the study.
First, patients who achieved SVR were not tracked, so all reinfection cases in the
model were managed as naïve ones. Second, there is an assumption that new
infections would remain stable at the 2015 levels. Thus, the model does not account
for treatment as prevention, and its predictions would be more conservative.
However, the strategy was cost effective despite the use of conservative assumptions,
since the probability of reaching cost-effectiveness would be increased in the dynamic
approach from the inclusion of the prevention of secondary cases. Third, the model
assumed that new therapies, guidelines or treatment strategies are adopted
immediately - a fact that may not be the case in real life settings. Fourth, although
extrahepatic manifestations of HCV represent a significant part of direct cost[37,38], they
were not considered in this analysis. Fifth, possible reductions in the future cost of
screening tests were not considered.
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Table 4 Direct costs by price reduction scenario in billions of euros, disability-adjusted life years and incremental cost-effectiveness
ratios
HCV elimination strategy
Base case
Optimistic
Years

Conservative

Direct cost
(billion euros)

DALYS

Direct cost
(billion euros)

DALYS

ICER
(compared to
base case)

Direct cost
(billion euros)

DALYS

ICER
(compared to
base case)

2015-2030

1.46

145.920

2.12

80.920

10.100 €

2.33

80.920

13.400 €

2015-2035

1.88

187.470

2.41

84.250

5.100 €

2.74

84.250

8.300 €

HCV: Hepatitis C virus; DALYs: Disability-adjusted life years; ICER: Incremental cost-effectiveness ratio.

In conclusion, our results support that elimination of HCV cannot be achieved
without the implementation of large awareness and screening programs, as treatment
coverage will be suboptimal. Nevertheless, HCV elimination is a cost-saving strategy,
irrespective the uncertainty of the future cost of DAAs in Greece.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus (HCV) infection is a major global public health problem. Greece has one of the
highest rates of chronic HCV (CHC) infection in Europe, and approximately 33% of the
chronically infected patients are at advanced fibrosis stages (≥ F3).

Research motivation
Greece faces a substantial economic crisis, which has resulted in more than 50% cut off in the
public pharmaceutical expenditure. Therefore, it is important that every proposed healthcare
intervention be accompanied by a cost-effectiveness analysis.

Research objectives
The main objectives of the study are (1) to estimate the required interventions to achieve
elimination using updated information for direct-acting antiviral treatment coverage, (2) to
compute the total costs (including the indirect/societal costs) of the strategy, and (3) to identify
whether the elimination strategy is cost-effective/cost-saving in Greece.

Research methods
To project the future burden of disease and to estimate subsequent future costs, we used a
previously validated, Excel-based disease progression model constructed by the Center for
Disease Analysis. This model simulates the progression of HCV-infected persons through the
various stages of the disease, according to the METAVIR scoring system, with appropriate
transition probabilities between stages.
Progression was simulated by multiplying the total number of cases at a particular stage of
disease by the appropriate progression rate to the next stage. Newly infected patients can enter
the model at any year, progress through the disease stages based on progression rates, and exit
the model on: (1) spontaneous clearance of HCV; (2) achieving sustained virological response
rates; and (3) death (all-cause or HCV-related). Thirty-six cohorts every 5 yr of age and gender
were used through 84 yr of age. Individuals older than 85 were treated as one cohort. Each year,
one-fifth of the population in each age group, except for 85 and older, was moved to the next age
cohort to simulate aging after taking into consideration mortality. Treated patients with
sustained virological response rates were considered cured, and they had the same risk of
hepatocellular carcinoma and similar mortality as the general population.

Research results
The analysis showed that while overall HCV prevalence in Greece would decline, disease
burden related to HCV and associated costs would continue to grow. To achieve the elimination
targets, 90000 patients need to be treated between 2015-2030. It was estimated that the
investment (direct costs) of the intervention would range from €2.1-2.3 billion by 2030, while
about €1.1 billion would be lost due to premature deaths or decreased productivity (indirect
costs). The overall cumulative cost of HCV elimination in Greece would range from €3.2 and 3.4
billion by 2030. The model showed that the cost per averted disability-adjusted life years by 2030
would be between €8330-€13380. Furthermore, the HCV elimination strategy is cost-saving, as
€560-€895 million would be saved by 2035.

Research conclusions
Our study highlighted that without the implementation of large awareness or screening
programs, HCV elimination cannot be achieved, due to suboptimal treatment coverage. To
eliminate the disease, significant public health reforms should be implemented (e.g., enhance
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harm reduction programs, implement case-finding, linkage to care interventions). Although the
elimination of HCV is a costly investment, our analysis showed that it is also a cost-saving
intervention, irrespective of the uncertainty of the future direct-acting antiviral cost in Greece, as
the proposed strategy reduces the disease morbidity and mortality and restores productivity of
the HCV-infected population.

Research perspectives
Elimination of HCV is a demanding public health intervention, which poses significant
challenges in the Greek health care system. Nevertheless, our analysis highlighted that HCV
elimination is a cost-saving intervention.
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Abstract
BACKGROUND
Genomic profiling of tumors has contributed to the understanding of colorectal
cancer (CRC), facilitating diagnosis, prognosis and selection of treatments,
including targeted regimens. A report suggested that a 19-gene-based risk
classifier (TCA19) was a prognostic tool for patients with stage III CRC. The
survival outcomes in patients with stage IV CRC are still poor and appropriate
selection of targeted therapies and immunotherapies is challenging.
AIM
To assess clinical implication of TCA19 in patients with stage IV CRC, and to
identify TCA19 with involvement in immune-oncology.
METHODS
A retrospective review of the medical records of 60 patients with stage IV CRC
was conducted, assessing clinicopathological variables and progression-free
survival (PFS). TCA19 gene expression was determined by quantitative
polymerase chain reaction (qPCR) in matched normal and tumor tissues taken
from the study cohort. Expression of potential immune-oncology regulatory
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proteins and targets was examined by immunohistochemistry (IHC), western
blot, immunofluorescence staining in tissues from a validation cohort of 10
patients, and in CRC cell lines co-cultured with monocyte in vitro.
RESULTS
In the patients with TCA19 score higher than the median, the PFS rates of eight
patients who received the targeted regimens were significantly higher than the
PFS rates of four patients who received 5-fluorouracil-based regimen (P = 0.041).
In multivariate analysis, expression of signaling lymphocytic activation molecule
family, member 7 (SLAMF7) and triggering receptor expressed on myeloid cells 1
(TREM1) was associated with PFS in the 60-patient cohort. After checking
another 10 validate set, the expression of the IHC, the level of real-time qPCR,
and the level of western blot were lower for SLAMF7 and higher for TREM7 in
primary and metastatic tumors than in normal tissues. In CRC cells expressing
SLAMF7 that were co-cultured with a monocytic cell line, levels of CD 68 and CD
73 were significantly lower at day 5 of co-culture than at day 0.
CONCLUSION
The TCA19 score might be prognostic for target-regimen-specific PFS in stage IV
CRC. Down-regulation of SLAMF7 and up-regulation of TREM1 occur in
primary and metastatic tumor tissues.
Key words: Colorectal cancer; Prognosis; Immunotherapy; Signaling lymphocytic
activation molecule family, member 7; Triggering receptor expressed on myeloid cells 1
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The current study showed that in the patients with stage IV colorectal cancer
(CRC) and a higher 19-gene based risk classifier score, the target-regimen-specific
progression-free survival (PFS) was significantly increased compared with the 5fluorouracil-regimen-specific PFS. Using another 10 validate set, down-regulation of
signaling lymphocytic activation molecule family, member 7 (SLAMF7) and upregulation of triggering receptor expressed on myeloid cells 1 were identified in primary
and metastatic tumors compared with normal tissue. In CRC cells expressing SLAMF7
that were co-cultured with a monocytic cell line, levels of CD68 and CD73 were
significantly lower at day 5 of co-culture than at day 0.

Citation: Lee JL, Roh SA, Kim CW, Kwon YH, Ha YJ, Kim SK, Kim SY, Cho DH, Kim YS,
Kim JC. Clinical assessment and identification of immuno-oncology markers concerning the
19-gene based risk classifier in stage IV colorectal cancer. World J Gastroenterol 2019;
25(11): 1341-1354
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1341.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1341

INTRODUCTION
According to the Korean National Cancer Information Center, colorectal cancer (CRC)
is the third leading cause of cancer death in South Korea[1]. The survival rate for CRC
in Korea has increased over the past two or three decades, with screening programs,
new chemotherapy regimens (including targeted agents) and advances in surgical
techniques all contributing to survival improvements[2-4]. Further improvements could
be obtained by optimizing selection of treatment regimens for different patients.
Pathological staging according to tumor burden (T), presence of cancer cells in lymph
nodes (N) and evidence for metastasis (M) is a well-known standard for prognosis[5],
and along with other clinicopathological characteristics is used for selection of
patients for adjuvant chemotherapy. However, the response to chemotherapy varies
because of heterogeneity among these patients[6-9].
Genomic profiling of tumors has contributed to our understanding of CRC,
facilitating diagnosis, prognosis and selection of treatments, including targeted
regimens[10]. Multi-gene prognostic classifiers developed in the past decade on the
basis of next-generation sequencing have been used clinically to identify patients at
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risk of recurrence, or to select targeted therapies[11,12]. Previously, we developed a riskscore system based on 19 genes (TCA19) regulated by activation of triggering receptor
expressed on myeloid cells 1 (TREM1) or connective tissue growth factor (CTGF)[8].
The genes were selected by their involvement in tumorigenesis and progression, and
in providing benefit from adjuvant chemotherapy for stage III CRC [8] . Because
survival outcomes in patients with stage IV CRC are poor, and appropriate selection
of targeted therapies is challenging, we attempted in the present study to identify
whether TCA19 scores predicted survival outcomes in patients with stage IV CRC
undergoing different chemotherapy regimens.
The immune-checkpoint inhibitor, pembrolizumab has been shown to have a
greater effect on disease-free survival in CRC with microsatellite instability than
mincrosatellite-stable CRC[13]. The effects of pembrolizumab on survival in patients
with stage IV CRC also depends on patterns of metastasis[14]. Tumor-assosicated
macrophages (TAMs) of the M2 phenotype are present in the stroma of many tumors,
and frequently associated with the progression of several types of cancer and CD68
acts as macrophage marker and TAMs marker[15]. TAMs infiltration at the invasive
hotspot is associated with improvement in both hepatic metastasis and overall
survival in CRC[16]. The function of CD73 in tumor is to facilitate escape from immune
surveillance and to orchestrate the tumor-stroma interaction to promote cancer
growth and metastasis[15]. High expression of CD73 was poor prognostic factor in
CRC[17].
Here, we aim to determine whether the TCA19 system could be used as a
prognostic indicator for stage IV CRC. We also attempt to identify possible target or
marker genes associated with immune functions among the 19 genes, and examined
the biologic behavior of the selected genes in association with immune function.

MATERIALS AND METHODS
Patients
The study included matched tissues from 60 patients with stage IV CRC that were
histologically identified as adenocarcinoma and normal colonic tissue (> 5 cm from
the tumor border), as well as blood. Another 10 patients were also enrolled for
investigation of candidate gene (Supplementary Figure 1). All patients received
surgery at the Asan Medical Center between December 2008 and October 2014, and
CRC tissue and blood samples were acquired at the time of surgery under the patient
consent for tissue and blood sample donation and examination. The metastatic tissue
samples were acquired during the resection of metastatic disease and if the resection
was unavailable, tissue biopsy of metastatic disease during work-up or surgery was
also accepted. The serum was used for extraction of DNA from the centrifuged blood
sample. The study protocol was approved by the Institutional Review Board of Asan
Medical Center (registration No. 2015-0581), in accord with the Declaration of
Helsinki. Clinical and pathologic data were extracted from the medical records.
Patients were staged according to the 8th American Joint Committee on Cancer
(AJCC) staging system.

Reverse transcription-quantitative polymerase chain reaction
Total RNA was extracted from the matched normal and tumor tissues of the patients
using TRIzol reagent (Invitrogen, Carlsbad, CA, United States) according to the
manufacturer’s protocol. The cDNA was synthesized from total RNA by amplification
using random primers and SuperScript II RT (Invitrogen). Quantitative real-time
reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was
performed on a LightCycler 96 using the SYBR Green I Master Mix (Roche,
Mannheim, Germany), in a total volume of 20 μL with the following amplification
steps: initial denaturation at 95 °C for 10 min, which was followed by 45 cycles of
amplification (95 °C for 10 s, Tm for 10 s, and 72 °C for 20 s). Gene expression
determined by RT-qPCR was normalized to human glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). Primers for TCA19 genes are listed in Supplementary
Table 1. Relative levels of gene expression were determined using the ΔΔCt method in
which ΔCt values between one of the TCA19 genes and the GAPDH control [ΔCt =
(Ct)TCA19 genes - (Ct)GAPDH][18]. ΔΔCt was defined as a difference in the ΔCt values between
a normal tissue and a tumor tissue of the same patient [ΔΔCt = (ΔCt)normal (ΔCt)tumor] as previously reported.18 A 2-ΔΔCt value over 1-fold indicates upregulation
of the tested TCA19 gene in a tumor tissue compared with a normal counterpart of the
same patient.

TCA19 risk score
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Figure 1

Figure 1 Progression-free survival in 60 patients with colorectal cancer, classified according to the 19-gene based risk score and chemotherapy regimens.
A: Progression-free (PFS) survival graph in the patients with higher 19-gene based risk (TCA19) score. B: PFS survival graph in the patients with lower TCA19 score.
PFS: Progression-free survival; 5-FU: Fluorouracil-based regimen; FOLFOX: Combined regimen of fluorouracil, leucovorin, and oxaliplatin; FOLFIRI: Combined
regimen of fluorouracil, leucovorin, and irinotecan; Beva/Cetux: Target-regimen including bevacizumab and cetuximab.

A risk score was developed via a previously reported strategy using the Cox
regression coefficient for the TCA19 genes[8,19,20]. The risk score for each patient was
calculated as the sum of each gene’s score, which was derived by multiplying the
expression level of a gene by its corresponding coefficient using previously reported
values (Supplementary Table 2) [8]. The patients were then divided into two groups,
for high or low expression of TCA19 genes using the median of the risk score as the
threshold.

Immunohistochemistry and western blotting
Normal tissue, and primary and metastatic tumor tissues of 10 patients with
metastatic CRC (separate from the initial study cohort of 60 patients), were used for
immunohistochemistry (IHC) studies of the expression of signaling lymphocytic
activation molecule family, member 7 (SLAMF7), TREM1, CD73 and CD68. Formalin
fixed, paraffin-embedded tissue sections were immunohistochemically stained for
protein expression of SLAMF7, TREM1, CD68, and CD73 with a BenchMark XT
automatic immunostaining device (Ventana Medical Systems, Tucson, AZ, United
States) with an OptiView DAB IHC Detection Kit (Ventana Medical Systems)
according to the manufacturer's instructions.
Proteins were extracted from cultured cells using lysis buffer (Cells Signaling
Technology, Danvers, MA, United States). Equal amounts of proteins were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride membranes (Milipore, Billerica, MA, United States). The
membranes were blocked with 5% nonfat milk diluted in Tris-buffer saline containing
of Tween-20 (TBST) for 1h at room temperature before the addition of the appropriate
primary antibody. The membranes were then washed with TBST and incubated with
the appropriate HRP-conjugated secondary antibody (1:10000; Abcam, Cambridge,
United Kingdom) for 1h at room temperature. Protein-antibody complexes were
visualized using a chemiluminescence reagent (New England Nuclear, Boston, MA,
United States). Antibodies used in IHC and western blotting were listed in
Supplementary Table 3.

CRC cell lines, cloning and THP-1 cells
The 10 CRC cell lines (DLD-1, HCT116, HCT15, HT29, LoVo, LS174T, RKO, SW480,
SW620 and WIDR) and two normal colonic cell lines (CCD-18Co and CCD841) were
purchased from the American Type Tissue Culture Collection (ATCC, Manassas, VA,
United States) and maintained in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS). CRC cell lines (DLD-1, RKO, HCT116 and HT29) with minimal
protein expression for SLAMF7 and TREM1 were selected for gene transfection
(Supplementary Figure 2). SLAMF7 and TREM1 cDNA tagged with the peptide
epitope Myc-DDK were purchased from OriGene (Rockville, MD, United States).
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Table 1 Association between differential regulation of 19-gene-based risk classifier genes and clinicopathological factors in 60 patients
with stage IV colorectal cancer
Vari
Percentage of tumors with a log22-ΔΔCT value > 1 compared with matched normal tissue (P value)
able
s
(No.
GAD S1P CDK EGR CTG SER RGS RHO TIMP PHL IL36 SLA
CDK CXC CXC CKS TRE
of
PINE
E2F7 DTL CFB
D45B
R3
N2B
2
F
16
U
1
DA1
RN
MF7
1
L1
L3
2
M1
1
pati
1
ents
)
Mea 0.78 ± 1.45 ± 1.64 ± 3.24 ± 1.23 ± 8.19 ± 10.39 1.01 ± 2.90 ± 5.49 ± 4.40 ± 1.17 ± 9.84 ± 2.46 ± 3.29 ± 2.94 ± 22.76
n±
0.74
4.23
6.03 10.88 1.66 22.49
±
1.59
2.79 14.95 15.22 5.10 34.23 4.68
5.62
6.51
±
SEM
35.49
75.79
of
2ΔΔC
T
Sex
Fem
ale/
male
(27/
33)
Age
≤ 75
vs >
75
(56/
4)

30.55 2.65 ± 14.14
±
4.14
±
76.03
71.65
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24.2
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15.2
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81.8
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78.8
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42.4
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0.13
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0.23
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LVI
No/
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(20/
40)
PNI
No/
Yes
(25/
35)

10.0/ 20.0/ 15.0/ 25.0/ 25.0/ 65.0/ 65.0/ 30.0/ 75.0/ 45.0/ 25.0/ 0/17. 70.0/ 35.0/ 60.0/ 45.0/ 75.0/ 85.0/ 55.0/ 30.0/
32.5
30.0
20.0
42.5
42.5
85.0
80.0
27.5
75.0
75.0
45.0
5
92.5
62.5
75.0
62.5
90.0
92.5
72.5
40.0
0.05

0.31

0.47

0.15

0.15

0.08

0.17

0.53

0.63

0.02

0.11

0.05

0.03

0.04

0.18

0.16

0.13

0.31

0.14

0.32
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22.9
20.0
34.3
40.0
80.0
85.7
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77.1
71.4
37.1
4.3
91.4
54.3
71.4
57.1
91.4
94.3
68.6
45.7
0.04

0.31

0.48

0.43

0.36

0.47

0.02

0.2

0.44

0.17

0.52

0.37

0.1

0.53

0.5

0.57

0.1

0.19

0.46

0.07

CR
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M
36.4
27.3
18.2
45.5
27.3
72.7
81.8
18.2
81.8
72.7
45.5
6.4
90.9
63.6
72.7
72.7
81.8
90.9
90.9
63.6
invo
lve
men
t
No/
Yes
(49/
11)

0.27

0.61

0.68

0.37

0.36

0.44

0.44

0.34

0.44

0.41

0.42

0.02

0.47

0.34

0.57

0.2

0.52

0.7

0.05

0.04

1

GADD45B, control gene. Rt: Right; Lt: Left; Re: Rectum; Lm: Hepatic metastasis; Pm: Pulmonary metastasis; AJCC: American Joint Committee on Cancer;
LVI: Lymphovascular invasion; PNI: Perineural invasion; CRM: Circumferential resection margin; IHC: Immunohistochemistry.

Transient transfection was performed to establish each cell mixture using
Lipofectamine 2000 (Invitrogen). Stable clones were selected by culturing with
aminoglycoside antibiotic G418 for 10 d, and at least two different clones were
generated for each cell line. Human monocytic THP-1 cells were purchased from
ATCC and maintained in RPMI-1640 medium supplemented with 10% FBS. M2polarized THP-1 cells were generated by treatment 50 ng/mL phorbol myristate
acetate (PMA, Sigma-Aldrich, St. Louis, MO, United States) for 24 h followed by
incubation with 25 ng/mL interleukin (IL)-4 and 25 ng/mL IL-13 for 18 h. For
lipopolysaccharide (LPS)-mediated THP-1 activation, cells were plated at a
concentration of 1 × 104 cells/ well in the presence of 1 μg/mL LPS for 18 h.

Co-culturing of THP-1 cells and CRC cells
DLD-1, RKO, HCT116 and HT29 cells were co-cultured with THP-1 cells using
Transwell inserts (Becton Dickinson, Franklin Lakes, NJ, United States) with a 0.4 μm
porous membrane to create separate upper and lower chambers. CRC cells were
cultured in the lower chamber at 1 × 104 cells/mL, and THP-1 cells were cultured in
the upper chamber. CRC cells and THP-1 cells were collected 5 d after co-culture
(Supplementary Figure 3).

Immunofluorescence staining
Adherent CRC cells collected after 5 d of co-culture were seeded on 96-well plates
coated with collagen type I (Greiner Bio-One #655956, Frickenhansen, Germany).
Cells were fixed for 30 min with 4% paraformaldehyde in ice-cold phosphate-buffered
saline (PBS), quenched for 5 min with 50 mmol/L NH4Cl, and incubated overnight at
4 °C with primary antibody diluted 1:100 in 5% normal goat serum (NGS) in PBS.
Cells were washed three times with PBS and incubated for 1 h with secondary
antibody at 1:500 dilution. Primary and secondary antibodies used in
immunofluorescence staining (IFS) were listed in Supplementary Table 3. Cells were
then washed three times with PBS, followed by nuclear counterstaining with 2 μg/mL
DAPI for 1 min.

High-throughput imaging
Stained 96-well plates were imaged with a high-content wide-field fluorescence
imaging system coupled to Harmony software version 3.5 (Operetta: PerkinElmer,
Waltham, MA, United States). Wells were imaged with a × 40 objective lens in a single
focal plane across each plate. Twelve fields of views (each 510 μm × 675 μm) were
imaged per well, with an identical pattern of fields used in every well.

Statistical analysis
Differential expression of individual TCA19 genes was compared with levels of
clinico-pathological variables by the χ-square test, and the unpaired Student’s t-test or
Mann-Whitney U-test, as appropriate. The Kaplan-Meier method was used to
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Table 2 Multivariate analyses of prognostic factors associated with progression-free survival
using Cox-regression
P value

Hazard ratio

CI lower

CI upper

N-category

0.02

0.569

0.349

0.927

LVI

0.004

2.559

1.347

4.862

PNI

0.538

0.837

0.476

1.473

CRM

0.004

2.931

1.398

6.143

Bormann type

0.3

0.731

0.402

1.327

SLAMF7

0.003

0.206

0.072

0.589

CKS2

0.018

0.484

0.266

0.883

TREM1

0.017

0.471

0.254

0.875

CI: Confidence interval; CKS-2: Cyclin-dependent kinases regulatory subunit 2; CRM: Circumferential
resection margin; LVI: Lymphovascular invasion; PNI: Perineural invasion; SLAMF7: Signaling lymphocytic
activation molecule family, member 7; TREM1: Triggering receptor expressed on myeloid cells 1.

calculate the survival outcomes, and the difference in survival between two groups
was assessed using log-rank tests. The prognostic association between the signature
and potential risk factors was assessed using multivariate Cox proportional hazard
regression models. Statistical significance was expressed as P < 0.05, and the analyses
were performed using SPSS software version 21 (IBM Corporation, Armonk, NY,
United States).

RESULTS
Characteristics of the patients
Of the study cohort, 33 were male and 27 were female, with a median age of 61 years
(interquartile range 52-69 years). The cancer was located in the right colon (cecumsplenic flexure of transverse colon) in 16 patients, the left colon (splenic flexure of
transverse colon-distal sigmoid colon) in 28 patients, and in the rectum in 16 patients.
Curative surgery (R0 resection) was performed in 14 patients. All patients received
chemotherapy after the surgery consisting of single-agent treatment with 5fluorouracil (5-FU) or capecitabine (n = 9), a combination of 5-FU and oxaliplatin (n =
22), 5-FU and irinotecan (n = 13), or targeted agents (n = 16), whether the choice of all
chemotherapy was according to the oncologist’s opinion. Nine patients received
postoperative concurrent chemoradiotherapy (50.4 Gy in 28 fractions with concurrent
5-FU). The median follow-up period was 16 mo with an interquartile range (IQR) of 924 mo (Supplementary Table 4).

Association of progression-free survival with TCA19 scores and chemotherapy
regimens
The study cohort was dichotomized on the basis of TCA19 risk scores. Progressionfree survival (PFS) was not significantly different in the high (8 mo, IQR 6-10 mo) and
low (9 months, IQR 8-10 mo) TCA19-score groups (P = 0.42). Among 30 patients with
high TCA19 scores, the PFS rates were significantly different (P = 0.041) between four
patients who received 5-FU regimen and eight patients who received the targeted
regimens (bevacizumab or cetuximab). PFS rates among patients with low TCA19
scores did not differ significantly according to the chemotherapy regimens (P = 0.61)
(Figure 1).

Expression of individual TCA19 genes is associated with clinicopathological
variables and PFS
For each clinicopathological variable, the proportion of patients in each different
condition with qPCR log22−ΔΔCt values greater than one (indicating a greater than onefold increase in gene expression in the tumor relative to normal tissue) were
compared (Table 1). For lymphovascular invasion (LVI), the proportions of patients
with relative expression (log22−ΔΔCt greater than one) were significantly higher in the
presence of invasion than in its absence for PHLDA1, E2F7, and DTL, and SLAMF7 (P
= 0.02, 0.05, 0.03, 0.04, respectively). Similarly, for perineural invasion, the proportion
of patients with relative expression was significantly higher in the presence of
invasion than in its absence for RGS16 (P = 0.02). A lower proportion of patients had
CXCL1 log22−ΔΔCt values greater than one in the presence of synchronous hepatic
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Figure 2

Figure 2 Expression of CD68 in a signaling lymphocytic activation molecule family, member 7-expression colorectal cancer cell line. High-through imaging
and results of CD68(+)/signaling lymphocytic activation molecule family, member 7 (SLAMF7)(+) at day 0 and day 5 of co-culture with THP-1 monocytes, THP-1 M2
macrophages, and lipopolysaccharide activated THP-1. On day 5, expression of CD68 was significantly lower than day 0 in the SLAMF7-expressing region. SLAMF7:
Signaling lymphocytic activation molecule family, member 7; LPS: Lipopolysaccharide; CRC: Colorectal cancer.

metastasis than its absence (P = 0.03). The proportion of patients with log22−ΔΔCt values
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Figure 3

Figure 3 Expression of CD73 in a signaling lymphocytic activation molecule family, member 7-expression colorectal cancer cell line. High-through imaging
and results of CD73(+)/signaling lymphocytic activation molecule family, member 7 (SLAMF7)(+) at day 0 and day 5 of co-culture with THP-1 monocytes, THP-1 M2
macrophages, and lipopolysaccharide activated THP-1. On day 5, expression of CD73 was significantly lower than day 0 in the SLAMF7-expressing region. SLAMF7:
Signaling lymphocytic activation molecule family, member 7; LPS: Lipopolysaccharide; CRC: Colorectal cancer.

greater than one was significantly higher in the presence than in the absence of
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involvement of circumferential resection margin (CRM) for SLAMF7, CKS2 and
TREM1 (P = 0.02, 0.05, 0.04, respectively). These associations, as well as associations
with the presence of comorbidity, family history, tumor location and the pattern of
carcinoembryonic antigen, are shown in Table 1.
PFS was positively associated with relatively higher expression in tumor of
SLAMF7, CXCL1, and CXCL3 and negatively associated with relatively higher
expression of TREM1 (Supplementary Figure 4). Additionally, a multivariate Cox
proportonal hazard regression model was used to analyze the associations of PFS
with expression of individual TCA19 genes and with clinicopathological variables.
This analysis showed that LVI, CRM involvement, and expression of SLAMF7, CKS2
and TREM1 were significantly associated with PFS (Table 2).

SLAMF7 and TREM1were differentially expressed in the 60 CRC patients with CRC
The association of expression of SLAMF7 and TREM1 with clinicopathological
variables and PFS, as well as their immune-related gene functions, suggested that
they were possible candidate genes. The relative mRNA expression of the SLAMF7
and TREM1 genes was assessed in the 60 CRC patients of the primary study group. In
53 patients, SLAMF7 expression was lower in tumor tissue than in normal tissue,
giving a mean 2−ΔΔCt value of 0.2, compared with a mean 2−ΔΔCt value of 1.17 in 7
patients. In 22 patients, TREM1 expression was higher in tumor tissue than in normal
tissue, giving a mean 2−ΔΔCt value of 37.95, compared with a mean 2−ΔΔCt value of 14.14
in 38 patients.

Expression of SLAMF7 and TREM1 in CRC was validated in a further 10 patients
Additional validation for the pattern of mRNA expression of SLAMF7 and TREM1
was obtained through RT-qPCR, western blotting and IHC of normal and tumor
tissue samples of 10 additional patients with stage IV CRC. The results showed
similar pattern to those with the initial 60-patient cohort, with lower expression of
SLAMF7 and higher expression of TREM1 mRNA and protein in tumor tissue than
normal tissue (Supplementary Figure 5). In additional analysis of 27 patients (separate
from the 60 study cohort and the 10 validation set), SLAMF7 expression in 7 patients
was lower in tumor tissue than in normal tissue (mean 2−ΔΔCt value: 20.21) and TREM1
expression in 18 was higher in tumor tissue than in normal tissue (mean 2−ΔΔCt value:
37.21) (Supplementary Table 5).
The results of western blotting were consistent with those of the mRNA expression
study, with lower expression of SLAF7 and higher expression of TREM1 in primary or
metastatic tumor tissues than in normal colonic tissue (Supplementary Figure 6).
However, in IHC, both SLAMF7 and TREM1 were expressed at significantly higher
levels in primary or metastatic tumor tissues than in normal colonic tissue
(Supplementary Table 6).

Results from high-throughput imaging
SLAMF7 and TREM1 have functions in immune responses, so their relationships with
CD68 and CD73 were assessed by high-throughput imaging. Baseline IHC for these
proteins was performed with tissues from the validation cohort of 10 patients with
stage IV CRC, and showed TREM1 staining in plasma membrane, extracellular
regions and intracellular regions, and SLAMF7 staining in plasma membranes and
integral components of membranes (Supplementary Figure 7). CD68 was expressed in
stroma (especially membranes), and CD73 was expressed in tumor stroma
(Supplementary Figure 8).
CRC cells lines over-expressing SLAMF7 or TREM1 were co-cultured with THP-1
cells, and protein expression in the CRC cells before and after 5 d of co-culturing was
compared by high-throughput immunofluorescence imaging. Specifically, expression
of CD68 or CD73 was determined in regions expressing SLAMF7 or TREM1. At day 5,
co-expression of both CD68 and CD73 with SLAMF7 was significantly lower than at
day 0 (both P = 0.029) (Figures 2 and 3). Co-expression of CD68 or CD73 with TREM1
was not significantly different at day 5 from that at day 0 (Supplementary Figure 9).

DISCUSSION
Our results indicated that TCA19 might be useful for prediction of sensitivity of
patients with stage IV CRC to targeted chemotherapy, as demonstrated previously for
stage III CRC[8]. Specifically, a high score with the TCA19 classifier suggests that a
patient is a possible responder to a targeted regimen. In our cohort of 60 patients with
stage IV CRC, a high TCA19 score was associated with a 4-mo survival benefit for
targeted regimens compared with the 5-FU regimen. Few efficient biomarkers have
been discovered for prediction of responses to targeted regimens (existing marker
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include the products of KRAS, NRAS, BRAF and PIK3CA genes), although attempts to
identify such markers have used laboratory and clinical approaches[11,21-24]. A high
TCA19 score might now be considered as a biomarker of the response to targeted
chemotherapy in metastatic CRC.
In terms of survival outcomes, our results with multivariate analysis showed that
expression levels of SLAM7, TREM1, and CKS2 were independent risk factors of PFS.
Expression of these genes was also significantly related to lympho-vascular invasion,
perineural invasion, and involvement of circumferential resection margin. In our
validation cohort of 10 additional patients, mRNA and protein levels were
significantly different from primary tumor and metastatic tumor tissues, compared
with normal tissues in SLAMF7 and TREM1. These results might suggest that
expression of SLAMF7 and TREM1 was related to progression and metastasis of CRC.
A previous report showed that inflammation was a critical component of tumor
progression [25] and in this specific view, both SLAMF7 and TREM1 might be
associated with the link between inflammation and cancer.
SLAM-family receptors are expressed on hematopoietic cells, and SLAMF7 has an
inhibitory role in human monocytes to control pro-inflammatory immune
responses[26,27]. A relationship between SLAMF7 and multiple myeloma has previously
been demonstrated[28,29], but no report have been published describing correlation
between SLAMF7 and CRC. Here, we determined that SLAMF7 was under-expressed
in CRC tissue compared with normal tissue, and that SLAMF7 might have an
inhibitory role in expression of CD68 and CD73. Immune responses in lymphocytes
and mast cells are associated with pathological responses to chemotherapy, and with
PFS in metastatic CRC[30]. Although further studies including mechanistic study to
investigate the relationships between immune-check point and SLAMF7 or between
MHC class and SLAMF7 or clinical studies to be use elotuzumab (SLAMF7-directed
immunostimulatory antibody)[29] in CRC are required, SLAMF7 might have potential
as an immunotherapeutic target or as a marker for metastatic CRC.
TREM1 enhances degranulation and secretion of pro-inflammatory mediators, and
is a potent amplifier of pro-inflammatory innate immune responses[31]. Here, we
showed that TREM1 had, overall, higher level of expression in tumor tissue than in
normal tissue in RT-qPCR and IHC stain, and TREM1 gave a tendency of enhanced
expression of CD68 and CD73. In results derived from experimental colitis and tissue
from inflammatory bowel disease, TREM1 inhibition was shown to attenuate
inflammation and tumor growth with the colon[32]. High TREM1 expression in tumors
is associated with an abundance of neutrophils and high expression of several innate
pro-inflammatory genes that might be associated with tumorigenesis in CRC[33]. Our
results did not demonstrate a significant difference between day 0 and day 5 in terms
of expression of CD68 and CD73 in TREM1-expressing CRC cells, possibly because
expression of TREM1 was generally absent in the macrophages of normal colon
mucosa, whereas TREM1-expressing macrophages showed significant up-regulation
in the diseased colon tissue[34].
To improve the survival rate in metastatic CRC, immunotherapy has been
proposed as a treatment option in CRC with microsatellite instability[35], which is
associated with immune responses, including up-regulation of immune checkpoint
inhibitory molecules such as PD-1, PD-L1 and CTLA4[36,37]. Patients with CRC with
microsatellite instability have more mutations and are more responsive to
immunotherapy with PD-L1/PD-1 blockade than patients with microsatellite-stable
CRC[13,35]. As the number of the patients with CRC with microsatellite instability is
limited and therapeutic targeting of microsatellite-stable CRC is difficult, additional
immune checkpoints and immunomodulatory molecules still need to be investigated
to provide adequate therapeutic coverage for all patients with CRC.
Our study had some limitations, including the small number of patients with the
limited use of targeted regimens to assess a clinical implication of the TCA19 risk
score and to validate SLAMF7 and TREM1 as suitable candidate. Also, our
investigation was limited to assessment of relationship between SLAMF7/TREM1
and CD68/CD73. Further evaluation of other pro-inflammatory mediators with a
large study cohort is required and ongoing, to identify any relationship between the
expression of SLAMF7/TREM1 and immune-system regulation, and to find possible
roles for the targeting of SLAMF7 and TREM1 in new treatment regimens for CRC.
In conclusion, TCA19 may provide prognostic information in patients with
metastatic CRC, helping to identify those who will respond to targeted chemotherapy.
Expression of SLAMF7 is down-regulated (whereas TREM1 is up-regulated) in
primary or metastatic CRC tumors compared with normal colon tissue. SLAMF7
might have an inhibitory role in the immune response in CRC, whereas TREM1, if
anything, has a tendency to enhance the immune response. Further mechanistic and
functional studies with large cohorts are now required to confirm these relationships.
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ARTICLE HIGHLIGHTS
Research background
Our team previously developed a risk score system based a 19 gene-based scoring system
(TCA19), worked as a prognostic factor in stage II-III colorectal cancer (CRC). Stage IV CRC is
still challenging in the treatment including target-regimen and immunotherapy.

Research motivation
It is needed to identify whether the TCA19 scores predict survival outcomes in patients with
stage IV CRC undergoing different chemotherapy regimens including target-regimen and 19
genes are related to immuno-oncology.

Research objectives
The current study aims to determine whether the TCA19 system can be used as a prognostic
indicator for stage IV CRC and to identify possible target or marker genes associated with
immune functions from 19 genes.

Research methods
A retrospective review of the medical records of 60 patients with stage IV CRC was conducted,
assessing clinico-pathologic variables, and progression-free survival (PFS). TCA19 gene
expressions were determined by real-time quantitative polymerase chain reaction (RT-qPCR) in
matched normal, primary tumor, and metastatic tumor tissues taken from the 60 study cohort.
After selection of genes, related to immuno-oncology, expression of potential target or marker
genes were examined by RT-qPCR, immunohistochemistry, western blot, and
immunofluorescence staining using tissues from 10 validate set and in CRC cell lines co-cultured
with monocytes in vitro.

Research results
In the patients with higher TCA19 score, the PFS rates of the patients with target-regimen were
significantly higher than the patients with 5-fluorouracil-based regimen. In multivariable
analysis, expression of signaling lymphocytic activation molecule family, member 7 (SLAMF7)
and triggering receptor expressed on myeloid cells 1 (TREM1) was associated with PFS. From the
results of the 10 validate set, down-regulation of SLAMF7 and up-regulation of TREM1 were
observed in primary tumor and metastatic tumor tissues compared with normal tissue. In CRC
cells expressing SLAMF7 that co-cultured with a monocytic cell line, levels of CD68 and CD73 in
IFS imaging were significantly lower at day 5 of co-culture than at day 0. This result suggests
that SLAMF7 may have an inhibitory role in the immune response.

Research conclusions
TCA19 system may be used as a prognostic indicator for stage IV CRC in terms of use of targetregimen. SLAMF7 and TREM1 may be related to tumorigenesis and progression according to
down-regulation of SLAMF7 and up-regulation of TREM1 in tumor tissue.

Research perspectives
The current study found an inhibitory role of the SLAMF7 in the immune response. Recently, it
is known that the patients with microsatellite-high CRC may respond the immune therapy. In
this concept, the direction of the future research is the role of SLAMF7 in the patients with stage
IV CRC in terms of the immune therapy.
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Abstract
BACKGROUND
Fatty liver (FL) is now a worldwide disease. For decades, researchers have been
kept trying to elucidate the mechanism of FL at the molecular level, but rarely
involve the study of morphology and medical physics. Traditionally, it was
believed that hemodynamic changes occur only when fibrosis occurs, but it has
been proved that these changes already show in steatosis stage, which may help
to reveal the pathogenesis and its progress. Because the pseudolobules are not
formed during the steatosis stage, this phenomenon may be caused by the
compression of the liver microcirculation and changes in the hemodynamics.
AIM
To understand the pathogenesis of hepatic steatosis and to study the
hemodynamic changes associated with hepatic steatosis.
METHODS
Eight-week-old male C57BL/6 mice were divided into three groups randomly
(control group, 2-wk group, and 4-wk group), with 16 mice per group. A hepatic
steatosis model was established by subcutaneous injection of carbon tetrachloride
in mice. After establishing the model, liver tissue from mice was stained with
hematoxylin and eosin (HE), and oil red O stains. Blood was collected from the
angular vein, and hemorheological parameters were estimated. A two-photon
fluorescence microscope was used to examine the flow properties of red blood
cells in the hepatic sinusoids.
RESULTS
Oil red O staining indicated lipid accumulation in the liver after CCl4 treatment.
HE staining indicated narrowing of the hepatic sinusoidal vessels. No significant
difference was observed between the 2-wk and 4-wk groups of mice on
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morphological examination. Hemorheological tests included whole blood
viscosity (mPas, γ = 10 s-1/γ = 100 s-1) (8.83 ± 2.22/4.69 ± 1.16, 7.73 ± 2.46/4.22 ±
1.32, and 8.06 ± 2.88/4.22 ± 1.50), red blood cell volume (%) (51.00 ± 4.00, 42.00 ±
5.00, and 40.00 ± 3.00), the content of plasma fibrinase (g/L) (3.80 ± 0.50, 2.90 ±
0.80, and 2.30 ± 0.70), erythrocyte deformation index (%) (44.49 ± 5.81, 48.00 ±
15.29, and 44.36 ± 15.01), erythrocyte electrophoresis rate (mm/s per V/m) (0.55 ±
0.11, 0.50 ± 0.11, and 0.60 ± 0.20), revealing pathological changes in plasma
components and red blood cells of hepatic steatosis. Assessment of blood flow
velocity in the hepatic sinusoids with a laser Doppler flowmeter (mL/min per
100 g) (94.43 ± 14.64, 80.00 ± 12.12, and 67.26 ± 5.92) and two-photon laser
scanning microscope (μm/s) (325.68 ± 112.66, 213.53 ± 65.33, and 173.26 ± 44.02)
revealed that as the modeling time increased, the blood flow velocity in the
hepatic sinusoids decreased gradually, and the diameter of the hepatic sinusoids
became smaller (μm) (10.28 ± 1.40, 6.84 ± 0.93, and 5.82 ± 0.79).
CONCLUSION
The inner diameter of the hepatic sinusoids decreases along with the decrease in
the blood flow velocity within the sinusoids and the changes in the systemic
hemorheology.
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Core tip: We evaluated the situation of blood flow in the hepatic sinusoids in hepatic
steatosis mice, and found that both the velocity of the blood flow in the sinusoid and the
diameter of the sinusoid decreased when the mice got fatty liver. Furthermore, we
established the 3D imaging of the hepatic sinusoids to observe the sinusoids directly.

Citation: Fan J, Chen CJ, Wang YC, Quan W, Wang JW, Zhang WG. Hemodynamic changes
in hepatic sinusoids of hepatic steatosis mice. World J Gastroenterol 2019; 25(11): 13551365
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1355.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1355

INTRODUCTION
Fatty liver (FL) is a reversible condition in which large vacuoles of triglyceride fat
accumulate in the liver cells by the process of steatosis, including hepatic steatosis and
steatohepatitis. It is a disease related to heredity, environment, and metabolic stress
and is a chronic disease that impairs multiple systems[1]. Recent studies have reported
that the pathogenesis of fatty liver is always accompanied by hepatic hemodynamic
changes that induce abnormal fluid flow in the Disse space. The receptors or water
channels on the surface of hepatocytes receive the signals of flow and then affect lipid
metabolism in the liver cells, increasing hepatic lipid absorption and synthesis, thus
resulting in the condition of hepatic steatosis[2]. However, there has been little research
on the relationship between hemodynamic changes in hepatic sinusoids and the
development of hepatic steatosis.
Carbon tetrachloride-induced hepatic steatosis is a classical experimental mouse
model often used to study the molecular mechanisms of liver injury and the effects of
drugs[3]. The CCl4-induced hepatic steatosis model can accurately demonstrate the
changes in the morphology and the function of hepatocytes, and it is highly stable and
cost-effective. The mechanism underlying CCl4-induced damage to the hepatocytes
has been largely researched. The current consensus in the academic community is that
the hepatotoxicity of CCl4 is multifaceted, including production of CCl4-derived
reactive oxygen species (ROS), lipid peroxidation, covalent bonding of
macromolecules, imbalance in calcium homeostasis, nucleic acid hypomethylation,
inflammatory cytokines production and so on[4].
The two-photon laser scanning microscope (TPLSM) was developed by Webb and
his colleagues in 1990 works by using a pulsed laser that emits light in the infrared
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spectrum[5]. With the progress of two-photon fluorescence microscopy technique[6],
many studies were conducted to assess the characteristics of blood flow in the
microcirculation of other organs using two-photon laser scanning microscopy [7] .
However, there has been no particular study examining the characteristics of blood
flow in the hepatic sinusoids.
The hemodynamic characteristics of the liver are closely related to the anatomical
structure of the liver. The liver has dual blood supply systems, which are composed of
the hepatic artery and portal vein. The blood flowing in the microcirculation of the
liver is different from that in other organs. In general, one-third of the liver blood is
supplied by the hepatic artery and approximately two-thirds is supplied by the portal
vein. Although the proportion of blood supplied by the hepatic artery is relatively
small, it supplies most of the oxygenated blood needed by the liver. As the blood in
the portal vein is derived from intestinal venous blood, it is rich in nutrients, which
are used by the body after being metabolized in the liver. Most previous studies have
focused on the hemodynamic changes in the great vessels of the liver, such as the
changes in the blood pressure of the hepatic portal vein and the changes in the blood
flow of the hepatic portal vein, but they have rarely focused on the hemodynamic
changes in hepatic sinusoidal microcirculation[8,9]. Therefore, we intended to use the
two-photon fluorescence microscopy to study the morphological structure of the
hepatic sinusoids and to assess the characteristics of blood flow in the sinusoids using
the CCl4 hepatic steatosis mouse model. This study aimed to explore the changes in
blood flow in the hepatic sinusoids under the condition of hepatic steatosis, thus
providing support for the prevention and treatment of hepatic steatosis.

MATERIALS AND METHODS
Animal experiments and drug treatment
All experiments were approved by the Local Ethics Committee for Animal Research
Studies at the Peking University Health Science Center. Eight-week-old male
C57BL/6 mice, weighting 20-25 g, kept on standard laboratory chow and with free
access to drinking water, were used in this study. They were housed in a restricted
access room with controlled temperature (23 °C) and a light/dark (12 h/12 h) cycle.
Forty-eight male mice were divided into three groups: control group, 2-wk treatment
group, and 4-wk treatment group. In the control group, the mice received injections of
olive oil every three days up to 4 wk. The 2-wk group was treated with olive oil
injections during the first two weeks and with CCl4 injections (40% CCl4 in olive oil
was injected subcutaneously on the back; dose calculated as 30 μL/g body weight)
during last two weeks. The 4-wk group was treated with injections of 40% CCl4 in
olive oil for 4 wk. After treatment with CCl4 or olive oil, eight mice of each group were
anaesthetized for examining the velocity of blood flow in the superficial vessels of the
liver by using a laser Doppler detector. Subsequently, these mice were sacrificed; their
livers were collected and fixed in 10% neutral buffered formalin (NBF) for histological
examination; the blood was collected in an anticoagulant tube for hemorheological
investigation. Another eight mice were prepared for hemodynamic assessment by
using a TPLSM to examine hepatic sinusoidal blood flow.

Estimation of blood flow velocity in superficial hepatic vessels
The mice were anaesthetized with 1% sodium pentobarbital (50 μg/g body weight,
intraperitoneally [i.p.]). The abdomen was opened, and the liver was exposed; the left
lobe was selected for estimation of blood flow velocity using a laser Doppler
flowmeter (Advanced Laser Flowmeter ALF2, Japan). Ten positions of the liver were
explored, and the average value was calculated after estimating for 3 times per
position. Finally, all ten positions were explored and the results were analyzed.

Histology assay
For the best fixation effect, the liver sample tissue of about 10 mm × 5 mm × 5 mm
was used. We used 10% NBF as the fixative. Hematoxylin and eosin (HE) and oil red
O staining were performed using standard procedures. The oil red O positive areas
were quantified as described previously.

Hemorheological investigation
The mice were anesthetized with 1% pentobarbital sodium (50 μg/g body weight,
i.p.); the blood from the angular vein was collected with a 0.5-mm capillary tube into
the anticoagulant tube. For the red blood cell-specific volume [hematocrit (HCT)], we
used the capillary tube. Hemorheological parameters, such as the erythrocyte
deformation index (STEELLEX LGB-190, Beijing), fibrinogen level, erythrocyte
electrophoresis rate (LIANG-100 Red cell electrophoresis apparatus, Beijing), and
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whole blood viscosity (R80B Viscometer), were assessed.

Blood flow velocity in the hepatic sinusoids
After anesthetizing the mice, 200 μL of fluorescein isothiocyanate -dextran (wt 70000,
Sigma, America) was injected intravenously (25 mg in 1 mL saline, intravenous
injection via the tail vein)[10]. After 10 min when the fluorescent dye entered into the
blood, it could not be taken up by blood cells due to the presence of blood cell
membranes, therefore, under the laser excitation of the TPLSM, the dye in the blood
fluoresced, while no such effect was seen in the cell due to no uptake of the dye. The
inner side of the sinusoids often allows the pass-through of a single red blood cell
when the red blood cells flow with the plasma. Therefore, the speed of red blood cells
was used to represent the blood flow velocity within the sinusoids. The left lobe of the
liver was surgically exposed with a small opening under the sternum. Keeping the
lobe wet with saline, scanning of the lobe was performed under the TPLSM
(inversion, Leica TCS SP8 MP) for estimating the velocity of blood in the sinusoids
situated at 100-200 μm from the central vein[11]. In each mouse, ten blood vessels in
different parts of the same lobe of the liver were selected for the estimation;
meanwhile, the diameter of the sinusoids was measured.

Statistical analysis
All values are presented on graphs as the mean ± SEM. The comparison between
multiple groups was performed by one-way ANOVA followed by Dunnett's multiple
comparison test. P-values < 0.05 were considered statistically significant.

RESULTS
Weight
Before injection of CCl4 into the mice, their weights were recorded and monitored to
maintain their healthy status (Figure 1). It was reported that the weights of the mice in
the 2-wk group decreased during the third week, especially after injection of CCl4,
which might have resulted from the toxic effect of CCl4. Thus, the mice experienced a
weight loss in response to the stress induced by the injected drug.

Histological staining
After four weeks of treatment with CCl4 or olive oil, the livers of the two CCl4-treated
groups were larger, harder, and had more rough surfaces than those of the control
group. HE staining of paraffin sections of the liver tissue (Figure 2A) in the control
group revealed that the liver morphology was normal, the cytoplasmic staining was
homogeneous, and the cell nuclei were distinct. The internal diameter of the hepatic
sinusoid was larger near the central vein of the hepatic lobule. The liver morphology
was also normal in the 2-wk group, and no obvious lipid molecules were observed. In
the 4-wk group, there were vacuolar structures of different sizes in the liver cells. The
internal diameters of sinusoids were difficult to be accurately estimated by HE
staining. Oil red O staining (Figure 2B) of the frozen section of the liver tissue in the
control group showed no positive region, indicating that no significant lipid
accumulation in the liver. After the injections of CCl4 for two weeks, the mouse liver
showed obvious orange-red lipid molecules after oil red O staining, and there were
more positive areas around the central vein. Meanwhile, after CCl4 injection for four
weeks, a large number of lipid vacuoles were seen in the internal hepatic regions, as
well as in regions around the central vein, indicating that as the duration of CCl4
treatment increased, hepatic steatosis became more severe.

Hemorheology characteristics
The changes in the viscosity of the blood are shown in Figure 3A, under the shear
rates of γ = 10 s-1 and γ = 100 s-1. With the extension of time after CCl4 injection, the
blood viscosity increased with a different shear rate; however, there was no statistical
difference (P > 0.05). HCT decreased with the extension of time after CCl4 injection
(Figure 3B). The HCT value was significantly decreased in the 4-wk group compared
to that in the control group (P = 0.029). With the extension of time after CCl4 injection,
the amount of fibrinogen in the blood decreased (Figure 3C), and the blood fibrinogen
level in the 4-wk group was lower than that in the control group (P = 0.061). The
results (Figure 3D) of estimating the erythrocyte deformation coefficient after CCl4
injection showed a downward trend, according to which, the erythrocyte deformation
index of the 4-wk group was not statistically significant as compared to that of the
control group (P = 0.121). The results (Figure 3E) of this study showed that with the
extension of time after CCl4 injection, the erythrocyte electrophoresis rate in the mice
showed an upward trend but without much statistical significance (P = 0.882).
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Figure 1

Figure 1 Change curves of mouse weights. The 2-wk group was treated with CCl4 injection after the second week
of injecting olive oil. The results show that the weights of the mice decreased after CCl4 treatment.

Blood flow velocity and diameters of the sinusoids
Under the microscope, the bright regions represented the location of the sinusoids
(Figure 4A), whereas the dark spots in the bright regions represented the red blood
cells (Figure 4B). A TPLSM could selectively scan the sinusoids located along a
straight line and thus one-dimensional image changes along a straight line could be
visualized. As the red blood cells appeared as dark spots in the field of vision, the
black line in Figure 4C indicates the trajectory of red blood cells. In the graph, the time
is plotted on the vertical axis to show the time-related changes in the image of the
sinusoids scanned along the straight line by the TPLSM. If the figure shows that one
erythrocyte moves 107.43 μm within 302 ms, the blood velocity in the sinusoid can be
calculated as 354.4 μm/s. In this manner, the blood flow velocity in the left hepatic
lobe of the control group, the 2-wk group, and the 4-wk group was measured (Figure
4D). It can be elucidated from the figure that, the blood flow velocity in hepatic
sinusoids in 2-wk group (P < 0.05) and 4-wk group (P < 0.01) were less than that in the
control group. This suggested that the rate of exchange of a single red blood cell in the
sinusoids decreased significantly after hepatic steatosis in mice. At the same time, it
was concluded that after measuring the hepatic sinusoidal diameters, the
intravascular diameters of the hepatic sinusoids of the 2-wk (P < 0.05) and 4-wk (P <
0.01) groups were significantly lower than those of the control group (Figure 4E).
Using a laser Doppler flow meter to measure the blood flow velocity of the superficial
blood vessels of the mouse liver (Figure 4F), the blood flow velocity in the liver of
mice decreased as a whole after CCl4 injection. There was a statistical difference in the
blood flow velocity between the control group and the 4-wk group (P < 0.05);
however, no significant difference was noted between the control group and the 2-wk
group. The morphology of the hepatic sinusoids was directly observed under a twophoton fluorescence microscope. It was found that the mice in the control group had
regular and uniform hepatic sinusoids, whereas the sinusoidal falsifications in the 2wk and 4-wk groups were obvious, and the mean hepatic sinusoidal diameters in the
respective groups were reduced. Fluorescent dye was exudated from the sinusoids,
which resulted in decreased brightness, suggesting a change in vascular permeability
(Figure 4G). Finally, using the high penetration of the TPLSM, XYZ scanning was
performed to construct a 3D image of the hepatic sinusoids (Figure 4H).

DISCUSSION
In this study, a two-photon fluorescence microscope was used to detect changes in
blood flow in hepatic sinusoids in the CCl4-induced hepatic steatosis mouse model.
The experimental results showed that in the presence of hepatic steatosis, the blood
flow velocity in the hepatic sinusoids decreased along with the decrease in the
internal diameter of the hepatic sinusoids. At the same time, blood flow velocity in the
relatively large superficial hepatic vessels also decreased. Movement of red blood cells
in the hepatic sinusoids was visually observed for the first time, to our knowledge,
using a two-photon fluorescence microscope, and a 3D fluorescence image of the
hepatic sinusoids was constructed.
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Figure 2

Figure 2 Lipid deposition occurring in the liver after CCl4 treatment. A: Hematoxylin and eosin staining of paraffin section of liver tissue. The scale bar refers to
100 μm. B: Oil red O staining of frozen section of liver tissue. There was no lipid deposition in the control group; while in the 2-wk and 4-wk groups, a large amount of
lipid deposition occurred after CCl4 injection. The scale bar refers to 100 μm.

At present, the common methods for modeling of hepatic steatosis in animals
include induction with a high-fat diet, with a methionine- and choline-deficient diet,
and with carbon tetrachloride [12] . Under normal circumstances of using carbon
tetrachloride model, hepatic steatosis can be observed within two to four weeks[13].
Therefore, carbon tetrachloride has become a classical method of fast and stable
modeling[14]. The mechanism of carbon tetrachloride-induced hepatic steatosis model
can be explained as follows: carbon tetrachloride produces peroxidative stress in
hepatocytes, which leads to changes in the lipid metabolism within hepatocytes and
results in hepatic steatosis[15]. In our study of hepatic hemodynamics, it was needed to
consider the changes in liver morphology only and explore the impact of these
changes on liver and systemic blood flow. There was no need to consider the
metabolic processes of the liver itself, hence CCl4-induced hepatic steatosis model was
used.
Blood viscosity is the most intuitive and direct indicator of blood rheology[16].
Changes in blood viscosity can cause hemodynamic changes. It was found from the
experimental results that the blood viscosity in mice did not change with the
occurrence of fatty changes in the liver; however, an upward trend was observed
among the changes in the blood viscosity. This indicated that during the early stage of
hepatic steatosis, there was no significant difference in the blood viscosity. HCT is the
most important factor affecting blood viscosity, and blood viscosity increases with
increasing HCT[17]. In this experiment, after the injection of CCl4 into mice, HCT
decreased to the level which was not enough to cause a significant decrease in blood
viscosity. Plasma fibrinogen is an important factor affecting plasma viscosity, and
plasma viscosity is an important component of overall blood viscosity[18]. The results
of this experiment revealed that plasma fibrinogen levels decreased after hepatic
steatosis, which may led to the decrease in plasma viscosity, as well as to the decrease
in blood viscosity. Red blood cell deformability is also an important indicator of blood
rheology, which explains the morphological structure of red blood cells[19]. The results
of this study showed that after hepatic steatosis, the deformability of red blood cells
decreased, while blood viscosity increased. The red blood cell electrophoresis rate is
an index that affects the aggregation of red blood cells. Besides, the rate of red blood
cell aggregation is closely related to blood viscosity. The experimental results showed
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Figure 3

Figure 3 Changes of hemorheological parameters after CCl4 treatment. A: There was an upward trend in total blood viscosity, but there was no statistical
difference. B: The hematocrit value decreased after CCl4 treatment. C: The fibrinogen levels decreased after CCl4 treatment. D: Erythrocyte deformation index
decreased after CCl4 treatment. E: Erythrocyte electrophoresis rate showed an upward trend after CCl4 treatment. aP < 0.05 vs control.

that there was no significant change in the surface charge of red blood cells after
hepatic steatosis, which might be explained by the fact that during the early stage of
hepatic steatosis, the physiological structure and function of red blood cell membrane
might not have changed.
Being the largest digestive organ and the center of all metabolic processes in the
human body, the hemodynamic characteristics of the liver have always been the focus
of research. Many clinical studies have found that early hepatic steatosis occurs in the
center of hepatic lobules, and with the aggravation of the disease, the steatosis
spreads to the whole hepatic lobule[20]. At the same time, experimental studies have
observed that the enzymes of lipid de novo generation (such as FAS, SREBP1c, and
SCD) in hepatocytes are overactive in the early fatty liver and lipid accumulating
increased[21] . Lipids in hepatocytes are metabolized into various metabolic products,
resulting in lipid toxicity, which in turn affects the transcription of hepatocyte genes,
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Figure 4

Figure 4 Changes of blood flow in the sinusoid after CCl4 treatment. A: After the injection of fluorescent dye, the mouse liver tissue structure was observed under
a two-photon fluorescence microscope. The green luminescent area represents the liver sinusoid. Scale bar refers to 100 μm. B: On enlarging the image of the
sinusoid, the darker dots appeared in the sinusoids, which represent red blood cells. Scale bar refers to 30 μm. C: The distance-time image was obtained by scanning
with the two-photon laser scanning microscope, and the blood flow velocity of the liver was calculated based on the image. D-F: The blood flow velocity in the hepatic
sinusoid, the internal sinusoidal diameter, and the velocity of blood flow in the superficial blood vessels of the liver were estimated in all three groups. After treatment
with CCl4, the blood flow velocity both in the sinusoid and superficial blood vessels decreased significantly. The internal sinusoidal diameter also decreased. G: In the
control group, hepatic sinusoid morphology was uniform, while in the 2-wk and the 4-wk groups, the shapes of the sinusoids were significantly zigzag and the internal
diameters were significantly less than the average diameter. Scale bar refers to 100 μm. H: The 3D image of the hepatic sinusoids. aP < 0.05 vs control, bP < 0.01 vs
control.
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intracellular signaling pathways, production of reactive oxygen, and endoplasmic
reticulum stress[22], and then induces liver fibrosis and even liver cirrhosis. The lipids
in the cells gather to form large fat drops, and the hepatocytes expand, resulting in
ballooning degeneration[23], which then squeeze the surrounding blood sinusoid,
making the inner diameter of the blood sinus narrow and causing increased vascular
resistance in the liver.
Most of previous studies of hepatic hemodynamics have focused on the portal vein
and other large hepatic vessels, and much attention has been paid to the impact of the
portal vein hypertension on the whole body under various pathological conditions.
However, little research has been conducted on the characteristics of blood flow in the
hepatic sinusoids. This study, through direct observation of the hepatic sinusoid,
found that in the fatty liver state of mice, the hepatocytes swell in a larger volume and
squeeze the hepatic sinusoid, making the diameter of the hepatic sinus smaller and
making it more difficult for the blood cells to pass through the sinusoid. Meanwhile,
the sinusoid is obviously tortuose, which makes the blood flow through the sinus
more difficult. In addition, the permeability of the hepatic sinusoid also changes,
making the components in the sinus more likely to leak out, thus affecting the blood
flow of the liver. Under the influence of the above factors, hepatic hemodynamics
changes. According to the Hagen-Poiseuille law, the blood pressure is related to both
vascular resistance and the blood flow. In the fatty liver state, vascular resistance is
increased, which is likely to cause non-cirrhotic portal hypertension[24], and then lead
to serious consequences such as varicose veins, which is harmful to health.
Under normal circumstances, microcirculations play an important role in afterload,
and decide the end diastolic blood flow status in organs. However, clinical imaging
examinations cannot detect these microvessels [25,26] . Two-photon fluorescence
microscopy provides us with another way to observe microcirculation in addition to
electron microscopy. This observation method can link microscopic morphology with
hemodynamics and complement laboratory imaging to fill gaps in clinical imaging.
However, this method has limitations. For example, the test requires laparotomy in
vivo and needs to inject fluorescent dyes via the vein, which directly limit its use on
human specimens. Two-photon fluorescence microscopy can be used to display
stereoscopic blood vessel morphology through 3D reconstruction. In the future, it can
be combined with magnetic resonance imaging, ultrasound, and other fine imaging
techniques to completely reconstruct the liver circulation through 3D printing, which
will be a major breakthrough in the development of liver hemodynamics.

ARTICLE HIGHLIGHTS
Research background
Despite the high incidence of fatty liver, there was no specific diagnosis and treatment. And the
study of morphological and medical physics changes in fatty liver have been ignored for many
years. It has been reported that hemodynamic changes occur in steatosis stage, which might be
caused by the compression of the liver microcirculation and changes in the hemorheology
characteristics.

Research motivation
Re-examining steatosis from a new perspective - hemodynamics - may enhance our
understanding of fatty liver and provide a new idea of treatment.

Research objectives
We mainly focused on the microcirculation of the liver in steatosis stage, which cannot be
detected by clinical imaging technique. By the two-photon fluorescence microscopy imaging
technique, we observed the structure and hemodynamic characteristics of the liver sinusoids,
which linked microscopic morphology with hemodynamics and complemented laboratory
imaging to fill gaps in clinical imaging.

Research methods
A hepatic steatosis model was established by subcutaneous injection of carbon tetrachloride in
mice. After establishing the model, liver tissue from mice was stained with hematoxylin and
eosin (HE) and oil red O stains. Blood was collected from the angular vein, and hemorheological
parameters were estimated. A two-photon fluorescence microscope was used to examine the
flow properties of red blood cells in the hepatic sinusoids. All result values are presented on
graphs as the mean ± SEM. The comparison between multiple groups was performed by oneway ANOVA followed by Dunnett's multiple comparison Test. P-values < 0.05 were considered
statistically significant.

Research results
Oil red O staining indicated lipid accumulation in the liver after CCl4 treatment. HE staining
indicated narrowing of the hepatic sinusoidal vessels. No significant difference was observed
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between the 2-wk and 4-wk groups of mice on morphological examination. Hemorheological
tests revealed pathological changes in plasma components and red blood cells of hepatic
steatosis. Assessment of blood flow velocity in the hepatic sinusoids revealed that as the
modeling time increased, the blood flow velocity in the hepatic sinusoids decreased gradually;
meanwhile, the diameter of the hepatic sinusoids became smaller.
These results revealed that hemodynamic changes occurring during steatosis stage (at least in
the early stage) were more likely caused by sinusoidal deformation, but the mechanism of these
phenomena remains to be solved.

Research conclusions
We used two-photon fluorescence microscopy imaging technique to study hemodynamic
changes in fatty liver. And we observed that hemorheological change occurred in hepatic
steatosis stage, and manifested as changes in blood flow velocity. We found that this change may
be mainly caused by sinusoidal deformation, although it is related to hemorheology
characteristics, but there was no statistical difference.

Research perspectives
Two-photon fluorescence microscopy imaging technique provides us with another way to
observe microcirculation in addition to electron microscopy, and can be used to display
stereoscopic blood vessel morphology through 3D reconstruction. In the future, it can be
combined with magnetic resonance imaging and other fine imaging techniques to completely
reconstruct the liver circulation through 3D printing, which will be a major breakthrough in the
development of liver hemodynamics.
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Abstract
BACKGROUND
Diffusion-weighted magnetic resonance imaging has shown promise in the
detection and quantiﬁcation of hepatic ﬁbrosis. In addition, the liver has
numerous endogenous micro-RNAs (miRs) that play important roles in the
regulation of biological processes such as cell proliferation and hepatic fibrosis.
AIM
To assess diffusion-weighted magnetic resonance imaging and miRs in
diagnosing and staging hepatic fibrosis in patients with chronic hepatitis C.
METHODS
This prospective study included 208 patients and 82 age- and sex-matched
controls who underwent diffusion-weighted magnetic resonance imaging of the
abdomen, miR profiling, and liver biopsy. Pathological scoring was classified
according to the METAVIR scoring system. The apparent diffusion coefficient
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(ADC) and miR were calculated and correlated with pathological scoring.
RESULTS
The ADC value decreased significantly with the progression of fibrosis, from
controls (F0) to patients with early fibrosis (F1 and F2) to those with late fibrosis
(F3 and F4) (median 1.92, 1.53, and 1.25 × 10-3 mm2/s, respectively) (P = 0.001).
The cut-off ADC value used to differentiate patients from controls was 1.83 × 10-3
mm2/s with an area under the curve (AUC) of 0.992. Combining ADC and miR200b revealed the highest AUC (0.995) for differentiating patients from controls
with an accuracy of 96.9%. The cut-off ADC used to differentiate early fibrosis
from late fibrosis was 1.54 × 10-3 mm2/s with an AUC of 0.866. The combination
of ADC and miR-200b revealed the best AUC (0.925) for differentiating early
fibrosis from late fibrosis with an accuracy of 80.2%. The ADC correlated with
miR-200b (r = - 0.61, P = 0.001), miR-21 (r = - 0.62, P = 0.001), and miR-29 (r = 0.52,
P = 0.001).
CONCLUSION
Combining ADC and miRs offers an alternative surrogate non-invasive
diagnostic tool for diagnosing and staging hepatic fibrosis in patients with
chronic hepatitis C.
Key words: Diffusion; Magnetic resonance imaging; Fibrosis; Liver; Hepatitis C virus;
Micro-RNA
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We aimed to assess diffusion-weighted magnetic resonance imaging and microRNAs in diagnosis and staging of hepatic fibrosis. Patients underwent DWI of the
abdomen, micro-RNA profiling, and liver biopsy. The apparent diffusion coefficient
(ADC) and miR were calculated and correlated with METAVIR score. We found that
ADC value was decreased from controls (F0) to patients with early fibrosis and those
with late fibrosis. Combined ADC and miR-200b revealed the best result for
differentiating early from late fibrosis and offer an alternative surrogate non-invasive
diagnostic tool for diagnosis and staging of hepatic fibrosis in patients with chronic
hepatitis C.
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INTRODUCTION
Hepatitis C virus (HCV) is responsible for chronic hepatic infection in 150-200 million
people. Chronic liver disease results in the formation of fibrous tissue that impairs
normal liver function, resulting in hepatic fibrosis, cirrhosis, portal hypertension, and
hepatocellular carcinoma. Early detection of hepatic fibrosis has important
therapeutic and prognostic implications for HCV-infected patients, since antiviral
treatment can reduce hepatic decompensation and increase patient survival[1-5]. Liver
biopsy is currently the gold standard for pathological assessment of hepatic fibrosis.
However, it is an invasive maneuver with risks of complications such as hemorrhage,
penetration to abdominal viscera, and pneumothorax and may result in death in
0.018% of patients; furthermore, the procedure is also prone to sampling error and
observer variability[4-6]. Non-invasive diagnosis and staging of hepatic fibrosis is
important for evaluating disease progression in patients with chronic liver diseases.
Serum markers of liver fibrosis are widely available, but their results are variable[7-10].
Ultrasound elastography is used for grading hepatic fibrosis, but it is operator
dependent [11-13] . Several magnetic resonance (MR) imaging sequences, such as
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perfusion-weighted MR imaging, MR spectroscopy, MR elastography, and dynamic
contrast-enhanced MR have the potential to provide quantitative information with
variable diagnostic accuracy in the staging of liver fibrosis[13-15].
Micro-RNAs (miRs) are small noncoding RNA molecules that regulate gene
expression at post-translational steps. The liver has numerous endogenous miRs that
play important roles in the regulation of biological processes, such as cell proliferation
and liver fibrosis. MiRs circulate in a cell-free form in body fluids including serum
and are found mostly in exosomes and protein-RNA complexes. Several miRs were
identified to be upregulated in serum in patients with chronic liver disease and liver
fibrosis compared to those in healthy controls, and many of these were also correlated
with the degree of liver fibrosis[16-19]. MiRNA-21 is upregulated at the onset of fibrosis
in the human liver and may promote fibrogenic activation of fibroblasts. A
considerable amount of evidence has shown that the miR-200 family participates in
fibrosis. Moreover, a downregulation of circulating miR-29 is seen in patients with
chronic liver injury and liver fibrosis. The level of miR-29 is correlated with the stage
of liver fibrosis[18-21].
Diffusion represents the random Brownian motion of molecules, and MR imaging
can detect signal changes caused by positional changes in molecules at this
microscopic scale. The apparent diffusion coefficient (ADC) of the molecules
measures the freedom of water proton diffusion in tissues and change according to
the degree of cellularity of the lesion[22-26]. Diffusion-weighted MR imaging (DWI) is
used for the assessment of liver fibrosis in adults and children[27-31]. The aim of the
current study was to assess DWI and miRs in the diagnosis and staging of hepatic
fibrosis in patients with chronic hepatitis virus C (CHC).

MATERIALS AND METHODS
Patients
The institutional review board approved this interventional study, and patients and
controls provided written informed consent. The study assessed 215 consecutive
patients with biopsy-proven CHC; patients were included if they had a histological
diagnosis of CHC on a liver biopsy. HCV was defined by the presence of serum antiHCV and HCV-RNA. Seven patients were excluded from our study due to the
presence of hepatocellular carcinoma (n = 3), cardiac cirrhosis (n = 2), and hepatic
metastasis (n = 2). The final number of patients was 208 (129 male and 79 female), and
the median age was 36.3 ± 9.3 years. Eighty-two age- and sex-matched volunteers (47
male and 35 female) underwent MR imaging for reasons other than abdominal
abnormalities; the median age was 38.3 ± 10.2 years. The patients and controls
included in the study underwent DWI of the abdomen, miR tests, and liver biopsy
from October 2012 to December 2015.

Routine magnetic resonance imaging
MR examinations were performed for all patients and controls using a T1.5 Tesla MR
unit (Ingenia, Philips Best, Netherlands) using a bipolar diffusion encoding gradient.
A 16-channel anterior phased array torso surface coil (dStream Torso coil) with a
posterior body coil embedded in the table (dStream Total Spine coil) was applied.
Routine axial T1-weighted images (TR/TE = 500/20 ms) and T2-weighted images
(TR/TE = 6000/80 ms) were obtained.

Diffusion-weighted magnetic resonance imaging
Axial diffusion-weighted MR imaging of the liver was performed using free breathing
spin echo planar sequence of echo planar imaging (EPI) readout. Automatic multiangle projection shim and the chemical shift selective fat-suppression technique were
applied. The motion probing gradient was applied before and after the 180 pulse with
EPI readout. The b values applied were 0, 400, and 800 s/mm 2 . The applied
parameters were TR of 2800 ms, TE of 74 ms, EPI factor of 102, FOV of 25 cm × 25 cm,
section thickness of 7 mm, interslice gap of 20%, acquisition matrix of 192 × 154, and
number of excitations of six. After acquisition of the diffusion-weighted sequence, we
obtained a set of images corresponding to each b-value applied. The ADC map was
automatically calculated from the data set obtained at three b-values by commercially
available software. The data acquisition time for the diffusion-weighted MR images
was 1 min.

Image analysis
Image analysis was performed by a radiology expert in MR imaging with 25 years of
experience (AA). Quantitative analysis of the ADCs of hepatic parenchyma was
performed. A circular region of interest measuring 3-4 cm2 was placed on the ADC
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map at three different regions of hepatic parenchyma, on three consecutive slices
away from the biliary and vascular structures, and more than 2 cm from the surface of
the liver (Figure 1). The ADC value was calculated according to the following
formula: ADC = -(lnSb2 - lnSb1)/(b2 -b1), where ln is the natural log, and Sb1 and Sb2
are the signal intensities in the region of interest placed on sections corresponding to
the two different b-values (b1 and b2)[26]. The ADC value was automatically calculated
in × 10-3 mm2/s. The mean of these nine values was calculated and represents the final
ADC value per subject used for statistical analysis.

Serum micro-RNAs assay
Blood samples were collected for the serum miRs assay just prior biopsy, and miR200b, miR-21, and miR-29b were measured for all patients and control groups. Total
RNA was extracted using a miRNeasy serum/plasma extraction kit (Qiagen,
Valencia, CA, United States) using QIAzol lysis reagent according to the
manufacturer’s instructions. RNA quality was determined using a NanoDrop 2000
(Thermo Scientific, Waltham, MA, United States). Reverse transcription (RT) was
carried out on 100 ng of total RNA in RT reactions in a final volume of 20 μL
(incubated for 60 min at 37 °C and 5 min at 95 °C) using a miScript II RT Kit (Qiagen)
according to the manufacturer’s instructions. Serum expression levels of mature
miRNAs, miR-200b, miR-29b, and miR-21, were evaluated using miScript miRNA
PCR primer assays and a miScript SYBER green PCR kit (Qiagen) according to the
manufacturer’s protocol. The housekeeping miRNA SNORD68 was used as the
internal control.

Liver biopsy
Percutaneous liver biopsy was performed by a hepatology expert in liver biopsy with
20 years of experience (BT). The biopsy was conducted at least 60 d before imaging to
avoid misinterpretation attributed to early post-biopsy changes. The length of the
specimen was not less than 1.2 cm (contained at least 10 portal tracts) that was fixed in
formalin, put in paraffin, and stained with special stain according to the international
criteria for pathological analysis. According to METAVIR score, hepatic fibrosis
staging were classified as F0, no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis with few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis[32].

Statistical analysis
Statistical analysis of the data was performed by Statistical Package for Social Science
version 20 (SPSS Inc., Armonk, NY, United States). The data were presented as the
mean and standard deviation (SD). The Kolmogorov-Smirnov test was performed to
assess the normality of the data distribution. All data were revealed to be nonparametric. To compare two groups, Student’s t-test was used. To compare more than
two groups, one-way analysis of variance was used. Receiver operating characteristic
(ROC) curves were used to determine the cut-off points of ADC, miR that were used
to differentiate patients from controls, and early from late fibrosis with calculation of
the area under the curve (AUC), accuracy, sensitivity, and specificity. The P value was
considered significant if ≤ 0.05 at the 95% confidence interval. A multivariate logistic
regression model was performed to determine the combination of parameters with
the highest accuracy for differentiating controls from patients and early from late
fibrosis. The Spearman correlation test was used to correlate the ADC with miRs.

RESULTS
Table 1 reveals the characteristics of patients and controls. The patients were divided
into an early fibrosis group (F1 and F2) (n = 112, 38.6%) and a late fibrosis group (F3
and F4) (n = 96, 33.1%) along with a control group (F0) (n = 82, 28.3%). No significant
differences in age and sex were found between patients and controls or between
patients with early versus late fibrosis.
Table 2 shows the median ADC and miR values of patients versus controls. The
median ADC values of patients (1.43 ± 0.22 × 10-3 mm2/s) were significantly different
(P = 0.001) compared with those of controls (1.92 ± 0.08 × 10-3 mm2/s). The median
miRNA values of patients were significantly different (P = 0.001) compared with those
of controls.
Table 3 shows the ROC curve results with cut-off values of ADC and serum
markers of patients and controls. The cut-off point of ADC values for differentiating
patients from controls (Figure 2A) was 1.83 × 10-3 mm2/s with an AUC of 0.992,
accuracy of 97.1%, sensitivity of 98.6%, and specificity of 97%. The cut-off points of
miR-200b, miR-21, and miR-29b used to differentiate patients from controls were 1.65,
1.35, and 0.91 with AUCs of 0.925, 0.865, and 0.937, respectively. The combination of
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Figure 1

Figure 1 Regions of interest. Apparent diffusion coefficient map of the liver with locations of the regions of interest
within the liver parenchyma.

ADC and miR-200 (Figure 2B) revealed an AUC of 0.995, accuracy of 96.9%,
sensitivity of 100%, and specificity of 96%. ADC and miR-21 combined revealed an
AUC of 0.992, accuracy of 96.2%, sensitivity of 100%, and specificity of 95%. The
combination of ADC and miR-29b revealed an AUC of 0.992, accuracy of 95.9%,
sensitivity of 100%, and specificity of 96%.
Table 4 shows the median, minimum, and maximum of ADC and serum markers of
patients with early and late fibrosis. In differentiating the early fibrosis group from
the late fibrosis, the median ADC value of early fibrosis (1.5 ± 0.2 × 10-3 mm2/s) was
significantly (P = 0.001) different than that of late fibrosis (1.25 ± 0.17 × 10-3 mm2/s).
The median values of miRNA-200b, miRNA-21, and miRNA-29b of early fibrosis
were 3.4 ± 1.7, 1.9 ± 0.7, and 0.7 ± 0.2, respectively, and those of late fibrosis were 10.2
± 4.8, 3.6 ± 1.2, and 0.4 ± 0.2, respectively; these values were significantly different (P =
0.001) between the groups.
Table 5 shows the cut-off values of ADC and miRs used to differentiate early from
late fibrosis with the areas under the ROC curves, specificity, sensitivity, and
accuracy. The ADC cut-off point used to differentiate early from late fibrosis was 1.54
× 10-3 mm2/sec (Figure 3A) with an AUC of 0.866, accuracy of 81.7%, sensitivity of
99%, and specificity of 67%. The cut-off points of miRNA-200b, miRNA-21, and
miRNA-29b used to differentiate early from late fibrosis were 3.55, 2.39, and 0.71 with
AUCs of 0.888, 0.877, and 0.832 and accuracy of 73.5%, 80.2%, and 73.0%, respectively.
The combined ADC and miR values used for differentiating early from late fibrosis
were as follows: First, ADC and miR-200b (Figure 3B) showed an AUC of 0.925,
accuracy of 80.2%, sensitivity of 71.7%, and specificity of 97.2%. Combining ADC and
miR-21 revealed an AUC of 0.88, accuracy of 83.2%, sensitivity of 72.3%, and
specificity of 97.5%. The combination of ADC and miRNA-29b revealed an AUC of
0.879, accuracy of 85.1%, sensitivity of 74.0%, and specificity of 96.5% (Table 5).
The values for miR-200b and miR-21 in controls were significantly increased (P =
0.001) compared with those in patients with early fibrosis and patients with late
fibrosis. The median values of miR-200b and miR-21 increased as fibrosis decreased,
and the median values of miRNA-29b decreased significantly with increased fibrosis.
The ADC values were highly correlated with serum expression of miR-200b (r = - 0.61,
P = 0.001), miR-21 (r = - 0.62, P = 0.001), and miR-29b (r = 0.52, P = 0.001).

DISCUSSION
In this study, the ADC values of patients were significantly lower than those of
controls. This observation may be attributed to fibrogenesis engaging a range of cell
types and mediators with progressive deposition of extracellular matrix proteins,
reducing the interstitial spaces and distorting normal hepatic architecture[2,3,5]. These
changes are responsible for restricted diffusion with reduction in the ADC values in
patients with hepatic ﬁbrosis. However, the staging of liver fibrosis with diffusionweighted MR imaging is still controversial[33-35].
In this work, the ADC values of patients with late fibrosis are lower than those with
early fibrosis. Previous studies reported that the values of the ADC are significantly
different at the different stages of liver fibrosis/cirrhosis[33,34]. On the other hand, other
studies did not find an association between grading of fibrosis and the ADC
values[35,36]. The results in our study may be explained by the increase of hepatic
connective tissue with accumulation of collagen, fatty tissue, and inflammatory cells,

WJG

https://www.wjgnet.com

1370

March 21, 2019

Volume 25

Issue 11

Besheer T et al. Hepatic fibrosis diagnosis with micro-RNA and MRI

Table 1 Comparison of demographic and laboratory data in F0, early fibrosis, and late fibrosis
groups
Parameter

Control, n = 82

Early fibrosis, n = 112

Late fibrosis, n = 96

P value

38.3 ± 10.2

34.1 ± 8.9

41.4 ± 7.823

0.001

47:35

69:43

60:36

0.8

ALT

36.29 ± 17.24

52.00 ± 36.071

57.17 ± 36.8823

0.001

AST

35.00 ± 15.71

49.00 ± 25.121

58.00 ± 35.1223

0.001

Age
Gender (M:F)

23

Albumin

4.10 ± 0.45

4.20 ± 0.44

3.80 ± 0.69

0.001

Bilirubin

0.88 ± 0.48

0.81 ± 0.26

1.02 ± 0.462

0.001

PCR

95746 ± 10111

391000 ± 2138761

254500 ± 12931423

0.001

AFP

7.50 ± 1.57

5.01 ± 2.951

10.47 ± 6.7823

0.001

1

Significance between control and early;
Significance between control and late;
3
Significance between late and early. Data expressed as mean and standard deviation, F one way analysis of
variance test was used for comparison between the three groups. Student’s t-test was used to compare
between each two groups. ALT: Alanine transaminase; AST: Aspartate transaminase; PCR: Polymerase chain
reaction; AFP: Alpha-fetoprotein.
2

which may lead to restricted diffusion with low ADC values in patients with late
fibrosis[4,5,37].
In recent decades, miRs have emerged as key regulators of gene expression[38].
Evidence is accumulating that miRs participate in the progression of liver fibrosis and
regulation of hepatic stellate cell (HSC) proliferation/apoptosis[39]; in addition, they
have been reported as biomarkers of liver cirrhosis by some previous studies[40]. In this
study, the levels of the miRs (miR-200b, miR-21, miR-29b) used to differentiate
between controls and patients and between patients with early fibrosis and those with
late fibrosis (Tables 2 and 4) were significantly different, and strong positive
correlations were found between ADC and levels of miR-200b and miR-21. In patients
with hepatic fibrosis, several miRs were identified to be upregulated in serum when
compared to those in controls, and many of these miRs were also correlated with the
degree of liver fibrosis. Several studies have discussed the role of miRs in ﬁbrogenesis,
but its value is still controversial[41,42]. Previously, miR-21 has been suggested to be
upregulated at the onset of fibrosis in the human liver, and it may promote fibrogenic
activation of fibroblasts.
A possible explanation for elevated miR-21 levels in advanced fibrosis is that miR21 may regulate transforming growth factor (TGF) β2 [41] and has been shown to
activate HSCs through PTEN/AKT or ERK1 signaling pathways [41,42] . Moreover,
induction of maturation of primary miR-21 precursor into mature miR-21 occurs via
TGF-β. Another study added that a significant increase in hepatic miR-21 expression
is associated with mitogen-activated protein kinase 3 signaling and epithelialmesenchymal transition in liver fibrosis[42,43].
A considerable amount of evidence has demonstrated that the miR-200 family
participates in fibrosis [16-20] . Previous studies reported that these miRs were
upregulated and that circulating miR-29 was downregulated in patients with chronic
liver injury and liver fibrosis. Levels of miR-29 correlated with the stage of liver
fibrosis[17-21]. In the current study, the levels of miR-29 used to differentiate between
controls and patients with fibrosis and between patients with early and those with
late fibrosis were significantly different, and the level of miR-29 was negatively
correlated with the fibrosis score. MiR-29b interferes with the process of fibrogenesis
via inhibition of HSC activation, production of type I collagen[44], and expression of
extracellular matrix genes in HSCs through the TGF-β/SMAD-CTGF signaling
network[19,45,46]. Overexpression of miR-29 weakens collagen and matrix deposition in
HSCs through interfering with genes of fibrogenesis[46].
Few studies discuss the role of combining imaging parameters, such as ultrasound
elastography, with laboratory biomarkers in the detection and staging of hepatic
fibrosis, but the results of such assessments overlap [12,13] . In the current study,
combining ADC and miRs (200b, 21 and 29b) increased the sensitivity, specificity, and
accuracy for differentiating controls from patients with fibrosis. The combination of
ADC with miR-200 increased the AUC for detection of hepatic fibrosis and
differentiation of patients with early fibrosis from those with late fibrosis.
Regarding limitations of the current work: First, the small sample size limited the
statistical power. Therefore, further studies are needed at a larger scale to confirm the
results of this work. Second, the use of diffusion-weighted MR imaging may have
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Table 2 The median apparent diffusion coefficient and micro-RNAs values of patients versus
controls
Parameter

Fibrosis, n = 208

Control, n = 82

P value

ADC

1.43 ± 0.22

1.92 ± 0.08

0.001

miR-200b

4.61 ± 1.21

1.20 ± 0.81

0.001

miR-21

2.70 ± 1.30

1.29 ± 0.40

0.001

miR-29b

0.58 ± 0.26

0.98 ± 0.16

0.001

Data expressed as mean and standard deviation. Student’s t-test was used. miR: Micro-RNAs; ADC:
Apparent diffusion coefficient.

limited the conclusions of our findings. Further studies using recent diffusion
modules such as diffusion kurtosis imaging and diffusion tensor imaging at 3-tesla
will improve the quality of the results. Third, this study used regions of interest for
localization, and further studies should be performed using advanced post-processing
methods, such as machine learning and histogram analysis[47-50].
In conclusion, we demonstrated that combining ADC and miRs offers a new noninvasive method for diagnosis and staging of hepatic fibrosis in patients with chronic
hepatitis C.
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Table 3 The receiver operating characteristic curve results with cut-off values of apparent diffusion coefficient and serum markers for
patients and controls
Parameter

AUC

Cut-off point

Sensitivity

Specificity

Accuracy

ADC

0.992

1.825

98.6%

97.0%

97.1%

miR-200b

0.925

1.65

92.3%

82.2%

91.2%

miR-21

0.865

1.35

82.2%

76.0%

84.2%

miR-29b

0.937

0.91

92.3%

81.7%

91.0%

ADC and miR-200b

0.995

-

100%

96.0%

96.9%

ADC and miR-21

0.992

-

100%

95.0%

96.2%

ADC and miR-29b

0.992

-

100%

95.9%

95.9%

ROC: Receiver operating characteristic curve; AUC: Area under the curve; miR: Micro-RNAs; ADC: Apparent diffusion coefficient.

Table 4 The median, minimum, and maximum values of apparent diffusion coefficient and serum markers of patients with early and late
fibrosis
Variables

Early fibrosis, n = 112

ADC

Late fibrosis, n = 96

P value

1.5 ± 0.2 (1-1.9)

1.25 ± 0.17 (0.9-1.5)

0.001

3.43 ± 1.71 (1.0-1.4)

10.17 ± 4.81 (1-28.4)

0.001

miR-21

1.9 ± 0.7 (1.0-4.2)

3.6 ± 1.17 (1.0-6.34)

0.001

miR-29b

0.7 ± 0.12 (0.12-1.00)

0.4 ± 0.2 (0.07-1.00)

0.001

miR-200b

The data expressed as median and range. Mann-Whitney u test was used. ADC: Apparent diffusion coefficient; miR: Micro-RNAs.

Table 5 The cut-off values of apparent diffusion coefficient and micro-RNAs used to differentiate early from late fibrosis with areas under
the receiver operating characteristic curves, sensitivity, specificity and accuracy
Parameter

AUC

Cut-off point

Sensitivity

Specificity

Accuracy

ADC

0.866

1.53

99.0%

67.0%

81.7%

miR-200b

0.888

3.55

90.6%

59.5%

73.5%

miR-21

0.877

2.38

91.7%

70.3%

80.2%

miR-29b

0.832

0.70

87.5%

60.7%

73%

ADC and miR-200b

0.925

-

71.7%

97.2%

80.2%

ADC and miR-21

0.88

-

72.3%

97.5%

83.2%

ADC and miR-29b

0.879

-

74%

96.5%

85.1%

AUC: Area under the curve; miR: Micro-RNAs; ADC: Apparent diffusion coefficient.

WJG

https://www.wjgnet.com

1373

March 21, 2019

Volume 25

Issue 11

Besheer T et al. Hepatic fibrosis diagnosis with micro-RNA and MRI
Figure 2

Figure 2 Receiver operating characteristic curve of patients vs controls. A: The cut-off apparent diffusion coefficient value used for differentiating patients from
controls is 1.83 × 10-3 mm2/s with an area under the curve of 0.992, sensitivity of 98.6%, and accuracy of 97.1%; B: The combination of apparent diffusion coefficient
and miR-200b used for differentiating patients from controls shows an area under the curve of 0.995, sensitivity of 100%, and specificity of 96.9%.
Figure 3

Figure 3 Receiver operating characteristic curve of early and late fibrosis. A: The cut-off apparent diffusion coefficient value for differentiating early from late
fibrosis is 1.54 × 10-3 mm2/s with an area under the curve of 0.866, sensitivity of 99.0% and accuracy of 81.7%; B: Combining apparent diffusion coefficient and miR200b to differentiate early and late fibrosis patients shows an area under the curve of 0.925, sensitivity of 71.7% and accuracy of 80.2%.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus infection is considered one of the most widespread causes of chronic liver
disease that results in cirrhosis, fibrosis together with portal hypertension, and hepatocellular
carcinoma. When it is possible to diagnose early hepatic fibrosis, the therapy will be more
effective in the reduction of hepatic decompensation and improvement of patient survival. Liver
biopsy is considered the gold standard for early detection of hepatic fibrosis, but it is invasive
and has many side effects. Multiple non-invasive laboratory and imaging modalities could be
used in detection and quantification of hepatic fibrosis but have variable accuracy. The liver
contains multiple micro-RNAs (miR) (21, 200b and 29b) that have been correlated to the presence
and degree of hepatic fibrosis. Magnetic resonance imaging (MRI) with diffusion-weighted
imaging and apparent diffusion coefficient (ADC) can also detect and are correlated with hepatic
fibrosis.

Research motivation
Early detection and staging of hepatic fibrosis are of great value in treatment of chronic liver
disease caused by hepatitis C virus. The available methods to detect and stage fibrosis are either
invasive (like biopsy) or non-invasive (like laboratory and imaging), which is not accurate. The
combination of serum markers of hepatic fibrosis (miR 21, 200b and 29b) together with MRI with
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diffusion-weighted imaging is a potential new dependable and non-invasive method to help in
early detection and staging of hepatic fibrosis and cirrhosis.

Research objectives
In this prospective study, we evaluated the role of combining ADC and miR (21, 200b and 29b)
as an alternative non-invasive tool for detection and staging of hepatic fibrosis in patients with
chronic hepatitis C viral infection.

Research methods
From October 2012 to December 2015, 215 consecutive patients with histopathological evidence
of chronic hepatitis C virus cirrhosis were included in our study. Seven cases were excluded, so
the final number of the study patients was 208. Diffusion-weighted MRI (DWI) together with
hepatitis C serum markers and serum miR (21, 200b and 29b) were performed for all patients.
The MRI and laboratory results were compared with that of the control group containing 82
normal volunteers and with the results of liver biopsy histopathological examination.

Research results
In the current study, it was found that there was a significant decrease in ADC values in patients
with early hepatic fibrosis and late fibrosis when compared to controls. Combining ADC results
and miR data (200b, 21 and 29b) provided a highly sensitive, specific, and accurate tool to
differentiate patients with hepatic fibrosis from normal control patients. This tool was best at
differentiating patients from controls, with and accuracy of 96.9% and had an accuracy of 80.2%
for differentiating early from late fibrosis.

Research conclusions
Combination of ADC and miR (21, 200b and 29b) is considered a safe, easy, and non-invasive
tool in the detection and staging of hepatic fibrosis resulting from chronic hepatitis C viral
infection.

Research perspectives
Combining imaging and laboratory results in detection and staging of hepatic fibrosis resulting
from chronic hepatitis C virus infection is a valuable method because it is easy and non-invasive.
However, a study with more patients will generate more accurate results. Also, use of advanced
MRI machines with advanced post processing technology like diffusion tensor and diffusion
kurtosis will improve the effectiveness and power of our findings.
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Abstract
BACKGROUND
Conventionally, the low luminous intensity, low image resolution, and difficulty
in operation have been reported with the ultrathin endoscope. However, it has
markedly advanced recently. The improvement of the diagnostic ability is
expected.
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AIM
To compare the early gastric cancer diagnostic ability of an ultrathin endoscope
loaded with a laser light source and that of the conventional endoscope.
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RESULTS
The gastric cancer detection rate was 7.8% in the ultrathin endoscope group and
7.0% in the conventional endoscope group, and the mean intragastric observation
time was 4.1 ± 1.7 min in the ultrathin endoscope group and 4.1 ± 1.9 min in the
conventional endoscope group, showing no significant differences between the
groups. Moreover, the biopsy implementation rate was 31.8% in the ultrathin
endoscope group and 41.1% in the conventional endoscope group, and the biopsy
prediction rate was 17.9% and 13.2%, respectively, showing no significant
differences between the groups.
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CONCLUSION
The gastric cancer diagnostic ability of the ultrathin endoscope loaded with a
laser light source was comparable to that of the conventional endoscope. The
observation time was also comparable. Thus, endoscopy using the ultrathin
endoscope loaded with the laser light source would be the first option in
screening examinations of gastric cancer due to its low invasion.
Key words: Conventional endoscope; Gastric cancer; Laser light source; Screening;
Ultrathin endoscope
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The gastric cancer diagnostic ability of the ultrathin endoscope loaded with a
laser light source is comparable to that of the conventional endoscope. From the view of
low invasion, the ultrathin endoscope is superior to the conventional endoscope. Thus,
endoscopy using the ultrathin endoscope loaded with the laser light source would be the
first option in screening examinations of gastric cancer.

Citation: Suzuki T, Kitagawa Y, Nankinzan R, Yamaguchi T. Early gastric cancer diagnostic
ability of ultrathin endoscope loaded with laser light source. World J Gastroenterol 2019;
25(11): 1378-1386
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1378.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1378

INTRODUCTION
Barium x-ray with photofluorography has been widely used in screening examinations including health checkups because it has the effect of decreasing gastric
cancer fatality rate[1-3]. However, the sensitivity of this examination method was
reportedly limited to 39% in the case of early gastric cancer[4]. In order to overcome
this drawback, esophagogastroduodenoscopy (EGD) has adopted instead. Since the
marked effect of EGD to suppress gastric cancer fatality rate was demonstrated
recently, EGD has been widely used in gastric cancer diagnosis[5,6]. However, for the
patients EGD is an unpleasant examination accompanied by afflictions such as
nausea, gag reflex, and choking, and there are also cardiovascular loads[7-9]. Thus,
diameter thinning has advanced in the evolution of endoscope, and even an
examination using an ultrathin endoscope such as transnasal endoscopy has been
promoted[10].
It was reported that less problems, higher patient acceptability, and lower loads
would accompany an ultrathin endoscope to the heart and lung than those with the
conventional endoscope[11-15]. In disseminating endoscopy, an ultrathin endoscope is
highly needed. In contrast, the low luminous intensity, low image resolution, and
difficulty in operation were reported with the ultrathin endoscope in comparison with
the conventional endoscope, and it was also pointed out that the examination time
would be longer with the ultrathin endoscope due to the dark field of vision and
lower absorption capacity (small channel diameter)[16]. At present, an endoscope using
a laser light source has been developed. In comparison with the conventional
endoscope using the xenon light source, the field of vision is bright and broad, and
high image quality has been achieved with a laser light source. Furthermore,
operation has also been improved by expansion of the channel diameter (forceps
diameter).
Some studies reported that the early gastric cancer diagnostic ability is comparable
between the ultrathin and conventional endoscopes, but in other reports the
inferiority of the ultrathin endoscope to the conventional endoscope was reported[17-21].
In such reports, the low diagnostic capacity of the ultrathin endoscope was pointed
out, particularly in the case of small early gastric cancer or gastric cancer in the U
region[22]. At this time, the aim was to compare the early gastric cancer diagnostic
ability between the ultrathin endoscope and the conventional endoscope loaded with
the laser light source.
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MATERIALS AND METHODS
Study design
This retrospective analysis of database on EGD was conducted at the Chiba Cancer
Center, Japan. This was approved by the ethics committee of Chiba Cancer Center,
and the contents were displayed on the notice board for in- and outpatients. The
study was conducted in accordance with the World Medical Association’s Declaration
of Helsinki. All patients provided informed consent to undergo EGD. All authors had
access to the study data and approved the final manuscript.

Patients
The target patients were those who underwent endoscopic submucosal dissection
(ESD) for gastric cancer at this hospital and were periodically undergoing endoscopy
thereafter. At this hospital, post-ESD endoscopy is performed initially at 3 mo after
ESD, at 1 yr after ESD, and thereafter once a year. Because gastric cancer develops
metachronously, patients with a history of ESD have a high risk for gastric cancer. In
this study, such patients were targeted. In addition, patients infected with Helicobacter
pylori (H. pylori) must receive eradication therapy. There were 375 consecutive
patients who underwent endoscopy at this hospital from January to August 2018 and
were enrolled in this study. Patients with postoperative gastric remnant were
excluded. At this hospital, the ultrathin endoscope was being used in the same
manner as the conventional endoscope, and in the patients who prefer transnasal
endoscopy, the ultrathin endoscope was used. In this study, the ultrathin endoscope
was used in 140 patients (37.3%), and the conventional endoscope was used in 235
patients (62.7%). The endoscopists in charge were five specialists authorized by the
Japan Gastroenterological Endoscopy Society and four non-specialists.
In order to investigate the diagnostic ability of the ultrathin endoscope, the
backgrounds were adjusted with the group using the conventional endoscope by the
propensity score (PS) matching method to compare gastric cancer detection rate as the
primary evaluation item and intragastric observation time, biopsy implementation
rate, biopsy prediction rate, and details of detected gastric cancers as the secondary
evaluation items.

Ultrathin endoscope using laser light source
An endoscopic system using a laser light source (LASEREO, Fujifilm, Japan) was
used. This system has two lasers with different wavelengths. One is a white light laser
(wavelength 450 ± 10 nm) providing wide-spectrum white light illumination suitable
for general observation. The other is a blue laser imaging mode laser (wavelength 410
± 10 nm) with characteristics of short wavelength and narrowband. Therefore, in
comparison with the endoscope system using the conventional xenon light source, it
is feasible to visualize a brighter and higher-resolution image. The ultrathin
endoscope (EG-L580NW) used in this system is 5.8 mm in scope outside diameter, 2.4
mm in forceps diameter, and 140° in viewing angle showing markedly improved
performance as compared with the previous ultrathin endoscope. It can be used in not
only the transoral but also transnasal route. As the conventional endoscope, EGL590WR, EG-L590ZW, or EG-L600ZW was used.

Propensity score matching
We created a PS-matched cohort by attempting to match a patient who underwent the
examination with an ultrathin endoscope with a patient who underwent the
examination with a conventional endoscope (1:1 match) using a greedy nearest
neighbor-matching technique. A caliper width of 0.05 of the standard deviation for
the logit of the PS was used for the developed PS. After matching, crude comparisons
of the matched cohorts were made. Upon matching, four covariates that could
possibly influence the detection of gastric cancer were used, namely age, sex, degree
of gastric mucosa atrophy, and endoscopist.

Statistical analysis
The clinical data were calculated as mean value with standard deviation, median
value with range, and rate with 95% confidence interval (CI). In comparison between
the two groups, Student’s t-test was used to analyze numerical values. Chi-square and
Fisher’s exact tests were used to analyze rate values. A P-value < 0.05 was considered
to indicate statistical significance. Statistical analyses were performed using SPSS
version 23.0 for Windows (IBM Japan, Ltd., Japan).

RESULTS
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The ultrathin endoscope was used via the transnasal route in 41 patients (29.3%) and
transoral route in 99 patients (70.7%). In the conventional endoscope group, a sedative
agent was used in 74 patients (31.5%). Due to being post-ESD, the patients were
supposed to have undergone H. pylori eradication therapy. H. pylori-positive patients
accounted for only 3.7% of the whole. Table 1 shows the patient backgrounds and
results of the two groups before matching. After matching 140 patients of the ultrathin
endoscope group and 235 patients of the conventional endoscope group, 129 patients
in each group were adopted for analysis. The C-statistic of PS score was 0.557. Table 2
shows the matching results and balances. Table 3 shows the patient backgrounds of
the two groups after matching. Gastric cancer was detected in 10 patients (7.8%,
95%CI 3.1%-12.4%) of the ultrathin endoscope group and 9 patients (7.0%, 95%CI
2.6%-11.4%) of the conventional endoscope group, showing no significant difference
between the two groups (P = 0.81). All detected gastric cancers were in the early stage,
and the median tumor size (range) was 7.5 mm (3-30 mm) in the ultrathin endoscope
group and 6.0 mm (3-15 mm) in the conventional endoscope group, showing no
significant difference between the two groups (P = 0.42). The region (U/M+L) of
detected gastric cancer was 4/6 in the ultrathin endoscope group and 2/7 in the
conventional endoscope group, showing no significant difference (P = 0.41) (Table 4).
In addition, the mean intragastric observation time was 4.1 ± 1.7 min in the ultrathin
endoscope group and 4.1 ± 1.9 min in the conventional endoscope group, showing no
significant difference (P = 0.96). The biopsy implementation rate was 31.8% (95%CI
23.8%-39.8%) in the ultrathin endoscope group and 41.1% (95%CI 32.6%-49.6%) in the
conventional endoscope group, showing no significant difference (P = 0.12) but a
tendency to be lower in the former. The biopsy prediction rate was 17.9% (95%CI
7.9%-27.9%) and 13.2% (95%CI 5.2%-21.2%) in the ultrathin and conventional
endoscope groups, respectively, showing no significant difference (P = 0.48) but a
tendency to be lower also in the latter (Table 5). Figures 1 and 2 show the patients in
whom gastric cancer was actually detected.

DISCUSSION
In this study it was shown that the ultrathin endoscope loaded with a laser light
source can detect gastric cancer at the same rate as the conventional endoscope. Until
recently, the problems with the ultrathin endoscope were dark images, low image
quality, and weak absorption power. The inferiority of the ultrathin endoscope to the
conventional endoscope in gastric cancer detection rate has been reported [17-21] .
However, the ultrathin endoscope loaded with the laser light source is markedly
different from the conventional endoscope system using the xenon light source, and
the image quality and brightness have been remarkably improved. In this study,
patients with a history of ESD for gastric cancer were enrolled. Gastric cancer tends to
multiply metachronously. In addition, according to the World Health Organization,
H. pylori is the definite carcinogen of gastric cancer, and the majority of patients
targeted in this study received H. pylori eradication therapy. The onset rate of gastric
cancer is reduced by H. pylori eradication therapy, but a certain risk of gastric cancer
remains even after eradication. Therefore, such patients have a higher risk of gastric
cancer than the general population[23]. The ultrathin endoscope showed a diagnostic
ability that was not inferior to that in the conventional endoscope even in such
patients.
It was thus far unavoidable to extend the examination time due to the poor
absorption capacity, dark image, and narrow viewing angle, but in the case of the
ultrathin endoscope loaded with the laser light source, the examination time was
comparable to the conventional endoscope, due to the improvement of absorption
capacity brought about by expansion of the forceps diameter and the expansion of
observation range brought about by the improvement of viewing angle and
brightness. As one of the factors, it is estimated that the amount of highly viscous
gastric mucosa was small after the aforementioned H. pylori eradication therapy and
the time required for mucosa washing and accompanying absorption could be
shortened. However, because the number of H. pylori-negative patients is expected to
increase hereafter, the situation was considered to reflect the current status.
Detected gastric cancers were not different between the two groups in lesion site
and size. The lower diagnostic ability of the ultrathin endoscope was pointed out in
the previous studies in the diagnosis of small gastric cancers < 20 mm in the U region,
but such tendency was not seen in this study [21,22] . Furthermore, the biopsy
implementation and prediction rates were not significantly different between the two
groups. There was rather a tendency of the biopsy implementation rate to be lower
and the biopsy prediction rate to be higher in the ultrathin endoscope group. The
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Table 1 Clinical background, gastric cancer detection rates, and the details of the two groups before matching
Ultrathin endoscope
Number of screened subjects

Conventional endoscope

P value

140

235

Transnasal

41 (29.3%)

0 (0%)

-

Sedation

16 (11.4%)

74 (31.5%)

< 0.001

Age in yr, median (range)

74 (43-89)

73 (43-93)

0.49

Gender, male

99 (70.7%)

187 (79.6%)

0.05

6 (4.3%)

9 (3.8%)

0.83

108 (77.1%)

197 (83.8%)

0.11

99/41

178/57

0.28

12

20

12 (8.6%)

18 (7.7%)

0.75

Helicobacter pylori positive
Atrophy, open type
Operator (expert/nonexpert)
Number of gastric cancer
Number of subjects with gastric cancer/detection rate
Location (U/M, L)

4/4, 4

3/11, 6

0.22

Size in mm, median (range)

5 (3-30)

6.5 (3-18)

0.37

Morphological type (I, IIa/IIb, IIc)

0, 6/0, 6

2, 6/0, 12

0.09

10/2

20/0

0.06

Depth of invasion (m/sm)

reason for such tendency was not clear, but it was suggested that the ultrathin
endoscope would be able to provide appropriate findings.
There are limitations in this study. First, this was a retrospective study, but the bias
could be minimized in the investigation by matching the backgrounds using the PS
matching method. Next, the ultrathin endoscope was used via not only the transnasal
but also the transoral route in this study for pooled analysis, and a sedative agent was
frequently used in the conventional endoscope group. Therefore, the influence of
these factors on the analysis cannot be negated. Lastly, this study was performed in a
limited number of patients at a single medical institution. It is therefore desired to
perform a prospective multicenter study hereafter.
As EGD becomes widely known as a gastric cancer diagnostic procedure, the
ultrathin endoscope may become the first-choice screening examination in gastric
cancer diagnosis due to its low invasion.
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Table 2 Confirmation of propensity score matching results and balances
Full cohort
Conventional

Propensity score-matched cohort

Ultrathin

ASD, %

Conventional

Ultrathin

ASD, %

n

235

140

129

129

Age in yr

73.1 ± 7.6

73.2 ± 7.6

1.9

73.2 ± 7.6

73.4 ± 7.1

2.7

Male

187, 79.6

99, 70.7

20.6

98, 76.0

97, 75.2

1.8

Specialist

178, 75.7

99, 70.7

11.4

95, 73.6

92, 71.3

5.2

Atrophy

198, 84.3

108, 77.1

18.1

103, 79.8

107, 82.9

8.0

Data: mean ± SD or n, %. ASD: Absolute standardized difference.

Table 3 Clinical background of the two groups after matching
Ultrathin endoscope
Number of screened subjects
Age in yr, median (range)
Gender, males
Helicobacter pylori positive
Atrophy, open type
Operator, expert/nonexpert

Conventional endoscope

P value

129

129

74 (52-89)

74 (47-87)

0.46

108 (77.1%)

99 (76.7%)

0.16

5 (3.9%)

4 (3.1%)

0.73

107 (82.9%)

103 (79.8%)

0.52

92/37

95/34

0.68

Table 4 Gastric cancer detection rates and details of detected gastric cancers in the two groups after matching
Ultrathin endoscope
Number of gastric cancer

Conventional endoscope

P value

10

9

10 (7.8%)

9 (7.0%)

0.81

4/4 + 2

2/6 + 1

0.41

Size in mm, median (range)

7.5 (3-30)

6.0 (3-15)

0.42

Morphological type (I, IIa/IIb, IIc)

0, 6/0, 4

0, 2/0, 7

0.10

8/2

9/0

0.16

Number of subjects with gastric cancer/detection rate
Location (U/M + L)

Depth of invasion (m/sm)

Table 5 Comparison of intragastric observation time, biopsy implementation rate, and biopsy prediction rate between the two groups
Ultrathin endoscope
Observation time of stomach in min
Biopsy implementation rate
Biopsy prediction rate

Conventional endoscope

P value

4.1 ± 1.7

4.1 ± 1.9

0.96

31.8% (41/129) (95%CI 23.8-39.8)

41.1% (53/129) (95%CI 32.6-49.6)

0.12

17.9% (10/56) (95%CI 7.9-27.9)

13.2% (9/68) (95%CI 5.2-21.2)

0.48

CI: Confidence interval.
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Figure 1

Figure 1 A patient with gastric cancer detected through the ultrathin endoscope. IIa lesion in the vicinity of previous endoscopic submucosal dissection scar on
the anterior wall of the antrum. Results of endoscopic submucosal dissection: 10 mm × 10 mm, tubular adenocarcinoma, well-differentiated type, pT1a (M).
Figure 2

Figure 2 A patient with gastric cancer detected through the conventional endoscope. Endoscopic submucosal dissection scar on the anterior wall of the antrum
and IIc lesion on the posterior wall. Results of endoscopic submucosal dissection: 5 mm × 5 mm, tubular adenocarcinoma, well-differentiated type, pT1a (M).

ARTICLE HIGHLIGHTS
Research background
An ultrathin endoscope has low luminous intensity, low image resolution, and difficulty in
operation. However, the ultrathin endoscopy is a useful tool for screening endoscopy because of
its low invasion.

Research motivation
Recently endoscopic technology has markedly advanced. The improvement of the diagnostic
ability of ultrathin endoscope has also improved. Evaluating the diagnostic ability of the
ultrathin endoscope is warranted.
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Research objectives
In this study, early gastric cancer diagnostic ability of an ultrathin endoscope loaded with a laser
light source was compared with that of the conventional endoscope.

Research methods
The study subjects were 375 consecutive patients who underwent endoscopy at our hospital for
post-endoscopic submucosal dissection follow-up of gastric cancer from January to August 2018.
During endoscopy, the ultrathin endoscope was used in 140 patients (37.3%), and the
conventional endoscope was used in 235 patients (62.7%). Patient background was adjusted
using the propensity score matching method, and gastric cancer detection ability was evaluated
in the two groups.

Research results
The gastric cancer detection rate was 7.8% in the ultrathin endoscope group and 7.0% in the
conventional endoscope group, and the mean intragastric observation time was 4.1 ± 1.7 min in
the ultrathin endoscope group and 4.1 ± 1.9 min in the conventional endoscope group, showing
no significant differences between the groups. Moreover, the biopsy implementation rate was
31.8% in the ultrathin endoscope group and 41.1% in the conventional endoscope group, and the
biopsy prediction rate was 17.9% and 13.2%, respectively, showing no significant differences
between the groups.

Research conclusions
The gastric cancer diagnostic ability of the ultrathin endoscope loaded with a laser light source
was comparable to that of the conventional endoscope. The observation time was also
comparable. Thus, endoscopy using the ultrathin endoscope loaded with the laser light source
would be the first option in screening examinations of gastric cancer due to its low invasion.
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Abstract
BACKGROUND
Endoscopic papillectomy (EP) for benign ampullary neoplasms could be a lessinvasive alternative to pancreatoduodenectomy (PD). There are some problems
and limitations with EP. The post-EP resection margins of ampullary tumors are
often positive or uncertain because of the burning effect of EP. The clinical
outcomes of resected margin positive or uncertain cases after EP remain
unknown.
AIM
To investigate the clinical outcomes of resected margin positive or uncertain cases
after EP.
METHODS
Between January 2007 and October 2018, all patients with ampullary tumors who
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underwent EP at Kobe University Hospital were included in this study. The
indications for EP were as follows: adenoma, as determined by preoperative
endoscopic biopsy, without bile/pancreatic duct extension, according to
endoscopic ultrasound or intraductal ultrasound. The clinical outcomes of
resected margin positive or uncertain cases after EP were retrospectively
investigated.
RESULTS
Of the 45 patients, 29 were male, and 16 were female. The mean age of the
patients was 65 years old. Forty-one patients (89.5%) underwent en bloc resection,
and 4 patients (10.5%) underwent piecemeal resection. After EP, 33 tumors were
histopathologically diagnosed as adenoma, and 12 were diagnosed as
adenocarcinoma. The resected margins were positive or uncertain in 24 patients
(53.3%). Of these cases, 15 and 9 were diagnosed as adenoma and
adenocarcinoma, respectively. Follow-up observation was selected for all
adenomas and 5 adenocarcinomas. In the remaining 4 adenocarcinoma cases,
additional PD was performed. Additional PD was performed in 4 cases, and
residual carcinoma was found after the additional PD in 1 of these cases. In the
follow-up period, local tumor recurrence was detected in 3 cases. Two of these
cases involved primary EP-diagnosed adenoma. The recurrent tumors were also
adenomas detected by biopsy. The remaining case involved primary EPdiagnosed adenocarcinoma. The recurrent tumor was also an adenocarcinoma.
All of the recurrent tumors were successfully treated with argon plasma
coagulation (APC). There was no local or lymph node recurrence after the APC.
The post-APC follow-up periods lasted for 57.1 to 133.8 mo. No ampullary
tumor-related deaths occurred in all patients.
CONCLUSION
Resected margin positive or uncertain cases after EP could be managed by
endoscopic treatment including APC, even in cases of adenocarcinoma. EP could
become an effective less-invasive first-line treatment for early stage ampullary
tumors.
Key words: Ampullary neoplasm; Endoscopic papillectomy; Resected margin; Clinical
outcome
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study, we investigated the clinical outcomes of resected margin positive
or uncertain cases after endoscopic papillectomy (EP). All of the recurrent tumors were
successfully treated with argon plasma coagulation, even in cases of adenocarcinoma.
There was no local or lymph node recurrence after the argon plasma coagulation. No
ampullary tumor-related deaths occurred in all patients. In conclusion, resected margin
positive or uncertain cases after EP could be managed by endoscopic treatment.
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INTRODUCTION
Endoscopic papillectomy (EP) for benign ampullary neoplasms could be a lessinvasive alternative to pancreatoduodenectomy (PD) because PD might be an
excessively invasive treatment for benign neoplasms [1,2] . The current standard
treatment for ampullary tumor is PD, which is still associated with a high morbidity
rate despite a recent reduction in the mortality rate to less than 5%[3,4]. On the other
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hand, the mortality after EP has been reported by high volume centers to be 0.4%. The
overall complication rate of EP was reported between 8% and 35%, and the most
common complications are pancreatitis (5%15%) and bleeding (2%16%). Most
episodes of bleeding can be controlled by endoscopic hemostasis, and most episodes
of pancreatitis are mild and resolved with conservative treatment [5] . Surgical
ampullectomy (SA) is another alternative to PD. Ceppa et al[6] showed that EP was
found to have equivalent efficacy when compared with SA. Moreover, EP had lower
morbidity and identical mortality.
There are some problems and limitations with EP. The preoperative detection of
tumor extension into a bile duct or the pancreatic duct is sometimes technically
difficult, although the diagnostic ability of imaging studies, such as endoscopic
ultrasonography (EUS), has recently markedly improved [7,8] . In addition, the
pathological evaluation of the margins of resected ampullary tumor specimens is
often difficult because of the burning effect of EP [9] . Therefore, we sometimes
experience resected margin positive or uncertain cases and the management of those
cases might be important clinical issue on preforming this endoscopic treatment.
Recently, some studies have indicated that EP might be a useful treatment for early
stage ampullary carcinoma with T1, in which the tumor is limited to the sphincter of
Oddi[10]. In cases involving T2, in which the tumor has invaded the duodenal wall,
additional surgery is recommended because the frequency of lymph node metastasis
was reported to range from 24%-45% in such cases[11-14]. Furthermore, Yamamoto et
al[15] reported that there was no lymphovascular invasion or lymph node metastasis in
any T1a cases, whereas one of four T1b cases exhibited lymphovascular invasion.
Therefore, in cases of early stage ampullary carcinoma, distinguishing between T1a
and T1b during preoperative diagnostic examinations might be extremely important
for ensuring that the indications for EP are appropriate. However, unfortunately,
there are no diagnostic tools for clearly detecting tumor invasion into the sphincter of
Oddi. The identification of the sphincter of Oddi using EUS or intraductal ultrasound
(IDUS) is still technically difficult in many cases. For these reasons, EP for early stage
ampullary carcinoma is still challenging, and its indications might be restrictive.
Moreover, the post-EP resection margins of ampullary tumors are often positive or
uncertain because of the burning effect of EP. The clinical outcomes of resected
margin positive or uncertain cases after EP remains unknown. Decisions regarding
the treatment course in such cases might differ among institutions and/or depend on
each patient’s condition. Therefore, in this study we investigated the clinical outcomes
of ampullary neoplasms encountered at our hospital, including ampullary carcinomas
that were diagnosed based on pathological evaluations of resected specimens, that
exhibited positive or uncertain margins after EP.

MATERIALS AND METHODS
Patients
All patients with ampullary tumors who underwent EP at Kobe University Hospital
between January 2007 and October 2018 were included in this study. Tumor staging
and intraductal involvement were evaluated using computed tomography (CT) and
EUS for all patients. IDUS was attempted for cases that were difficult to diagnose
intraductal extension by EUS, because of the risk of pancreatitis. The main indication
for EP was adenoma, as determined by a preoperative biopsy examination, without
bile/pancreatic duct extension, according to EUS and/or IDUS (Figure 1). In the cases
with evidence of ampullary carcinoma by the preoperative biopsy, PD was
recommended. In some cases, such as those involving super-elderly patients or
patients in a poor general condition, EP was performed when T2 invasion was not
detected by preoperative imaging studies. Preoperative biopsy diagnosed as
adenocarcinoma was only 4 patients in this study. In these cases, they were unfit for
surgery because 1 patient was super-elderly (85 years old), and 3 patients were poor
general condition with severe comorbidity. The clinical outcomes of each EP cases
were retrospectively investigated. The study protocol was reviewed and approved by
the ethical committee at Kobe University School of Medicine before the study (No.
170057). This study was conducted in accordance with the Declaration of Helsinki and
the consolidated Good Clinical Practice guidelines. All authors had access to the study
data, and they all reviewed and approved the final manuscript.

EP procedure and evaluation of resected specimens
EP was carried out with a standard polypectomy snare using a blended
electrosurgical current. Even though it became piecemeal resection because of its size,
the tumor was completely resected endoscopically in all cases. We tried to insert both
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Figure 1

Figure 1 A case of ampullary adenoma that was indicated for endoscopic papillectomy. A: Duodenoscopy
showed an ampullary tumor. The tumor was diagnosed as an adenoma based on an endoscopic biopsy. B:
Endoscopic ultrasound did not show any bile/pancreatic duct invasion. CBD: Common bile duct; MPD: Main
pancreatic duct.

bile duct and pancreatic duct stents after the EP procedure. Post-EP bleeding was
defined as hematemesis and/or melena or a > 2 g/dL decrease in hemoglobin level
(bleeding requiring hemostasis). Immediate bleeding was not defined as post-EP
bleeding. Post-EP pancreatitis was defined as an increase in serum amylase/lipase to
> 3 times the upper limit of normal, along with typical pancreatic-type pain.
Experienced pathologists examined the resected specimens. The final depth of cancer
invasion was recorded according to the Classification of Biliary Tract Carcinoma
developed by the Japanese Society of Hepato-Biliary-Pancreatic Surgery as follows[16]:
carcinoma in situ, tumors limited to the mucosa, tumors limited to the sphincter of
Oddi, and tumors that had invaded the duodenal wall were defined as Tis, T1a, T1b,
and T2, respectively (Table 1). Horizontal margins (HM) and vertical margins (VM)
were assessed as follows: positive (Figure 2A): involvement of the margin; uncertain
(Figure 2B): involvement of the margin cannot be assessed; negative: margins were
tumor-free. After examining the resected specimens, additional PD was
recommended in the cases of adenocarcinoma. However, in the cases in which
additional PD could not be performed based on the patient’s wishes or condition, we
chose to perform palliative endoscopic treatment or medical follow-up. In all cases of
adenoma, medical follow-up was recommended, even though the resected tumor
exhibited a positive or uncertain margin after EP.

Follow-up strategy after EP
The first follow-up session was scheduled for 3 mo after EP. Then, follow-up
examinations were scheduled every 3 mo to 6 mo for 1 year, and yearly thereafter for
5 years. The follow-up examinations included blood tests (for transaminase,
pancreatic enzyme, and tumor markers), duodenoscopy with biopsies, and contrastenhanced CT scans. When a polypoid lesion that was suspected to be a recurrent
tumor was detected on follow-up duodenoscopy, an endoscopic biopsy was
performed. Additional management strategies, such as argon plasma coagulation
(APC) or PD, were considered when the biopsy demonstrated a tumorous lesion. PD
was recommended for all cases of recurrent cancer. However, patients who refused or
were unfit for PD were considered for APC. APC was recommended for adenomas
(Figure 3).

RESULTS
Baseline characteristics of this study
The characteristics of the patients are shown in Table 2. Of the 45 patients, 29 were
male, and 16 were female. The mean age of the patients was 65.0 years old (65.0 ±
11.5). Six patients were over 80 years old (13.3%). Forty-one tumors (91.1%) were
treated with en bloc resection, and 4 (8.9%) tumors were treated with piecemeal
resection. Prophylactic both pancreatic and biliary stent was placed in 33 (73.3%)
patients, only pancreatic stent was placed in 7 (15.6%) patients, and only biliary stent
was placed in 4 (8.9%) patients, there was no stent placement in 1 (2.2%) case.
Complications occurred in 42.2% of all patients. Hemorrhage occurred in 9 patients
(20.0%), and pancreatitis occurred in 13 patients (28.9%). One of 9 post-EP
hemorrhage cases was severe bleeding that needed transcatheter arterial embolization
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Table 1 Histopathological findings of primary tumor invasion (according to the Classification of
Biliary Tract Cancers established by the Japanese Society of Hepato-Biliary-Pancreatic Surgery:
3rd English edition)
Tis

Carcinoma in situ

T1a

Tumor limited to mucosa

T1b

Tumor limited to sphincter of Oddi

T2

Tumor invades duodenal wall

T3a

Tumor invades pancreas within 5 mm in depth

T3b

Tumor invades pancreas beyond 5 mm in depth

T4

Tumor invades peripancreatic soft tissues, or other adjacent organs or structures

(TAE). One of 13 post-EP pancreatitis cases was severe acute pancreatitis.
Prophylactic pancreatic stent was placed in all post-EP pancreatitis patients. There
were no complication related deaths. The mean hospital stay was 15.4 d. After EP, 33
(73.3%) tumors were histopathologically diagnosed as adenomas, and 12 (26.7%) were
diagnosed as adenocarcinomas. The diagnostic accuracy of preoperative biopsy was
68.9% (31/45), with underestimated diagnosis in 2.2% (1/45) (Table 3). The resected
margins were positive in 12 cases, uncertain in 12 cases, and negative in 21 cases. The
HM were positive in 9 cases and uncertain in 10 cases. The VM were positive in 5
cases and uncertain in 9 cases. The median duration of the follow-up period was 27.1
mo (range: 3.0-133.4).

Clinical outcomes of resected margin positive or uncertain cases
Clinical outcomes of resected margin positive or uncertain cases are shown in Figure
4. The frequency of positive or uncertain margins after EP was 53.3% (24/45). Among
these cases, 15 and 9 were diagnosed as adenoma and adenocarcinoma, respectively.
In all cases of adenoma and 5 cases of adenocarcinoma, follow-up observation was
selected. In 4 cases of adenocarcinoma, additional PD was performed. No residual
tumors were found after additional PD in 3 cases, whereas residual carcinoma was
detected after additional PD in the remaining case. In the latter case, the depth of the
resected specimen after EP was suspected to be T1b, and the final pathological stage
after PD was T1b without lymph node metastasis. In the follow-up period, local
tumor recurrence was observed in 3 cases. In 2 of these cases, primary adenomas were
diagnosed based on EP. After the EP, recurrent adenomas were diagnosed based on
biopsy examinations. In the remaining case, a primary adenocarcinoma was
diagnosed based on EP, and the recurrent tumor was also an adenocarcinoma. All of
the recurrent tumors were successfully treated with APC. No local or lymph node
recurrence was detected during the subsequent follow-up period (duration: 57.1 mo
to 133.8 mo). No ampullary tumor-related deaths occurred in all patients.

Clinical outcomes of resected margin negative cases
The clinical outcomes of the resected margin-negative cases are shown in Figure 5.
Among the cases that exhibited negative margins after EP, 18 cases were diagnosed as
adenoma, 2 were diagnosed as Tis, and 1 was diagnosed as T1a. Follow-up
observation was selected in all patients. In 1 of the cases of adenoma, local recurrence
was detected. The recurrent tumor was also an adenoma and was detected during a
biopsy examination. The recurrent tumor was treated with APC, and no local
recurrence was detected during the subsequent follow-up period (duration: 71.0 mo).

Details of the cases involving post-EP recurrence
The clinical data of the cases involving recurrence after EP are shown in Table 4.
There were 4 cases of recurrence after EP. In 20 follow-up cases of resected margin
positive or uncertain cases, local recurrence was detected in 3 cases. In 21 resected
margin negative cases, local recurrence was detected in 1 case. There was no
significant difference in the local recurrence between resected margin positive
/uncertain and negative cases (P = 0.34, 2-sided Fisher’s exact test). In the local
recurrent cases, 3 of the primary lesions were diagnosed as adenomas after EP, and 1
was diagnosed as an adenocarcinoma. There was no significant difference in the local
recurrence between adenomas and adenocarcinomas (P = 0.99, 2-sided Fisher’s exact
test). The primary tumors ranged in size from 17 mm to 25 mm. The HM were
positive and the VM were uncertain in 2 cases, the HM were positive and the VM
were negative in 1 case, and both margins were negative in 1 case. There is no
difference in the post-EP recurrence between the positive or uncertain HM and
positive or uncertain VM. The duration of the period from EP to recurrence ranged
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Figure 2

Figure 2 Ampullary adenoma. A: Ampullary adenoma with vertical margin positive. Tumor is present at resected vertical margin. (black arrow). (left) hematoxylin
and eosin, loupe image. (right) hematoxylin and eosin × 100. B: Ampullary adenoma with vertical margin uncertain. Tubular gland is present at resected vertical
margin, but it cannot distinguish whether or not the tumor exists because of thermal denaturation (black arrow). (left) Hematoxylin and eosin, loupe image. (right)
Hematoxylin and eosin × 100.

from 1.0 mo to 6.3 mo. All of these cases were successfully treated with APC. The
post-APC follow-up period lasted for 56.6 mo to 133.4 mo.

DISCUSSION
In this study, we investigated the clinical outcome of resected margin positive or
uncertain cases after EP. EP for benign ampullary tumors is widely accepted as a lessinvasive alternative to surgery. However, the pathological evaluation of resected
margins was often difficult in the present study because of the burning effect of EP.
Moreover, in some cases carcinoma was identified during post-EP pathological
evaluations. There is no consistent evidence about the management of ampullary
tumors that display positive or uncertain margins after EP.
The current study included 45 patients who underwent EP for ampullary tumors,
and 24 (53.3%) of these cases exhibited positive or uncertain margins after EP. In
previous studies, the frequency of incomplete EP-based resection varied from 10.6%57.1%[1,9,10,15,17]. However, the definitions of incomplete resection differed among these
studies. In our study, the frequency of a positive or uncertain margin among resected
ampullary tumors was relatively high. This was probably due to equivocal findings
caused by the burning effect of EP producing uncertain diagnoses because there is a
tendency for the pathologists at our hospital to avoid underestimation.
The recurrence rate of ampullary tumors after EP was reported to range from 10%33% in previous studies[18-21]. In our study, additional PD was performed in 4 of the 24
cases in which positive or uncertain margins were detected after the resection
procedure. Of these 4 cases, a residual tumor was only found in 1 case. In the
remaining 20 cases, follow-up observation was selected, and local tumor recurrence
occurred in 15% (3/20) of these cases. Our results are similar to those of previous
studies, despite the fact that our study included cases that exhibited positive or
uncertain margins after EP. Among the cases that exhibited negative margins after EP,
local tumor recurrence was found in 1 of 21 cases. In the literature of Ridtitid et al[21],
among patients with ampullary adenoma who had complete resection (n = 107), 16
patients (15%) developed recurrence up to 65 mo after resection. These results suggest
that evaluating the margins of resected ampullary tumors after EP is sometimes
difficult. Therefore, careful follow-up examinations are recommended after EP in all
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Figure 3

Figure 3 A recurrent tumor that was successfully treated with argon plasma coagulation.

cases of ampullary tumors. Established recommendation of follow-up protocol after
EP has not been published. This point should be addressed in the future investigation.
APC is a type of non-contact thermal ablation in which a high-frequency current is
applied to the target lesion, and it is widely used for the treatment of endoscopic
hemostasis or additional treatment after endoscopic resection. APC has been reported
to be useful for recurrent ampullary tumors that arise after EP[1,9,15,17]. In our study, all
of the recurrent tumors were successfully treated with APC, and there was no local or
lymph node recurrence after APC (duration of the follow-up period: 56.6 mo to 133.4
mo). This indicates that APC is a reliable and feasible way of treating locally recurrent
ampullary tumors that arise after EP. On the other hand, Nam et al [22] reported
usefulness of APC subsequent to EP. In this literature, they concluded additional APC
during EP might have a beneficial effect by decreasing bleeding rate without harmful
effects but not have an effect of decreasing tumor recurrence.
Pancreatitis is the most common problematic complication of EP. Currently, several
studies have shown that placement of a prophylactic pancreatic stent after EP reduces
the risk of pancreatitis. A prospective, randomized, controlled trial showed that
pancreatic duct stenting after EP significantly decreased the rate of post-EP
pancreatitis[23]. However, whether or not post EP pancreatic stenting can alleviate the
rate of pancreatitis is still controversial. Some studies have shown no statistically
significant benefit by prophylactic placement of a pancreatic stent during EP. In this
study, post-EP pancreatitis occurred in 13 patients (28.9%). Prophylactic pancreatic
stent had been placed in all post-EP pancreatitis patients. Further prospective
controlled studies are required to evaluate the efficacy of prophylactic pancreatic
stenting after EP for prevention of post-EP pancreatitis.
The present study had some limitations. First, it was affected by selection bias due
to its retrospective nature. However, before performing EP we intensively examined
the patients for bile/pancreatic duct invasion using EUS or IDUS. This resulted in
good clinical courses being achieved, even in cases that exhibited positive or uncertain
margins after EP. Second, the sample size was too small to allow the results to be
generalized. A further large-scale prospective study will be needed in future. There is
no consistent evidence about the management of ampullary tumors that exhibit
positive or uncertain margins after being resected via EP. Our results might help to
determine appropriate indications for EP, including for cases of early stage ampullary
carcinoma.
In conclusion, resected margin positive or uncertain cases after EP could be
managed by endoscopic treatment including APC, even in cases of adenocarcinoma.
EP could become an effective less-invasive first-line treatment for early stage
ampullary tumors.
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Table 2 The characteristics of all patients
Number of all EP cases

45

Male/female

29/16

Age (yr, mean ± SD)

65.0 ± 11.5

Tumor size (mm, mean ± SD)

21.1 ± 6.2

En-bloc resection/piecemeal resection

41/4

Stent placement
Both/pancreatic/biliary/none

33/7/4/1

Complications of EP
Post-EP bleeding

9 (20.0%)

Post-EP pancreatitis

13 (28.9%)

Hospital stay (d, mean ± SD)

15.4 ± 8.5

Pathological diagnosis
Adenoma/adenocarcinoma

33/12

Pathological evaluation of resected margin
Positive/uncertain/negative

12/12/21

Horizontal margin
Positive/uncertain

9/10

Vertical margin
Positive/uncertain

5/9

Median observation period (mo, range)

27.1 (3.0-133.4)

EP: Endoscopic papillectomy.

Table 3 The diagnostic accuracy of endoscopic forceps biopsy before endoscopic papillectomy
Final pathological diagnosis
Preoperative biopsy

Number
Adenoma

Adenocarcinoma

Adenoma

30

28

2

Borderline

11

4

7

Adenocarcinoma

4

1

3

Table 4 Summary of the clinical data of the patients who developed recurrent tumors after endoscopic papillectomy
Duration to
recurrence
(mo)

Resection
margin

Age

Sex

Preoperative
diagnosis

Final
diagnosis

75

Male

Adenoma

Adenoma

25

HM (+), VM (X)

Adenoma

17

HM (+), VM (X)

22

HM (+), VM (-)

n/d

HM (-), VM (-)

6.3

60

Female

Adenoma

73

Male

Borderline

74

Female

Adenoma

Adenocarcinoma
Adenoma

Size (mm)

1.0

Additional
treatment

Follow up
periods after
APC (mo)

APC

75.9

5.0

APC

133.4

1.2

APC

56.6

APC

71.0

APC: Argon plasma coagulation.
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Figure 4

Figure 4 Clinical outcomes of resected margin positive or uncertain cases. APC: Argon plasma coagulation; PD: Pancreatoduodenectomy.
Figure 5

Figure 5 Clinical outcomes of resected margin negative cases. APC: Argon plasma coagulation.

ARTICLE HIGHLIGHTS
Research background
The clinical outcomes of resected margin positive or uncertain cases after endoscopic
papillectomy (EP) remains unknown.
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Research motivation
The post-EP resection margins of ampullary tumors are often positive or uncertain because of the
burning effect of EP. The clinical outcomes of resected margin positive or uncertain cases after
EP remains unknown. Decisions regarding the treatment course in such cases might differ
among institutions and/or depend on each patient’s condition.

Research objectives
To investigate the clinical outcomes of resected margin positive or uncertain cases after EP.

Research methods
Forty-one patients with ampullary tumors who underwent EP at Kobe University Hospital
between January 2007 and October 2018 were included in this study. The clinical outcomes of
each EP cases were retrospectively investigated.

Research results
The resected margins were positive or uncertain in 24 patients (53.3%). Of these cases, 15 and 9
were diagnosed as adenoma and adenocarcinoma, respectively. Local tumor recurrence was
detected in 3 cases. All of the recurrent tumors were successfully treated with argon plasma
coagulation (APC). There was no local or lymph node recurrence after the APC. The post-APC
follow-up periods lasted for 57.1 mo to 133.8 mo. No ampullary tumor-related deaths occurred
in all patients.

Research conclusions
In conclusion, resected margin positive or uncertain cases after EP could be managed by
endoscopic treatment including APC, even in cases of adenocarcinoma.

Research perspectives
Our results might help to determine appropriate indications for EP, including for cases of early
stage ampullary carcinoma. A further large-scale prospective study will be needed in the future.

REFERENCES
1

2

3

4
5

6

7

8

9

10

11

12

13

WJG

https://www.wjgnet.com

Li S, Wang Z, Cai F, Linghu E, Sun G, Wang X, Meng J, Du H, Yang Y, Li W. New experience of
endoscopic papillectomy for ampullary neoplasms and other interventional techniques. Surg Endosc 2018;
Epub ahead of print
De Palma GD, Luglio G, Maione F, Esposito D, Siciliano S, Gennarelli N, Cassese G, Persico M,
Forestieri P. Endoscopic snare papillectomy: a single institutional experience of a standardized technique.
A retrospective cohort study. Int J Surg 2015; 13: 180-183 [PMID: 25498490 DOI:
10.1016/j.ijsu.2014.11.045]
Yeo CJ, Cameron JL, Sohn TA, Lillemoe KD, Pitt HA, Talamini MA, Hruban RH, Ord SE, Sauter PK,
Coleman J, Zahurak ML, Grochow LB, Abrams RA. Six hundred fifty consecutive
pancreaticoduodenectomies in the 1990s: pathology, complications, and outcomes. Ann Surg 1997; 226:
248-57; discussion 257-60 [PMID: 9339931 DOI: 10.1097/00000658-199709000-00004]
Böttger TC, Junginger T. Factors influencing morbidity and mortality after pancreaticoduodenectomy:
critical analysis of 221 resections. World J Surg 1999; 23: 164-171; discussion 171-172 [PMID: 9880426]
Ardengh JC. Kemp R, Lima-Filho ÉR, Dos Santos JS. Endoscopic papillectomy: The limits of the
indication, technique and results. World J Gastrointest Endosc 2015; 7: 987-994 [PMID: 26265992 DOI:
10.4253/wjge.v7.i10.987]
Ceppa EP, Burbridge RA, Rialon KL, Omotosho PA, Emick D, Jowell PS, Branch MS, Pappas TN.
Endoscopic versus surgical ampullectomy: an algorithm to treat disease of the ampulla of Vater. Ann Surg
2013; 257: 315-322 [PMID: 23059497 DOI: 10.1097/SLA.0b013e318269d010]
Okano N, Igarashi Y, Hara S, Takuma K, Kamata I, Kishimoto Y, Mimura T, Ito K, Sumino Y.
Endosonographic preoperative evaluation for tumors of the ampulla of vater using endoscopic
ultrasonography and intraductal ultrasonography. Clin Endosc 2014; 47: 174-177 [PMID: 24765600 DOI:
10.5946/ce.2014.47.2.174]
Ridtitid W, Schmidt SE, Al-Haddad MA, LeBlanc J, DeWitt JM, McHenry L, Fogel EL, Watkins JL,
Lehman GA, Sherman S, Coté GA. Performance characteristics of EUS for locoregional evaluation of
ampullary lesions. Gastrointest Endosc 2015; 81: 380-388 [PMID: 25293823 DOI:
10.1016/j.gie.2014.08.005]
Ito K, Fujita N, Noda Y, Kobayashi G, Obana T, Horaguchi J, Koshita S, Kanno Y, Ogawa T, Kato Y,
Yamashita Y. Impact of technical modification of endoscopic papillectomy for ampullary neoplasm on the
occurrence of complications. Dig Endosc 2012; 24: 30-35 [PMID: 22211409 DOI:
10.1111/j.1443-1661.2011.01161.x]
Alvarez-Sanchez MV, Oria I, Luna OB, Pialat J, Gincul R, Lefort C, Bourdariat R, Fumex F, Lepilliez V,
Scoazec JY, Salgado-Barreira A, Lemaistre AI, Napoléon B. Can endoscopic papillectomy be curative for
early ampullary adenocarcinoma of the ampulla of Vater? Surg Endosc 2017; 31: 1564-1572 [PMID:
27530895 DOI: 10.1007/s00464-016-5141-1]
Hornick JR, Johnston FM, Simon PO, Younkin M, Chamberlin M, Mitchem JB, Azar RR, Linehan DC,
Strasberg SM, Edmundowicz SA, Hawkins WG. A single-institution review of 157 patients presenting
with benign and malignant tumors of the ampulla of Vater: management and outcomes. Surgery 2011; 150:
169-176 [PMID: 21801957 DOI: 10.1016/j.surg.2011.05.012]
Amini A, Miura JT, Jayakrishnan TT, Johnston FM, Tsai S, Christians KK, Gamblin TC, Turaga KK. Is
local resection adequate for T1 stage ampullary cancer? HPB (Oxford) 2015; 17: 66-71 [PMID: 25395092
DOI: 10.1111/hpb.12297]
You D, Heo J, Choi S, Choi D, Jang KT. Pathologic T1 subclassification of ampullary carcinoma with
perisphincteric or duodenal submucosal invasion: Is it T1b? Arch Pathol Lab Med 2014; 138: 1072-1076

1396

March 21, 2019

Volume 25

Issue 11

Sakai A et al. Positive or uncertain margin after EP

14
15

16

17

18

19

20

21

22

23

[PMID: 25076296 DOI: 10.5858/arpa.2013-0324-OA]
Kawabata Y, Ishikawa N, Moriyanma I, Tajima Y. What is an adequate surgical management for Tis and
pT1 early ampullary carcinoma? Hepatogastroenterology 2014; 61: 12-17
Yamamoto K, Itoi T, Sofuni A, Tsuchiya T, Tanaka R, Tonozuka R, Honjo M, Mukai S, Fujita M, Asai
Y, Matsunami Y, Kurosawa T, Yamaguchi H, Nagakawa Y. Expanding the indication of endoscopic
papillectomy for T1a ampullary carcinoma. Dig Endosc 2018; Epub ahead of print [PMID: 30161275 DOI:
10.1111/den.13265]
Miyazaki M, Ohtsuka M, Miyakawa S, Nagino M, Yamamoto M, Kokudo N, Sano K, Endo I, Unno M,
Chijiiwa K, Horiguchi A, Kinoshita H, Oka M, Kubota K, Sugiyama M, Uemoto S, Shimada M, Suzuki Y,
Inui K, Tazuma S, Furuse J, Yanagisawa A, Nakanuma Y, Kijima H, Takada T. Classification of biliary
tract cancers established by the Japanese Society of Hepato-Biliary-Pancreatic Surgery: 3(rd) English
edition. J Hepatobiliary Pancreat Sci 2015; 22: 181-196 [PMID: 25691463 DOI: 10.1002/jhbp.211]
Kang SH, Kim KH, Kim TN, Jung MK, Cho CM, Cho KB, Han JM, Kim HG, Kim HS. Therapeutic
outcomes of endoscopic papillectomy for ampullary neoplasms: retrospective analysis of a multicenter
study. BMC Gastroenterol 2017; 17: 69 [PMID: 28558658 DOI: 10.1186/s12876-017-0626-5]
Catalano MF, Linder JD, Chak A, Sivak MV, Raijman I, Geenen JE, Howell DA. Endoscopic
management of adenoma of the major duodenal papilla. Gastrointest Endosc 2004; 59: 225-232 [PMID:
14745396 DOI: 10.1016/S0016-5107(03)02366-6]
Cheng CL, Sherman S, Fogel EL, McHenry L, Watkins JL, Fukushima T, Howard TJ, Lazzell-Pannell L,
Lehman GA. Endoscopic snare papillectomy for tumors of the duodenal papillae. Gastrointest Endosc
2004; 60: 757-764 [PMID: 15557951 DOI: 10.1016/S0016-5107(04)02029-2]
Bohnacker S, Seitz U, Nguyen D, Thonke F, Seewald S, deWeerth A, Ponnudurai R, Omar S, Soehendra
N. Endoscopic resection of benign tumors of the duodenal papilla without and with intraductal growth.
Gastrointest Endosc 2005; 62: 551-560 [PMID: 16185970 DOI: 10.1016/j.gie.2005.04.053]
Ridtitid W, Tan D, Schmidt SE, Fogel EL, McHenry L, Watkins JL, Lehman GA, Sherman S, Coté GA.
Endoscopic papillectomy: risk factors for incomplete resection and recurrence during long-term follow-up.
Gastrointest Endosc 2014; 79: 289-296 [PMID: 24094466 DOI: 10.1016/j.gie.2013.08.006]
Nam K, Song TJ, Kim RE, Cho DH, Cho MK, Oh D, Park DH, Lee SS, Seo DW, Lee SK, Kim MH, Baek
S. Usefulness of argon plasma coagulation ablation subsequent to endoscopic snare papillectomy for
ampullary adenoma. Dig Endosc 2018; 30: 485-492 [PMID: 29288506 DOI: 10.1111/den.13008]
Harewood GC, Pochron NL, Gostout CJ. Prospective, randomized, controlled trial of prophylactic
pancreatic stent placement for endoscopic snare excision of the duodenal ampulla. Gastrointest Endosc
2005; 62: 367-370 [PMID: 16111953 DOI: 10.1016/j.gie.2005.04.020]

P- Reviewer: Haraldsson E, Luglio G, Ramia JM, Yang Z
S- Editor: Ma RY L- Editor: Filipodia E- Editor: Huang Y

WJG

https://www.wjgnet.com

1397

March 21, 2019

Volume 25

Issue 11

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 March 21; 25(11): 1398-1408

DOI: 10.3748/wjg.v25.i11.1398

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Retrospective Study

Serum Mac-2 binding protein glycosylation isomer level predicts
hepatocellular carcinoma development in E-negative chronic
hepatitis B patients
Lung-Yi Mak, Wai-Pan To, Danny Ka-Ho Wong, James Fung, Fen Liu, Wai-Kay Seto, Ching-Lung Lai,
Man-Fung Yuen
ORCID number: Lung-Yi Mak
(0000-0002-2266-3935);
Danny Ka-Ho Wong
(0000-0001-9078-5005); James Fung
(0000-0002-1286-8902);
Wai-Kay Seto
(0000-0002-9012-313X); Ching-Lung
Lai (0000-0002-5927-2436); ManFung Yuen (0000-0001-7985-7725).

Author contributions: Mak LY and
To WP were involved in drafting
the manuscript. Wong DKH was
involved in performing laboratory
tests and collecting the data. Fung J
was involved in data acquisition,
statistical analysis, and language
editing of the manuscript. Seto WK
was involved in interpretation of
the data and critical revision of the
manuscript. Lai CL was involved
in critical revision of the
manuscript. Yuen MF was
involved in study concept and
design, analysis and interpretation
of data, critical revision of
manuscript, and overall study
supervision. All authors have
approved the final draft submitted.

Institutional review board
statement: This study was
reviewed and approved by the
Institutional Review Board/ Ethics
Committee of the University of
Hong Kong and the Hong Kong
West Cluster of Hospital
Authority.

Informed consent statement:
Patients were not required to give
informed consent to the study
because the analysis used

WJG

Lung-Yi Mak, Wai-Pan To, James Fung, Department of Medicine, Queen Mary Hospital, Hong
Kong, China
Danny Ka-Ho Wong, Fen Liu, Wai-Kay Seto, Ching-Lung Lai, Man-Fung Yuen, Department of
Medicine, The University of Hong Kong, Hong Kong, China
Danny Ka-Ho Wong, James Fung, Wai-Kay Seto, Ching-Lung Lai, Man-Fung Yuen, State Key
Laboratory for Liver Research, The University of Hong Kong, Hong Kong, China
Corresponding author: Man-Fung Yuen, DSc, FRCP (C), MBBS, MD, MRCP, PhD, Professor,
Department of Medicine, Queen Mary Hospital, The University of Hong Kong, Pokfulam
Road 102, Hong Kong, China. mfyuen@hkucc.hku.hk
Telephone: +86-852-22553994
Fax: +86-852-28162863

Abstract
BACKGROUND
Liver cirrhosis is a major risk factor for hepatocellular carcinoma (HCC)
development in chronic hepatitis B (CHB). Serum Mac-2 binding protein
glycosylation isomer (M2BPGi) is a novel serological marker for fibrosis. The role
of M2BPGi in prediction of HCC is unknown.
AIM
To examine the role of serum M2BPGi in predicting HCC development in
hepatitis B e antigen (HBeAg)-negative patients.
METHODS
Treatment-naive CHB patients with documented spontaneous HBeAg
seroconversion were recruited. Serum M2BPGi was measured at baseline (within
3 years from HBeAg seroconversion), at 5 years and 10 years after HBeAg
seroconversion and expressed as cut-off index (COI). Multivariate cox regression
was performed to identify predictors for HCC development. ROC analysis was
used to determine the cut-off value of M2BPGi.
RESULTS
Among 207 patients (57% male, median age at HBeAg seroconversion 40 years
old) with median follow-up of 13.1 (11.8-15.5) years, the cumulative incidence of
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HCC at 15 years was 7%. Median M2BPGi levels were significantly higher in
patients with HCC compared to those without HCC (baseline: 1.39 COI vs 0.38
COI, P < 0.001; 5-year: 1.45 COI vs 0.47 COI, P < 0.001; 10-year: 1.20 COI vs 0.55
COI, P = 0.001). Multivariate analysis revealed age at HBeAg seroconversion
[odds ratio (OR) = 1.196, 95% confidence interval (CI): 1.034-1.382, P = 0.016] and
baseline M2BPGi (OR = 4.666, 95%CI: 1.296-16.802, P = 0.018) were significant
factors predictive of HCC. Using a cut-off value of 0.68 COI, baseline M2BPGi
yielded AUROC of 0.883 with 91.7% sensitivity and 80.8% specificity.
CONCLUSION
High serum M2BPGi within 3 years after HBeAg seroconversion was a strong
predictor for subsequent HCC development in treatment-naive HBeAg-negative
CHB patients.
Key words: Hepatocellular carcinoma; Hepatitis B; Liver fibrosis; Mac-2 binding protein
glycosylation isomer; Biomarker
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Serum Mac-2 binding protein glycosylation isomer (M2BPGi) is a novel
marker to assess severity of liver disease. The aim of this study was to assess its role in
prediction of incident hepatocellular carcinoma (HCC) in patients with chronic hepatitis
B who were prospectively followed-up for a median duration of 13.1 years. High serum
M2BPGi increased HCC risk by 4-5 folds. If M2BPGi is below the threshold (0.68 cutoff index), there is > 99% chance that the patient will not develop liver cancer in the
subsequent 15 years.
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INTRODUCTION
As of year 2015, chronic hepatitis B virus infection (CHB) affects 257 million persons
worldwide[1]. It accounts for 50%-80% of all cases of hepatocellular carcinoma (HCC)
globally[2,3], which is the 5th most common cancer worldwide and still demonstrates
rising incidence[1,4]. Up to 15%-40% of hepatitis B virus (HBV) carriers will develop
cirrhosis and/or HCC in their lifetime[5,6]. Identifying CHB patients with high risk for
HCC is essential for implementation of preventive measures, including initiation of
antiviral therapy and regular surveillance for HCC.
Known risk factors for HCC in CHB patients include both host factors [e.g., older
age, male gender, genetic polymorphism, family history, presence of cirrhosis, coexisting chronic liver diseases, co-infection with hepatitis C virus (HCV) or human
immunodeficiency virus (HIV)] and viral factors (e.g., high HBV DNA levels, core
promoter mutations)[7-12]. Risk stratification models for prediction of HCC risk in CHB
patients have been developed and validated, namely the REACH-B, GAG-HCC and
CU-HCC[13-15]. Common variables among these prediction scores include age, gender,
HBV DNA, cirrhosis, liver biochemistries. Among these factors, diagnosis of cirrhosis
is particularly prone to inter-observer variability due to the nature of qualitative
assessment by imaging. Improving diagnostic accuracy of cirrhosis without
histological assessment could be achieved by non-invasive means. Quantitative
assessment with imaging-based (e.g., liver stiffness measurement) or serum-based
tests is increasingly used in estimating the severity of liver fibrosis for risk
stratification.
Serum Mac-2 binding protein glycosylation isomer (M2BPGi), also known as
Wisteria floribunda agglutinin positive Mac-2 binding protein (WFA+-M2BP), is a
novel glycan-based marker for assessment of liver fibrosis [16] . The sugar chain
structure of M2BP changes correspondingly to progression of hepatic fibrosis. WFA, a
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lectin used to recognize the altered glycan parts of M2BP, is detected by a lectinantibody sandwich immunoassay and liver fibrosis can thus be quantified. Serum
M2BPGi has recently been shown to be a reliable marker for diagnosing advanced
liver fibrosis and cirrhosis in various liver diseases [17-19] . The predictive value of
M2BPGi for risk of HCC development has also been demonstrated in CHB
patients[20-23]. However, these studies were mostly retrospective with a relatively short
duration of follow-up of ≤ 5 years. In addition, the patient population was
heterogeneous, including both treatment-naive and treatment-experienced patients. In
the only study evaluating M2BPGi in treatment-naive patients, serum M2BPGi higher
than a pre-defined cut-off [≥ 2.0 cut-off index (COI)] was associated with higher risk
of HCC[22]. However, the serum M2BPGi levels in CHB patients may differ between
populations with different ethnicity and disease stage and the cut-off values should be
properly defined for each. Moreover, as the majority of HCC in CHB is diagnosed in
Hepatitis B e antigen (HBeAg) negative patients[24], the predictive value of M2BPGi in
HBeAg negative patients should be investigated in a well-defined cohort. Therefore,
the aim of this longitudinal study was to examine the relationship between serum
M2BPGi and the development of HCC in treatment-naive HBeAg-negative patients,
and to define an optimal cut-off value for prediction of subsequent HCC
development.

MATERIALS AND METHODS
Patients
The present study recruited CHB patients who were aged ≥ 18 years old and were
managed in the Liver Clinics in Queen Mary Hospital, Hong Kong. All recruited
patients had persistent positivity for serum HBV surface antigen (HBsAg) ≥ 6 mo, and
were positive for HBeAg on presentation with subsequent documented spontaneous
HBeAg seroconversion between year 2000-2007. Patients were excluded for the
following conditions: co-infection with chronic HCV, HIV, excessive alcohol intake (≥
30 g/d for male, ≥ 20 g/d for female), other chronic liver diseases (e.g., primary biliary
cholangitis, autoimmune hepatitis, Wilson’s disease), history of treatment with
antiviral agents, history of HCC, or other major medical comorbidities, e.g., heart
failure and pulmonary disease. Patients with incomplete clinical data or without
retrievable serum samples were also excluded. A total of 207 patients were recruited
for this study. All patients were treatment-naïve at recruitment. Subsequent antiviral
therapy consisting of nucleos(t)ide analogues were initiated for either hepatitis flare
[defined as alanine aminotransferase (ALT) > 2 times the upper limit of normal with
serum HBV DNA > 2000 IU/mL] or development of liver-related complications
(cirrhosis or HCC) [25] . This study population was also examined for the role of
hepatitis B core-related antigen (HBcrAg) on the HCC development in a previous
study[26]. The study protocol was approved by the Institutional Review Board/ Ethics
Committee of the University of Hong Kong and the Hong Kong West Cluster of
Hospital Authority. Figure 1 depicts the patient disposition.

Clinical data and laboratory assessment
All recruited patients had regular clinic visits every 6 months or more frequently if
clinically indicated. For the purpose of this study, the date of HBeAg seroconversion
was defined as the start of follow-up. The end of follow-up was defined as the date of
diagnosis of HCC, or the date of last clinic visit for patients without HCC
development. Clinical parameters including age at presentation, age at HBeAg
seroconversion and gender were documented. Blood tests including liver
biochemistry and alpha feto-protein (AFP) were measured at the time of HBeAg
seroconversion and subsequent visits. Serum HBV DNA levels were measured at
baseline by Cobas Taqman (Roche Diagnostics, Branchburg, NJ, United States) with
lower limit of detection of 20 IU/mL.

Measurement of serum M2BPGi
Serum M2BPGi was measured using a chemiluminescent enzyme-linked
immunoassay by two-step sandwich method and the details of the test were reported
elsewhere[18]. Briefly, serum M2BPGi was measured by HISCL M2BPGi reagent kit
(Sysmex, Hyogo, Japan) on an automatic immunoanalyzer HISCL-800 (Sysmex,
Hyogo, Japan). Serum M2BPGi level was expressed as COI. Serum M2BPGi level was
measured at 3 time points: at baseline (defined as within 3 years after HBeAg
seroconversion), at 5 years and at 10 years after HBeAg seroconversion.

Radiological assessment
Regular 6 monthly ultrasonography of the hepatobiliary system was advised to all
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Figure 1

Figure 1 Patient disposition. CHB: Chronic hepatitis B; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus;
HBeAg: Hepatitis B e antigen; HIV: Human immunodeficiency virus.

patients and AFP levels were measured regularly at the interval of 3-6 mo. For those
with abnormal AFP levels and/or abnormal ultrasound findings, contrast-enhanced
imaging, either computerized tomography or magnetic resonance imaging would be
arranged. HCC was diagnosed by the typical features of arterial phase hyperenhancement and porto-venous washout of contrast, with or without histological
proof. Cirrhosis was diagnosed in the presence of small nodular liver, splenomegaly
or ascites.

Liver stiffness measurement
Liver stiffness measurement (LSM) was performed using Fibroscan (Echosens®, Paris,
France). Liver stiffness (LS) was expressed as the median value of ≥ 10 successful
acquisitions in units of kilopascals (kPa). LSM was only considered reliable with a
success rate of ≥ 60%, combined with an interquartile range of < 30%. The operator
received prior formal training from Echosens® and had performed at least 500
transient elastography procedures. As the Fibroscan machine was only available in
our centre since year 2006, LSM was performed at year 5 from HBeAg seroconversion.
Advanced fibrosis was defined as LS ≥ 9 kPa according to the European Association
for Study of Liver, Asociación Latinoamericana para el Estudio del Hígado clinical
guidelines[27].

Statistical analysis
Continuous variables were expressed as median [interquartile range (IQR), as
specified]. Mann-Whitney U test was used for comparison of median between 2
groups. Categorical variables, expressed as proportions, were compared using Chisquare test and Fisher’s Exact test when appropriate. Pearson’s correlations were
performed to evaluate the relationship between LS and serum M2BPGi. To determine
whether factors were independently associated with subsequent HCC development,
variables with a P < 0.05 in univariate analyses were entered into multivariate
analysis performed by binary logistic regression, with odds ratio (OR) and 95%
confidence interval (CI) calculated. To evaluate the diagnostic performance of serum
M2BPGi in predicting subsequent HCC development, receiver-operating
characteristic (ROC) curve analysis was carried out. Diagnostic accuracy was
expressed as the specificity, sensitivity, positive predictive value (PPV), negative
predictive value (NPV), and area under the ROC curve (AUROC). The optimal cut-off
values were obtained by maximizing the Youden’s index. Kaplan-Meier survival
analysis was used to compare the incidence of HCC using the derived M2BPGi cut-off
value. A two-tailed P value of < 0.05 was considered statistically significant. All
statistical analysis was performed using Statistical package for Social Sciences (SPSS)
version 20.0 (SPSS Inc, Chicago, IL, United States). The statistical review of the study
was performed by a biomedical statistician.
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RESULTS
Baseline characteristics of the patients
The baseline characteristics of 207 enrolled patients were shown in Table 1. Onehundred and eighteen (57%) were male. The median age at HBeAg seroconversion
was 40 (IQR: 34-45) years old. The median follow-up duration was 13.1 (IQR: 11.815.5) years. The median HBV DNA was 4.0 (IQR: 3-5.4) log IU/mL and the median
ALT was 32 (IQR: 21-50) U/L. Seven patients (3.6%) had HBsAg seroclearance after a
median duration of 6.4 years and none of them developed HCC. Subsequent antiviral
therapy was initiated in 102 (49.3%) patients after a median duration of 5.5 years due
to hepatitic flare or diagnosis of liver-related complications including cirrhosis and
HCC. The details of the antiviral therapy are listed in Supplementary Table 1.

Markers of liver fibrosis and cirrhosis
The median serum M2BPGi at baseline, 5-year and 10-year was 0.42 (IQR: 0.27-0.68),
0.5 (IQR: 0.29-0.68) and 0.56 (0.38-0.76) COI, respectively. Cirrhosis was present in 35
(16.9%) patients at the end of follow-up. Compared to non-cirrhotic group, the
median serum M2BPGi levels in the cirrhotic group were significantly higher at all 3
time points (0.38 COI vs 0.95 COI, 0.47 COI vs 1.23 COI, 0.54 COI vs 0.98 COI,
respectively, P < 0.001 for all time points) (Figure 2). Among 167 patients with 5-year
LSM, the median LS was 6.5 (5-8.8) kPa. Advanced fibrosis was present in 39 (23.4%)
patients. The median LS at 5-year was significantly higher in the cirrhotic group than
the non-cirrhotic group (14.4 kPa vs 6.1 kPa, P < 0.001). Serum M2BPGi at baseline and
5-year demonstrated linear correlations with LSM at 5-year (r = 0.232, P = 0.009 and r
= 0.563, P < 0.001, respectively). Baseline serum M2BPGi level was significantly higher
in patients with subsequent LSM at 5-year showing advanced fibrosis compared to
those without (0.61 COI vs 0.37 COI, P = 0.008).
Since almost half patients were eventually started on antiviral therapy, it would be
impractical to exclude these patients from subsequent analysis. Previous report stated
that antiviral therapy would lead to decline in serum M2BPGi level and reduction in
histological fibrosis[18]. To address this issue, we performed additional analysis to
compare the serum M2BPGi levels at 5-year and 10-year between those who were
subsequently initiated with antiviral therapy. The median serum M2BPGi levels in
patients requiring treatment compared to patients not requiring treatment were 0.50
(IQR: 0.37-0.71) COI vs 0.50 (IQR: 0.28-0.64) COI and 0.66 (IQR: 0.43-0.95) COI vs 0.52
(IQR: 0.34-0.62) COI at 5-year (P = 0.167) and 10-year (P < 0.001), respectively.

Factors associated with HCC development
Among 207 patients, HCC developed in 14 patients (6.8%) at a median of 4.7 (IQR:
2.7-8.9) years at median age of 59.1 years. The 5-year, 10-year and 15-year cumulative
incidences of HCC were 3.9%, 5.9% and 7%, respectively.
Compared to patients without HCC development, HCC patients were older at
HBeAg seroconversion (median age: 40 years old vs 52 years old, P < 0.001). HCC
patients had higher baseline serum aspartate aminotransferase (AST, 44 U/L vs 24
U/L, P = 0.002), alanine aminotransferase (ALT, 61 U/L vs 27 U/L, P = 0.007), and
gamma glutamyl transferase (GGT, 59 U/L vs 22 U/L, P = 0.003). The proportion of
patients with cirrhosis was higher in the HCC group compared to non-HCC group
(92.8% vs 11.4%, P < 0.001). The median serum M2BPGi at baseline, 5-year and 10-year
were significantly higher in HCC group compared to non-HCC group (1.39 COI vs
0.38 COI, 1.45 COI vs 0.47 COI and 1.20 COI vs 0.55 COI, respectively; P < 0.001, P <
0.001 and P = 0.001, respectively) (Figure 3). The 5-year LS was significant higher in
HCC group compared to non-HCC group (12.6 kPa vs 6.4 kPa, P = 0.028) (Table 2).
As more than half of HCC cases in this cohort developed between baseline and 5year, multivariate analysis was only performed on baseline variables for association
with subsequent HCC development. Multivariate analysis showed that age at HBeAg
seroconversion (OR = 1.196, 95%CI: 1.034-1.382, P = 0.016) and baseline serum
M2BPGi (OR = 4.666, 95%CI: 1.296-16.802, P = 0.018) were independent factors
associated with HCC development (Table 2).

Performance characteristics of serum M2BPGi in prediction of HCC development
The AUROC of baseline serum M2BPGi for predicting subsequent HCC development
was 0.883 (95%CI: 0.771-0.995, P < 0001). The optimal cut-off value was 0.685 COI,
which predicted HCC development with 91.7% sensitivity and 80.8% specificity. The
PPV and NPV were 25.8% and 99.3%, respectively (Supplementary Figure 1).
The cumulative incidence of HCC at 15-year of follow-up was significantly higher
in patients with baseline M2BPGi ≥ 0.68 COI compared to < 0.68 COI (29% vs 0.9%,
respectively, P < 0.001) (Figure 4).
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Table 1 Baseline demographics of the 207 patients
Characteristics

Value

Gender (male, %)

118 (57%)

Age of HBeAg seroconversion (yr)

40 (34-45)1
13.1 (11.8-15.5)1

Follow-up duration (yr)
Liver biochemistry
Bilirubin (μmoL/L)

12 (9-16)1

ALP (U/L)

69 (57-82)1

AST (U/L)

29 (23-37)1

ALT (U/L)

32 (21-50)1

GGT (U/L)

23 (16-36)1

Albumin (g/dL)

43 (41-45)1

Globulin

34 (31-36)1
4 (3-7)1

AFP (ng/mL)

4 (3-5.4)1

HBV DNA (log IU/mL)

0.42 (0.27-0.68)1

Baseline M2BPGi

1

Median and values in brackets represented interquartile range. AFP: Alpha feto protein; ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma glutamyl
transferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; M2BPGi: Mac-2 binding protein
glycosylation isomer.

DISCUSSION
The present longitudinal study investigated a homogenous CHB patient population
with a well-defined time point of HBeAg seroconversion, with a median follow-up
length of 13.1 years representing a relatively long duration of follow up in the existing
literature regarding risk prediction for HCC development in such a population. HCC
development was shown to be highly predictable by baseline serum M2BPGi (OR =
4.666). Serum M2BPGi provides an objective quantitative assessment of liver fibrosis,
rather than qualitative sonographic features. In comparison, sonographic diagnosis of
cirrhosis was not a significant factor for HCC development upon multivariate analysis
(P = 0.239), highlighting the limitations of qualitative assessment. Although 5-year
LSM and 5-year M2BPGi were not included in the multivariate analysis, they showed
good linear correlation with each other (r = 0.563, P < 0.001). Baseline M2BPGi also
dictated advanced liver fibrosis at subsequent 5-year LSM (P = 0.008). It would be of
great interest for future studies to determine whether a combined M2BPGi and
fibroscan measurement at baseline would further enhance the predictability for HCC
development.
The cut-off value of baseline serum M2BPGi was derived by established statistical
methods with an excellent performance (AUROC = 0.883). Using a cut-off value of
0.68 COI, the sensitivity and specificity was > 90% and > 80%, respectively, with very
high NPV (99.3%). The low PPV (25.8%) was mainly related to the relatively low
incidence of HCC in this HBeAg negative cohort and is not unexpected from their
inactive disease profile. In view of such, serum M2BPGi would be useful to exclude
patients with low risk of HCC. As LSM has been incorporated into HCC prediction
scores[28], combining other markers for liver fibrosis, like M2BPGi, into risk prediction
models should also be explored.
Apart from baseline M2BPGi, older age at HBeAg seroconversion (OR = 1.196) was
another independent factor associated with the development of HCC. This is
consistent with previous reports that the risk of HCC was higher if spontaneous
HBeAg seroconversion occurred at an older age[29,30]. As HBeAg seroconversion marks
the transition from immune active phase to residual low replicative phase of CHB[31,32].
patients with late HBeAg seroconversion might experience more cumulative liver
insult from more active viral replication during the longer HBeAg positive immune
active phase compared to patients who had HBeAg seroconversion at a younger age.
In this study, a few known risk factors were not statistically significant variables for
subsequent HCC development. The patients in this study were all treatment-naive at
the time of recruitment, implying a relatively inactive disease profile. Expectantly,
both groups (HCC and non-HCC) had relatively low viral load at the time of HBeAg
seroconversion (HBV DNA 4.6 and 4.0 log IU/mL, respectively). Similarly, serum
albumin in both groups were in the normal range (43 and 44 g/L, respectively),
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Figure 2

Figure 2 Serum Mac-2 binding protein glycosylation isomer levels at baseline, 5 years and 10 years after
hepatitis B e antigen seroconversion according to presence of cirrhosis. Boxplot: Horizontal lines, colored bars
and error bars represent median, interquartile range and 95% confidence interval, respectively. M2BPGi: Mac-2
binding protein glycosylation isomer.

indicating preserved liver synthetic function in this selected population. The lack of
statistical significance for male gender in this study might be related to the small
sample size and low number of patients with HCC. A higher proportion of patients
who subsequently developed HCC were initiated with antiviral therapy compared to
patients who did not develop HCC (71.4% vs 47.7% for non-HCC, P = 0.102).
Although statistical significance was not reached, those that did not need antiviral
therapy may intrinsically have a better disease profile with more favourable
virological and biochemical characteristics[30], which accounted for an apparently
lower risk of HCC in those who do not require antiviral therapy.
Antiviral treatment cannot be withheld if treatment indications were reached,
including not only hepatitic flare but also development of cirrhosis or HCC.
Therefore, 49.3% of patients in this study eventually received treatment at a median
duration of 5.5 years. We showed that subsequent antiviral therapy did not
signficantly change the serum M2BPGi levels at 5-year, probably related to the short
duration of treatment. Paradoxically, the median M2BPGi level was significantly
higher at 10-year in those requiring antiviral treatment compared to those who did
not (0.66 vs 0.52, P < 0.001). This reflects the intrinsically more advanced liver disease
in those requiring antiviral treatment. As the timing of antiviral therapy initiation was
heterogenous (IQR: 2.7-8.6 years after recruitment), it is difficult to assess the effect of
antiviral therapy on fibrosis regression, taking into consideration the differences in
the severity of liver disease accumulated at the timing of therapy. Therefore, the
differences in serum M2BPGi levels between HCC and non-HCC group at 5-year and
10-year could not be explained by antiviral therapy alone.
There are a few limitations in the present study. Firstly, platelet counts were not
available, precluding the use of other serum-based indices for fibrosis assessment (e.g.,
FIB-4, APRI). Secondly, viral factors including HBV genotype and specific mutations known risk factors for HCC development - were not included in the analysis. Thirdly,
due to the low number of HCC cases at 5-year (n = 8) and 10-year (n = 3), 5-year and
10-year serum M2BPGi as well as 5-year LS were not included in multivariate
analysis. Larger scale studies including more patients would be needed to evaluate
the role of longitudinal assessment of these markers in HCC risk prediction.
In summary, serum M2BPGi accurately predicted subsequent HCC development in
treatment-naive HBeAg-negative CHB patients across a long-term follow-up
duration. The derived cut-off value of serum M2BPGi would be a valuable tool for
risk stratification regarding HCC risk prediction.
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Table 2 Factors associated with development of hepatocellular carcinoma in 207 treatment-naïve chronic hepatitis B patients
Univariate analysis

Gender (being male, %)

HCC (n = 14)

No HCC (n = 193)

Multivariate analysis
P value

OR

95%CI

P value

1.196

1.034-1.382

0.016

10 (71.4%)

108 (56%)

0.403

Age of HBeAg seroconversion (yr)

53

39

< 0.001

Bilirubin (μmoL/L)

11

10

0.797

ALP (U/L)

74

58

0.177

AST (U/L)

44

24

0.002

1.042

0.906-1.199

0.564

ALT (U/L)

61

27

0.007

1.030

0.969-1.094

0.347

GGT (U/L)

59

22

0.003

0.981

0.932-1.033

0.471

Albumin (g/L)

43

44

0.427

Globulin

36

34

0.157
0.587

4.666

1.296-16.802

0.018

7.142

0.270-188.693

0.239

AFP (ng/mL)

4

3

HBV DNA (log IU/mL)

4.6

4.0

0.446

Baseline M2BPGi (COI)

1.39

0.38

< 0.001

5-year M2BPGi (COI)

1.45

0.47

< 0.001

10-year M2BPGi (COI)

1.2

0.55

0.001

5-year LS (kPa)

12.6

6.4

0.028

Cirrhosis (%)

13 (92.8%)

22 (11.4%)

< 0.001

Treatment after HBeAg seroconversion

10 (71.4%)

92 (47.7%)

0.102

0 (0%)

7 (3.6%)

0.608

HBsAg seroclearance (%)

AFP: Alpha feto protein; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; GGT:
Gamma glutamyl transferase; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surgace antigen;
LS: Liver stiffness; M2BPGi: Mac-2 binding protein glycosylation isomer; OR: Odds ratio.

Figure 3

Figure 3 Serum Mac-2 binding protein glycosylation isomer levels at baseline, 5 years and 10 years after hepatitis B e antigen seroconversion in patients
with or without subsequent development of hepatocellular carcinoma. Boxplot: Horizontal lines, colored bars and error bars represent median, interquartile range
and 95% confidence interval, respectively. HCC: Hepatocellular carcinoma; M2BPGi: Mac-2 binding protein glycosylation isomer.
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Figure 4

Figure 4 Cumulative incidence of hepatocellular carcinoma according to baseline serum Mac-2 binding protein glycosylation isomer level. COI: Cut-off
index; HCC: Hepatocellular carcinoma; M2BPGi: Mac-2 binding protein glycosylation isomer.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the most dreadful complication of chronic hepatitis B
infection (CHB). Recent research showed that serum Mac-2 binding protein glycosylation isomer
(M2BPGi) is a novel biomarker for liver fibrosis and cirrhosis, and preliminary studies reported
its potential role in predicting risk of HCC in both untreated and treated patients.

Research motivation
The current literature has limited data on the role of serum M2BPGi in predicting risk of HCC in
patients with hepatitis B e antigen (HBeAg) seroconversion (HBeAg-negative disease), and
studies with long-term follow-up are lacking.

Research objectives
We would like to know if serum M2BPGi can predict subsequent HCC development in
untreated CHB patients who underwent HBeAg seroconversion.

Research methods
This is a retrospective study by a tertiary center in Hong Kong. Treatment-naive patients with
documented spontaneous HBeAg seroconversion were recruited. Serum M2BPGi was measured
at baseline, at 5-years and 10-years from HBeAg-seroconversion. We investigated the
relationship between serum M2BPGi levels and subsequent HCC development.

Research results
The cumulative HCC incidence at 15 years was 7% among 207 recruited patients (median followup of 13.1 years). Serum M2BPGi was significantly higher in patients with HCC compared to
those without HCC at all 3 time points (all P < 0.01). Baseline serum M2BPGi was significantly
associated with HCC development (odds ratio of 4.666, P = 0.018). The area under the receivor
operating characteristics curve for baseline M2BPGI was 0.883, with sensitivity and specificity of
91.7% and 80.8%, respectively, when the derived cut-off value of 0.68 cut-off index was used to
predict HCC development.

Research conclusions
High serum M2BPGi level at HBeAg seroconversion was a strong predictor for subsequent HCC
development in CHB patients.

Research perspectives
The derived cut-off value of serum M2BPGi would be a valuable tool for risk stratification
regarding HCC risk prediction. Further validation studies are warranted.
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Abstract
BACKGROUND
Life-long removal of gluten from the diet is currently the only way to manage
celiac disease (CeD). Until now, no objective test has proven useful to objectively
detect ingested gluten in clinical practice. Recently, tests that determine
consumption of gluten by assessing excretion of gluten immunogenic peptides
(GIP) in stool and urine have been developed. Their utility, in comparison with
conventional dietary and analytical follow-up strategies, has not been fully
established.
AIM
To assess the performance of enzyme-linked immunosorbent assay (ELISA) and
point-of-care tests (PoCTs) for GIP excretion in CeD patients on gluten-free diet
(GFD).
METHODS
We conducted an observational, prospective, cross-sectional study in patients
following a GFD for at least two years. Using the Gastrointestinal Symptom
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Rating Scale questionnaire, patients were classified at enrollment as
asymptomatic or symptomatic. Gluten consumption was assessed twice by 3-d
dietary recall and GIP excretion (by ELISA in stool and PoCTs (commercial kits
for stool and urine) in two consecutive samples. These samples and dietary
reports were obtained 10 day apart one from the other. Patients were encouraged
to follow their usual GFD during the study period.
RESULTS
Forty-four patients were enrolled, of which 19 (43.2%) were symptomatic despite
being on a GFD. Overall, 83 sets of stool and/or urine samples were collected.
Eleven out of 44 patients (25.0%) had at least one positive GIP test. The
occurrence of at least one positive test was 32% in asymptomatic patients
compared with 15.8% in symptomatic patients. GIP was concordant with dietary
reports in 65.9% of cases (Cohen´s kappa: 0.317). PoCT detected dietary
indiscretions. Both ELISA and PoCT in stool were concordant (concomitantly
positive or negative) in 67 out of 74 (90.5%) samples. Excretion of GIP was
detected in 7 (8.4%) stool and/or urine samples from patients considered to be
strictly compliant with the GFD by dietary reports.
CONCLUSION
GIP detects dietary transgressions in patients on long-term GFD, irrespective of
the presence of symptoms. PoCT for GIP detection constitutes a simple homebased method for self-assessment of dietary indiscretions.
Key words: Celiac disease; Follow-up; Gluten-free diet; Gluten immunogenic peptide
excretion; Rapid tests
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Excreted gluten immunogenic peptides (GIPs) in stool and urine are specific
indicators of gluten consumption in patients with celiac disease.GIP tests detect dietary
indiscretions in treated celiac patients, irrespective of the presence of symptoms. GIPs
were detected in stool and/or urine samples of patients considered to be strictly
compliant with the gluten-free diet according to dietary reports. Point-of-care tests for
GIP detection constitute simple home-based methods for self-assessment of dietary
indiscretions.
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INTRODUCTION
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Life-long removal of gluten from the diet is currently the only way to manage celiac
disease (CeD)[1]. In most patients, strict gluten avoidance results in symptomatic,
serologic and histological remission. Adherence to the gluten-free diet (GFD) is
associated with a reduction and/or normalization of the risk for associated disorders
or complications[2]. While the majority of treated patients who are compliant with the
GFD are asymptomatic, up to 40% of treated patients remain symptomatic or
experience symptom relapse[3]. In this context, the persistence of gluten consumption,
or accidental antigen exposure, is considered the main underlying factor [4-6] .
Asymptomatic patients on a GFD who have normal serology are not always assessed
for adherence to the diet. Furthermore, most guidelines do not reinforce the necessity
for monitoring GFD compliance. Until now, there was no objective test to reveal
ingested gluten in clinical practice, and evaluations have relied on the presence of
symptoms, dietary questionnaires by dietitians and/or serology[7-9].
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Quantitative enzyme-linked immunosorbent assays (ELISA) (stool) and
quantitative immunocromatography (urine) tests that determine consumption of
gluten by assessing the excretion of gluten immunogenic peptides (GIP) have recently
been developed[10,11]. These tests are based on the detection of GIP in stool and urine
by monoclonal antibodies (anti-33merα-gliadin peptide G12). Previous studies have
shown that a positive result constitutes specific evidence of dietary indiscretions. In
addition to these, point-of-care tests (PoCT) (both for stool and urine) have been
recently developed to simplify their use by patients at home. It is not currently known
how these newly developed tests perform compared with laboratory tests for GIP,
such as ELISA, traditional dietary assessment and serology. It is also unknown
whether PoCT can help in the identification of transgressions in asymptomatic
patients on GFD, in whom gluten contamination is not suspected[3].
Thus, our aims were: (1) to assess the performance of ELISA and PoCT for detecting
GIP excretion in stool and urine in patients on GFD for more than two years; and (2)
to explore the potential association of dietary transgressions with symptoms in CeD
patients on long-term GFD.

MATERIALS AND METHODS
Patients
CD patients (> 18 years old) attending the Celiac Disease Clinic of the “C. Bonorino
Udaondo” Gastroenterology Hospital were offered to participate in the study.
Inclusion criteria were: (1) a well-established histological and serological diagnosis of
CeD; (2) self-reported adherence to the GFD for more than two years; and (3) ability to
complete dietary reports, and collect and transport samples to our institution per the
protocol. The diagnosis of CeD was based on positive specific serology and
concomitant duodenal biopsy showing villous atrophy (Marsh’s 3 damage) [1-4] .
Patients not willing to participate, unable to complete dietary diary recall, having
concomitant disorders (e.g., type I diabetes, hypothyroidism, etc), type II refractory
CeD, or unable to collect and deliver the required samples, were excluded. Serum
samples were obtained at the time of enrollment for the determination of CeD-specific
antibodies, although levels of serologic tests did not limit patient enrollment.

Study design
Th study followed an observational, cross-sectional design, and prospectively
assessed adult CeD patients on a GFD. Patients fulfilling the inclusion and exclusion
criteria were invited to enroll in the study after signing a written informed consent. At
baseline, patients were assessed for the presence of GI symptoms by the
Gastrointestinal Symptom Rating Scale (GSRS) questionnaire [12] . A patient was
classified as symptomatic if reporting ≥3 points for individual syndromes or, ≥2
points in the average score of the five syndromes[13]. Patients were encouraged to
follow their usual GFD during the study period (2 wk) (Figure 1).
The first step of the study consisted of a self-written 3-d recall diary on food
consumption, as previously described[14]. The following morning, patients delivered a
random sample of stool and urine (first morning urine) to the specialized laboratory
within 4 h after collection. After a 1-wk clearance period during which patients
remained on a GFD to prevent confounding results from potential contaminations
prior to the study [5-7] , patients completed a second recall diary. Stool and urine
samples were collected the consecutive morning, as explained previously[10,11] (Figure
1). The second collection of samples was performed to investigate whether dietary
transgressions were isolated or frequent events.

Analytical methods and test sensitivity
Details on detection limits, lapse of time from consumption to detection, time for
clearance of stool and urine, and the quantity of gluten consumption required for
detection, are detailed in Table 1.

Blood, stool and urine sample collection and storage
After collection, blood samples were stored at -20°C until tested. Patients were
instructed to collect three sets of 2-4 g of stool from the first morning deposition, and
to place them immediately into sealed containers at both time points. Stool samples
were transported to the lab within 4 h of collection. Stool samples were kept frozen
until GIP quantitative ELISA tests were performed. The urine and stool samples were
also used for PoCT detection of GIP, and both determinations were evaluated as soon
as they arrived in the lab to prevent any peptide degradation. The manufacturer
reported sufficient GIP stability in urine for at least 24 h at room temperature
(Cebolla-Ramirez A; personal communication/unpublished).
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Figure 1

Figure 1 Study design.GFD: Gluten-free diet; GSRS: Gastrointestinal Symptom Rating Scale.

Quantitative GIP detection in stool by ELISA
Testing was performed according to instructions from manufacturers. Briefly, GIP
excretion was quantified by a sandwich ELISA kit (iVYLISA GIP-S®, Biomedal S.L.;
Sevilla, Spain) designed to detect and quantify GIPs (containing similar epitopes to
those found in the immunodominant α-gliadin 33-mer peptide) in samples. Stool
samples were incubated for 60 min at 50ºC with gentle agitation in 9 mL of Universal
Gluten Extraction Solution (UGES; Biomedal S.L.; Seville, Spain) per gram of stool to
release the GIP from the stool matrix. The extracted sample was then added to a plate
coated with A1/G12 monoclonal antibodies that specifically detect the epitopes of
wheat prolamin (gliadin), rye (secalin) and barley (hordein). Details on analytics and
detection limit are shown in Table 1[10].

GIP in stools and urine by PoCT
PoCT in stool and urine samples was performed by lateral flow immunoassays
(GlutenDetect®; Biomedal S.L., Spain). First, 2 mL urine samples were mixed with 0.7
mL of the manufacturer solution. If gluten peptides are present, they react with the
conjugated antibodies (monoclonal antibodies A1 and G12) previously fixed in the
lateral flow strip, producing a red line in the result window. A control antibodyantigen reaction is generated to confirm the correct flow and conditions for antibody
binding, which generates a green line to indicate correct test performance. Positive
results are revealed by two lines (red and green) and negative results are indicated by
a single green line. The limits of quantification in stool and urine are shown in Table
1.

CeD serology tests
CeD-related serology included: (1) IgA a-tTG (QUANTA Lite TM, h-tTG IgA, INOVA
Diagnostic Inc.; San Diego, CA, United States) by ELISA; and (2) IgA deamidated
gliadin peptide (IgA DGP) antibodies, both by ELISA. Cut-off for both antibodies was
20 IU/mL. Characteristics of the serologic test have been reported in previous
studies[14].

Estimation of gluten intake by dietary recall
During the 3-d dietary recall, patients were encouraged to be explicit about foods,
brands consumed, management strategies and food processing. However, patients
were asked to avoid major changes to their usual GFD, and eventual modifications
were not determined. A second expert dietitian, blinded to clinical and laboratory
results, determined the potential gluten consumption for each dietary report. The
degree of adherence was estimated as follows: (1) patients with no evidence of
transgression; and (2) patients non-adherent to the diet, which included voluntary or
inadvertent transgression with known sources containing gluten, and patients with
intake of gluten traces (when hidden gluten or cross contamination was not
controlled)[15].

Statistical analysis
The study was approved by the Institutional Ethical Committee (CEI) and the Local
Research Committee (CODEI) from Dr. C. Bonorino Udaondo Gastroenterology
Hospital. A written consent was obtained from all patients. Data were analyzed using
MedCalc (ver. 11.2.1.0; MedCalc Software; bvba).Comparison between GIP excretion
tests and degree of compliance with the GFD was estimated, without considering the
existence of a gold standard test. Data are reported as mean and standard deviation or
median and range, according to distribution. The proportion (%) of positive or
negative tests was established. Results were analyzed using t-tests, Mann-Whitney
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Table 1 Characteristics of tests for detecting gluten immunogenic peptides in stool and urine
Method

Type of sample

Limit of detection

Time tobe excreted1

Time of GIPclearance1

Detectable levels ofgluten intake

LFIA; PoCT

Stool

60-150 μg/g

2d

2-7 d

>40 mg/d

LFIA; PoCT

Urine

2-3 ng/mL

1-12 h

24-48 h

40-500 mg/d2

ELISA

1

Time after gluten intake;
The ingestion of 50mg of gluten per day can be detected in urine with a sensitivity of 15%, and the ingestion of 500mg gluten per day can be detected with
a sensitivity of 90% when analyzing the first urine in the morning[24]. GIP: Gluten immunogenic peptides; ELISA: Enzyme-linked immunosorbent assay;
LFIA: Lateral-flow immunochromatographic assay; PoCT: Point-of-care test.
2

tests or Fisher exact tests as appropriate, according to data distribution. Concordance
between dietary reports and GIP excretion was determined by using the Cohen´s
kappa.

RESULTS
Patient characteristics
A total of 62 CeD patients were screened and 44 patients were enrolled. Based on the
GSRS questionnaire, 19 (43.2%) patients were symptomatic and 25 asymptomatic
(Figure 2). Median age was 50 years (range: 25-82). Median time on a GFD was 8 years
(range: 2-48). There were no differences in the median time spent on a GFD, age, or
median body mass index between patients identified as symptomatic or
asymptomatic (pNS) (Table 2). As expected, the symptomatic subpopulation had a
significantly higher global GSRS score than asymptomatic patients (P<0.00001) (Table
1). This was also true for individual syndromes (P<0.04 to P< 0.0001) (data not
shown).
Serology was performed on the 42 patients at enrollment (42 for IgA tTG and 40 for
IgA DGP). Overall, 21/42 (50.0%) patients had antibody concentrations above the
upper limit of normality (ULN) for at least one test. Median serum concentrations
(range) for IgA tTG were borderline for the UNL [17.9 AU/mL (2-78) and 21.4(2->100)
for IgA DGP]. Nine out of 42 (21.4%) and 18/40 (45.0%) had positive serum
concentrations of IgA tTG and IgA DGP, respectively. However, only four had serum
antibody concentrations 3X above ULN.In three of them, serum concentrations were
concomitantly abnormal for both antibodies. The remaining patients with abnormal
serologic values had concentrations below <3X the ULN arbitrary threshold (Tables 3
and 4).

GIP excretion in stool and urine
Forty-four patients returned 83 sets of dietary reports and/or stool and urine samples.
Five other patients did not return complete sets and thus were excluded from analysis
(Tables 3 and 4). We determined GIP excretion by ELISA in 82 stool samples, and by
PoCT in 74 stool samples and in 78 urine samples. Only 73/83 complete sets of
samples were returned. Considering both sets of determinations, 11/ 44 patients
(25.0%) had at least one positive GIP test, of which 32% were asymptomatic and 15.8%
were symptomatic. Ten samples were positive for ELISA in stool, five were positive
for PoCT in stool (two of which were the only positive tests) and three were positive
for PoCT in urine (one of which was the only positive test). Three samples were
positive for both ELISA and PoCT in stool, and one sample was concomitantly
positive in the three tests. Stool tests (both ELISA and PoCT) were concordant
(concomitantly positive or negative) in 67/74 (90.5%) samples (Table 2). Only two
patients who were asymptomatic with negative serology had positive GIP in both sets
of samples.

Dietary assessment using a 3-d recall diary
Blinded estimation of the degree of adherence with the GFD using 3-d recall diaries
estimated that 53/83 reports (63.9%) showed no evidence of transgressions (strict
GFD), while 30/83 (36.1%) reports indicated non-adherence by consumption of foods
with potential gluten sources or traces (Tables 3 and 4).

Comparison of GIP excretion tests, dietary assessment and serology
Overall, there was concordance between the estimation of dietary adherence and
determinations of GIP excretion in 54/82 (65.9%) samples, while 28/82 (34.1%) cases
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Table 2 Demography, clinical and biochemical characteristics and results of the 3-d dietary
reports of the complete population according to clinical characterization at enrollment
Parameter

Asymptomatic

Number of individuals (females)
Age at enrollment, median (range)

Symptomatic

25 (21)

19 (19)

50 (29-82)

51 (25-59)

Years on a GFD, median (range)

8 (2-48)

9 (4-27)

Body mass index, median (range)

25 (19-32)

25 (19-38)

GSRS, median score (range)

1.16 (0.2-2)

2.44 (2-3.6)a

11 (2-100)

8 (3-200)

19/24 (79.2)

14/18 (77.8)

19 (2-78)

12 (200-5)

12/22 (54.5)

10/18 (55.6)

10/47 (21.3)

3/36 (8.3)

(47)

(36)

26 (55.3)

27 (75.0)

21 (44.7)

9 (25.0)

Serology
Serum IgA tTG
Median concentration (range)
Number of patients with normal tests (%)
Serum IgA DGP
Median concentration (range)
Number of patients with normal tests (%)
Excretion of GIP (stool and urine)
N of positive samples (%)
3-d dietary recall (completed)
Strict adherence
Number of patients (%)
No adherents
Number of patients (%)

a

P <0.0001.GFD: Gluten-free diet; GIP: Gluten immunogenic peptides; GSRS: Gastrointestinal Symptom
Rating Scale; DGP: Deamidated gliadin peptide.

were discordant (Cohen´s kappa: 0.317). Positive GIP excretion was present in 7/82
(8.4%) cases that were estimated to be strictly adherent by dietary assessment, and in
5/28 (17.9%) that were considered non-adherent by sources or traces. Dietary
assessment estimated the consumption of gluten in only 50% of samples that were
also positive for GIP.
IgA tTG and IgA DGP were positive in 3/12 and6/12 cases excreting GIP,
respectively. Interestingly, three of those cases with high antibody concentrations
(above 3X UNL) had positive excretion of GIP in one or more determinations (Tables 3
and 4).

Comparison between asymptomatic and symptomatic patients
Presence of GIP in stool and/or urine was detected in at least one of two
determinations in 9/25(36.0%) asymptomatic patients (Table 3). Although GIP
excretion was shown in only 3/19 (15.8%) symptomatic patients (Table 4), the
difference did not reach statistical significance (P=0.22). Similarly, no differences were
found in subgroup analysis comparing estimation of the degree of adherence with the
diet, IgA tTG and IgA DGP antibody mean concentrations, or proportion of patients
with normal serology (Table 2). The low number of patients with values above 3X
ULN produced no statistically significant results. The median serum concentration for
IgA DGP antibodies was very close to the ULN (Table 2).

DISCUSSION
Strict adherence to the GFD improves or normalizes growth, ameliorates most
symptoms, reduces the risk of intestinal and extra-intestinal complications,
normalizes immunological reactivity, and heals enteropathy in both pediatric and
adult populations[1-4]. Monitoring compliance with the GFD is a key aspect of patient
follow-up. Unfortunately, strict adherence is limited by the lack of availability of
gluten-free foods, cost, social isolation and frequent cross-contamination[16]. Therefore,
caregivers and patients are often confronted with questions regarding the best
method for detecting dietary indiscretions. This is the population that requires strict
follow-up of the frequency at which these measurements should be performed.
Our first objective compared GIP excretion in urine and feces using laboratory tests,
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Figure 2

Figure 2 Summary of outcome of patients enrolled, and samples received and analyzed according to clinical
status. GFD: Gluten-free diet; GIP: Gluten immunogenic peptides; CeD: Celiac disease; PoCT: Point-of-care tests;
ELISA: Enzyme-linked immunosorbent assay.

which detect A1 and G12 epitopes similar to those of the gliadin 33-mer peptide[10,11]
with the newly developed PoCT. These tests were designed to simplify GIP excretion
measurement in stool and/or urine. In 25% of patients who considered themselves
compliant with the GFD, we detected GIP excretion in at least one of two different
determinations, performed10 d apart. Although there were no statistical differences in
terms of the presence or absence of symptoms, the majority of these patients were
asymptomatic. A former study showed that the diagnostic sensitivity of the fecal
ELISA test was 98.5% and its specificity 100%, with positive and negative predictive
values of 100% and 91.7%, respectively[11,17,18]. Furthermore, the specificity for the new
PoCT tests have also been previously explored, and were determined to be specific for
detecting most of the immunoactivity of gluten peptides in an in vitro research
context[19] (Cebolla-Ramirez A, unpublished data). Here we show that these tests can
detect gluten contaminations that do not cause symptoms.
In 90.5% of the samples, PoCT and ELISA from stool were concordantly positive or
negative. There was lack of concordance in seven pairs of stool samples in which at
least one test was positive (ELISA was the only positive test in five stool samples,
while PoCT was the only positive fecal test in the remaining two samples). Lack of
concordance between stool tests could be related to: intrinsic test factors associated
with different extraction quality, the non-homogeneous distribution of GIP in stool, or
different sensitivities of the methods in relation to the quantity of gluten ingested,
especially in patients subjected to strict protocol procedures. Discordance between
tests was more prominent in urine samples compared with detections in stool. GIP in
urine was detected in three sets of samples, two of which were in concordance with
excretion in stool. The time of gluten intake prior to sample collection (different times
to be cleared for detection compared with stool tests) (see Table 1), the degree of urine
dilution (related to levels of water consumption), the amount of gluten ingested, and
the potential role of deamidation (which decreases antibody reactivity) are all possible
reasons for these results. Another explanation is the fact that gluten intake could be
below 500 mg/d, since volunteers improve their diets when they are monitored.
Interestingly, the urine test has a window of detection ranging from 2-16 or 48 h after
gluten intake. Recent unpublished results showed that the performance of PoCT in
urine from healthy people consuming regular gluten and CeD patients with strictly
controlled GFD had sensitivity, specificity, PPV and NPV of 91%, 99%, 99% and 95%,
respectively (Cebolla-Ramirez A, personal communication). Overall, the results
suggest that the use of more than one test may enhance the global assessment during
patient follow-up.
We also studied the performance of these tests according to symptom presentation.
Recent articles suggested that the most common reason for non-responsive CeD is
persistent gluten exposure[15,20]. Indeed, a strategy employed in clinical practice with
symptomatic patients is the recommendation of a “natural” GFD that, in the majority
of cases, resolves symptoms[21]. Although no gold standard is available, the estimation
of dietary adherence by dietitians is, in general, quick, simple and mostly
recommended[1,3]. However, this method has the setback of being subjective and
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Table 3 Serology, dietary adherence (3-d recall) and gluten immunogenic peptide excretion tests in samples from patients with celiac
disease responding to the gluten-free diet (asymptomatic cases)
Serology
Patient
No.

First set of determinations

IgAtTG
AU/mL

IgADGPAU
/mL

Dietary
report

1

12

10

Strict

2

11

36

3

14

13

4

5

7

5

17

22

6

32

7

16

8

Second set of determinations

GIP in
GIP in
GIP in
stool
stool PoCT urine PoCT
ELISA μg/g
< 0.16

-ve

-ve

NA

0.19

ND

Strict

< 0.16

-ve

Strict

< 0.16

Strict

58
41

6

11

9

33

10

2

11
12

Dietary
report

GIP in
GIP in
GIP in
stool
stool PoCT urine PoCT
ELISA μg/g

Strict

< 0.16

-ve

-ve

-ve

NA

< 0.16

ND

-ve

-ve

Strict

< 0.16

-ve

-ve

-ve

-ve

Strict

< 0.16

-ve

-ve

< 0.16

-ve

-ve

Strict

< 0.16

+ve

-ve

NA

< 0.16

-ve

-ve

NA

ND

ND

ND

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

NA

< 0.16

-ve

+ve

NA

< 0.16

-ve

-ve

18

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

2

NA

0.38

+ve

-ve

NA

0.75

+ve

-ve

40

23

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

12

6

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

13

8

20

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

14

8

25

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

15

9

ND

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

16

10

25

NA

< 0.16

-ve

-ve

NA

0.66

+ve

+ve

17

15

ND

Strict

0.26

-ve

-ve

Strict

< 0.16

-ve

-ve

18

32

16

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

19

ND

ND

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

20

11

21

Traces

< 0.16

-ve

-ve

NA

ND

ND

ND

21

6

13

Traces

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

22

100

78

ND

0.66

-ve

+ve

ND

ND

ND

ND

23

8

8

Strict

0.26

-ve

-ve

Strict

0.75

-ve

-ve

24

17

22

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

25

6

6

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

Dietary assessments were categorized as “strict” (patients with no transgression detected) or no adherence (by sources: transgression by foods with
potential gluten sources or by traces: patients with potential intake of gluten traces). Gluten immunogenic peptidesin stool by enzyme-linked
immunosorbent assay<0.156: no gluten excretion detected. NA: No adherence;ND: Not determined and excluded from analysis; -ve: Negative result; +ve:
Positive result; DGP: Deamidated gliadin peptide; GIP: Gluten immunogenic peptides; ELISA: Enzyme-linked immunosorbent assay; PoCT: Point-of-care
test.

training-dependent. In this study, food dietary reports were recorded by trained
patients and blindly analyzed by an expert nutritionist. We detected a 65.9%
concordance between dietary reports and objective evidence of GIP in stool and/or
urine samples (Cohen kappa: 0317). Notably, 13.2% of dietary reports that had
estimated “strict” GFD adherence showed evidence of gluten consumption, as
assessed by GIP excretion in stool and/or urine.
GIP excretion was more prevalent in asymptomatic versus symptomatic patients,
although this difference was not statistically significant, which was likely due to the
low number of cases enrolled. Interestingly, dietary reports and specific serology were
also similar between both subgroups (Tables 2-4). The present study thus confirms the
limitations of dietary assessment, since this method failed to detect gluten
consumption in 7/13 samples that were positive for GIP excretion. In contrast, dietary
reports suggested transgressions in 15 samples in which GIP tests were negative. This
could be explained by possible intentional omission in dietary reports by patients.
Another possibility is the fact that some foods may content traces of gluten that could
not be detected by GIP excretion tools, despite being labeled as gluten-free[22,23], among
other factors. Therefore, dietary indiscretions may not explain all cases of persistent
symptoms in CeD patients on long-term diets. The consumption of FODMAPs could
be a potential explanation for symptom persistence[24]. Additional factors, such as
alterations in small bowel microbiota, as previously suggested, may explain some
persistent symptomatic cases[25].
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Table 4 Celiac serology, dietary adherence assessed by dietary report and gluten immunogenic peptide excretion tests in samples from
patients with celiac disease not responding to the gluten-free diet (symptomatic cases)
Serology
Patient
No.

First set of determinations

Second set of determinations

GIP in
GIP in
GIP in
stool
stool PoCT urine PoCT
ELISA μg/g

GIP in
GIP in
GIP in
stool
stool PoCT urine PoCT
ELISA μg/g

IgAtTG
AU/mL

IgADGPAU
/mL

Dietary
report

1

3

5

Strict

< 0.16

ND

ND

NA

< 0.16

-ve

ND

2

15

9

NA

< 0.16

ND

ND

Strict

< 0.16

ND

ND

3

30

75

Strict

0.38

ND

ND

Strict

< 0.16

ND

-ve

4

77

> 200

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

5

8

1

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

6

4

6

Strict

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

7

3

13

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

8

27

11

Strict

ND

ND

-ve

Strict

< 0.16

-ve

-ve

9

3

39

Strict

< 0.16

ND

-ve

Strict

< 0.16

-ve

-ve

10

5

4

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

11

> 200

67

Strict

< 0.16

-ve

-ve

Strict

0.42

-ve

-ve

12

8

10

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

Dietary
report

13

3

35

NA

< 0.16

-ve

-ve

Strict

< 0.16

+ve

-ve

14

ND

ND

NA

< 0.16

-ve

-ve

NA

< 0.16

-ve

-ve

15

12

12

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

16

14

25

Strict

< 0.16

-ve

-ve

ND

ND

ND

ND
ND

17

8

9

Strict

< 0.16

-ve

-ve

ND

ND

ND

18

17

36

Strict

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

19

8

24

NA

< 0.16

-ve

-ve

Strict

< 0.16

-ve

-ve

Dietary assessments were categorized as “strict” (patients with no transgression detected) or no adherence (by sources: transgression by foods with
potential gluten sources or by traces: patients with potential intake of gluten traces). Gluten immunogenic peptides in stool by enzyme-linked
immunosorbent assay< 0.156: no gluten excretion detected. NA: No adherence; ND: Not determined and excluded from analysis; –ve: Negative result; +ve:
Positive result; DGP: Deamidated gliadin peptide; GIP: Gluten immunogenic peptides; ELISA: Enzyme-linked immunosorbent assay; PoCT: Point-of-care
test.

Former studies and guidelines have suggested that periodic testing for IgA antitTG or IgA anti-DGP is a non-invasive method for monitoring compliance during the
initiation of the GFD[1-4]. The decline in serum antibody concentrations is considered a
useful indicator of compliance with the diet[26]. However, while highly increased
concentrations are strongly associated with continued gluten challenge, serology tests
do not identify minor dietary indiscretions [2,3] . In contrast, normal titers are not
sensitive enough for ongoing gluten exposure or the persistence of enteropathy[27].
Our study suggests that most patients with abnormal serum antibody values had
mildly elevated concentrations. Only in four cases were levels above 3X ULN, which
is considered to be the best cut-off to discriminate transgressions. In two of these,
there was objective evidence of gluten intake. We confirmed that the most frequently
positive test was the IgA DGP antibody, a finding that is in agreement with previous
observations[26].
Limitations of this study include the relatively low number of patients, the lack of
reliable gold standard testing to monitor real-time adherence with the GFD for
comparing with new tests, potential discrepancies between the direct detection of the
toxic agent by lab testing and real-time home tests that remain speculative, the
subjective essence of dietary reports, and the fact that serology cannot be directly
compared with tests that measure real-time consumption. Despite these limitations,
our study highlights the difficulties emerging in clinical practice for assessing
adherence to the GFD, even in patients who consider themselves compliant.
In conclusion, the study confirms former observations showing that GIP detection
in stool and urine are useful adjuvant tools for monitoring adherence to the GFD in
real-life conditions of treated CeD patients. It expands this knowledge by showing
GIP in stool and urine can also be detected by simple, easy-to-perform PoCT tools. An
interesting observation relates to the analysis of asymptomatic patients, in whom it is
assumed that dietary adherence is high, and consequently will not be subjected to
follow-up. The presence of GIP in the stool and/or urine of patients considered
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compliant with the diet highlights the limitations of only using dietary estimations.
Other factors, such as changes in small intestinal microbiome structure, methods for
using these tests, or ways to determine very low gluten consumption, should be
explored.

ARTICLE HIGHLIGHTS
Research background
Until now, there was no objective test to reveal objectively ingested gluten in clinical practice.
Recently developed stool and urine laboratory tests based on monoclonal antibody technology
specifically determine consumption of gluten by assessing the excretion of gluten immunogenic
peptides (GIP). These tests were proposed to help in the monitoring of adherence to the glutenfree diet (GFD). More recently, point-of-care tests (PoCT) for stool and urine have been
developed that may encourage patient self-monitoring and better compliance with disease
management.

Research motivation
Despite recent research, there are at least three unsolved issues regarding the use of objective
tests to detect gluten consumption. (1) The utility of GIP excretion tests, in patients with CeD
who consider themselves adherent to the GFD, has not been compared with conventional
monitoring methods in a real-life-scenario; (2) It is unknown whether consumption of gluten as
measured by GIP excretion is different in symptomatic and asymptomatic CeD patients while on
GFD; and (3) It is unclear how the new PoCT tests compare with laboratory-performed GIP tests.

Research objectives
We assessed (1) the performance of enzyme-linked immunosorbent assays (ELISA) and point-ofcare (PoCTs) GIP excretion tests in patients with CeD on GFD; and (2) its relation to the presence
of symptoms.

Research methods
We conducted an observational, prospective, cross-sectional study in CeD patients on a GFD for
at least two years. Patients were categorized as asymptomatic or symptomatic at enrollment,
using the Gastrointestinal Symptom Rating Scale questionnaire. Gluten consumption was
assessed by 3-d dietary recall and GIP excretion in stool by ELISA, and by PoCTs in stool and
urine using commercial kits.

Research results
Forty-four of the sixty-two screened CeD patients were enrolled; nineteen (43.2%) were
symptomatic despite being on a GFD. Overall, 83 sets of stool and/or urine samples were
collected. At least one positive GIP test was detected in 11 out of the total 44 (25.0%) patients,32%
of whom were asymptomatic. GIP was concordant with dietary reports in 65.9% of cases (Cohen´s
kappa: 0.317). PoCT tests detected dietary indiscretions. Excretion of GIP was detected in 7(8.4%)
stool and/or urine samples from patients considered to be strictly compliant with the GFD by
dietary reports.

Research conclusions
Our study shows that GIP determination in stool and urine detects dietary transgressions in
patients on long-term GFD who are unaware of gluten consumption. Our data also suggest that
PoCT for GIP detection in stool and urine constitutes simple home-based methods that may aid
in self-assessment of dietary indiscretions, especially inadvertent contaminations.GIP excretion is
evident in treated patients, irrespective of the presence of symptoms. This observation confirms
that patients should be assessed even when they are asymptomatic and/or have negative
serology.

Research perspectives
The results support the use of specific GIP tests in stool and urine in conjunction with
conventional strategies used to determine adherence to the GFD. One potential future research
direction includes the use of these new tools to determine patterns of adherence in patients who
believe to be adherent to the GFD. PoCT tests might encourage patients to be involved in selfmonitoring and, thus, improve adherence to the diet.
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Abstract
BACKGROUND
Obstructed defecation syndrome (ODS) is a widespread disease in the world.
Rectocele is the most common cause of ODS in females. Multiple procedures have
been performed to treat rectocele and no procedure has been accepted as the
gold-standard procedure. Stapled transanal rectal resection (STARR) has been
widely used. However, there are still some disadvantages in this procedure and
its effectiveness in anterior wall repair is doubtful. Therefore, new procedures are
expected to further improve the treatment of rectocele.
AIM
To evaluate the efficacy and safety of a novel rectocele repair combining
Khubchandani’s procedure with stapled posterior rectal wall resection.
METHODS
A cohort of 93 patients were recruited in our randomized clinical trial and were
divided into two different groups in a randomized manner. Forty-two patients
(group A) underwent Khubchandani’s procedure with stapled posterior rectal
wall resection and 51 patients (group B) underwent the STARR procedure.
Follow-up was performed at 1, 3, 6, and 12 mo after the operation. Preoperative
and postoperative ODS scores and depth of rectocele, postoperative
complications, blood loss, and hospital stay of each patient were documented. All
data were analyzed statistically to evaluate the efficiency and safety of our
procedure.
RESULTS
In group A, 42 patients underwent Khubchandani’s procedure with stapled
posterior rectal wall resection and 34 were followed until the final analysis. In
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group B, 51 patients underwent the STARR procedure and 37 were followed until
the final analysis. Mean operative duration was 41.47 ± 6.43 min (group A) vs
39.24 ± 6.53 min (group B). Mean hospital stay was 3.15 ± 0.70 d (group A) vs 3.14
± 0.54 d (group B). Mean blood loss was 10.91 ± 2.52 mL (group A) vs 10.14 ± 1.86
mL (group B). Mean ODS score in group A declined from 16.50 ± 2.06 before
operation to 5.06 ± 1.07 one year after the operation, whereas in group B it was
17.11 ± 2.57 before operation and 6.03 ± 2.63 one year after the operation. Mean
depth of rectocele decreased from 4.32 ± 0.96 cm (group A) vs 4.18 ± 0.95 cm
(group B) preoperatively to 1.19 ± 0.43 cm (group A) vs 1.54 ± 0.82 cm (group B)
one year after operation. No other serious complications, such as rectovaginal
fistula, perianal sepsis, or deaths, were recorded. After 12 mo of follow-up, 30
patients’ (30/34, 88.2%) final outcomes were judged as effective and 4 (4/34,
11.8%) as moderate in group A, whereas in group B, 30 (30/37, 81.1%) patients’
outcomes were judged as effective, 5 (5/37, 13.5%) as moderate, and 2 (2/37,
5.4%) as poor.
CONCLUSION
Khubchandani’s procedure combined with stapled posterior rectal wall resection
is an effective, feasible, and safe procedure with minor trauma to rectocele.
Key words: Rectocele; Rectal prolapse; Obstructed defecation syndrome; Khubchandani’s
procedure; Stapled posterior rectal wall resection; Stapled transanal rectal resection
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Rectocele is one of most common causes of obstructed defecation syndrome
(ODS) in females. A diversity of procedures has been performed to treat rectocele.
Stapled transanal rectal resection (STARR) is more often used among all the procedures
for its simpleness. However, it is not the gold-standard procedure since its effect of
anterior wall repair is doubted. We performed a novel procedure combining
Khubchandani’s procedure and stapled posterior wall resection to treat rectocele. We
compared the ODS score, rectocele depth, and complications between our procedure and
STARR. Our procedure was proved to be safe and effective for treating rectocele.

Citation: Shao Y, Fu YX, Wang QF, Cheng ZQ, Zhang GY, Hu SY. Khubchandani’s
procedure combined with stapled posterior rectal wall resection for rectocele. World J
Gastroenterol 2019; 25(11): 1421-1431
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1421.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1421

INTRODUCTION
Obstructed defecation syndrome (ODS), which is more common in females[1], is one of
the most widespread diseases in the world. The symptoms, such as difficult
evacuation, prolonged or infrequent defecation, sense of incomplete evacuation,
difficult evacuation without hand assistance, and perineal heaviness, significantly
lower the life quality of ODS patients. The etiology of ODS can be functional disorders
or rectal anatomy abnormality such as rectocele with or without rectal prolapse[2].
Although the incidence of rectocele is still illusive, approximately 30%-71% females
suffer from the disease[3]; rectocele, pelvic floor[4] disease, and rectal mucosal prolapse
are the most common causes of ODS in approximately 80% of female patients[5].
Approximately 54% of ODS patients suffer from both mucosal prolapse and rectocele.
Several procedures for rectocele resection have been reported during the past
years[6-10], and among them stapled transanal rectal resection (STARR) procedure was
more often used. However, the STARR procedure still has its disadvantages[11,12], and
no surgical technique has been widely adopted as the gold-standard procedure for
treatment of rectocele[13-16], as well as rectocele combined with rectal prolapse. Our
department developed a new procedure that combined Khubchandani’s procedure[10]
with stapled posterior rectal wall resection (KSPRWR) in 42 female patients with ODS
caused by rectocele combined with or without rectal mucosal prolapse to evaluate
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and compare its safety and effectiveness with the STARR procedure.

MATERIALS AND METHODS
Inclusion criteria
From January 2014 to January 2017, 93 consecutive female patients who suffered from
ODS caused by rectocele underwent surgery at Qilu Hospital of Shandong University.
Their median age was 48.56 ± 13.22 (mean ± standard deviation, ranging from 22 to
79) years and their average duration of constipation was 2.27 ± 1.02 (6 mo to 4 years)
years. They had an ODS score > 10[17] with a rectocele depth > 2 cm, and failed to
respond to conservative measures, such as diet therapy, laxatives, prokinetic
medicine, or biofeedback therapy[18]. All patients were randomly divided into two
groups with ODS score and rectocele depth paired. Forty-two patients underwent
KSPRWR (group A) and 51 patients underwent the STARR procedure (group B). All
symptoms coincided with Rome III diagnostic criteria[19]. All patients signed a medical
consent form before entering the trial.

Exclusion criteria
Patients had a rectocele depth > 2.0 cm and an ODS score > 10 but had not received
any medical treatment, or patients did not undergo operation due to health or
personal reason were excluded from our trial. Defecography, colonoscopy,
transmission test, and rectal and canal manometry were performed to exclude slow
transit constipation, rectal or colorectal carcinoma, complete rectal prolapse,
enterocele, inflammatory bowel disease, severe fecal incontinence, and pelvic floor
dyssynergia. Patients with an ODS score < 10 or a depth of rectocele < 2.0 cm, which
was shown on defecography, were not recruited in our study. Patients who failed to
perform the follow-up were not take into the final analysis.

Surgical procedure
Preoperative procedure: An enema was administered the night before the surgery
and another on the morning of the surgery. Other preoperative preparations included
perioperative antibiotics and insertion of a urinary catheter.
KSPRWR procedure: The patients received spinal anesthesia and were placed in the
prone jackknife position. The procedure comprised two steps. Step 1 included
performing stapled posterior rectal wall resection, as follows: We placed a circular
anal dilator to loosen the anal canal and then inserted a half-purse string suture,
which only included the mucosa and the submucosa, clockwise from 8 o’clock to 4
o’clock using a 2-0 absorbable suture at about 4 cm above the dentate line on the
posterior wall of the anus. We placed the anvil of the stapling instrument (EEATM
Auto SutureTM Hemorrhoid and Prolapse Stapler wit DST SeriesTM Technology, 3.3-3.5
mm) above the half-purse string and inserted a small intestinal spatula into the anus
with the distant edge above the half-purse string to protect the anterior wall. The
stapler was adjusted until the half-purse string lay on the shaft of the stapler. We then
closed and fired the stapler and held it closed for 15 s to aid hemostasis. The stapler
was opened to its maximum and withdrawn. The posterior rectal wall was resected as
a half circle. In step 2, we performed the procedure as reported by Khubchandani[20]:
1:1000 adrenaline was injected into the mucosa of the anterior rectal wall to aid
hemostasis. A transverse incision was made at the dentate line with a length of 2-3 cm
but not too close to the staple line, and at the edge of the transverse incision two
vertical incisions were made and extended into the anus for about 7 cm. It is very
important that the incision reaches the muscular layer. Thus, a U-shaped
mucomuscular flap was obtained and the flap was freed from the mucosal layer with
meticulous hemostasis. Furthermore, three to five interrupted transverse sutures,
which started from the dentate line to the edge of the flap using 3-0 polyglycolic acid
absorbable stitches, were placed at the mucosal layer to plicate the flabby rectovaginal
septum, thus strengthening the anterior wall. Then two vertical sutures, which started
at the proximal and ended at the distal points of the incision, were made to plicate the
anterior rectal wall. During suturing, the guidance of the finger into the vagina was
essential to prevent penetration of the suture into the vaginal mucosa. Most part of
the flap was resected to further strengthen the anterior wall and the transverse and
vertical incisions were sewed using interrupted sutures (Figure 1).
STARR procedure: Posterior wall repair was the same as that for the KWPRWR
procedure. The same method was used to repair the anterior rectal wall. The staple
line of the posterior wall was 1-2 cm deeper into the anus than that of the anterior
wall (Figure 2).
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Figure 1

Figure 1 Defecography images for rectocele patients. A: Preoperative defecography for a patient in group A; B: Preoperative defecography for a patient in group
B; C: Postoperative defecography for the patient in group A; D: Postoperative defecography for the patient in group B; E: Defecography image of rectocele recurrence.

Postoperative procedure: A drainage tube circled by three layers of Vaseline pledget
was inserted into the anus as an anal plug for hemostasis and was removed on the
second day after operation. The urinary catheter was removed on the second day after
operation.

Follow-up
The complications of the operation (e.g., postoperative bleeding, anal fissure, rectal
stricture, incontinence to flatus, persistent pain, etc.), the depth of the rectocele, and
the ODS scores were recorded before and after operation. The follow-up was
performed at 1, 3, 6, and 12 mo after operation. Follow-up was discontinued in the
following situations: unable to return for a check-up at the follow-up time point,
severe diseases, mental illness, postoperative operation, and death.

Evaluation of procedure effectiveness
After 12 mo of follow-up, procedure effectiveness in patients with an ODS score < 10
and a depth of rectocele < 2.0 cm, but without other complications that were included
in Rome III diagnostic criteria (e.g., incontinence to flatus) was considered effective.
Procedure effectiveness in patients with complications in Rome III diagnostic criteria
but having an ODS score < 10 and a depth of rectocele < 2.0 cm was considered
moderate, and procedure effectiveness in patients with an ODS score > 10 or a depth
of rectocele > 2.0 cm was considered poor.

Statistical analysis
All data are expressed as the mean± standard deviation. Statistical analyses were
performed using paired t-test with SPSS 22.0, and the level of statistical significance
was set at P < 0.05.

RESULTS
In group A, eight patients failed to perform our follow-up program; therefore, there
were 34 patients in the final analysis with at least 12 mo of follow-up. In group B,
there were 37 patients in the final analysis. All females suffered from rectocele, and 23
(23/34, 67.6%) patients in group A and 24 (24/37, 64.9%) in group B suffered from
both rectocele and rectal prolapse. Mean operative time was 41.47 ± 6.43 min (group
A) vs 39.24 ± 6.53 (group B). Mean hospital stay was 3.15 ± 0.70 d (group A) vs 3.14 ±
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Figure 2

Figure 2 Sketch of the operation. A: Khubchandani’s procedure with stapled posterior rectal wall resection. Stapled
posterior wall repair is performed. Subsequently, a U-shape flap is freed, and three to five transverse and two vertical
sutures are made in the muscular layer. Then, most part of the U-shape flap is excised and sutured; B: Stapled
transanal rectal resection. Stapled rectal wall repair is performed in both the anterior and posterior wall.

0.54 d (group B), and mean blood loss was 10.91 ± 2.52 mL (group A) vs 10.14 ± 1.86
mL (group B). No significant differences were found regarding operative time,
hospital stay, or blood loss between the two groups (Table 1).
The minimum follow-up duration was 12 mo. At this follow-up, ODS scores, depth
of rectocele, and complications of operation were recorded. Mean ODS score before
the operation was 16.50 ± 2.06 (group A) vs 17.11 ± 2.57 (group B) (Figure 3A). Mean
ODS score 1 mo after operation (1MT), 3 mo after operation (3MT), 6 mo after
operation (6MT), and 1 year after operation (12MT) in groups A and B were 4.62 ±
2.03 vs 4.76 ± 1.98, 5.38 ± 2.34 vs 5.68 ± 2.03, 4.94 ± 2.09 vs 5.78 ± 2.64, and 5.06 ± 1.07 vs
6.03 ± 2.63, respectively. Compared with the preoperative ODS scores, ODS scores at
1MT, 3MT, 6MT, and 12MT all had significant differences in both groups A and B (P <
0.05) (Table 2). In the pairwise comparison of postoperative groups (1MT, 3MT, 6MT,
and 12MT) in each group, there were no significant differences (P > 0.05). There was a
statistical difference in 12MT ODS scores between groups A and B. The ODS scores of
two patients were over 10 at 12MT in group B.
Mean preoperative depth of rectocele was 4.32 ± 0.96 cm (group A) vs 4.18 ± 0.95 cm
(group B) (Figure 3B). Mean ODS scores at 1MT, 3MT, 6MT, and 12MT were 1.15 ±
0.31 cm (group A) vs 1.13 ± 0.42 cm (group B), 1.20 ± 0.35 cm vs 1.25 ± 0.50 cm, 1.14 ±
0.44 cm vs 1.33 ± 0.42 cm, and 1.19 ± 0.43 cm vs 1.54 ± 0.82 cm, respectively. Compared
with the preoperative rectocele depth, rectocele depth at 1MT, 3MT, 6MT, and 12MT
all showed statistically significant differences in both groups A and B (P < 0.05) (Table
2). There were no significant differences (P > 0.05) in the pairwise comparison of the
postoperative groups (1MT, 3MT, 6MT, and 12MT) in each group. A statistical
difference was found in 12MT depth of rectocele between the two groups. One
patient’s rectocele depth was over 2 cm at 12MT (Figure 1E).
In group A, five (5/34, 14.7%) patients had vaginal discomfort in the first week
after operation (Table 3). Retention of urine after removal of the ureter was seen in
three (3/34, 8.8%) patients. Postoperative bleeding occurred in one (1/34, 2.9%)
patient after the anal plug was removed, but blood loss was approximately less than 5
mL and stopped spontaneously. The other complications that occurred in the first
week after operation were nausea (7/34, 20.6%), anal fissures (7/34, 20.6%),
incontinence to flatus (2/34, 5.9%), defecatory urgency (2/34, 5.9%), and persistent
pain(13/34, 38.2%). One patient felt defecatory urgency after surgery and relieved at
6MT, while three patients complained about defecatory urgency since 6MT and did
not relieve at 12MT. No occurrence of staple line dehiscence, rectal stricture,
rectovaginal fistula, or perianal sepsis was recorded. No deaths were reported 12 mo
after operation.
In group B, nine (9/37, 24.3%) patients had nausea after operation and no
postoperative bleeding occurred (Table 4). The most common complications in the
first week after operation in group B was persistent pain (12/37, 32.4%), and two
(2/37, 5.4%) patients continued to experience anal pain 12 mo after operation. The
other complications that occurred in the first week after operation were retention of
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Table 1 Patients’ clinical characteristics
n/mean ± SD
KSPRWR

STARR

Age (yr)

46.59 ± 9.41

50.38 ± 15.86

Gender

Female

Female

23

24

2.35 ± 0.93

2.20 ± 1.11

Combined with rectal prolapse
History of disease (yr)
Procedure (in final analysis)

34

37

Operative time (min)

41.47 ± 6.43

39.24 ± 6.53

Estimated blood loss (mL)

10.91 ± 2.52

10.14 ± 1.86

Hospital stay (d)

3.15 ± 0.70

3.14 ± 0.54

KSPRWR: Khubchandani’s procedure with stapled posterior rectal wall resection; STARR: Stapled transanal
rectal resection.

urine after urinary catheter removal (1/37, 2.7%), anal fissures (5/37, 13.5%),
incontinence to flatus (2/37, 5.4%), and defecatory urgency (2/37, 5.4%). No
occurrence of staple line dehiscence, rectal stricture, rectovaginal fistula, or perianal
sepsis was recorded. No deaths were reported 12 mo after operation. One patient had
the feeling of incontinence to flatus and another patient felt defecatory urgency until 3
mo after surgery and they all relieved at 6MT. Two patients had incontinence to flatus
and defecatory urgency since 6MT, which further worsened at 12MT. The follow-up
revealed that their ODS scores were more than 10. The rectocele depth in one of the
patients was more than 2.0 cm. Thus, recurrence was reported in these two patients.
After 12 mo of follow-up, 30 patients’ (30/34, 88.2%) final outcomes were judged as
effective and 4(4/34, 11.8%) as moderate in group A, whereas in group B, 30 (30/37,
81.1%) patients’ outcomes were judged as effective, 5 (5/37, 13.5%) as moderate, and 2
(2/37, 5.4%) as poor.

DISCUSSION
Rectocele is one of the most common causes of female ODS[21,22]. The reason for the
high morbidity of rectocele might be that the internal anal sphincter is shorter and
formed distally in the anterior upper anal canal, which might weaken the anorectal
junction that is devoid of support structure in females[23]. A substantial number of
procedures via the vagina [24,25] , perineum [26] , anus [6,27] , or abdomen [28,29] have been
reported to repair the rectocele through different routes, and none of the methods
were adopted as the gold-standard operation[25]. Longo[6,7] performed STARR, which
has been ameliorated and used owing to its simple, easy, and fast operation[30-32] since
the past years. The STARR procedure aims to rebuild the rectal volume and
strengthen the anterior rectal wall through linear resection and suturing of the frail
rectal mucosa, submucosa, and superficial muscular layer[7]. The entire procedure
requires two staplers and is simple to perform. Moreover, it effectively rebuilds the
rectal volume by resection of the prolapsed tissue. However, there is an ongoing
debate between the supporters and the opponents of STARR as multiple
postoperative complications have been reported[31,33-37] after STARR. Some long-term
follow-up studies[11,38] revealed that the ODS score of patients who underwent the
STARR procedure had a smooth increase after operation. Moreover, the effectiveness
of anterior wall repair using the STARR procedure has been questioned by some
opponents[2,39]. They argue that the resection of the muscular layer in the STARR
procedure is not adequate to strengthen the anterior rectal wall; thus, recurrence can
be expected in the future. Some supporters of the STARR procedure also admitted
that, so several modified STARR procedures were invented [34,35] to ensure the
effectiveness of anterior wall repair. However, none of these modified procedures has
been accepted as a gold-standard procedure as the long-term curative effect is not
clear.
Khubchandani et al[10,20] reported his procedure of rectocele repair with satisfactory
outcomes. This procedure strengthens the anterior rectal wall through transverse
suturing in the muscular layer. However, rectal prolapse combined with rectocele,
with morbidity ranging from 24% to 54%[5,11,18] , was not considered in their procedure.
Moreover, Khubchandani et al[20] found that isolated anterior rectal wall repair in the
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Table 2 Comparisons of obstructed defecation syndrome scores and rectocele depth
ODS score
Group A
Comparison within group

Comparison between groups

Group B

Rectocele depth
Group A

Group B

a

P < 0.05

P < 0.05

P < 0.05

P < 0.05

b

P < 0.05

P < 0.05

P < 0.05

P < 0.05

c

P < 0.05

P < 0.05

P < 0.05

P < 0.05

d

P < 0.05

P < 0.05

P < 0.05

P < 0.05

e

P > 0.05

P > 0.05

P > 0.05

P > 0.05

f

P > 0.05

P > 0.05

P > 0.05

P > 0.05

g

P > 0.05

P > 0.05

P > 0.05

P > 0.05

h

P > 0.05

P > 0.05

P > 0.05

P>0.05

i

P > 0.05

P > 0.05

P > 0.05

P > 0.05

j

P > 0.05

P > 0.05

P > 0.05

P > 0.05

k

P > 0.05

P > 0.05

l

P > 0.05

P > 0.05

m

P > 0.05

P > 0.05

n

P > 0.05

P > 0.05

o

P < 0.05

P < 0.05

a: 1MT vs Preoperative; b: 3MT vs Preoperative; c: 6MT vs Preoperative; d: 12MT vs Preoperative; e: 1MT vs
3MT; f: 1MT vs 6MT; g: 1MT vs 12MT; h: 3MT vs 6MT; i: 3MT vs 12MT; j: 6MT vs 12MT; k: Group A
preoperative vs Group B preoperative; l: Group A 1MT vs Group B 1MT; m: Group A 3MT vs Group B 3MT;
n: Group A 6MT vs Group B 6MT; o: Group A 12MT vs Group B 12MT. ODS: Obstructed defecation
syndrome; 1MT: 1 mo after operation; 3MT: 3 mo after operation; 6MT: 6 mo after operation; 12MT: 1 year
after operation.

rectocele without rectal prolapse may cause hypotonus of the posterior wall, which
may induce posterior rectal wall intussusception after operation. As the effect of
rebuilding the rectal volume of STARR procedure is clear, we decided to combine the
two procedures. We used Khubchandani’s procedure for anterior wall repair to
strengthen the rectal wall and stapled posterior rectal wall resection to resect the
potentially or already existing excessive tissue of the posterior wall to restore anatomy
and correct the tension of posterior rectal wall in rectocele patients with or without
rectal prolapse.
There were no significant differences in hospital stay, operative time, or blood loss
between the two groups, which indicated that the trauma and difficulty of the two
operations have no significant difference. The most common postoperative
complication of STARR was persistent anal pain because of the staple line. In our
research, one patient had persistent pain at 12MT in group A and two patients had
persistent pain at 12MT in group B. Nausea was the second most common
complication in both groups, especially in women aged 45-55 years. All episodes of
nausea occurred in the first three days after operation and all were relieved one week
after the operation, which might be related to hormonal standard[37]. Rectal vaginal
fistula is a very serious complication in both procedures, but no rectal vaginal fistula
was recorded in both groups. Our experience was that while performing anterior wall
repair, a guidance of the finger into the vagina is essential to prevent the damage. No
occurrence of staple line dehiscence, rectal stricture, or perianal sepsis was recorded
in our research. Vagina discomfort is a rare but annoying complication in
Khubchandani’s procedure[20], which is probably due to the suture in the rectovaginal
septum. In our study, five patients experienced vagina discomfort in the first week
after operation, and the discomfort was relieved at 3MT. Anal fissure is another
common complication after rectocele surgery[11,38,40,41], especially using the STARR
procedure. More patients suffered anal fissure in group A in the first week after
operation, but the number became the same after that. No anal fissure was recorded at
12MT in either group.
In our study, the mean ODS score of the patients who underwent the STARR
procedure significantly dropped to a normal level at 1MT. However, although the
ODS scores of the STARR group remained within normal levels, they continued to
increase smoothly from 3MT to 12MT. Accompanied with the increasing ODS score,
the depth of the rectocele also increased from 3MT to 12MT. However, in patients
who underwent our procedure, the ODS score and rectocele depth dropped to normal
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Figure 3

Figure 3 Preoperative and postoperative obstructed defecation syndrome scores and rectocele depth. A: Obstructed defecation syndrome score. There was a
statistical difference between groups A and B at 1 year after operation; B: Rectocele depth. There was a statistical difference between groups A and B at 1 year after
operation. ODS: Obstructed defecation syndrome; 1MT: 1 mo after operation; 3MT: 3 mo after operation; 6MT: 6 mo after operation; 12MT: 1 year after operation.

levels after surgery, remained at a certain level at 3MT and 6MT, and slightly
increased within normal standard at 12MT. Recurrence did not occur in any patient in
group A, but two patients in group B had recurrence at 12 MT. Defecography showed
that the rectocele depth of one patient was more than 2 cm. Interestingly, these two
patients both had deep preoperative rectocele which was around 5.5 cm in depth, thus
indicating that the STARR procedure might have a less effect than expected in
anterior wall repair in the patients with deep rectocele. Furthermore, defecatory
urgency and incontinence to flatus were the most common complaints after
operation[9,39,42,43]. More patients in group B experienced these symptoms at 12MT than
those in group A. Moreover, although the mean ODS score and rectocele depth were
within normal levels in both groups, they were significantly lower in group A than in
group B at 12MT, thus indicating that the patients who underwent our procedure
might have a better outcome in the mid-long period.
In this research, we gained initial experience of the new procedure. There are four
key points of successfully carrying out this operation. The first one was to make sure
that the transverse and vertical suture in the anterior wall was in the muscular layer.
This can ensure the effectiveness of anterior wall repair. The second key point was
that the vertical edge of the U-shaped flap should not overlap with the stapler suture
on the posterior wall in the case of postoperative rectal stricture. The third key point
was excising most part but not all of the U-shape flap and leaving proper part of the
flap. This was significant to avoid rectal stricture. The last key point of the procedure
was using the finger as guidance in the vagina to prevent damage. As we suture the
anterior wall, there is a possibility of hurting the vagina; therefore, the guidance is
quite important. This requires skill and practice.
Although our procedure was not less effective than the STARR procedure in a short
to middle term, there were still some limitations in our research. We did not perform
any procedure or treatment on the recurrent patients since we lost the contact with
them after the last check-up, thus we could not explore if our procedure would be
effective for recurrent rectocele. Besides, we need more experience on selecting a more
suitable type of stitch for suture in rectal vaginal septum so that less vagina
discomfort would happen after our surgery. Furthermore, we did not set subgroups
to analyze different outcomes of the two procedures in patients with different
rectocele depth or ODS scores. A larger number of patients, a multiple center study,
and a longer-term follow-up are needed to further prove its effectiveness and safety.
In conclusion, Khubchandani’s procedure combined with stapled posterior rectal
wall resection is an effective and safe procedure with minor trauma, short hospital
stay, and low cost for rectocele treatment, especially for rectocele combined with
rectal prolapse. It is not less effective compared with the STARR procedure, which
may be an optional procedure in the treatment of rectocele with rectal prolapse. We
plan to perform a longer period follow-up and recruit larger number of patients in a
multiple center, which aims at determining long-term postoperative quality of life in
female patients, to further verify the safety and effectiveness of the procedure in the
future.
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Table 3 Complications of group A
First week

1 mo after
operation

3 mo after
operation

6 mo after
operation

12 mo after
operation

Nausea

7 (20.6%)

0

0

0

0

Retention of urine after urinary catheter
removal

3 (8.8%)

0

0

0

0

Anal fissure

7 (20.6%)

5 (14.7%)

2 (5.9%)

0

0

Incontinence to flatus

2 (5.9%)

1 (2.9%)

0

0

0

Postoperative bleeding

1 (2.9%)

0

0

0

0

Complication

Defecatory urgency

2 (5.9%)

1 (2.9%)

1 (2.9%)

3 (8.8%)

3 (8.8%)

Persistent pain

13 (38.2%)

4 (11.8%)

2 (5.9%)

2 (5.9%)

1 (2.9%)

Vagina discomfort

5 (14.7%)

2 (5.9%)

0

0

0

0

0

0

0

0

First week

1 mo after
operation

3 mo after
operation

6 mo after
operation

12 mo after
operation

Nausea

9 (24.3%)

0

0

0

0

Retention of urine after urinary catheter
removal

1 (2.7%)

0

0

0

0

Anal fissure

5 (13.5%)

5 (13.5%)

2 (5.4%)

0

0

Incontinence to flatus

2 (5.4%)

1 (2.7%)

1 (2.7%)

3 (8.1%)

4 (10.8%)

0

0

0

0

0

Recurrence

Table 4 Complications of group B
Complication

Postoperative bleeding
Defecatory urgency

2 (5.4%)

1 (2.7%)

1 (2.7%)

2 (5.4%)

3 (8.1%)

12 (32.4%)

3 (8.1%)

2 (5.4%)

2 (5.4%)

2 (5.4%)

Vagina discomfort

0

0

0

0

0

Recurrence

0

0

0

0

2 (5.4%)

Persistent pain

ARTICLE HIGHLIGHTS
Research background
Obstructed defecation syndrome (ODS) has a serious influence on health and life quality of
patients. Rectocele is one of the main causes of ODS, which has an approximate incidence of
30%-71%. Multiple procedures have been performed to treat rectocele, but no one has been
considered as the gold-standard treatment.

Research motivation
Stapled transanal rectal resection (STARR) has been quite popular in treating rectocele for its
simpleness. However, debate on STARR has never stopped. Opponents doubted its effectiveness
in anterior wall repair and declared that multiple serious postoperative complications occurred.
Khubchandani performed his procedure for rectocele with a satisfying effect, but it did not take
rectal prolapse into consideration and may potentially induce rectal prolapse in posterior rectal
wall. Therefore, we combined Khubchandani’s procedure and stapled posterior rectal wall
resection together.

Research objectives
In this study, we evaluated the efficacy and safety of a novel rectocele repair which combined
Khubchandani’s procedure with stapled posterior rectal wall resection. The results of the study
will guide the treatment for rectocele in future.

Research methods
From January 2014 to January 2017, 93 patients were recruited into our randomized clinical trial
and divided into two different groups in a randomized manner. Forty-two patients (group A)
underwent Khubchandani’s procedure with stapled posterior rectal wall resection (KSPRWR)
and 51 patients (group B) underwent the stapled transanal rectal resection (STARR) procedure.
Follow-up was performed at 1, 3, 6, and 12 mo after the operation. Preoperative and
postoperative ODS scores and depth of rectocele, postoperative complications, blood loss, and
hospital stay of each patient were documented. All data were analyzed statistically to evaluate
the efficiency and safety of our procedure.
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Research results
No significant differences were found in blood loss, hospital stay, or operative time. Compared
with preoperative ODS scores and rectocele depth, postoperative ODS scores and rectocele depth
in the two groups were statistically lower, which proved the effectiveness of our procedure.
There were significant differences when comparing the ODS score and rectocele depth 1 year
after operation, which were significantly lower in group A than in group B, thus indicating that
group A might have better outcomes in future.

Research conclusions
KSPRWR is an effective and safe procedure with minor trauma, short hospital stay, and low cost
for rectocele treatment, especially for rectocele combined with rectal prolapse. It should be
considered as an alternative operation for rectocele.

Research perspectives
A long-term follow-up, a larger number of patients, and a multiple center clinical trial are
expected in the future to further prove the effectiveness and safety of this procedure.
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Abstract
The robotic surgical system has been applied in liver surgery. However,
controversies concerns exist regarding a variety of factors including the safety,
feasibility, efficacy, and cost-effectiveness of robotic surgery. To promote the
development of robotic hepatectomy, this study aimed to evaluate the current
status of robotic hepatectomy and provide sixty experts’ consensus and
recommendations to promote its development. Based on the World Health
Organization Handbook for Guideline Development, a Consensus Steering
Group and a Consensus Development Group were established to determine the
topics, prepare evidence-based documents, and generate recommendations. The
GRADE Grid method and Delphi vote were used to formulate the
recommendations. A total of 22 topics were prepared analyzed and widely
discussed during the 4 meetings. Based on the published articles and expert panel
opinion, 7 recommendations were generated by the GRADE method using an
evidence-based method, which focused on the safety, feasibility, indication,
techniques and cost-effectiveness of hepatectomy. Given that the current
evidences were low to very low as evaluated by the GRADE method, further
randomized-controlled trials are needed in the future to validate these
recommendations.
Key words: Minimally invasive surgery; Robotic hepatectomy; Laparoscopic
hepatectomy; Hepatectomy resection; Consensus statement
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The robotic surgical system has been applied in liver surgery. Liver surgeons
are also attempting to gradually expand the indications of robotic hepatectomy. To
promote the development and standardization of robotic hepatectomy, we identified a
group of robotic surgeon experts to provide clinical statements. Based on the published
articles and expert panel opinion, 7 recommendations were generated by the GRADE
method using an evidence-based method and focused on the safety, feasibility,
indication, techniques and cost-effectiveness of hepatectomy. Since the current
evidences were low to very low as evaluated by the GRADE method, further randomized
controlled trials are needed in the future to validate these recommendations.
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INTRODUCTION
In 1987, Mouret performed the first laparoscopic cholecystectomy, which started the
era of minimally invasive hepatobiliary surgery[1]. In the 1990s, the use of laparoscopic
hepatectomy for benign and malignant tumors was independently reported by
Katkhouda, Reich, and others[2,3]. After decades of development, the application of
laparoscopic techniques in hepatectomy has become more mature. In 2008, the first
consensus guidelines for laparoscopic hepatectomy were published in Louisville,
signifying the gradual standardization of minimally invasive hepatectomy [4] .
Meanwhile, with the advancement of technology, robot-assisted laparoscopic surgical
systems have also continuously evolved. In 1997, Himpens et al [5] successfully
performed robotic cholecystectomy, and this new type of laparoscopic surgical
systems began to be implemented in clinical practice. In 2000, the new generation da
Vinci robotic surgical system was officially approved by the United States Food and
Drug Administration and was then gradually accepted by surgeons. Robot-assisted
laparoscopic surgical systems possess advantages, such as providing a clear, stable,
and magnified field of vision, flexibility, it is ergonomic, and has a tremor filter.
Specifically, the flexibility and the clear and stable vision have overcome the major
disadvantages of conventional laparoscopy. However, the absence of tactile feedback,
high cost of mainstream models, and the lack of available surgical instruments, also
limit its clinical development and application.
In 2003, Giulianotti et al[6-11] reported for the first time the application of robotassisted laparoscopic system in segmental hepatic resection. Since then, countries such
as the United States, Europe, China, South Korea, Singapore, Russia, India, and Brazil
have reported their own experience on robotic hepatectomy. For example, in China,
the Da Vinci robot-assisted laparoscopic surgical system has completed 26765
operations in mainland China as of 2017, which is more than 5 times the number of
completed cases in 2014 (4982 operations). The annual growth rate is approximately
45%, with robotic hepatobiliary surgery accounting for approximately 10% of the total
number of robotic operations.
Meanwhile, liver surgeons are also attempting to gradually expand the indications
of robotic hepatectomy. The earliest cases of robotic hepatectomy included wedge
hepatectomy, hemihepatectomy, and extended hemihepatectomy. Some surgeons also
utilized robotic hepatectomy to perform segmental resection of posterosuperior
segments, liver donor hepatectomy, and the associating liver partition with portal
vein ligation for staged hepatectomy[12-16]. However, due to the complexity of the
techniques involved in liver surgery, the implementation and popularization of
minimally invasive hepatectomy, including robotic hepatectomy, has remained
challenging. In 2014, a nationwide survey on hepatectomy conducted by the
American College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) showed that minimally-invasive hepatectomy accounted for 17.9% of all
hepatectomy cases in the United States, of which robotic hepatectomy merely
accounted for 5.3% of minimally invasive hepatectomy cases[17]. According to the
statistics reported by the Italian National Survey Study Group, between January 1,
1995 and February 28, 2012, the proportion of minimally-invasive hepatectomy was
approximately 10.3%[18]. A retrospective analysis of a large surgical oncology program
conducted by the University of Pittsburgh Medical Center between 2009 and 2014
(1236 surgeries were analyzed, including 157 robotic liver surgeries) showed that the
conversion rate was 3.1%, overall incidence rate of complications was 18.6%, and 90day mortality rate was 1.1%. Among cases of perioperative mortality, 91% were from
robotic hepatobiliary procedures. For robotic liver/bile duct procedures, the incidence
of complications was 26.1%, mortality rate was 3.2%, and conversion rate was 7.6%,
which were all above the overall mean values of robotic procedures[19]. Buchs et al[20]
analyzed 884 cases of robotic surgery performed at the University of Illinois Hospital
between April 2007 and June 2010 and found that hepatectomy was considered as an
advanced robotic procedure, and multivariate analysis showed that advanced
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procedure was a factor significantly associated with a higher risk for complications.
Although most reports to date show that robotic hepatectomy are safe, feasible and
effective, the majority of these studies are case reports and case series from highvolume centers. There are relatively few case-control studies with large sample sizes,
and high-quality randomized controlled studies are lacking[6,11,21-56]. According to the
findings of current studies, the effectiveness of robotic hepatectomy is essentially
identical to that of open surgery and traditional laparoscopic hepatectomy. However,
conclusions on operative time, intraoperative blood loss, conversion rate, incidence of
postoperative complications, and overall cost-benefit ratio remain divided in different reports, with the main controversy surrounding the application of certain
procedure modalities. These factors severely limit the application of robotic
hepatectomy [6,21,23,24,31,32,36,37,39,42,57] . Some researchers have pointed out that it is
undesirable to simply increase economic expenses and aggressively apply robotassisted laparoscopic surgical system for procedures such as living-donor
hepatectomy while therapeutic efficacy is not improved[58-61]. Other opinions point out
that as a developing and advancing surgical technology,robotic surgery will become
effective enough to allow us to correct any complications with its own techniques[62].
To promote the development and standardization of robotic hepatectomy and
improve patient safety, we identified a group of robotic surgeon experts (based on the
number of robotic liver surgeries and published papers to screen experts with
international influence) to provide clinical statements related to robotic surgery. We
searched the online databases for published articles related to robotic surgery; with
evidence-based methods. All evidences were graded using the GRADE system and
upgraded or downgraded after integrating experts’ opinions until a final consensus
was reached.

METHODS
We referred to the World Health Organization Handbook for Guideline Development
and established the Consensus Steering Group, consisting of five experts in the field
from all around the world, with the following missions: To (1) approve the use of
PICOs (population, intervention, comparator, outcomes); (2) supervise the literature
search and systematic reviews; (3) check the grade of the evidence; (4) draft the final
recommendations using a modified Delphi approach; and (5) approve the publication
of the consensus. The Consensus Development Group is a multidisciplinary group of
30 experts, including clinicians, methodologists, and economists, with the following
missions: To (1) define the scope of the consensus, draft the PICOs; (2) grade the
quality of the evidence; (3) draft preliminary recommendations; (4) write the draft
consensus; and (5) publish and promote the consensus. The Consensus Secretary
Group is responsible for conducting systematic reviews and investigation of patients’
views and preferences, along with the Chinese GRADE Center, for providing
methodological support. All members of the Consensus Steering Group and the
Consensus Secretary Group were required to disclose potential conflicts of interest,
which were reviewed by the chairs. No relevant conflicts of interest were noted.
We have held 4 meetings until now on questions focusing on hepato-pancreatobiliary minimally invasive surgery, in Beijing (April, 2017), Lanzhou (October, 2017),
Beijing (April, 2018), and Hong Kong (October, 2018) involving more than 60 clinical
experts. Finally, we formulated sixteen PICO questions for the consensus. Published
articles and conference abstracts were identified from PubMed, Embase, the Cochrane
Library. Additionally, we used the GRADE approach to rate the quality of evidence
and the strength of recommendation. The experts in the Consensus Development
Group voted on the recommendations according to the quality of evidence, patients’
views and preferences, and economic evaluation. The GRADE Grid method and
Delphi vote were used to formulate the recommendations. Three rounds of voting
were conducted. When 70% of the experts approved a recommendation, a consensus
was assumed to have been reached.
The formulated recommendations were submitted to 24 experts, who have a broad
clinical experience in hepatobiliary minimally invasive surgery. The external
reviewers were not involved in the development of the consensus. The Consensus
Steering Group discussed the external reviews in a meeting and revised the
recommendations based on this feedback (Table 1). The Consensus Steering Group
plans to update the guideline again before 2022. A flow chart describes the process of
the consensus development (Figure 1)

Recommendation 1: Robotic hepatectomy is as safe and feasible as traditional
open hepatectomy. Robotic hepatectomy has longer operative time, less
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Table 1 2018 International statement on robotic hepatectomy
Recommendation

Grade

1

RH is as safe and feasible as traditional OH. RH
has longer operative time, less intraoperative
blood loss, LOS, lower complication rate and
lower severe complication rate. The intraoperative
blood loss of RH is comparable to that of OH.

2C

2

RH has similar effectiveness for liver malignancy
lesion compared to OH. Regarding the oncological
outcome there is no significant difference in the
radical resection rate, overall survival rate and
recurrence rate between RH and OH.

2D

3

As a minimally invasive surgery, RH is as safe and
feasible as traditional LH. RH has longer operative
time, more intraoperative blood loss, and higher
cost. RH has similar overall complication rate and
LOS compared to OH. Conversion rate of RH
would decrease with the experience accumulation.

2D

4

As minimally invasive surgery, RH has similar
effectiveness for liver malignancy disease
compared to LH. Regarding the oncological
outcome there is no significant difference in the
radical resection rate, overall survival rate and
recurrence rate between RH and LH.

2D

5

For minor hepatectomy, RH as safe and feasible as
LH and OH. RH has longer operative time than
LH for minor hepatectomy. The intraoperative
blood loss, overall postoperative complication rate
and overall cost of robotic minor hepatectomy are
comparable to that of laparoscopic minor
hepatectomy.

2D

6

For major hepatectomy, RH as safe and feasible as
LH and OH. RH has longer operative time than
LH for major hepatectomy. The intraoperative
blood loss, overall postoperative complication rate
and overall cost of robotic major hepatectomy are
comparable to that of laparoscopic major
hepatectomy. There is no significant difference in
the operative time, intraoperative blood loss and
complication rate between RH and OH for minor
hepatectomy.

2D

7

Robotic liver donor hepatectomy could be an
alternative. The procedure should only be
performed by experienced surgeons, and the true
benefits of robotic donor hepatectomy need
further investigation in the future.

2D

RH: Robotic hepatectomy; OH: Open hepatectomy; LH: Laparoscopic hepatectomy; LOS: Length of hospital stay.

intraoperative blood loss, less length of hospital stays, lower complication rate and
lower severe complication rate. The intraoperative blood loss of robotic
hepatectomy is comparable to that of open hepatectomy. The level of evidence:
low. Level of recommendation: Weak (Grade 2C)
Although the volume of minimally-invasive hepatectomy has been increasing each
year since the minimally-invasive technique was applied in hepatectomy in the 1990s,
in the United States and Italy, minimally-invasive hepatectomy merely accounts for
17.9% and 10.3% of hepatectomy cases, respectively [17,18] . When subjected to the
technical limitations of conventional laparoscopy, from the perspective of operative
difficulty, most procedures are still mainly focused on the less complex minimally
invasive wedge resection/segmentectomy (44.9%) and minimally-invasive left lateral
sectionectomy (20.3%)[63,64]. The robot-assisted laparoscopic systems overcome the
disadvantages of conventional laparoscopy by providing flexibility and sharp field of
vision, but the lack of feedback and high cost have also led to some controversies
regarding their applications. Compared with open hepatectomy, robotic hepatectomy
is characterized by longer operative time, less intraoperative blood loss, lower blood
transfusion rate, less length of hospital stays (LOS), and lower complication
rate[32,36,44,65,66].
Wong et al[23] reported a meta-analysis of 7 retrospective, case-control studies on
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Figure 1

Figure 1 Flow chart describes the process of the consensus development.

robotic and open hepatectomy conducted between 2013 and 2016. The analysis
evaluated the intraoperative and short-term postoperative outcome in 329 cases of
robotic hepatectomy and 426 cases of open hepatectomy in Italy, the United States,
Switzerland, and China. The results revealed that compared with open hepatectomy:
Regarding intraoperative parameters, robotic hepatectomy had a longer operative
time [mean difference (MD) = 61.47 min; 95% confidence interval (CI): 7.03, 115.91],
but there were no significant differences in intraoperative blood loss (MD = 220.44
mL; 95%CI: -447.47, 6.58), blood transfusion rate [risk ratio (RR) = 0.78; 95%CI: 0.33,
1.83], and Pringle maneuver usage (RR= 0.98; 95%CI: 0.09, 11.34). The mean
conversion rate of patients in the robotic surgery group in these studies was 4.4%;
regarding short-term postoperative outcome, robotic hepatectomy led to shorter LOS
(MD = -2.57 d; 95%CI: -3.31, -1.82), lower overall complications rate (RR = 0.63; 95%CI:
0.46, 0.86), and lower major (Clavien-Dindo grade III or higher[67]) complication rate
(RR = 0.45; 95%CI: 0.22, 0.94).
Although it was previously believed that high cost is a major disadvantage of
robotic hepatectomy, only a few reports have compared the cost of the 2 approaches
and the conclusions are inconsistent. To date, the report with the largest sample size is
published by Sham et al[65], who compared the cost of robotic hepatectomy (n = 71) and
open hepatectomy (n = 88); their study was conducted in at a single center between
2011 and 2015. The results showed that although the perioperative costs were higher
in the robotic surgery group (6026 vs 5479$, P = 0.047), the postoperative costs were
lower (68570 vs 13425$, P < 0.001), and the total cost was lower (14754 vs 18998$, P <
0.001).
Daskalaki et al[32] compared patients admitted to a single center between 2009 and
2013 and found that compared with the conventional open hepatectomy (n = 55), the
total cost of the robotic group (n = 68) was slightly lower (36040$ vs 39924$, T-Stat = 0.79). In contrast, Xu et al[68] compared the efficacy of robotic hepatectomy and open
hepatectomy for the treatment of hilar cholangiocarcinoma in a single center between
2009 and 2012, and the results showed that compared with open hepatectomy (n = 32),
the surgical costs were higher in the robotic group (n = 10) (272427$ ± 21316$ vs
15282$ ± 5957$, P = 0.018).

Recommendation 2: Robotic hepatectomy has similar effectiveness for liver
malignancy lesion compared to open hepatectomy. Regarding the oncological
outcome there is no significant difference in the radical resection rate, overall
survival rate and recurrence rate between robotic hepatectomy and open
hepatectomy. Level of recommendation: Very low. Level of recommendation: Weak
WJG
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(Grade 2D)
Open hepatectomy is currently the standard for surgical treatment of liver cancer.
There is yet to be a large-scale randomized controlled trial comparing the efficacy of
robotic hepatectomy and open hepatectomy in malignant tumors, and most studies
have been retrospective, case-control studies. Hepatocellular carcinoma is the most
common primary malignant tumor of the liver.
In 2013, Lai et al[69] reported that among patients with hepatocellular carcinoma who
received robotic hepatectomy, the R0 resection rate was 93%. After a median follow
up of 14 mo, the 2-year overall and disease-free survival was 94%, and 74%,
respectively. In the most recent single-center study published by Wang et al[66] in 2018,
the follow-up results in patients newly diagnosed with hepatocellular carcinoma who
underwent robotic hepatectomy (n = 63) and open hepatectomy (n =177) between
June 2013 and July 2016 showed that the 2 approaches had no significant differences
with regard to the R0 resection rate (93.7% vs 96%, P = 0.56), overall recurrence rate
(27% vs 37.3%, P = 0.140), and survival time (760.47 ± 317.94 vs 686.89 ± 271.81 d, P =
0.115). The follow-up data showed that the robotic and open hepatectomy groups had
no significant differences in the 1-year, 2-year, and 3-year disease-free survival (72.5%,
64.3%, 61.6% vs 77.8%, 71.9%, 71.9%, P = 0.325) and overall survival (95.4%, 92.3%,
92.3% vs 100%, 97.7%, 97.7%, P = 0.137). Regarding patients with hepatocellular
carcinoma and negative resection margins, the follow-up study published by Chen et
al[31] in 2017 evaluated patients with newly diagnosed hepatocellular carcinoma with
negative margin (R0 resection) after undergoing robotic hepatectomy (n = 81) and
open hepatectomy (n = 81) at a single center between January 2012 and October 2015.
The results showed that the robotic and open hepatectomy groups had no significant
differences in the 1-year, 2-year, and 3-year disease-free survival (91.5%, 84.3%, 72.2%
vs 79.2%, 73.0%, 58%, P = 0.062) and overall survival (100%, 97.8%, 92.6% vs 100%,
98.4%, 92.6%, P = 0.431).

Recommendation 3: As a minimally invasive surgery, robotic hepatectomy is as
safe and feasible as traditional laparoscopic hepatectomy. Robotic hepatectomy
has longer operative time, more intraoperative blood loss, and higher cost. Robotic
hepatectomy has similar overall complication rate and length of hospital stays
compared to open hepatectomy. Conversion rate of robotic hepatectomy would
decrease with the experience accumulation. Level of evidence: Very low. Level of
recommendation: Weak (Grade 2D)
Data from the ACS NSQIP showed that between 2000 and 2011, robotic liver surgery
accounted for 7.4% of all minimally invasive liver surgeries[70]. In 2010, Berber et al[56]
from the Cleveland Clinic in the United States was the first to compare robotic
hepatectomy (n = 9) and conventional laparoscopic hepatectomy (n = 23) at single
center. The results showed that the two groups had no significant differences in
operative time (259 ± 28 vs 234 ± 17 min, P = 0.6), intraoperative blood loss (136 ± 61 vs
155±54 mL), and resection margin (11±8 vs. 14 ± 10 mm). Guan et al[71] reported a metaanalysis of 13 retrospective, case-control studies on robotic and laparoscopic
hepatectomy conducted between 2010 and 2017. The analysis evaluated the
intraoperative and short-term outcome in 435 cases of robotic hepatectomy and 503
cases of conventional laparoscopic hepatectomy in Italy, China, France, the United
States, Korea, Germany, and Belgium. The results showed that compared with
conventional laparoscopic hepatectomy: (1) Intraoperative parameters indicated that
robotic hepatectomy had a longer operative time (MD = 65.49 min; 95%CI: 42.00,
88.98) and increased intraoperative blood loss (MD = 69.88 mL; 95%CI: -27.11, 112.65),
but there were no significant differences in blood transfusion rate [odds ratio (OR) =
0.96; 95%CI: 0.47, 1.97] and conversion rate (OR=0.75; 95%CI: 0.45, 1.25); (2) there
were no statistically significant differences in the overall complication rate (OR = 0.80;
95%CI: 0.56, 1.14), major complication rate (Clavien-Dindo grade III or higher[67]) (OR
= 1.0; 95%CI: 0.49, 2.06), R1 resection rate (OR = 1.03; 95%CI: 0.41, 2.55), and LOS (MD
= 0.12 d; 95%CI: -0.52, 0.77); (3) the overall hospital cost of robotic hepatectomy was
higher than that in the laparoscopic group (MD = 4.24, 95%CI: 3.08, 5.39); (4) subgroup analysis on robotic hepatectomy and conventional laparoscopic hepatectomy
conducted after 2010 showed that the robotic group had a lower conversion rate (OR
= 0.34; 95%CI: 0.13, 0.87), and there were no statistically significant differences in
operative time and intraoperative blood loss.
The meta-analyses published by Qiu et al[72] and Montalti et al[73] had also drawn
similar conclusions. In addition, the meta-analysis published by Hu et al[74] in 2018 that
analyzed the efficacy of robotic surgery in liver tumors also obtained similar
conclusions. The analysis also found that the robotic group had a longer postoperative
fasting time (weighted MD = 1.2, 95%CI: 0.24, 2.17), but the two groups showed no
significant difference postoperative mortality (OR = 0.67, 95%CI: 0.16, 2.83). Subgroup
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analyses in some studies had suggested that the robotic group may be superior to
conventional laparoscopic surgery when used for major hepatectomy[46] or tumors
localized in the superior and posterior segments[61]. In 2018, Marino et al[75] compared
laparoscopic right hepatectomy (n = 20) and robotic right hepatectomy (n = 14) and
found that the robotic group had shorter operative time than the laparoscopic group
(425 ± 139 vs 565.18 ± 183.73 min, P = 0.022), whereas intraoperative blood loss,
postoperative complications, LOS, and surgical costs were not significantly different
between the groups.
Although the flexibility and the clarity and stability of the visual fields are more
superior in the robotic laparoscopic surgical system than in conventional laparoscopic
surgery, minimally-invasive hepatectomy is still currently predominated by
conventional laparoscopy [17,18] . Studies have indicated that compared with conventional laparoscopic hepatectomy, robotic hepatectomy has a longer operative time,
increased intraoperative blood loss, and a higher cost, whereas no significant
differences are observed with regard to blood transfusion rate, R0 resection rate, LOS,
overall complication rate, and severe complication rate between the two groups. With
the accumulation of surgical experience, the conversion rate of the robotic group
gradually decreases.

Recommendation 4: As minimally invasive surgery, robotic hepatectomy has
similar effectiveness for liver malignancy disease compared to laparoscopic
hepatectomy. Regarding the oncological outcome there is no significant difference
in the radical resection rate, overall survival rate and recurrence rate between
robotic hepatectomy and laparoscopic hepatectomy. Level of evidence: Very low.
Level of recommendation: Weak (Grade 2D)
Khan et al[76] evaluated the long-term oncologic outcomes of patients undergoing
robotic liver surgery (n = 61) for primary hepatobiliary malignancies between 2006
and 2016 and showed that the R0 resection rates of hepatocellular carcinoma,
intrahepatic cholangiocarcinoma, and gallbladder carcinoma were 94%, 68%, and
81.8%, respectively. The median follow-up time was 75 mo (95%CI: 36,113), 5-year
overall survival and disease-free survival were 56% and 38%, respectively, and the 3year survival rates of hepatocellular carcinoma, intrahepatic cholangiocarcinoma, and
gallbladder cancer were 94%, 65%, and 49%, respectively.
Hu et al[77] published a meta-analysis of 17 retrospective, case-control studies on
robotic and laparoscopic hepatectomy conducted between 2010 and 2017. The analysis
evaluated the intraoperative and short-term outcomes in 487 cases of robotic
hepatectomy and 902 cases of conventional laparoscopic hepatectomy in Italy, China,
France, the United States, Korea, Germany, and Belgium. The results showed that
compared with conventional laparoscopic hepatectomy, there was no significant
difference in R0 resection rate (OR = 2.20, 95%CI: 0.78, 6.23) and R1 resection rate (OR
= 1.10, 95%CI: 0.45, 2.73) between two groups. The meta-analyses published by Qiu et
al[72], Guan et al[71] and Montalti et al[73] had also drawn similar conclusion. As there are
few comparative studies on long-term prognosis, there is no meta-analysis report on
the long-term prognosis of robotic hepatectomy and laparoscopic hepatectomy. Lai et
al[39] reported a single-center study evaluating the long-term prognosis of patients
with liver cancer treated with robotic hepatectomy (n = 100) and conventional
laparoscopic hepatectomy (n = 35) and found that compared with conventional
laparoscopic surgery, the robotic hepatectomy for liver cancer had no statistically
significant differences in R0 resection rate (96% vs 91.4%, P = 0.72), 5-year overall
survival (65% vs 48%, P = 0.28), and 5-year disease-free survival (42% vs 38%, P =
0.65). The report from Troisi[49] evaluated the long-term prognosis of patients with
colorectal cancer liver metastases who underwent robotic hepatectomy (n = 24) and
conventional laparoscopic hepatectomy (n = 108), and the results showed that the 1year and 3-year disease-free survival rates were 79% and 62% in the robotic group
and 81% and 41% in the open hepatectomy group.

Recommendation 5: For minor hepatectomy, robotic hepatectomy as safe and
feasible as laparoscopic hepatectomy and open hepatectomy. Robotic hepatectomy
has longer operative time than laparoscopic hepatectomy for minor hepatectomy.
The intraoperative blood loss, overall postoperative complication rate and overall
cost of robotic minor hepatectomy are comparable to that of laparoscopic minor
hepatectomy. Level of evidence: Very low. Level of recommendation: Weak (Grade
2D)
Based on the published articles, the minimally-invasive hepatectomy is mainly used
in minor hepatectomy, which includes resections of the left lateral lobes and local
liver lesions. Tsilimigras et al [27] systematically reviewed 31 comparative studies
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between 2008 and 2017 that included a total of 1148 patients and found that robotic
minor hepatectomy accounted for 72.7% of all robotic hepatectomy cases, with a mean
operative time of 242.2 ± 89 min, intraoperative blood loss of 317.1 ± 331 mL,
conversion rate of 8.1%, mean postoperative hospital stay of 6.1 ± 2.9 d, and incidence
of postoperative complications of 14.8%. The meta-analysis published by Guan et al[71]
included 5 retrospective, case-control studies on robotic and laparoscopic liver
surgeries conducted between 2010 and 2017, including 95 cases of robotic minor
hepatectomy and 163 cases of conventional laparoscopic minor hepatectomy. The
evaluation of intraoperative and short-term postoperative outcomes showed that
compared with conventional laparoscopic minor hepatectomy, robotic minor
hepatectomy had a longer operative time (MD = 50.29 min; 95%CI: 10.52, 90.05), but
there were no significant differences in perioperative outcomes such as intraoperative
blood loss and complications. Laparoscopic hepatectomy is currently recommended
for left lateral segmentectomy[78]. Salloum et al[79] published a single-center study
comparing robotic left lateral segmentectomy (n = 16) and laparoscopic left lateral
segmentectomy (n = 80) and showed that the 2 groups had no statistically significant
differences in operative time (190 vs 162 min, P = 0.10), intraoperative blood loss
(247±239 vs 206 ± 205 mL, P =0.50), overall complication rate (12% vs 11%, P = 0.77),
LOS (7 ± 8 vs 6 ± 4 d, P = 0.74), and total cost (5522€ vs 6035€, P = 0.70).

Recommendation 6: For major hepatectomy, robotic hepatectomy as safe and
feasible as laparoscopic hepatectomy and open hepatectomy. Robotic hepatectomy
has longer operative time than laparoscopic hepatectomy for major hepatectomy.
The intraoperative blood loss, overall postoperative complication rate and overall
cost of robotic major hepatectomy are comparable to that of laparoscopic major
hepatectomy. There is no significant difference in the operative time, intraoperative
blood loss and complication rate between robotic hepatectomy and open
hepatectomy for minor hepatectomy. Level of evidence: Very low. Level of
recommendation: Weak (Grade 2D)
Nguyen et al[64] reviewed the current status of laparoscopic hepatectomy in 127 studies
worldwide. Based on the definition of major hepatectomy stated in the Fukuoka
Declaration [78] , they found that major hepatectomy accounted for 17.3% of all
laparoscopic hepatectomy cases. In view of the disadvantages of conventional
laparoscopy such as limited flexibility, fulcrum effect, and poor visual field stability, it
is believed that robotic hepatectomy may compensate the limitations of conventional
laparoscopic surgery in major hepatectomy, such as hemi-hepatectomy and extended
hepatectomy, which require precise dissection of the porta hepatis[80]. Tsilimigras et
al[27] systematically reviewed 31 comparative studies between 2008 and 2017 and
found that robotic major hepatectomy (n = 115) accounted for 27.3% of all robotic
hepatectomy cases, with a mean operative time of 403.4 ± 107.5 min, intraoperative
blood loss of 543.4 ± 371 mL, conversion rate of 8.6%, mean LOS of 10.5 ± 4.8 d, and
complication rate of 17%.
Giulianotti et al[81] reviewed 24 cases of right hepatectomy conducted by a single
surgical team between 2005 and 2010. The results showed that the mean operative
time was 337 min, mean intraoperative blood loss was 457 mL, blood transfusion rate
was 12.5%, conversion rate was approximately 4.2%, and incidence rate of
postoperative complications was 25%. No perioperative mortality occurred, and the
perioperative outcome was similar to that of laparoscopic hepatectomy conducted
during the same period. Spampinato et al[48] compared robotic hemi-hepatectomy (n =
25) and laparoscopic hemi-hepatectomy (n = 25) in their study, which conducted in 2
centers in Italy and Belgium between 2009 and 2012. The results showed that the 2
groups had no statistically significant differences in operative time (430 vs 360 min, P
= 0.070), intraoperative blood loss (250 vs 400 mL, P = 0.95), conversion rate (4% vs 4%,
P =1), overall complication rate (16% vs 36%, P = 0.2), R0 resection rate in malignant
tumors (100% vs 91%, P = 0.49), and LOS (8 vs 7 d, P = 0.48). According to the
definitions of minimally-invasive major hepatectomy in the Fukuoka Declaration[78]
and Louisville Declaration[4], when considering the difficulty of the surgery, resections
of lesions in the superior posterior segments of the liver should also be classified as
major hepatectomy. Patriti et al[44] compared the efficacy of robotic hepatectomy (n =
19) and open hepatectomy for the resection of liver segments 6 and 7 in 2 centers in
Italy. Compared with open hepatectomy, robotic hepatectomy had a longer operative
time (303 ± 132.3 vs 233.9 ± 81 min, P = 0.002). There were no statistically significant
differences with regard to the volume of intraoperative blood loss (376.3 ± 410 vs 457.5
± 365.5 mL, P = 0.40), overall complication rate (15.8% vs 13%, P = 0.70), severe
complications rate (5.3% vs 1.4%, P = 0.80), and LOS (6.7 ± 3 vs 7.9 ± 4.4 d, P = 0.60).

Recommendation 7: Robotic liver donor hepatectomy could be an alternative. The
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procedure should only be performed by experienced surgeons, and the true
benefits of robotic donor hepatectomy need further investigation in the future.
Level of evidence: Very low. Level of recommendation: Weak (Grade 2D)
In 2012, Giulianotti et al[16] reported for the first robotic living-donor hepatectomy of
the right inferior lobe. Compared with conventional laparoscopic surgery, the robotic
surgical system provided a magnified and stable 3D field of vision with higher
accuracy in intraoperative suture during the living-donor hepatectomy[82]. At present,
countries such as Italy, South Korea, China, and India have carried out robotic livingdonor hepatectomy, but no report has been published on robotic liver
transplantation[6,16,83-86].
The only comparative study on robotic living-donor hepatectomy and standard
open living-donor hepatectomy was published by Chen et al [83] , which was a
retrospective, case-control study on 13 cases of robotic hepatectomy and 54 cases of
open hepatectomy conducted at a single center between May 2013 and August 2015.
The results showed that the robotic group had a longer operative time (596 vs 383
min, P < 0.001), reduced dosage of postoperative analgesics (0.58 vs 0.84 ng/kg, P =
0.03), and a higher postoperative cost (13436$ vs 5019.1$, P < 0.001), but there were no
significant differences in intraoperative blood loss, LOS, and overall complications.
No open conversion was required in the robotic group. Even though robotic livingdonor hepatectomy is considered safe and feasible based on published case and case
series reports and comparative studies, it does not show significant superiority in
therapeutic efficacy compared with open and conventional laparoscopic approaches.
Although robotic living-donor hepatectomy is technically safe and feasible, critics
have pointed out that minimally-invasive surgery for living-donor hepatectomy
cannot be truly considered as “minimally-invasive surgery”, as it merely moves the
midline incision to the lower abdomen at the cost of increasing 3 to 5 small incisions
for port sites. Therefore, it should be considered as “minimal incision surgery”[59].
Furthermore, the complex anatomy of the liver, together with the absence of inflow
control and the need for a short ischemic time, may result in a higher risk for both
donor and graft safety[60].
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Abstract
Explosive economic growth and increasing social openness in China over the last
30 years have significantly boosted alcohol consumption, and consequently, the
incidence of alcoholic liver disease (ALD) in China has increased. Because the
epidemiologic and clinical features of ALD in the Chinese population may differ
from those of the Caucasian population, this review describes the epidemiology,
pathogenesis, genetic polymorphisms, diagnosis, and treatment of ALD in the
Chinese population. This updated knowledge of ALD in China provides
information needed for a global understanding of ALD and may help in the
development of useful strategies for reducing the global ALD burden.
Key words: Alcoholic liver disease; Epidemiology; Morbidity; China
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Core tip: Explosive economic growth and increasing social openness in China over the
last 30 years have significantly boosted alcohol consumption, and consequently, the
incidence of alcoholic liver disease (ALD) in China has increased. This review describes
the epidemiology, pathogenesis, genetic polymorphisms, diagnosis, and treatment of
ALD in the Chinese population, with the goal of supporting the development of useful
strategies for reducing the global ALD burden.
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INTRODUCTION
The incidence of different chronic liver diseases as well as the number of patients
afflicted in China have changed significantly in the past three decades. Chronic
hepatitis B was once a dominant chronic liver disease in China, but the frequency of
hepatitis B virus (HBV) infection has been dramatically reduced to 1% or less among
children younger than 10 years old with successful implementation of the Expanded
Program on Immunization for HBV initiated in 1992 and later the universal HBV
vaccination program in China. Although the management of chronic HBV-related
liver diseases in China remains a daunting task, the prevalence of other chronic liver
diseases, notably alcoholic liver disease (ALD) and nonalcoholic fatty liver disease
(NAFLD), is rapidly increasing[1].
Alcohol consumption in developed countries is a costly health problem, but the
trend has been steady during the last 30 years. In contrast, as many developing
countries have experienced significant economic expansion, a byproduct has been an
alarming rise in alcohol consumption, as reflected by increased alcohol production.
For example, in China, beer production increased by 2.27 times over 18 years from
1987.67 tons in 1998 to 4506.44 tons in 2016 [2-5] . Moreover, the percentage of the
Chinese population that reported weekly regular alcohol drinking increased by more
than 33% between 2004 and 2008 [6] . The annual consumed volume of alcoholic
beverages per capita in the general Chinese population increased from 4.9 L in 20032005 to 7.2 L in 2016, with regular Chinese drinkers consuming an average of 12.9 L
per capita in 2016 [7] . By 2013, China was globally ranked as the second heaviest
drinking country only second to the United Kingdom[8]. In addition, rapid economic
development and improved living standards have brought profound changes in diet
structure and lifestyle among the Chinese people, with a notable consequence being
an increase in the frequency of NAFLD[9,10].
Excessive alcohol drinking is a leading cause of chronic liver disease and induces a
wide range of liver pathologies from simple steatosis to steatohepatitis, fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC). In 2010, about half a million deaths
globally were attributable to alcoholic cirrhosis, which accounted for 47.9% of all
cirrhosis-related mortalities, and alcohol-related HCC caused an additional 80000
deaths[11]. Approximately 75% of all cases of liver cancer in the world occur in Asia,
and China alone bears > 50% of the global liver cancer burden[12]. In 2005, ALD was
responsible for 23.4% of liver cancer-related deaths in men and 2.2% of such deaths in
women in China[13]. The number of deaths caused by liver cancer due to alcohol use
among all ages and the age-standardized death rate per 100000 people in China were
45333 (95%UI: 39927-50465) and 6.02 (95%UI: 5.34-6.67) in 1990, compared with 25665
(95%UI: 21358-30338) and 1.87 (95%UI: 1.57-2.20) in 2013, respectively[14]. In contrast,
alcohol-induced liver cancer ranks first among all causes of liver cancer mortality,
accounting for 53%, 46%, 42%, 39%, and 37% of cases in Eastern Europe, Central
Europe, Southern Latin America, Australasia, and, high-income North America,
respectively[15]. Chronic heavy alcohol consumption may trigger and promote HCC
though the generation of carcinogenic aldehydes, reactive oxygen species (ROS),
damage-associated molecular patterns (DAMPs), and pathogen-associated molecular
patterns, causing oxidative stress that stimulates the inflammatory cascade, inducing
the production of tumor-initiating stem cell-like cells, and activating hematopoietic
stem cells and immunosuppression[16,17]. Additionally, Asian-Americans had markedly
lower ALD-related mortality rates from 2007 to 2016 than non-Hispanic whites[18].
Thus, ALD poses a significant disease burden worldwide.
A current challenge in China is the lack of urgent awareness of ALD and NAFLD in
society as well as by health authorities and policy makers, which has been made
worse by the lack of public and private research funding. Public ALD education and
engagement in addition to research advances in the field, are required to reduce the
ALD burden.
This review summarizes the current knowledge regarding the ALD epidemic in
China as well as the present understanding of ALD occurrence and progression at the
cellular and molecular levels.

EPIDEMIOLOGY OF ALD IN CHINA
Currently, only region-based ALD studies, rather than nation-wide surveys, have
been conducted in China, although some have been relatively largescale[9,19-25]. The
percentage of regular alcohol drinkers among the general adult population in
different areas increased from 27.0% in 2000 to 66.2% in 2015 (Table 1), and the
percentage of heavy drinkers increased from 0.21% in 1982 to 14.8% in 2000, a 70-fold
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increase in < 20 years. The 2.27% ALD prevalence in 2000 was increased to 8.74% in
2015. There is a notable parallel between the increased male drinking population and
the increased ALD prevalence in males.
The frequencies of different ALD stages differ significantly between the general
Chinese population and heavy Chinese drinkers: 0.94%-3.74% (general population) vs
50% (heavy drinkers) with alcoholic fatty liver, 0.42%-2.18% vs 10% with alcoholic
hepatitis (AH), and 0.11%-0.68% vs 10% with alcoholic cirrhosis [9,19-23] (Table 2).
Respective annual ALD frequencies of 2.7%, 2.9%, 3.0%, 3.6%, and 4.4% for 2000 to
2004 were reported by a multi-center study, revealing a steady increase in ALD[19,22].
Another two studies reported that among a cohort of 902 ALD patients, 11.2% had
mild ALD, 22.6% had alcoholic fatty liver, 28.8% had AH, and 37.4% had alcoholic
cirrhosis[26,27]. A hospitalization summary report (HSR) showed that viral hepatitisrelated cirrhosis hospitalization declined by 10% and alcoholic cirrhosis-related
hospital stay was increased by 33% after categorizing approximately 2.3 million
hospitalized patients in 31 Grade 3A hospitals in Beijing between 2006 and 2010. Male
patients accounted for 98% of ALD cases and 71% of viral hepatitis cases,
respectively[28]. Similarly, the percentage of hospitalized ALD patients among all those
hospitalized for liver diseases increased from 1.7% in 2002 to 4.6% in 2013, and the
annual incidence of severe alcoholic hepatitis (SAH) increased by 2.43 times from 2002
to 2013, as reported by the 302 Hospital in Beijing[10].
In addition, the number of deaths caused by cirrhosis due to alcohol use among all
ages and the age-standardized death rate per 100000 people in China were 41792
(95%UI: 36399-46769) and 5.23 (95%UI: 4.59-5.82) in 1990, compared with 41163
(95%UI: 34830-46935) and 2.89 (95%UI: 2.47-3.27) in 2013, respectively[14]. Moreover,
the number of deaths caused by alcohol use disorders among all ages and the agestandardized death rate per 100000 people in China were 16488 (95%UI: 12374-27257)
and 1.69 (95%UI: 1.28-2.77) in 1990, compared with 15459 (95%UI: 10132-22104) and
0.97 (95%UI: 0.64-1.39) in 2013, respectively[14].

RISK FACTORS FOR ALD IN CHINA
Several factors are known to affect ALD occurrence and progression in the Caucasian
population. However, these known factors vary with geographic, racial, and
developmental variations. Despite the lack of nationwide epidemiological surveys of
ALD risk factors conducted in China, alcohol drinking history and total alcohol
volume (concentration multiplied by drink volume) are two direct risk factors for
ALD[29], in addition to the contributing factors of genetic background, age, gender,
obesity/metabolic syndrome concomitant with HBV or hepatitis C virus (HCV)
infection or other liver diseases, and lifestyle factors like smoking[30].

Age
In a cross-sectional survey from Shandong province, the ALD incidence increased
with age until 50 years, and most ALD patients were 40-49 years old[9]. The 2017
Annals of Chinese Health and Family Planning showed the constituent ratio of ALD
patients aged between 15 to 44 years old who were discharged from hospitals, and the
percentages significantly increased from 20% among 45-59 year olds to 48.8% among
60 year olds and 31.2% among those > 60 years old.
In addition, a meta-analysis of adolescents found that the percentages of drinkers
were highest among vocational high school students (44.7% for males, 28.8% for
females). Alcohol consumption rates in high school students were higher (36.5% for
males, 21.2% for females) than those in middle school students (23.6% for males and
15.3% for females). The percentages of drinkers among males were significantly
higher in all three types of schools compared with those among females[31]. Although
prevalence estimates among Chinese students were generally lower than those
reported in Western countries, an increasing trend has been observed in recent
decades[32].
Excessive alcohol consumption, especially of distilled alcoholic beverages
containing high levels of alcohol (spirit or liquor), usually occurs in circumstances of
formal social activities. In anticipation of establishing, maintaining, and/or
developing personal or social networking relationships, peer pressure to consume an
excessive amount of alcohol exists among participants in social events, such as
dinners or banquets among middle-aged business clients or partners. Middle-aged
people represent the main population involved in these social activities. Moreover, as
they are more likely to have a relatively stable family income and independent
financial status, middle-aged people in China have more accessibility to alcoholic
beverages.
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Table 1 population-based surveys of alcohol consumption in China
Author

Year

Area

n

Age (yr)

Habitual drinking (%)

Excessive drinking (%)

Li et al[19]

2000

Zhengjiang

18237 (M 66.0%)

Lu et al[20]

2000

Xi’an

3613 (M 60.6%)

38.3 ± 12.3

27.0 (M -, F -)

14.8

36.0 ± 13.0

35.2 (M 52.2, F 8.9)

Huang et al[21]

2005

Hu’nan

-

18828 (M 69.2%)

42.1 ± 13.4

37.8 (M -, F -)

-

Chen et al

[22]

2007

Liaoning

6598 (M 62.2%)

39.3 ± 11.1

27.0 (M 38.3, F 5.6)

-

Wang et al[9]

2011

Shandong

7295 (M 48.2%)

44.7 ± 13.9

42.76 (M 74.5, F 11.3)

-

Yan et al[23]

2015

Shanxi, Gansu, Xinjiang

2300 (M 75.0%)

38.1 ± 13.3

66.2 (M 77.9, F 31.2)

-

Guo et al

[24]

2016

Guizhou

9280 (M 47.9%)

42.7 ± 25.5

32.1 (M 52.8, F 13.2)

-

Chang et al[25]

2016

Tianjin

3137 (M 45.1%)

-

32.2 (M 55.9, F 12.6)

-

Excessive drinking: alcohol consumption ≥ 40 g/d for over 5 years. M: Male; F: Female; “-”: Unavailable.

Gender
In China, the proportion of males who report high alcohol consumption is higher than
that of females. Chinese males typically have more social opportunities to drink than
females, and a common opinion in these settings is that males who have the ability to
drink large volumes are perceived as masculine. In contrast, the traditional
responsibility of Chinese adult females is to manage the daily life of their families,
which keeps women in these roles busy caring for children and elderly relatives. They
do not have as many opportunities to participate in social engagements as males do.
Thus, the delegation of family responsibility restricts the females from frequently
consuming alcohol. However, as more women are pursuing professional careers,
more adult women are maintaining bachelorette status, and drinking among women
is no longer viewed as exceptional by Chinese society. A continued increase in the
percentage of female drinkers is expected over time. According to the Global status
report on alcohol and health 2018, in absolute numbers there were about 91000 more
women who drank alcohol in 2016 than in 2000 despite a 5% decrease in the current
worldwide drinking prevalence from 37.3% to 32.3%[7]. The prevalence rates of current
drinking among women in the World Health Organization Western Pacific Region
were 39.3%, 36.4%, 42.0%, and 40.7% in 2000, 2005, 2010, and 2016, respectively. In
China specifically, the total, including recorded and unrecorded, per capita alcohol
consumption for women was 2.2 (95%CI: 1.9-2.5) and 2.5 (95%CI: 2.4-2.6) in 2014 and
2018, respectively[7,33]. However, the age-standardized death rates for liver cirrhosis in
females were 5.8 and 8.3 per 100000 population (15+) in 2012 and 2016, while the
alcohol-attributable fractions were 59.8% and 41.6% in 2012 and 2016, respectively[7,33].
Women are known to express lower levels of alcohol dehydrogenase (ADH) in
hepatocytes and to have different ratios of total body water and fat compared with
men. Thus, compared with men, they are less tolerable of alcohol, tend to develop
ALD after exposure to lower amounts of alcohol, and are more vulnerable to ALD
progression[34].

Types of alcoholic beverages ingested
In China, spirits make up about 70% of the alcoholic beverages consumed, and it is
estimated that up to 25% of the consumed alcohol is not registered[35]. Homemade
wines including rice wines, which are not subject to taxation, are distilled by farmers
in their family workshops. A cross-sectional survey[36] found that the three most
commonly consumed alcoholic beverages in rural regions in Hunan province were
homemade alcoholic beverages, beer, and high-alcohol liquors. In Henan, they were
beer, high and low alcohol liquors. Traditional distilled spirits (bai jiu) are the most
popular unrecorded alcohols, and the production volume is often underestimated by
official statistics. It is of importance to include home brews in the drinking surveys in
both China and other countries[36,37]. The main concern regarding homemade alcoholic
beverages is the easy access to high alcohol drinking at an exceedingly affordable
price. Furthermore, Newman et al[35] commented that the major health risks posed by
unrecorded Chinese bai jiu include not only the high concentration of alcohol but also
the presence of toxic impurities including heavy metals and acetaldehyde.

Genetics and ALD pathogenesis
Although the pathogenesis of ALD is complex and remains unclear, the oxidative
metabolites of alcohol, including acetaldehyde and ROS, are the main culprits for
ALD. Acetaldehyde is reactive with DNA and proteins and may form adducts, which
act as neoantigens that elicit an immune response and contribute to liver injury.
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Table 2 population-based surveys of alcoholic liver disease in China
ALD
Author

Year

n

Morbidity rate of ALD (%)
MALD (%)

AFL (%)

AH (%)

AC (%)

Li et al[19]

2000

18237

4.34 (M 6.36, F 0.36)

1.21

0.94

1.51

0.68

Lu et al[20]

2000

3613

2.27 (only one female)

-

2.16

-

0.11

Huang et al[21]

2005

18828

4.36 (M 6.00, F 0.52)

1.21

0.97

1.50

0.68

Chen et al

[22]

2007

6598

6.82 (M 9.75, F 2.00)

4.29

4.29

2.18

0.35

Wang et al[9]

2011

7295

8.55 (M 15.76, F 1.42)

6.23

1.71

0.42

0.17

Yan et al[23]

2015

2300

8.74 (M 10.08, F 4.70)

4.22

3.74

0.48

0.30

ALD: Alcoholic liver disease; MALD: Mild ALD; AH: Alcoholic hepatitis; AC: Alcoholic cirrhosis; “-”: Unavailable.

Acetaldehyde also interferes with DNA synthesis, methylation, and repair, facilitating
HCC susceptibility.
There are two major enzyme systems that metabolize EtOH into acetaldehyde (AA)
via oxidative degradation. Members of the ADH family in hepatocytes are the
enzymes responsible for metabolizing ingested alcohol. ADH activity determines
alcohol tolerance and ALD susceptibility. Mutations in ADH genes have been linked
to both protection from and susceptibility to ALD. As examples, due to slower
oxidation rates, the ADH2*1, ADH3*2, and ALDH2*2 alleles are associated with high
blood acetaldehyde concentrations, which correspond to a greater risk of adverse
effects, and thus, may serve to reduce alcohol consumption and the risk of related
diseases. By contrast, certain genetic variants involving ADH2*2, ADH3*1, ALDH2*1,
and CYP2E1*1 allow a higher oxidation rate, which corresponds to an increased
alcohol clearance rate, facilitating the consumption of more alcohol and increasing the
risk of alcohol-related diseases [38-40] . Clearly, ADH activity is affected by genetic
polymorphisms of the ADH genes. Several studies from Taiwan and mainland China
identified genetic polymorphisms in ADH2, ADH3, and ALDH2 genes among the
Chinese Han population, and they are different from those reported in the Caucasian
population. Such variation in ADH genes may lead to differences in the
susceptibilities to ALD between the Chinese Han population and Caucasians[41-43]. Our
previous research showed that ALDH2 deficiency is accompanied by higher levels of
serum acetaldehyde and corticosterone after alcohol consumption, leading to the
attenuation of T-cell activation and concanavalin A-induced T-cell hepatitis in both
mice and humans[40]. ALDH2-deficient individuals may have an elevated risk for
alcohol-related cancers and diseases due to T-cell suppression[40]. We investigated
ALDH2 polymorphisms in two cohorts, one consisting of 450 alcoholic cirrhosis
patients and the other consisting of 683 patients with HBV-related liver diseases, and
found that the occurrence of HBV-related cirrhosis and HCC among alcohol drinkers
with HBV infection was linked to polymorphism of the ALDH2*1/*2 genes, which was
also a risk factor for progression of cirrhosis to HCC and of HCC stage B to stage C or
D. Less than 5% of patients with alcoholic cirrhosis were found to have the
ALDH2*1/*2 genotype, and none had the ALDH2*2/*2 genotype. In addition,
polymorphism in the PsaI/Psat restriction site of the CYP2E1 gene was also linked to
ALD susceptibility [44] . Finally, polymorphism in the patatin-like phospholipase
domain-containing protein 3 (PNPLA3) gene may predispose ALD patients to more
severe alcohol-related liver injury[45]. Recently, a large case-control multicenter study
conducted in China showed that both the allele and genotype frequencies of rs738409
in the PNPLA3 gene were significantly associated with ALD (P = 6.25 × 10-14 and P =
9.05 × 10-13)[46]. In addition, a polymorphism in the silent mating type information
regulation 2 homolog 1 (SIRT1) gene was associated with alcoholic fatty liver disease
(AFLD) in the Han population[47].
On the other hand, chronic alcohol consumption up-regulates cytochrome P450 2E1
(CYP2E1) gene expression in response to the need to convert alcohol to acetaldehyde.
This CYP2E1-dependent microsomal ethanol oxidizing system (MEOS) generates
more ROS[48]. Hepatocytes injured after alcohol intake release endogenous DAMPs.
DAMPs can activate Toll-like receptor 4 (TLR4) on Kupffer cells to promote the
secretion of proinflammatory cytokines such as interleukin-1β (IL-1β) and tumor
necrosis factor-α (TNF-α) and to activate the inflammasome[49]. The activated Kupffer
cells also secrete CXC chemokines to attract infiltrating neutrophils and other
mononuclear cells, which may aggravate hepatic necroinflammation[50].

Socioeconomic status
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Factors of socioeconomic status, including education, marital status, occupation, and
family income, have also been linked to ALD. Individuals with a low level of
education, a lack of immediate family, a high-stress job, or a low income are more
susceptible to alcoholism, and the incidence of ALD is higher in these groups. Such a
linkage was also reported by studies in the United States[9,51]. Single individuals tend
to be financially better off, participate in more social engagements, and have more
opportunities for drinking compared with married persons. Also, individuals who
perform hard manual labor daily in rural areas tend to consume more alcohol, often at
pubs after work[9].

Body mass index and obesity
Adipose tissue, which is an important source of proinflammatory cytokines (such as
TNF-α), may facilitate ALD development and progression[52]. Both elevated BMI and
visceral fat accumulation are independent risk factors for alcoholic hepatitis in ALD[53].
A study showed that the BMI was significantly higher in an ALD group than in a nonALD group[54]. Additionally, chronic heavy alcohol consumption, obesity, and viral
infections share the same steatosis pathology[55]. Data from the China Health and
Nutrition Survey collected in 1997, 2000, 2004, 2006, 2009, and 2011 showed an
increasing trend in the BMI of Chinese adults, with that of males increasing by 0.21
kg/m2 per year and that of women increasing by 0.16 kg/m2 per year[56].

HBV or HCV infection
A combination of excessive alcohol consumption and endemic chronic HBV/HCV
infection may promote advancement of chronic liver diseases, regardless of the initial
etiology, and increase the ALD and chronic HBV infection (CHB) burden in China[57].
Alcohol consumption by chronic HBV- or chronic HCV-infected patients is an
additional risk factor for accelerated progression of chronic hepatitis to liver cirrhosis,
HCC, or liver-related mortality[57,58]. Moreover, alcohol consumption may thus enable
HCV evasion from the immune response and facilitate HCV replication[57]. Further
studies should be directed at exploring the impact of ALD on the long-term outcomes
of antiviral therapy.
A population-based study of Asian patients with chronic liver disease in the United
States from 2007 to 2016 found that chronic HBV infection in different Asian
populations ranged from 9%-25% in contrast to 0.5% in the general United States
population[18]. A nationwide serologic survey of HBV infection in China showed that
HBV surface antigen (HBsAg) positivity rates in individuals aged 1-4, 5-14, and 15-29
years were 0.3%, 0.9%, and 4.4%, respectively, in 2014, and these percentages were far
lower than the average of 9.8% in 1992 due to the introduction of universal HBV
vaccination[59]. The prevalence of ten HBV genotypes (A-J) varies among different
parts of the world: genotypes A and D are the most prevalent in Africa and Europe,
and genotypes B and C are dominant in Asia and Oceania[60,61]. In addition, agestandardized HCV-related mortality was lower in the all United States Asian
population throughout the study period[18]. However, 70% of HCV-infected patients in
the European and North American countries were heavy alcohol drinkers, and 30%40% of ALD cases had concomitant chronic HCV infection. These two concurrent
diseases may exert synergistic effects on hepatic necroinflammation, tumorigenesis,
and oxidative stress [62] . The fact that hepatitis C-related chronic liver disease is
expected to decline over time highlights the need to improve the treatment of ALD,
which may soon rank as the number one cause of cirrhosis as the frequencies of ALD
cases continue to rise in European and North American countries[63]. HCV infection in
China has showed a steady decrease from an average 3.2% in 1992 to 0.36% in 2010[64].
HCV genotypes 1b and 2a are predominant in China, whereas HCV genotypes 1 and
3 account for most HCV infections in Europe[65].

MANAGEMENT OF ALD IN CHINA
As a result of rapid urbanization, improved living standards, and reductions in
physical activity, ALD is emerging as a new public health problem in China.
However, health authorities, healthcare providers, and the general population lack an
urgent awareness of the effects of ALD. Therefore, both public education and an ALD
awareness campaign that target the general population as well as physicians are
urgently required in China. The Chinese Association for Study of Liver Diseases
established the fatty liver and ALD subsections in 2001 and has published and
updated several editions of the Clinical Practice Guidelines for Diagnosis and
Management of ALD since 2003, with the latest updates published in 2018[66].

Abstinence from alcohol and nutritional support
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Abstinence from alcohol is the most effective approach to mitigating or ceasing
alcohol-related liver injury. International guidelines from China, the United States,
and Europe, as well as questionnaires including the Alcohol Use Disorders
Identification Test (AUDIT), the Michigan Alcoholism Screening Test (MAST), and the
CAGE alcohol screening questionnaire, emphasize the discrimination of alcohol
dependence or abuse[66-68]. Moreover, despite progress in drug-based ALD treatments,
ALD therapeutics remain insufficient[69]. Currently, only a few drugs are approved for
ALD treatment, including acamprosate, disulfiram, naltrexone, and nalmefene, and
not all of them are available in every country[63]. A main focus of clinical research is
rectifying alcohol use disorder (AUD) in ALD patients. Currently, a combination of
drug therapy, psychosocial interventions, and medical management is recommended.
Nonpharmacological treatment consists of cognitive behavioral therapy, outpatient
motivational consultation, and attendance at Alcoholics Anonymous meetings. If
patients develop psychological problems, fail to improve with outpatient therapy, and
live in an unstable family, in-patient therapy is highly advised. Drug-based therapy
for AUD is also available. Attention should focus on the prevention of withdrawal
syndrome during abstinence. In addition, sufficient nutritional supplementation of
vitamin B, C, D, E, and K, and folate should be provided to ALD patients[70]. Vitamin
D deﬁciency was suggested to promote liver ﬁbrosis and/or inﬂammation,
particularly during chronic HCV infection [71] . A high-protein and low-fat diet is
suggested for patients with alcoholic cirrhosis. A suggested energy supply of 35-40
kcal/kg body weight (BW) per day (147-168 kJ/kg BW per day) and a protein intake
of 1.2-1.5 g/kg BW per day are recommended by the European Society for Clinical
Nutrition and Metabolism guidelines[72].

Drug therapy
Although abstinence is advised, not all patients can maintain sobriety. Thus, some
patients may require drug-based treatment. Treatment with corticosteroids (CS) may
increase the survival rate of patients with SAH. However, patients who have a Lille
score of ≥ 0.45 may not benefit from continued administration of CS. The antioxidants
metadoxine and N-acetylcysteine (NAC) have also been suggested for treatment of
ALD. Metadoxine accelerates the clearance of alcohol from the serum and improves
alcoholic symptoms and abnormal behavior[73]. NAC replenishes the glutathione level
in hepatocytes, reduces free radicals, and inhibits the expression of nuclear factor κB
and TNF-α. NAC can also prevent alcohol addiction and reduce alcohol
consumption[74]. Additional drugs can be used to treat ALD, including S-adenosyl-Lmethionine (SAMe), polyene phosphatidylcholine, glycyrrhizic acid products,
silymarin, polyene phosphatidylcholine, reduced glutathione, and bicyclol therapy.
SAMe, a precursor of glutathione and a major methyl donor for methyltransferase
reactions, was shown to improve the symptoms and biochemical parameters of
ALD[75]. Polyene phosphatidylcholine can prevent histological aggravation in ALD
patients[76]. The glycyrrhizic acid products silymarin, polyene phosphatidylcholine,
and reduced glutathione share antioxidation and anti-inflammation effects and to
some extent protect cellular membranes and organelles, improving liver biochemical
indices[77]. Bicyclol therapy can also alleviate the ALD symptoms[78].
Many ALD patients in China, especially those who fail to respond to treatment
with small molecule drugs, pursue traditional Chinese medicine (TCM) as an adjunct
or alternative therapy. Several TCM formulae are known to be effective at mitigating
hepatic fibrosis. Several herbal medicines, including Cnidium monnieri (L.) Cusson
(Apiaceae), and Curcuma longa L. (Zingiberaceae), have been used for ALD treatment
in China[79]. Gao et al[80] suggested that ginsenoside Rg1 is a potential hepatoprotective
agent that functions through glucocorticoid receptor (GR) and the GR-related nuclear
factor-κB pathway. Wu et al[81] suggested that a TCM formula of Qinggan Huoxue can
effectively alleviate the ALD pathology in rats through the lipopolysaccharideKupffer cell signaling pathway. Because TCM formulae consist of multiple
components with complex chemistry and pharmacology characteristics, they could be
made more effective once the active components and their underlying mechanisms
are clearly elucidated. The potential side effects of TCM must be evaluated through
large-sample, randomized, double-blind clinical trials that are consistent with the
principles of evidence-based medicine.
For ALD patients who cannot tolerate steroid drugs, new therapies are being
evaluated in clinical trials, including therapies based on human induced pluripotent
stem cells, bovine colostrum and hyperimmune bovine colostrum (ClinicalTrials.gov
NCT02265328; NCT02473341; NCT01968382), fecal microbiota transplantation
(ClinicalTrials.gov NCT03091010; NCT02458079), and granulocytapheresis.

Liver transplantation (LT)
LT is a curative therapy for patients with severe alcoholic liver cirrhosis. The
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indications for LT in China include HBV-related HCC; HBV-, HCV-, or alcoholrelated cirrhosis; and biliary atresia in children. The 2011 edition of the China Liver
Transplant Annual Scientific Report prepared by the China Liver Transplant Registry
(CLTR) reported 561 cases of LT for ALD, which accounted for 2.77% of all LT cases.
The number of patients with end-stage ALD who have received LT in recent years in
mainland China has been increasing[82]. Before orthotopic LT, a 3-6-mo period of
alcohol abstinence is required as outlined by the 2018 Guidelines for Management of
Alcoholic Liver Disease, whereas a similar requirement has been removed from the
ACG Clinical Guidelines and EASL Clinical Practical Guidelines [66-68] . A recent
retrospective analysis of 147 patients who underwent early LT (without 6 mo of
abstinence) for SAH reported a 1-year survival rate of 94% and 3-year survival rate of
84%, and sustained alcohol use after LT was infrequent but associated with increased
mortality, as reported by the American Consortium of Early Liver Transplantation for
AH[83]. A retrospective analysis of 17 Chinese ALD patients who received LT found
that survival rates at 25, 50, and 100 wk after LT were 94.1% (16/17), 82.4% (14/17),
and 64.7% (11/17), respectively[84]. Another follow-up study of 40 LT patients from
April 2005 to June 2017 showed that the 1-year survival rate was 81.0% and the 5-year
survival rate was 77.0%, and these rates were comparable to outcomes reported in
other countries[85]. However, the mortality of SAH remains high, because the shortage
of donor organs and high cost of surgery limit patients’ access to LT[86].

Regulation of alcohol consumption
Alcohol consumption is impacted by alcohol and taxation policies as well as social
and cultural norms. In China, the alcohol taxes were increased in 2002, and the
alcohol sale restrictions and the license requirement were implemented in 2004. In
2007, the laws that punish drunk drivers began to be enforced, and restrictions on
alcohol advertisements took effect in 2010[87]. However, the alcohol policy in China is
weaker than those in its neighboring countries in many aspects, which favors alcohol
consumption, leading to consequent alcohol-related problems. There are no minimal
legal age requirements for purchasing or selling alcoholic beverages, no restrictions
on home-made alcohol beverages, no enforceable regulations on alcohol sponsorship/sale promotion, and no legal requirements for warning labels on alcohol advertisements/containers in China[7,87]. We advocate a strong and sensible alcohol policy
that effectively regulates alcohol production quality and consumption to reduce the
occurrence of ALD in China[88].

DISCUSSION
Given the continually increasing ALD incidence and the severity of the ALD
outcomes, an effective management strategy that includes effective prevention and
treatment of ALD is required. Chief among the components of ALD management are
abstinence, mitigation of alcohol withdrawal symptoms, nutritional support, and
management of cirrhosis-related complications. A major challenge in SAH
management is that most therapeutics have been found to only extend short-term
survival, not long-term survival, in most trials. Abstinence, nutrition, and the
underlying cirrhosis and its complications are the main factors found to impact 6-mo
survival. The outcomes tend to be poor in SAH patients who show no therapeutic
response. New SAH therapeutics may not be available for long time since they remain
in the developmental stage. Early LT for highly selected patients requires extensive
evaluation[89]. LT offers the best outcomes for patients with alcoholic cirrhosis if they
completely abstain from alcohol. The number of patients with end-stage ALD who
have undergone LT in mainland China has been steadily increasing over the last 10
years. In addition to drugs and procedures, ALD patients may require care and
mental support from doctors, family members, and society to gradually regain
confidence and resilience to avoid relapse.
In addition, government action is required through public education, regulation of
alcohol production and consumption, research funding, and tax policy. Family or
farm-based alcohol production in China is not subject to sufficient oversight, and the
legal requirements for alcohol sale and consumption have yet to be established. A
public health-oriented commission or agency could be established to oversee the
alcohol market and to propose national alcohol-related legislation to discourage
excessive alcohol drinking, especially in the young generation[90]. Then it is important
to enforce the licensing requirements for alcohol production and alcohol quality
standards, and gradually prevent low-quality alcoholic beverages from reaching the
market. All alcohol containers are required to clearly display a warning label[91]. The
regulations on alcohol advertisement should include regulating sponsorship and
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promotion, and restrictions may need to be applied to online sales and other
eCommerce forms, which may shield minors from exposure to alcohol
advertisements. The laws to detect and prohibit drunk driving and to stipulate
punishments for violators should be strengthened, including random breath testing of
serum alcohol concentration, sobriety checkpoints, mandatory treatment, and other
penalties[92]. A high alcohol tax may deter some people from drinking excessively. A
legal minimum age for the purchase and consumption of alcohol may delay drinking
among minors. A sustained public understanding and awareness of the hazardous
effects of excessive alcohol drinking should be established in the general population
as well as in the beverage and healthcare industries in China. An alcohol-related
health course could be included in the school curriculum and professional training[93].

CONCLUSION
The number of ALD patients and incidence of ALD among chronic liver diseases in
China will continue to increase in the foreseeable future. The pathogenesis of ALD in
the Chinese population may be unique in some aspects relative to the wellcharacterized ALD pathogenesis in Western countries, considering notable differences
in drinking patterns, composition of food, population genetics, alcohol metabolism,
and behaviors between the different populations. Thus, the study of ALD in the
Chinese population has been insufficient and should continue to expand, including
updating of the clinical ALD diagnosis criteria; metabolic, clinical, and histologic
features; and outcomes. Of course, the management on alcohol addiction and alcohol
withdrawal should also be improved. Development and evaluation of non-invasive
test procedures and identification of simple and accurate biomarkers for early
diagnosis and prognosis estimation should be a priority. Importantly, we must
discover and develop new, safer, and more effective ALD drugs, as well as a reliable
and accurate recurrence prediction model. Consensus indicators for the selection of
ALD patients for LT need to be established in China.
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Esophageal diverticula are rare conditions that cause esophageal symptoms, such
as dysphagia, regurgitation, and chest pain. They are classified according to their
location and characteristic pathophysiology into three types: epiphrenic
diverticulum, Zenker’s diverticulum, and Rokitansky diverticulum. The former
two disorders take the form of protrusions, and symptomatic cases require
interventional treatment. However, the esophageal anatomy presents distinct
challenges to surgical resection of the diverticulum, particularly when it is
located closer to the oral orifice. Since the condition itself is not malignant,
minimally invasive endoscopic approaches have been developed with a focus on
alleviation of symptoms. Several types of endoscopic devices and techniques are
currently employed, including peroral endoscopic myotomy (POEM). However,
the use of minimally invasive endoscopic approaches, like POEM, has allowed
the development of new disorder called iatrogenic esophageal diverticula. In this
paper, we review the pathophysiology of each type of diverticulum and the
current state-of-the-art treatment based on our experience.
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Core tip: Esophageal diverticula are rare but can cause difficulty in swallowing. They are
classified into three major categories according to their pathophysiology and location:
epiphrenic diverticulum, Zenker’s diverticulum, and Rokitansky diverticulum, with the
former two presenting as clinically significant protrusions and symptomatic cases
requiring interventional treatment. However, the esophageal anatomy presents challenges
to surgical resection, and the condition itself is not malignant. Therefore, minimally
invasive endoscopic treatments have been developed. In this paper, we review the
pathophysiology and up-to-date treatment of each diverticulum.

Citation: Sato H, Takeuchi M, Hashimoto S, Mizuno KI, Furukawa K, Sato A, Yokoyama J,
Terai S. Esophageal diverticulum: New perspectives in the era of minimally invasive
endoscopic treatment. World J Gastroenterol 2019; 25(12): 1457-1464
URL: https://www.wjgnet.com/1007-9327/full/v25/i12/1457.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i12.1457

INTRODUCTION
Esophageal diverticula comprise a rare condition that causes dysphagia, regurgitation, and chest pain as they progress. The pathophysiology of the diverticula
varies according to their location in the esophagus (i.e., epiphrenic, Zenker’s, and
Rokitansky).
Interventional treatment should be considered for symptomatic cases. Although
surgical resection of the diverticulum has traditionally been considered to be the only
curative option, esophageal anatomy presents several challenges to surgery,
particularly when the diverticulum is near the oral orifice. Some of the issues
associated with surgery include the extensive invasiveness and risk of adverse events.
Esophageal diverticula themselves are not malignant; hence, minimally invasive
endoscopic treatment that avoids surgery is preferred. The primary purpose of
interventions for esophageal diverticulum is to alleviate the patients’ symptoms and
improve their quality of life; therefore, we do not have to singularly focus on
achieving complete excision of the diverticulum. However, the development of
minimally invasive endoscopic approaches for the esophagus has led to a new kind of
disorder called iatrogenic diverticula. Caution must be exercised to avoid the
incidence of such diverticula.
In this paper, we review the pathophysiology and up-to-date treatment options for
esophageal diverticulum based on our experience.

EPIPHRENIC DIVERTICULUM
Pathophysiology of epiphrenic diverticulum
Epiphrenic diverticula are pulsion-type diverticula that are usually located in the
distal esophagus (Figure 1A and D). Histologically, they appear as pseudodiverticula
lacking a muscle layer. Their pathogenesis is considered to be secondary to
esophageal motility disorders and is associated with congenital weakness of the
esophageal wall[1].
Recent studies have reported that more than 75% of epiphrenic diverticula occur
concomitantly with esophageal motility disorders [2-8] . Therefore, evaluation of
esophageal motility using high resolution manometry (HRM) is recommended before
deciding on the intervention (Figure 1B) [9,10] . The right esophageal wall is more
susceptible to epiphrenic diverticula[2,11], although the reason for this is still unclear. In
contrast, spontaneous esophageal rupture tends to occur through the left wall (Table
1)[12].

Treatment of epiphrenic diverticulum
The classical indications for surgery are continued growth of the diverticulum, the
presence of symptoms, and concomitant malignancy in the diverticulum.
The laparoscopic approach is the less invasive surgical choice. As described above,
associated motility disorders of the esophagus are found in most cases; therefore, a
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Figure 1

Figure 1 Epiphrenic diverticulum with achalasia treated using salvage peroral endoscopic myotomy. A: A giant epiphrenic diverticulum (yellow triangle) is
visible in the right anterior wall through gastrointestinal endoscopy. The true lumen is compressed and never opens (black arrow); B: On high resolution manometry
(HRM), the mean lower esophageal sphincter (LES) pressure is elevated (black triangle) and no normal peristalsis is observed. The patient is diagnosed with type I
achalasia. The right lower insert shows the HRM findings after salvage peroral endoscopic myotomy (s-POEM), showing decreased LES pressure; C: s-POEM:
Posterior wall myotomy (of the side opposite to the diverticulum, black arrow) is performed longitudinally from the oral terminus of the diverticulum to the gastric
terminus, through the LES; D: Preoperative esophagography (left) showing barium inflow into the diverticulum. Some stagnant barium is observed in the mid to lower
esophagus. After s-POEM (right), barium flow through the true lumen shows significant improvement and pathologic muscle contraction in the LES area is relieved
(white arrow). ED: Epiphrenic diverticulum.

myotomy through the lower esophageal sphincter (LES) and an anti-reflux procedure
should be added to treat the primary problem and avoid gastroesophageal reflux[13].
The long-term outcomes of surgical management are satisfactory[7,14,15]. However,
Michael et al’s [16] study using a United States nationally representative database
showed that the mortality rate associated with surgery for non-Zenker’s diverticulum
(ZD) was 1.6% and that the most common complication was air leakage (3.1%).
Furthermore, the risk of postoperative morbidity was greater after thoracotomy than
after laparoscopy (odds ratio: 7.45).
In 2010, Inoue et al[17] first reported a case series of achalasia successfully treated
with peroral endoscopic myotomy (POEM). It is an innovative approach for
endoscopic myotomy of the esophageal muscle layer through the mouth. POEM has
been gaining attention due to its minimally invasive nature and equivalent efficacy
for achalasia compared to that of conventional surgical approaches, such as Heller’s
myotomy [18,19] . We previously reported the first case of epiphrenic diverticulum
successfully treated by salvage POEM (s-POEM)[20]. In s-POEM, endoscopic myotomy
of the side opposite to the diverticulum was performed longitudinally, from the oral
to the gastric terminus, and a thick muscle layer, including the LES, was completely
dissected (Figure 1C). The patient’s severe dysphagia and regurgitation subsequently
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Table 1 Summary of the characteristics of epiphrenic and Zenker’s diverticula and their treatment options
Diverticulum
Epiphrenic diverticulum

Zenker’s diverticulum

Characteristics

Treatment

The right wall of the distal esophagus is the most
common site. Pulsion-type pseudodiverticulum.
Generally detected after middle-age. No difference
in incidence between the sexes. More than 75% of
cases occur concomitantly with esophageal
motility disorders. Symptoms: dysphagia,
regurgitation, chest pain

Surgical treatment; Removal of the diverticulum
with myotomy through the LES and
fundoplication
Endoscopic treatment (flexible endoscope); sPOEM (myotomy through the LES); D-POEM
(POEM diverticulectomy)

Arises from Killian’s triangle in the
Surgical treatment; Transcervical
pharyngoesophagus. Pulsion-type
diverticulectomy, diverticuloplexy, or diverticular
pseudodiverticulum. Incidence: 2 per 100000
inversion.
person-years, Prevalence: 0.01%-0.11% (United
Diverticulectomy with rigid endoscope; Harmonic
States, Europe > Asia)[42,43]. Common in the 7th-8th
scalpel, CO2 laser, endostapler, etc.
decade, male predominance[44]. Symptoms:
Diverticulectomy with flexible endoscope
dysphagia, regurgitation
Clutch Cutter, Stag Beetle knife, D-POEM, etc.

LES: Lower esophageal sphincter; POEM: Peroral endoscopic myotomy; s-POEM: Salvage peroral endoscopic myotomy; D-POEM: Diverticular peroral
endoscopic myotomy.

resolved. Follow-up endoscopy showed no food remnants in the diverticulum or
esophageal lumen, and a post-barium swallow test indicated smooth passage through
the esophago-gastric junction (Figure 1D). One interesting aspect in this case was that
the HRM showed no specific esophageal abnormalities, although the patient was
suspected to have an esophageal motility disorder-related diverticulum based on the
findings of the endoscopic and barium swallow examinations. Similarly, patients with
disparate manometry (normal), and barium swallow (corkscrew esophagus) findings
have been previously reported[2]. Based on this successful experience, we proceeded to
perform s-POEM for cases, such as epiphrenic diverticulum with achalasia and
esophagogastric junction outflow obstruction[21], which were, without exception,
effective in ameliorating symptoms and clearing remnant food from the diverticulum
(Figure 1). Therefore, s-POEM could be a promising treatment alternative for
epiphrenic diverticulum[22,23]. Diverticular peroral endoscopic myotomy (D-POEM),
which is a septotomy of the diverticulum using the POEM technique, has also been
reported to be effective[24]. The procedure involves exposing the septal wall after
creation of a submucosal tunnel.

Iatrogenic diverticulum
The development and adoption of minimally invasive endoscopic treatments, such as
POEM have led to reports of iatrogenic diverticulum (Figure 2A)[25,26], although it has
not been recognized as a major problem in POEM[27,28]. Based on our experience with
epiphrenic diverticula, the right wall of the distal esophagus is anatomically vulnerable and predisposed to diverticulum formation. Furthermore, remnant abnormal
contractions of the esophageal body post-POEM (Figure 2B) exert significant pressure
on the weak wall of the distal esophagus. Thus, clinicians need to take extra care
when using POEM in esophageal motility disorders, such as jackhammer esophagus
(hypercontractile esophagus) or type II (with pan-esophageal pressurization) and III
(with spastic pressurization in the distal esophagus) achalasia. A pre-procedural HRM
examination is essential to the decision-making process. A long myotomy that targets
the esophageal body contraction as well, or a posterior myotomy that avoids the weak
segments of the esophagus may prevent post-POEM diverticulum formation (Figure
2C).

ZD
Pathophysiology of ZD
ZD is also called pharyngoesophageal diverticulum or pharyngeal pouch (Figure 3A
and B). As the synonyms suggest, ZD is an acquired pulsion-type pseudodiverticulum in the pharyngoesophagus. Increased intraluminal pressure leads to
posterior outpouching between two strong pharyngoesophageal muscles: the
cricopharyngeus and inferior pharyngeal constrictor. This area has a decreased
hypopharyngeal wall tone and increased intraluminal pressure can present with
posterior pouch formation. The location with the anatomical weakness is known as
the Killian’s triangle[29].
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Figure 2

Figure 2 A case of iatrogenic diverticulum after peroral endoscopic myotomy. A: An iatrogenic diverticulum (yellow triangle) is visible on the anterior right wall in
the lower esophagus on barium swallow; B: Hypercontractions on high resolution manometry persisted after peroral endoscopic myotomy, causing pulsion of the
esophageal wall; C: Endoscopic view of the iatrogenic diverticulum of the esophagus that developed on the side where peroral endoscopic myotomy was performed,
which lacks a muscle layer.

ZD is a rare condition with a yearly incidence rate of 2 per 100000 adults. Geographical variation in the incidence has been observed with a significantly lower
incidence in Asian than in Western countries[30]. It occurs predominantly in men, and
is most common in the seventh and eight decades of life (Table 1)[31].

Treatment of ZD
Several surgical options are available for the management of ZD. Diverticulectomy,
diverticulopexy, diverticular inversion with or without myotomy, and myotomy
alone have been reported[32]. Conventionally, an open left cervical incision under
general anesthesia has been employed. However, as mentioned above, symptoms of
ZD generally appear in the seventh and- eight decades of life, debilitating the patients
and leading to increased surgical morbidity and mortality rates. Thus, minimally
invasive endoscopic approaches have gained popularity in the recent years[33].
Endoscopic treatment generally involves diverticulectomy, using several devices
originally developed for endoscopic submucosal dissection, and the POEM technique.
The septal wall is dissected using a rigid endoscope with a CO2 laser or endostapler,
while a flexible endoscope uses devices such as a stag beetle knife and clutch cutter
knife. Two approaches to the dissection have been reported: direct incision of the
septal wall along with the mucosa using the rigid or flexible endoscope[34] (Figure 3C),
or myotomy of the exposed septal wall using the POEM technique with a flexible
endoscope (D-POEM)[33]. Yuan et al[32] reviewed their entire experience from 1990 to
2011 and reported that the overall morbidity and mortality rates for the endoscopic
approach were 8.7% and 0.2%, respectively, while they were 10.5% and 0.6%, respectively for open surgery. Studies on endoscopic treatment and open surgery for
ZD performed from 1990 to 2002 also found that the endoscopic stapling technique
was associated with lower major complications and mortality rates than open surgery
(2.6% vs 11.8% and 0.3% vs 1.6%, respectively). It is understandable that the
endoscopic technique carries a lesser risk of nerve injury and wound infection due to
the minimally invasive nature of the endoluminal approach [35] . In addition, the
hospital costs for endoscopic treatment are slightly lower than those for open
surgery[36]. The recurrence rate varies from 0% to 35%[37-39].

ROKITANSKY DIVERTICULUM
Classically, diverticula of the middle esophagus were classified as Rokitansky
diverticula, which generally occur in the thoracic esophagus. They are formed by
cicatricial contraction due to a chronic inflammatory and fibrotic state that draws the
wall of the esophagus outward; therefore, they involve the entire wall of the
esophagus (true diverticulum). The apex of the pouch is generally located at a higher
point than its entry point; therefore, it rarely attains an appreciable size or produces
any symptoms. Their association with pulmonary tuberculosis is well characterized[40,41]. Cases of uncontrolled pulmonary tuberculosis are rare in the current era;
therefore, Rokitansky diverticula presenting with clinical problems are even rarer.
Pulsion-type diverticula in the middle esophagus should be treated similarly to
epiphrenic diverticula.
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Figure 3

Figure 3 Zenker’s diverticulum treated using endoscopic diverticulectomy. A: Zenker’s diverticulum (ZD, yellow triangle) visible on a barium swallow; B: On
endoscopy, the ZD (yellow triangle) is easily visible and is bigger than the true esophageal lumen (black arrow); C: Endoscopic diverticulectomy is performed with a
diverticuloscope (insert) straddled across the septum, with one flap inserted into the bottom of the ZD and the other in the esophageal lumen (black arrow) for a clear
visualization of the septum and safe diverticulectomy[34]. ZD: Zenker’s diverticulum.

CONCLUSION
At present, the relative proportion of pulsion-type esophageal diverticula (epiphrenic
and ZD) is increasing, while that of the traction-type (Rokitansky) is decreasing.
Minimally invasive endoscopic treatment is indicated for pulsion-type diverticula and
is being increasingly adopted owing to lower complication rates and equivalent
efficacy to surgery. However, no randomized controlled trials comparing the
difference between endoscopic treatment and surgery, or among the different
endoscopic techniques have been performed. Furthermore, such studies of long-term
follow-up results, including esophageal motility outcomes, are required to decide the
best intervention modality for esophageal diverticulum. Another issue is the risk of
esophageal carcinoma in the remnant diverticulum. Although the absolute risk of
esophageal carcinoma is rather low, surveillance endoscopy is necessary after
treatment. Minimally invasive endoscopic treatment should be performed after
careful consideration of its advantages and drawbacks.
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Abstract
BACKGROUND
Anti-tumor necrosis factor α (TNFα) represents the best therapeutic option to
induce mucosal healing and clinical remission in patients with moderate-severe
ulcerative colitis. On the other side gut microbiota plays a crucial role in
pathogenesis of ulcerative colitis but few information exists on how microbiota
changes following anti-TNFα therapy and on microbiota role in mucosal healing.
AIM
To elucidate whether gut microbiota and immune system changes appear
following anti TNFα therapy during dextran sulfate sodium (DSS) colitis.
METHODS
Eighty C57BL/6 mice were divided into four groups: “No DSS”, “No DSS + antiTNFα”, “DSS” and “DSS + anti-TNFα”. “DSS” and “DSS + anti-TNFα” were
treated for 5 d with 3% DSS. At day 3, mice whithin “No DSS+anti-TNFα” and
“DSS+anti-TNFα” group received 5 mg/kg of an anti-TNFα agent. Forty mice
were sacrificed at day 5, forty at day 12, after one week of recovery post DSS. The
severity of colitis was assessed by a clinical score (Disease Activity Index), colon
length and histology. Bacteria such as Bacteroides, Clostridiaceae, Enterococcaceae
and Fecalibacterium prausnitzii (F. prausnitzii) were evaluated by quantitative PCR.
Type 1 helper T lymphocytes (Th1), type 17 helper T lymphocytes (Th17) and
CD4+ regulatory T lymphocytes (Treg) distributions in the mesenteric lymph
node (MLN) were studied by flow cytometry.

2018

RESULTS
Bacteria associated with a healthy state (i.e., such as Bacteroides, Clostridiaceae and
F. prausnitzii) decreased during colitis and increased in course of anti-TNFα
treatment. Conversely, microorganisms belonging to Enterococcaceae genera,
which are linked to inflammatory processes, showed an opposite trend.
Furthermore, in colitic mice treated with anti-TNFα microbial changes were
associated with an initial increase (day 5 of the colitis) in Treg cells and a
consequent decrease (day 12 post DSS) in Th1 and Th17 frequency cells. Healthy
mice treated with anti-TNFα showed the same histological, microbial and
immune features of untreated colitic mice. “No DSS + anti-TNFα” group showed
a lymphomononuclear infiltrate both at 5th and 12th d at hematoxylin and eosin
staining, an increase of in Th1 and Th17 frequency at day 12, an increase of
Enterococcaceae at day 5, a decrease of Bacteroides and Clostridiaceae at day 12.
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CONCLUSION
Anti-TNFα treatment in experimental model of colitis improves disease activity
but it is associated to an increase in Th17 pathway together with gut microbiota
alteration.
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Core tip: The effect of the gut microbiota on the immune responses is not limited to the
gut. On the other hand, autoimmune diseases, such as inflammatory bowel disease, are
associated to different degree of dysbiosis involving different bacterial genera. Using a
colitic mouse model, we aimed to evaluate the impact of anti-tumor necrosis factor α
(TNFα) therapy on the intestinal immune system and gut microbiota concurrently.
Healthy mice treated with anti-TNFα showed similar histological, microbial and immune
features of untreated colitic mice, a lymphomononuclear infiltrate both at day 5 and 12 at
hematoxylin and eosin staining, an increase of type 1 helper T lymphocytes and type 17
helper T lymphocytes at day 12, and finally increase of Enterococcaceae at day 5, a
decrease of Bacteroides and Clostridiaceae at day 12.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic, relapsing, inflammatory disorder of
the gastrointestinal tract due to a dysregulated immune response towards the
microbiota[1]. Although many factors underlying IBD have been identified, the exact
etiology is unknown, reflecting its complexity and the broad spectrum of its manifestations. IBD includes ulcerative colitis (UC) and Crohn’s disease (CD), which show
differences in the pathology and clinical characteristics[2] and with an increasing
incidence , especially in adolescence[3-6], becoming a global disease[7].
IBD is a multifactor disease where environment, genetics, hygiene and microbiota
interact with host immune system in a dynamic equilibrium[8,9]. This equilibrium
between gut microbiota and immune system is stable throughout adulthood and in
health condition, while it is perturbed in diseases like IBD and in predisposing risk
conditions[10-12]. Recent studies indicate that a healthy commensal gut microbiota
stimulates CD4+ regulatory T lymphocytes (Tregs) that, in turn, are responsible for
maintaining gut homeostasis [12] . Under homeostatic conditions, a balance exists
between the production of pro-inflammatory cytokines by CD4+ T lymphocytes and
anti-inflammatory cytokines [e.g., interleukin (IL)-10] by Tregs [13] . The phyla
Bacteroidetes and Firmicutes dominate the gut microbiota of healthy humans[14].
In course of IBD a decrease of Firmicutes [and, among these, the species Fecalibacterium prausnitzii (F. prausnitzii)][15] and Bacteroidetes occurs with an increase in
Actinobacteria and Proteobacteria[16,17]. Among genera a decrease of Bacteroidaceae and an
increase of Enterobacteriaceae (specifically Escherichia coli) and Clostridiaceae[18-20] has
been described, together with a reduced phylogenetic diversity associated to an
increase of T lymphocyte differentiation toward type 1 helper T lymphocytes (Th1),
type 17 helper T lymphocytes (Th17) subsets and a decrease of Treg[21-24].
How these conditions are modified in course of medical treatment aimed to control
active and chronic gastrointestinal inflammation, and whether this could have a role
in non-response rates to biologic agents[24], is not known. In a previous study we
showed the importance of local immunity in course of anti-tumor necrosis factor α
(TNFα) therapy using animal model of IBD[25]. In this study. we aim to understand
whether anti-TNFα therapy could affect the gut microbiota and intestinal mucosa
immune activation in experimental model of this disease.

MATERIAL AND METHODS
Experimental acute colitis
The animal protocol was designed to minimize pain or discomfort to the animals. The
animals were acclimatized to laboratory conditions (23 °C, 12 h/12 h light/dark, 50%
humidity, ad libitum access to food and water) for 2 wk prior to experimentation.
C57BL/6 mice, 8 wk old, were fed for 5 d with 3% dextran sulfate sodium (DSS)
polymers in drinking water (MP Biomedicals, Aurora, OH, United States) provided
ad libitum. Mice were divided into four groups (Figure 1). Following three days from
DSS treatment (day 3), two groups received an anti-TNFα drug iv [infliximab (IFX) 5
mg/kg]. Every day weight, fecal consistency, body weight of mice and the presence of
occult fecal blood was monitored in mice as described [25,26] , in order to calculate
disease activity index (DAI). Mice were sacrificed at 12th d after starting DSS, it means
7 d after DSS stop to evaluate the recovery post colitis. Some animals were sacrificed
following 5 d from DSS (day 5), for intermediate measures in the moment of acute
colitis. Parallel experiments were undertaken during same period also on healthy
mice receiving drinking water instead of DSS.

Biological samples collection and analysis
At the sacrifice from each animal was collected the colon, the mesenchymal lymph
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Figure 1

Figure 1 Experimental design of the dextran sulfate sodium colitis model. Acute colitis was induced by
administration of 3% dextran sulfate sodium (DSS) to drinking water (DSS) for 5 d. At 3rd d, one singular injections of
an anti-tumor necrosis factor α was administrated. Each group counts 20 mice: 10 mice were sacrificed at day 5, 10
mice at day 12 after 1 wk of recovery post-DSS. DSS: Dextran sulfate sodium; TNFα: Tumor necrosis factor α.

nodes (MLN) and stool and stored at -80 °C. The colonic length was evaluated. The
last part of the small intestine was divided in three parts: two were stored at -80 °C for
RNA and protein expression studies, one was fixed in 4% formalin and embedded in
paraffin. The stools of animals were harvested at day 5 and 12, subsequently weighed,
and stored at -80 °C for further analysis.

General assessment of colitis
Colon length was measured as an indication of colonic inflammation. Briefly, the
animals were anaesthetized and sacrified by cervical dislocation. The colon was
resected between the ileo-caecal junction and the proximal rectum, close to its passage
under the pelvis. The colon was placed onto a non-absorbent surface and measured
with a ruler, taking care not to stretch the tissue.

Histological observation and scoring
Colon tissue was fixed in 4% formalin, embedded in paraffin and sliced into 3-mmthick sections. Hematoxylin and eosin (HE)-stained sections were scored blindly on
the basis of severity and extent of inflammation, as well as presence and extent of
ulceration [27] . Scores ranged from 0 to 4 for each parameter; single values were
summed up to obtain the overall histological score (maximum possible value equals
16). Photomicrographs were taken with 40 × magnification on a Nikon E400 Eclipse
microscope.

RNA extraction and real time PCR
RNA was extracted from freeze colon using RNAqueous™ Total RNA Isolation Kit
(Thermo-Fisher). cDNA was synthesized by High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems), following the manufacturer’s instructions.
Quantitative real-time PCR (qPCR) was performed in duplicates using iQ SYBR Green
Supermix (BioRad) on an iCycler iQ5 (BioRad) with the following scheme: an initial
denaturation at 95 °C for 3 min, 40 cycles of PCR amplification, each consisting of a
denaturing step of 95 °C for 10 s, annealing at 55 °C for 30 s, and a final step at 72 °C
for 1 min. The primer pairs used were for CD3: forward 5’-ATGCGGTGGAAC
ACTTTCTG-3’ and reverse 5’-GCACGTCAACTCTACACTGGT-3’; for β-actin:
forward 5’-TGTTACCAACGTGGACGACA-3’ and reverse 5’-CTGGGTCATC
TTTTCA-3’. β-actin was used as an endogenous reference gene to normalize the
expression of CD3.

Western blot
Colon tissues were lysed in RIPA buffer [50 mmol/L Tris, pH 8, 150 mmol/L NaCl, 1
mmol/L EDTA, 1% NP-40, 0.05% sodium deoxycholate, 0.1% sodium dodecyl sulfate
(SDS)] supplemented with protease inhibitors (10 μg/mL leupeptin, 20 μg/mL
aprotinin, 1 mmol/L phenylmethanesulfonyl fluoride, 1 mmol/L NaVO 4 , 100
mmol/L NaF). Protein concentrations were determined using the Bradford protein
assay (Bio-Rad). Protein extracts (50 μg) were resolved by 8% SDS-PAGE, transferred
to PVDF membranes, and probed with rabbit polyclonal anti-ZO1 (1:500, Thermo
Fisher Scientific) anti -Occludin (1:500, Thermo Fisher Scientific) anti-actin (1:1000,
Sigma-Aldrich) primary antibodies. Horseradish peroxidase-conjugated secondary
antibodies (GE Healthcare) were detected by use of the ECL Prime Western Blotting
Detection Reagent (GE Healthcare) and the ChemiDoc XRS system (Bio-Rad).
Densitometric analysis was performed by using the ImageJ software
(http://imagej.nih.gov/ij/).
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T lymphocyte activation and characterization
T lymphocytes were obtained from MLN of C57BL/6 mice, treated or not with DSS,
using sterile strainers. MLN-derived T lymphocytes were then activated by platebound anti-CD3/anti-CD28 (10 and 4 μg/mL, respectively) in fully supplemented
RPMI 1640 medium containing 10% fetal calf serum, 2 mmol/L glutamine, 100 IU/mL
penicillin, 0.1 mg/mL streptomycin for 48 h. At the end of incubation, T lymphocytes
were stimulated with phorbol myristate acetate (PMA) and ionomycin in the presence
of brefeldin A for 4 h, fixed in 4% formyl saline and permeabilized with 0.1% saponin
buffer prior to intracellular cytokine staining. Flow cytometry analysis was performed
on an Epics XL Coulter instrument (Beckman Coulter). The following monoclonal
antibodies (Mab) were used: PeCy5-labelled anti-CD4 Mab, PE-labelled anti-TNFα
Mab, PE-labelled anti-IL6 Mab, PE-labelled anti-IL17A Mab, PE-labelled anti-FOXP3
Mab, PE CF594-labelled anti-interferon (IFN)γ Mab, PE CF594-labelled anti-IL4 Mab,
PE CF594-labelled anti-CD25 Mab (all from eBioscience, San Diego, CA, United
States). Cell viability was assessed by Fixable Viability Dye eFluor 450 (eBioscience),
according to the manufacturer’s protocol.

Fecal DNA extractions and qPCR
DNA from stool samples was extracted using the QIAamp DNA Stool Mini Kit
(Qiagen, Inc., Valencia, CA, United States) according to manufacturer’s instructions
and as described previously[28]. qPCR was performed in duplicates by using iQ SYBR
Green Supermix (BioRad) on an CFX96 cycler (BioRad) with the following scheme: an
initial denaturation at 95 °C for 3 min, 40 cycles of PCR amplification, each consisting
of a denaturing step of 95 °C for 10 s, annealing at 55 °C for 15 s, and a final step at 60
°C for 1 min. The primer pairs used were: Fecalibacterium prausnitzii Forward 5'-AGA
TGG CCT CGC GTC CGA-3', Reverse 5'- CCG AAG ACC TTC TTC CTC -3',
Clostridiaceae Forward 5'-CGG TAC CTG ACT AAG AAG-3', Reverse 5'-AGT TTY
ATT CTT GCG AAC-3', Enterococcaceae Forward 5'-CAT TGA CGT TAC CCG CAG
AAG AAG C-3', Reverse 5'-CTC TAC GAG ACT CAA GCT TGC-3', Bacteroides
Forward 5'- GAA GGT CCC CCA CAT TG -3', Reverse 5'-CAA TCG GAG TTC TTC
GTG-3.
As standards for qPCR was used DNA extracted from Escherichia coli ATCC 25922
(LGC STANDARD) suspension. DNA was extracted starting from a suspension of 0,5
MacFarland (approximately 1.5 × 10 8 CFU/mL) using High pure PCR template
preparation kit (Roche). Subsequently extracted DNA (approximately 108 copy/mL)
was diluted two fold 1:100 to obtain 106 and 104 standards. The number of CT was
normalized in number of genome copy using a standard curve. The results were
divided between T0 and T2, where T0 represented the conditions before any
treatment, and T2 represented the changes that appeared after 5 or 12 d of
administration of DSS and anti-TNFα, alone or in association. The exact number of
days was specified in the figures.

Bioinformatics analysis
Statistical analysis of bacterial genera and species were performed using R packages
FactorMineR and factorextra [29] , while ggplot2 for graphical rappresentations [30] .
Principal component analysis (PCA) was computed in order to highlights differences
in species relative abundances among samples. Finally, Mann-Whitney-Wilcoxon was
performed for each bacterial species between T0 and T2 in every group considered in
this study.

Statistical analysis
ANOVA and adjusted Bonferroni post-hoc analysis were performed in order to assess
differences in DAI, protein and RNA expression and T lymphocyte subsets among
treatment groups. A P value < 0.05 was considered statistically significant. Statistical
analysis was performed using IC STATA 12 for Mac.

RESULTS
Anti-TNFα ameliorates DAI and histological scores in a murine model of colitis
In the last 4 years, our group use a well-established model of colitis in mice, largely
recognized in literature: the DSS model[26,31,32]. As shown in Figure 2A and B, during
DSS treatment, particulary at the day 4 and 5, there was a significant increase of the
DAI and a loss of body weight, that equates in an escalation of severity of the DSSinduced colitis. During the week of recovery, the values of body weight and DAI
came back close to the controls, except in “No DSS + anti-TNFα group”, that showed
gain of DAI score and an unexpected loss of body weight. Colon length was measured
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as an indication of colonic inflammation[33,34]. Bowels were resected from the 4 groups
of mice and subjected to macroscopic and histopathological examination. The
appearance of the organs from the DSS-treated mice showed obvious reddening and
shortening of the colon, which are typical signs of acute intestinal inflammation
(Figure 2C). Histological analysis, performed by HE staining, showed important
modification on colonic mucosa, especially at day 5 not only in “DSS” group, but also
in “No DSS + anti-TNFα” (Figure 3A). After 5 d of DSS treatment, intestinal villi were
flatted, the glandular epithelium disappeared, the globet cells were no longer
recognizable and there was an evident mononuclear cell infiltrate. In “DSS + antiTNFα” group, few glands were preserved, lymphomononuclear cell infiltrate was
present. Mononuclear inflammatory cells were present also in colon of mice treated
only with anti-TNFα (“No DSS + anti-TNFα” group) at day 5 and 12. Following 7 d of
recovery post-DSS, the “DSS” and “DSS + anti-TNFα” groups still displayed atrophic
globet cells , but more preserved than day 5.

Anti-TNFα has effects on tight junction expression and lymphocyte infiltration
We analyzed the mononuclear cells infiltration in each condition (other than control
group or “No DSS”) and the tight junction integrity of the colonic epithelium, and in
particular occludin and ZO-1 (Figure 3B). Occludin expression decline was more
evident at day 12 in “DSS”group (Figure 3B, right panel, P = 0.05); ZO-1 decreased at
day 5 (also in “No DSS + anti-TNFα”group, P < 0.001) and its levels remained lower
than control mice also at day 12 (Figure 3B, P < 0.001). CD3 expression was studied by
qPCR in the last part of small intestine of mice from different groups. CD3 mRNA
increased in “DSS group” during acute colitis at day 5 (Figure 3C, left panel). At day
12, after 7 d of recovery, CD3 mRNA level remained higher in samples from “No DSS
+ anti-TNFα” group while decreased in other mice (Figure 3C, right panel, P < 0.001):
this finding correlates with the presence of lymphomononuclear cell infiltrate
observed at day 5 and 12. The data in mucosa were confirmed by the data from MLN.
In the presence of inflammatory processes, due in this case to DSS administration,
Treg lymphocytes decreased early at day 5, except in “DSS + anti-TNFα” group
(Figure 4A and B); Th1 and Th17 lymphocytes increased especially later at day 12
(Figure 4A, C and D); these modifications are less prominent in “DSS + anti-TNFα”. In
“No DSS + anti-TNFα” group, several MLN-derived T lymphocyte subsets were
found modified at day 12. In particular, Th1 and Th17 lymphocytes were found to be
more frequent than in the “DSS + anti-TNFα” treatment group whereas they were
found diminished as compared to the “DSS” treatment group.

The role of TNFα to maintain a healthy gut microbiota
Increased epithelial tight junction permeability, with commensal bacteria, promotes
intestinal CD4+ T cell expansion[31]. The distribution of specific genera and species of
bacteria in the different groups of mice was initially evaluated, by PCA (Figure 5A).
As we expect, the biplot at T0 shows the samples clustered together, and reflects the
homogeneity in the abundance of genera and species in the microbiota of inbred mice.
At T2, after 5th or 12th d of treatment, the samples from groups “DSS” or “DSS +
anti-TNFα” diverged from other T2’s samples and from their respective T0. Moreover,
it is possible to observe a gradient of distance starting with “DSS” group.
Enterococcaceae weighted on this gradient: they were main factor that causes this
distance of T2 from T0 in “DSS” and “DSS + TNFα” groups. We also compared,
trough Mann-Whitney-Wilcoxon, the distribution of genera Bacteroides, Clostridaceae,
Enterococcaceae, and of species F. prausnitzii in each group of mice. As we expected, in
“No DSS” group no main changes occurred between T0 and T2, i.e., between the
beginning of the experiment and the sacrifice (Figure 5B, right panel). As described
eldewhere [35] , animals with DSS induced acute colitis showed an increase of
Enterococcaceae, and a decrease of Bacteroides and Clostridaceae, that is also statistically
significant (P < 0.05, Figure 5B, left panel). The level of F. prasunitzii is not affected.
After 7 d of recovery in “DSS” group all bacteria modifications reached the T0 level
again.
In “DSS + anti-TNFα” group, the changes after 5 d were opposed to those seen in
“DSS group”. In the “DSS + anti-TNFα” group there is no evident effect of the
inflammation on Bacteroides, Clostridaceae and F. prausnitzii as their abundance
increased while Enterococcaceae behaved as per “DSS” group. After 7 d of recovery the
effects of anti-TNFα were maintained only by F. prausnitzii (Figure 5B, left panel). The
increase of F. prausnitzii seems due the TNFα inhibition as in “No DSS + anti-TNFα”:
after 2 d from one singular administration of anti-TNFα, the abundance of F.
prausnitzii increased and remained stable 10 d after drug administration. In “No DSS
+ anti-TNFα”, the Clostridiaceae decreased at day 5 (P < 0.05), and Bacteroides fell down
at day 12 too (P < 0.05). Enterococacceae show a moderate increase, but in this case the
data were not significant (Figure 5B, left panel).
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Figure 2

Figure 2 Estimation of clinical and morphological changes of dextran sulfate sodium-induced colitis. A: The four-point disease activity index (DAI) was
evaluated scoring daily body weight of mice, the percentage of body weight loss, the trait of the stool and the presence of occult blood in feces. B: Body weight, one of
the DAI parameter, is also represented separately by percentage, where the mice weight at 1st d of experiment is equal to 100%. C: Colon length is another parameter
to evaluate the healthy or disease state of the mice: the mean values in the 4 groups at day 5 are shown. aP < 0.05; bP < 0.01; cP < 0.0001. DSS: Dextran sulfate
sodium; TNFα: Tumor necrosis factor α; DAI: Disease activity index.

DISCUSSION
An unfavorable alteration of the commensal structure of gut microbiota is referred to
as “dysbiosis”; this includes a reduction in the number of tolerogenic bacteria and an
overgrowth of potentially pathogenic bacteria (“pathobionts”) that can penetrate the
intestinal epithelium and induce disease in certain genetic or environmental
contexts[32,33].
In the last decade a growing body of evidence suggests the crucial role of the gut
microbiota in human health and studies are looking to define the link between
“dysbiosis” and several pathologies[19,34,36].
In this paper, we use an animal model of experimental colitis to study the behavior
of few bacterial genera and species during inflammation and anti-TNFα therapy. A
model of severe murine colitis, which most closely resembles human UC, results from
administration of 40-50 kDa DSS in drinking water[37]. The mechanism by which DSS
induces intestinal inflammation is due to the damage to the epithelial monolayer
lining in the large intestine allowing the dissemination of pro inflammatory intestinal
contents (e.g., bacteria and their products) into underlying tissue. The DSS colitis
model is very popular in IBD research due to its rapidity, simplicity, reproducibility
and controllability[38,39].
DSS treatment induces changes in the abundance of few bacteria, whose dynamics
shift toward an unhealthy state, confirmed by clinical data in mice (DAI, changes in
body weight and histological score) (Figure 2). We have previously described the
efficacy of IFX in neutralizing also murine TNFα[25,40]. The aim of this study was to
evaluate the effects of a selective immunosuppression on the gut microbiota, in
particular on few genera and species involved in T lymphocytes expansion. To
differentiate between the effects of DSS and of IFX, we used two control groups of
mice: “No DSS” and “NO DSS + anti-TNFα”. During the first evaluations, we noticed
that the mice from “No DSS + anti-TNFα” group were characterized by a raise of DAI
(Figure 2A), due to the loss of body weight (Figure 2B). “No DSS + anti-TNFα” group
showed an increased mononuclear cell infiltrate compared to the control mice (Figure
3A), epithelial tight junction permeability (Figure 3B) and an increased expression of
CD3 at qPCR (Figure 3C). In the first lymphoid station that drains the microbial
products from intestine (MLN) Th1 and Th17 level increased at day 12 both in colitic
mice and in control mice treated only with IFX (Figure 4A-D). Next, we looked at
changes in Bacteroides, Clostridiaceae, Enterococcaceae and F. prausnitzii abundance. We
have previously shown[15,16,18] that this mouse model mimics the changes that happens
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Figure 3

Figure 3 Histological analysis confirms the strength of the dextran sulfate sodium model. A: Hematoxylin and eosin staining of colon sections of mice from 4
groups of treatment at day 5 and 12. Forty-fold magnification was used. B: Protein expression of tight junctions occludin and ZO-1 in colon tissue. Antibody anti-β-actin
was used as endogenous control. On the right, the histograms represent the mean of densitometry values from 3 different experiments. C: CD3 infiltration in colon
mucosa was assessed by quantitative PCR of CD3 mRNA. One-way ANOVA (and non-parametric) was calculated; aP < 0.05; bP < 0.01; cP < 0.0001. DSS: Dextran
sulfate sodium; TNFα: Tumor necrosis factor α.

in the intestine of IBD patients . While in “No DSS” mice no main changes occurred
between T0 and T2 (both at day 5 and at day 12, Figure 5B, right panel), in “No DSS +
anti-TNFα” “DSS + anti-TNFα” and “DSS” groups there was an increase of
Enterococcaceae abundance at day 5, a decrease of Bacteroides and Clostridiaceae at day 5
and day 12. This suggests that either DSS or anti-TNFα may cause a shift in the
abundance of Enterococcaceae, Bacteroides and Clostridiaceae in the gut. The level of
Enterococcaceae, Bacteroides and Clostridiaceae might have a role in the increase of CD3+
cells in colon mucosa, in the loss of tight junction expression and the raise of Th1 and
Th17 in MLN observed in mice treated only with IFX.
On the other hand, a positive effect due to IFX was the augmented abundance of F.
prausntizii at day 5 (after only 2 d from the i.v.) that remained also at day 12. The use
of an anti-TNFα in healthy conditions resulted in dramatic changes in intestinal
mucosa inflammation, modulation of tight junction permeability, and to an interesting
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Figure 4

Figure 4 T cells subsets characterization in presence of an anti-tumor necrosis factor α agent. T cells were isolated from mesenteric lymphnode of mice and
CD4+ cells were studied by flow cytometry. In particular, CD4+ regulatory T lymphocytes characterization was possible through the use of anti-CD25 and anti–FoxP3
antibodies (B); type 1 helper T lymphocytes expressed interferon (IFN)γ and tumor necrosis factor α (C); IFNγ+ and interleukin 17+ cells identified the type 17 helper T
lymphocytes cluster (D). In each panel (B), (C) and (D) the cells in the upper right quadrant were the double staining cells. Treg: CD4+ regulatory T lymphocytes; Th1:
Type 1 helper T lymphocytes; Th17: Type 17 helper T lymphocytes; DSS: Dextran sulfate sodium; TNFα: Tumor necrosis factor α; IFNγ: Interferon γ; IL: Interleukin.

shift in the overall intestinal mucosa T cell immune response at cytometry analysis, in
parallel to variation of Enterococcaceae, Bacteroides and Clostridiaceae abundance. This
observation, if confirmed in humans, has several potential implications. First, the
dysbiotic effect of anti-TNFα must be considered in patients not responding to this
drug. New and emerging data show potential positive effect of modulating gut
microbiota composition in UC, including fecal microbiota transplantation[41,42].
Furthermore, the shift toward Th17 pathway could be considered when deciding to
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Figure 5

Figure 5 Bacterial genera and species characterization in presence of an anti- tumor necrosis factor α agent. A: Principal component analysis was
represented by a biplot, where the variability among samples and bacterial weight in the variability were expressed. B: Dot plot represents the distribution of bacteria
at the beginning of the experiment and at the moment of sacrifice; in the case of “No DSS” mice, the samples from day 5 and 12 are collected together, since no
significant changes occurred between day 5 and 12. In left panel, the results were distinguished based on the day of the end of experiment. DSS: Dextran sulfate
sodium; TNFα: Tumor necrosis factor α.

swap therapy in non-responder colitis patients: indeed emerging data suggest the
positive effect of blocking the Th17/IL23 pathway also in UC, as shown by phase 3
induction trial of ustekinumab in UC patients[43].
A direct translation to human disease cannot be done. Furthermore, no direct
correlation has been shown between anti-TNFα use and change in microbiota
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composition. It can be argued that microbial change could arise indirectly following
the immunological changes due to IFX treatment. Finally, other factors, like the mucus
layer, are also implied into the pathogenesis of DSS colitis, could exert an important
role in these findings.
Overall our data suggest a deep knowledge of the interaction between drug
treatment, immune system and microbiota is key to better understand IBD and its
response to therapy.

ARTICLE HIGHLIGHTS
Research background
Anti-tumor necrosis factor α (TNFα) represents the best therapeutic option to induce mucosal
healing and clinical remission in patients with moderate-severe ulcerative colitis. On the other
side gut microbiota plays a crucial role in pathogenesis of ulcerative colitis but few information
exists on how microbiota changes following anti-TNFα therapy and on microbiota role in
mucosal healing.

Research motivation
The hypothesis behind this study is that anti-TNFα could induce a dysbiosis sustained by
immunological changes: dysbiosis could represent one of the reasons for loss of response to antiTNFα therapy or primary failure.

Research objectives
With this manuscript we aimed to evaluate, in colitic mice as well as healthy mice, intestinal
immune system status and gut microbiota modulation induced by anti-TNFα therapy. A more
comprehensive approach including gut microbiota modulation, if clarified, could be assessed by
dedicated studies on active gut microbiota modulation during biologic therapy in inflammatory
bowel disease (IBD).

Research methods
Healthy mice treated with anti-TNFα showed similar histological, microbial and immune
features of untreated colitic mice, in particular a lymphomononuclear infiltrate both at 5th and
12th d at hematoxylin and eosin staining, an increase of type 1 helper T lymphocytes (Th1) and
type 17 helper T lymphocytes (Th17) at day 12, and finally increase of Enterococcaceae at day 5, a
decrease of Bacteroides and Clostridiaceae at day 12.
These findings are particularly relevant to understand the role that anti-TNFα modulation
plays on gut microbiota (and vice-versa) also in humans: this finding could be of major interest
in order to give more lights on mechanisms of loss of response to anti-TNFα, mechanisms of
immunological shift with towards other pathways, like Th17 pathways, as well as novel
potential therapeutic targets in IBD.

Research results
Gut microbiota contributes to immune system priming, development and activation. In course of
IBD a decrease of Firmicutes (and, among these, the species Faecalibacterium prausnitzii) together
with an increase in Proteobacteria has been demonstrated, associated to an increase of T
lymphocyte differentiation toward Th1, Th17 subsets and a decrease of CD4+ regulatory T
lymphocytes (Tregs). How these conditions are modified in course of medical treatment is not
well clarified, particularly when a powerful modulator of the immune system, like anti-TNFα, is
utilized.

Research conclusions
Our study confirmed data from the literature. The same features were confirmed in the
experimental model of colitis presented in this paper. Furthermore, it was shown that higher
representation of Bacteroides, Clostridiaceae and Faecalibacterium prausnitzii and lower
representation of Enterococcaceae are associated to a healthy state while the opposite happens
during colitis. Anti-TNFα is able to induce changing in gut microbiota toward a health state in
course of active colitis, but a more dysbiotic effect when utilized in healthy controls. Healthy
related-microbial assessment is associated to higher Treg cells count and lower Th1 and Th17
frequency, condition modified in course of active colitis or use of anti-TNFα in course of healthy
condition.
The study conclusion demonstrates a clear relationship between microbial changes and
immunological changes in healthy as well as in controls. However, whether these findings
correlate to human disease needs to be assessed in a dedicated study as well the need of
checking and correction of dysbiosis in patients exposed to anti-TNFα.

Research perspectives
This study strongly suggests a complete assessment of immune system and microbiota in course
of powerful immunomodulatory therapy like anti-TNFα and opens new and important
considerations. In order to personalize the therapeutic approach to an IBD patient, clinical
studies assessing gut microbiota composition before starting an immunomodulatory therapy and
in course of therapy are needed. Once an alteration has been demonstrated, the potential role of
concomitant microbiota modulation could also be considered for newer and more personalized
therapeutic approaches.
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Abstract
BACKGROUND
Recently, gut microbiota has been associated with various diseases other than
intestinal disease. Thus, there has been rapid growth in the study of gut
microbiota. Considering the numerous factors influencing gut microbiota such as
age, diet, etc., area-based research is required. Indonesia has numerous different
tribes and each of these tribes have different lifestyles. Hence, it is expected that
each tribe has a specific gut microbiota. A deeper insight into the composition of
gut microbiota can be used to determine the condition of gut microbiota in
Indonesians and to consider which treatment may be suitable and effective to
improve health status.
AIM
To investigate the gut microbiota of Indonesian subjects represented by Javanese
and Balinese tribes by analyzing fecal samples.
METHODS
Fecal samples were collected from a total of 80 individuals with 20 in each of the
young groups ranging from 25-45 years and the elderly group aged 70 years or
more from two different regions, Yogyakarta and Bali. Fecal sample collection
was performed at the end of the assessment period (day 14 ± 1 d) during which
time the subjects were not allowed to consume probiotic or antibiotic products.
The quantification of various Clostridium subgroups, Lactobacillus subgroups,
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Enterococcus, Streptococcus, Staphylococcus, Bacteroides fragilis group and Prevotella,
Bifidobacterium and Atopobium cluster, Enterobacteriaceae and Pseudomonas was
performed using the Yakult intestinal flora-scan (YIF-SCAN).
RESULTS
The bacterial population in younger subjects’ feces was higher than that in the
elderly population, with a total of approximately 10.0 – 10.6 log10 bacterial cells/g
feces. The most abundant bacteria in all groups were Clostridium, followed by
Prevotella, Atopobium, Bifidobacterium and Bacteroides. In the elderly, an increase in
Enterobacteriaceae, Coliform and Escherichia coli was found. In terms of bacterial
counts in Yogyakarta, total bacteria, Clostridium coccoides (C. coccoides) group,
Bifidobacterium, Prevotella, Lactobacillus plantarum subgroup, and Streptococcus
were significantly higher (P < 0.05) in younger than elderly subjects, while the
Lactobacillus gasseri subgroup, Lactobacillus casei subgroup, and Lactobacillus reuteri
subgroup counts were significantly lower (P < 0.05) in younger subjects. In
Balinese subjects, total bacteria, C. coccoides group, Clostridium leptum subgroup,
Bacteroides fragilis group, and Prevotella were significantly higher (P < 0.05) in
younger compared to elderly individuals, while the Lactobacillus ruminis
subgroup, and Enterobacteriaceae were significantly lower (P < 0.05) in younger
subjects. The results also revealed that, besides the C. coccoides group and
Clostridium leptum group being the most abundant gut microbiota in both
Yogyakarta and Balinese people, the latter was indicated by a higher Clostridium
perfringens count, which was almost 10 times that of Yogyakarta subjects. This
may be a response to different lifestyles in the different tribes; however, this
phenomenon requires further extensive study.
CONCLUSION
Bacterial populations were higher in younger than in elderly subjects. Most
abundant bacterial groups were Clostridium, Prevotella, Atopobium, Bifidobacterium,
and Bacteroides. The level of Clostridium perfringens in Yogyakarta subjects was
lower than that in Balinese subjects.
Key words: Gut microbiota; Indonesian; Elderly; Young people; Enterotype
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Research on gut microbiota has been growing rapidly due to their relationship
with various diseases. Two factors influencing gut microbiota are age and location.
Indonesia has numerous different tribes. Hence, it is expected that each tribe will have a
specific gut microbiota. This research aimed to investigate the gut microbiota of
Indonesians represented by Javanese and Balinese tribes. The results showed that
bacterial populations were higher in younger than elderly subjects. The most common
bacterial groups were Clostridium, Prevotella, Atopobium, Bifidobacterium, and
Bacteroides. The level of Clostridium perfringens between the tribes was different,
which might be associated with diet and lifestyle.
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INTRODUCTION
Indonesia has a population of 262 million people, with children (aged 0-14 years)
comprising 25%, young-adults (aged 15-64 years) comprising 68%, and the elderly
(aged 65 and over years) comprising 7% of the population, as suggested by Index
Mundi (https://www.indexmundi.com/indonesia/age_structure. html). Moreover,
Indonesia has hundreds of tribes each of which has its own lifestyle which has
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resulted in an expected variety of gut microbiota. The development of gut microbiota
composition starts when an infant is born; however, it changes markedly when an
infant learns to eat, followed by a stable state starting from teenager and adult age
and finally begins to undergo other changes in the elderly. In the child age group,
fecal microbiota is not as complicated as that in advanced age. This was indicated by a
decrease in Bifidobacteria species diversity and an increase in Bacteroidetes species
diversity[1]. These microbial composition changes may affect gut microbiota, especially
the individual’s metabolic capacity, and have an important role in health. In addition,
degenerative transformation effects on the physiology and function of the gut are
possibly due to aging and associated with changes in colonic ecosystem composition
and metabolic activities[2]. Previous studies have also found that Bifidobacteria is a
protective intestinal microorganism, and decreases in the elderly group age. With
regard to putatively detrimental microorganism populations, notably Clostridia and
Enterobacteriaceae, these increase in the elderly age group[3].
Three principal human enterotypes were proposed based on a genus or group of
specific bacteria[4]. These three enterotypes, which are Bacteroides, Prevotella, and
Ruminococcus, were based on 39 individuals (22 European, 13 Japanese, 4 American)
that were not nation or continent specific. The study showed that all three enterotypes
were largely driven by a certain species composition, although most species are not
obligated to provide a plethora of molecular functions. This indicates that functional
analysis is needed to understand more about microbial composition. In addition[5], a
total of 98 individuals were observed to detect how gut microbial composition is
affected by diet, and supported the previously mentioned enterotypes[4]. However, the
study showed that the dominant enterotypes, which are Bacteroides and Prevotella,
better described gut composition. Both enterotypes have their own role on gut
microbiota composition. The former enterotype was related to a diet containing high
protein and animal fat, while the latter enterotype was associated with a high
carbohydrate diet.
According to a study of 303 Asian children in which the subjects’ gut microbiota
community profiles were investigated, Prevotella (P-type) or Bifidobacterium/
Bacteroides (BB-type) are able to encourage two classifications of enterotype-like
clusters[6]. The P-type is mostly found in subjects from Indonesia and Thailand, while
the BB-type is mainly found in Japan, Taiwan and China. Subjects with high P-type
have diets rich in resistant starch. This explained the low bile acid biosynthesis and
high carbohydrate digestion suggested by predictive metagenomics.
Previous results[6] revealed that gut microbiota in Indonesian schoolchildren was
represented by two unique populations, which were quite distinct from those in other
countries. Yogyakarta and Bali regions were selected to represent the Javanese tribe,
the most abundant and widespread throughout the Indonesian archipelago and the
Balinese tribe which is only concentrated in Bali Island. Both tribes have different
lifestyles and diets as are strongly associated with different religions and beliefs.
Based on these facts, Yogyakarta and Bali were selected as the sites for the current
study as in the previous study[6]. Currently, various methods have been used to study
gut microbiota populations. In this research, culture methods on various selective
media reflecting living microorganisms are rarely used and replaced by culture
independent methods, including quantitative real-time polymerase chain reaction
(PCR). The objectives of the present study were to establish a baseline microbiota
composition in both healthy young and elderly Indonesian subjects living in
Yogyakarta and Bali. This baseline was then used to further study the correlation
between gut microbiota and several diseases, such as obesity, type II diabetes, and
liver diseases. Therefore, Yogyakarta and Bali were selected due to their different
lifestyles and diet habits.

MATERIALS AND METHODS
Subject characteristics and ethic statement
The study subjects were selected from two different sites, Yogyakarta and Bali,
Indonesia. Elderly subjects (aged 70 years and above) were recruited from Elderly
Houses, while younger subjects (aged from 25-45 years) were volunteer university
students and employees. All subjects signed an informed consent before the study.
During pre-screening of the study subjects, they were instructed not to consume
fermented milk products, probiotics, or prebiotics for the entire study (1-14 d). In
addition, information on medical history, physical examination, demographic
parameters and vital signs were obtained from each subject (Table 1). A pregnancy
test was performed in women, where applicable. Ethical clearance was approved by
the Medical and Health Research Ethics Committee, Faculty of Medicine, Universitas
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Gadjah Mada-Dr. Sardjito General Hospital (Ref: KE/FK/988/EC/2016), on 2
September 2016.

Sample collection
During the assessment period (1-14 d), information on the intestinal microbiota and
intestinal environment were collected. Before fecal collection, each subject was given a
stool kit and the procedure was explained. On day 14 (± 1 d), the subjects were asked
to defecate upon a trail paper (Eiken Chemical Co., Ltd) which was immediately
transferred into a fecal tube containing RNAlater (Thermo Fischer Scientific). If the
fecal samples were collected during the day, the subjects delivered the sample to the
clinical center as soon as possible. However, if fecal samples were collected during the
evening, the subjects stored the samples in an icebox containing ice bags and brought
them to the clinical center the following morning. In the elderly group, the study team
was involved in fecal sample collection and questionnaire completion.

Intestinal microbiota
The Yakult intestinal flora-scan (YIF-SCAN), an intestinal flora analysis system, was
used to measure the intestinal microbiota. The basic principle of YIF-SCAN is the
quantitative reverse transcription PCR method and it was conducted in Yakult
Central Institute, Japan. The samples were brought to Japan by the investigating team
from Indonesia. The gut microbiota composition was analyzed using a previously
published method [7,16] as follows: Total Bacteria: Clostridium coccoides group,
Clostridium leptum subgroup, Bacteroides fragilis group, Bifidobacterium, Atopobium
cluster, Prevotella, Clostridium perfringens, Clostridium difficile, Enterobacteriaceae,
Lactobacillus (6 subgroups and 3 species); Lactobacillus casei subgroup, Lactobacillus
gasseri subgroup, Lactobacillus plantarum subgroup, Lactobacillus reuteri subgroup,
Lactobacillus ruminis subgroup, Lactobacillus sakei subgroup, Lactobacillus brevis,
Lactobacillus fermentum, Lactobacillus fructivorans, Enterococcus, Staphylococcus,
Streptococcus and Pseudomonas. The primer sets used for C. difficile and Streptococcus
were previously described[8,9].
Culture method was also used to detect the composition of intestinal microbiotia in
this study. By using selective media, this enabled bacterial growth and detection that
may be missed. Therefore, the researchers used two methods and compared the
results of total Lactobacillus to anticipate different results. Culture method was
performed to detect the population of yeast and mold in general using the selective
medium Malt Extract Agar (MEA), the population of Lactobacillus plantarum was
calculated using Lactobacillus plantarum Selective Media (LPSM), while the population
of Escherichia coli, and coliform non E. coli were calculated using Brilliance E. coli/
Coliform Selective Agar from Oxoid.

Questionnaire
The subjects were given a questionnaire at the screening period (15-23 August 2016).
The questionnaire was designed to obtain stool frequency (number of stools per day)
and stool consistency. For stool consistency parameters, the Bristol Stool Form Scale[10]
was used as the measurement scale.

Data analysis
Microbiota composition data were tabulated into a spreadsheet (Microsoft Excel, 2016)
as log10 bacterial cells/g feces mean ± SD (detection rate %), and for demographic
parameters as [median (min-max)], unless stated otherwise. All under limit detection
data were excluded from statistical analysis. All statistical analyses were conducted
using (SPSS/PC + 4.0, Chicago, IL, United States). A comparison of continuous
variables was conducted with the Student’s t-test for normally distributed data and
the Mann Whitney test. Statistical analysis of the YIF-SCAN data was performed
using the number of bacterial cells and the detection rate in the four groups (young
subjects in Yogyakarta, elderly subjects in Yogyakarta, young subjects in Bali, elderly
subjects in Bali), with the Mann-Whitney U-test and chi-square test, respectively. We
used R software for the Mann-Whitney U-test and the chi-square test. The statistical
methods and techniques mentioned were appropriate for the research.

RESULTS
Stool frequency and consistency
The data retrieved from the questionnaires regarding stool frequency and consistency
are illustrated in Figures 1 and 2.

Gut microbiota composition of healthy Indonesians
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Table 1 General characteristics of the subjects (n = 80)
n (%)
Gender
Male

30 (37.50)

Female

50 (62.50)

Ethnicity
Javanese

34 (42.50)

Balinese

40 (50.00)

Chinese

3 (3.75)

Ambonese

1 (1.25)

Bugis

1 (1.25)

Melayu

1 (1.25)

Weight (kg) (mean ± SD)

55.65 (14.35)

Height (cm) (mean ± SD)

156.07 (10.54)

Body mass index (kg/m2) (mean ± SD)

22.57 (4.54)

Before conducting gut microbiota composition analysis, subject characteristics
consisting of gender, ethnicity, weight, height and body mass index (BMI) were
obtained and are described in Table 1. Microbiota profiles (based on the YIF-SCAN) in
young and elderly subjects living in Yogyakarta and Bali, Indonesia are presented in
Table 2 and Figure 3. Populations of bacteria in the feces of young subjects were
higher than in the elderly group. The total amount was approximately log10 10.0-10.6
bacterial cells/g feces, and the most abundant bacteria in all groups were Clostridium,
followed by Prevotella, Atopobium, Bifidobacterium, and Bacteroides. These bacteria are
obligate anaerobic bacteria. Interestingly, even though Prevotella showed the second
highest population following Clostridium, its prevalence was not 100%. Furthermore,
its prevalence in the elderly group from Yogyakarta was only 75%.
Among the analyzed Clostridia, the most dominant was the Clostridium coccoides
group, followed by Clostridium leptum subgroup and Clostridium perfringens, whereas
the pathogenic Clostridium difficile was not found in any group. Enterobacteriaceae
(phylum Proteobacteria), which is a facultative anaerobe had a population of log10 7.3 ±
0.8 to 8.4 ± 0.8 bacterial cells/g feces, less than the other obligate anaerobic phylum.
In terms of the bacterial counts in Yogyakarta subjects, total bacteria, Clostridium
coccoides group, Bifidobacterium, Prevotella, Lactobacillus plantarum subgroup, and
Streptococcus were significantly higher (P < 0.05) in younger than in elderly subjects,
while the Lactobacillus gasseri subgroup, Lactobacillus casei subgroup, and Lactobacillus
reuteri subgroup counts were significantly lower (P < 0.05) in younger subjects. On the
other hand, in Balinese subjects, the younger groups had significantly higher (P <
0.05) total bacteria count, Prevotella subgroup, Clostridium leptum subgroup, Bacteroides
fragilis group and Clostridium coccoides group. The counts for Lactobacillus ruminis
subgroup and Enterobacteriaceae were significantly lower (P < 0.05) in younger
subjects.
A comparison within young subjects showed that the Bifidobacterium count in
Yogyakarta was significantly higher (P < 0.05) than that in Bali, while the Clostridium
perfringens count was significantly lower (P < 0.05) in Yogyakarta. On the other hand,
a comparison of elderly subjects from both sites showed significantly low (P < 0.05)
counts for Clostridium perfringens, Lactobacillus plantarum subgroup and Enterococcus in
Yogyakarta, while the counts for Lactobacillus casei subgroup and Lactobacillus
fermentum were significantly higher (P < 0.05) in Yogyakarta. Counts for Lactobacillus
plantarum subgroup were significantly higher (P < 0.05) in young subjects, while the
counts for Lactobacillus reuteri subgroup and Enterobacteriaceae were significantly lower
(P < 0.05) in young subjects.
In a comparison of young and elderly, younger subjects tend to have higher
concentrations of microbiota based on the YIF-SCAN, compared to the elderly as
shown in Table 3 and Figure 3, and a significant difference between younger and
elderly subjects was found. Younger subjects had significantly higher (P < 0.05) total
bacteria, Clostridium coccoides and Bacteroides fragilis groups, and Clostridium leptum,
Bifidobacterium, Prevotella, and Lactobacillus plantarum subgroups, while Lactobacillus
reuteri subgroup and Enterobacteriaceae were significantly lower (P < 0.05) in younger
subjects. No significant difference was found in the distribution of total Lactobacillus.
Additionally, Atopobium cluster showed a constant number.
In terms of the bacterial counts in Yogyakarta subjects, total bacteria, Clostridium
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Figure 1

Figure 1 Data on stool frequency in young and elderly subjects from Bali and Yogyakarta.

coccoides group, Bifidobacterium, Prevotella, Lactobacillus plantarum subgroup, and
Streptococcus were significantly higher (P < 0.05) in young subjects compared to the
elderly, while the counts for Lactobacillus gasseri, Lactobacillus casei, and Lactobacillus
reuteri subgroups were significantly lower (P < 0.05) in young subjects. Bacterial
counts in Balinese younger subjects were significantly higher (P < 0.05) including total
bacteria, Clostridium coccoides, Clostridium leptum, Bacteroides fragilis, and Prevotella
compared to elderly subjects, while the counts for Lactobacillus ruminis subgroup and
Enterobacteriaceae were significantly lower (P < 0.05) in younger subjects.

Differences between Prevotella, Bifidobacterium, and Bacteroides and
Enterobacteriaceae
Populations of Prevotella, Bifidobacterium and Bacteroides fragilis group in young and
elderly subjects in Yogyakarta and Bali are shown in Figure 4. From the figure, it can
be seen that Prevotella was the most abundant bacteria in each group, and Prevotella
enterotype was found in each group. It should also be noted that the populations of
Prevotella, Bifidobacterium and Bacteroides fragilis group were fewer in elderly subjects.
The bacteria which provide health benefits, namely Bifidobacterium were not
widespread in elderly subjects. On the other hand, Enterobacteriaceae which has a
disadvantageous effect on health was more common in the elderly.

The Lactobacillus group and others
The Lactobacillus subgroups which were dominant and had high prevalence (> 85%)
were Lactobacillus plantarum, Lactobacillus gasseri, and Lactobacillus reuteri, while
Lactobacillus ruminis although it showed a high population (6.4±1.7 – 7.6±0.9 log10
bacterial cells/g), its prevalence in Balinese subjects was only 70%-80% and as few as
35%-45% in Yogyakarta subjects. With regard to Lactobacillus casei subgroup, the
number and prevalence were low.
From Table 2 and Table 3, it can be seen that in the elderly, there was an increase in
Enterobacteriaceae (qPCR) together with Coliform and E. coli. Similar results were found
for yeasts and molds, notably molds. Initially, molds were not found in younger
subjects but were later found in the elderly. This may indicate that the elderly is more
prone to mold infection. Also, it should be noted that Coliform and E. coli, which
belong to Enterobacteriaceae were analyzed using culture methods, had a lower count
in younger subjects compared to the elderly, and this was in accordance with the YIFSCAN results. Using the culture method, the amount of yeast in feces was observed to
be 4.17 log10 bacterial cells/g (younger subjects) and 4.28 log10 bacterial cells/g (elderly
subjects), respectively, with a prevalence of 53% and 43%, respectively. Mold was not
found in the feces of younger subjects, although a prevalence of 8% was found in the
elderly with the highest number accounting for 3.68 log10 mold cells/g.
A comparison of Lactobacillus analysis between qPCR and culture method was
conducted and the results are presented in Table 4. It was shown that no significant
difference between the results of the two methods was detected.
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Figure 2

Figure 2 Data on stool consistency in young and elderly subjects from Bali and Yogyakarta.

DISCUSSION
Several factors are reported to have important roles that affect the normal gut
microbiota[3,11]. These factors are: delivery type (vaginal or cesarean)[1]; infancy (breast
milk or formula feeds) and adult (vegetable based or meat based) diet [2] ; and
antibiotics or antibiotic-like molecules derived from gut environment intake[3]. Of
these, diet is the main factor affecting the change in gut microbiota following aging.
Changes in gut microbiota start when babies are weaned and consume solid foods,
and these changes become stable in teenage and adult years[12-14]. Changes occur again
in the elderly. Intestinal movements are weaker with age, extending transit time and
changes in nutrient turn-over dynamics. The elderly possibly have reduced dentition
and chewing strength affecting their diet that causes low support of microbial growth.
Therefore, when compared, the elderly group was different from the younger group
as the elderly have different physical aspects, such as reduced bowel function. This is
in accordance with the results of the present study in subjects from Yogyakarta and
Bali. The results showed that differences in gut microbiota were only seen between
age groups, as some bacteria such as Bifidobacteria, Prevotella and Lactobacillus
plantarum were reduced, while Enterobacteriaceae and Lactobacillus reuteri increased in
elderly subjects. Both locations did not show a difference in gut microbiota
composition, as rice is consumed as a staple carbohydrate source in both locations.
Even though there was a slight difference in the main protein source, this did not
result in a significant difference in the gut microbiota.
This difference in gut microbiota concentration may have been influenced by the
difference in eating habits between younger and elderly subjects[15]. In terms of eating
habit, most elderly subjects eat regularly (3 times a day) compared to younger
subjects. The difference in daily eating frequency is significant. Younger people tend
to consume probiotic and fruit or vegetable juices more than the elderly. However,
milk, vegetables and fruits are more frequently consumed among younger subjects
compared to the elderly. This might explain why there was a higher concentration of
Bacteroides in the gut microbiota of younger subjects[15]. Our study had a limitation in
study population heterogeneity; therefore, our subjects may not be representative of
the Indonesian population. However, the subjects included in this study may provide
a background description of the gut microbiota profile in young compared to elderly
Indonesians.
Based on 16S rRNA gene sequencing, Firmicutes is the most abundant bacteria
living in the human gastrointestinal tract, followed by Bacteroidetes, Actinobacteria and
Proteobacteria[16-19]. The results of the present study showed that the gut microbiota is
dominated by Firmicutes, Bacteroidetes, and Actinobacteria (which are obligate anaerobic
bacteria) and Proteobacteria (which is a facultative anaerobic bacterium). This was in
line with the results of previous research. Based on the bacterial composition, it

WJG

https://www.wjgnet.com

1484

March 28, 2019

Volume 25

Issue 12

Rahayu ES et al. Gut microbiota profile in healthy Indonesians

Table 2 Microbiota profile comparison (based on Yakult intestinal flora-scan)
Log10 bacterial cells/g feces mean ± SD (detection rate %)
No

Yogyakarta

Bali

Type of Bacteria
Young

Elderly

Young

Elderly

Phylum Firmicutes
1

Clostridium coccoides group

9.9 ± 0.5 (100)

9.3 ± 1.2a (100)

9.9 ± 0.5 (100)

9.4 ± 0.5c (100)

2

Clostridium leptum subgroup

9.7 ± 0.4 (100)

9.3 ± 1.1 (100)

9.6 ± 0.5 (100)

9.4 ± 0.6c (100)

5.6 ± 0.9 (100)

5.0 ± 1.1 (85)

e

Clostridium perfringens

4

Clostridium difficile

- (0)

- (0)

- (0)

- (0)

5

Total Lactobacillus

6.7 ± 1.1 (95)

7.2 ± 1.2 (95)

6.8 ± 1.1 (100)

7.1 ± 1.2 (100)

6

Lactobacillus plantarum subgroup

5.0 ± 1.0 (100)

4.1 ± 0.8a (85)

5.1 ± 1.1 (100)

4.8 ± 0.8f (100)

a

6.7 ± 1.2 (100)

6.9 ± 1.4f (95)

3

7

Lactobacillus gasseri subgroup

5.4 ± 1.1 (100)

6.4 ± 1.6 (90)

5.5 ± 1.2 (100)

5.6 ± 1.7 (90)

8

Lactobacillus reuteri subgroup

4.6 ± 0.8 (95)

5.3 ± 1.4a (90)

4.5 ± 0.9 (90)

4.9 ± 1.3 (100)

9

Lactobacillus ruminis subgroup

6.8 ± 1.6 (45)

7.6 ± 0.9 (35)

6.4 ± 1.7 (80e)

7.4 ± 1.3c (70f)

10

Lactobacillus casei subgroup

3.7 ± 0.6 (40)

4.9 ± 1.0a (25)

3.8 ± 0.8 (40)

3.6 ± 000.8f (35)

b

11

Lactobacillus sakei subgroup

3.6 ± 0.5 (35)

0

3.1 ± 0.6 (55)

3.0 ± 0.6 (30f)

12

Lactobacillus fermentum

5.3 ± 0.8 (75)

5.9 ± 1.1 (80)

5.3 ± 0.8 (55)

5.1 ± 0.8f (60)

13

Lactobacillus brevis

3.9 ± 0.8 (50)

4.0 ± 0.9 (15a)

4.7 ± 0.9 (35)

3.7 ± 0.8 (40)

14

Lactobacillus fructivorans

- (0)

- (0)

- (0)

- (0)

15

Enterococcus

7.4 ± 0.7 (90)

7.1 ± 1.0 (90)

7.4 ± 0.9 (95)

7.9 ± 1.1f (95)

16

Streptococcus

8.4 ± 0.5 (95)

7.5 ± 1.6a (75)

8.0 ± 0.7 (95)

8.2 ± 0.7 (45d)

17

Staphylococcus

5.3 ± 0.5 (100)

5.1 ± 1.1 (90)

5.0 ± 0.6 (100)

5.2 ± 1.0 (100)

B. fragilis group

8.9 ± 0.7 (100)

8.3 ± 1.1 (100)

9.3 ± 0.6 (100)

7.9 ± 1.1c (100)

9.4 ± 1.9 (80)

9.0 ± 1.1c (85)

Phylum Bacteroidetes
18
19

a

Prevotella

10.0 ± 1.2 (85)

9.1 ± 1.6 (75)

20

Atopobium cluster

9.1 ± 0.6 (100)

8.9 ± 0.7 (100)

8.9 ± 0.7 (100)

9.0 ± 0.5 (100)

21

Bifidobacterium

9.4 ± 0.6 (100)

8.4 ± 1.3a (100)

8.6 ± 0.9f (100)

8.4 ± 1.2 (100)

22

Enterobacteriaceae

7.3 ± 0.8 (100)

7.8 ± 1.6 (100)

7.6 ± 0.9 (100)

8.4 ± 0.8c (100)

23

Pseudomonas

4.1 ± 0.6 (25)

4.7 ± 1.0 (30)

3.1 ± 0.0 (10)

4.2 ± 0.8 (55d)

10.5 ± 0.5 (100)

10.1 ± 0.5c (100)

Phylum Actinobacteria

Phylum Proteobacteria

24

Total Bacteria

10.6 ± 0.4 (100)

a

10.0 ± 1.0 (100)

a

P < 0.05 Yogyakarta Young vs Yogyakarta Elderly.
P < 0.01 Yogyakarta Young vs Yogyakarta Elderly.
c
P < 0.05 Bali Young vs Bali Elderly.
d
P < 0.01 Bali Young vs Bali Elderly.
e
P < 0.05 Yogyakarta Young vs Bali Young.
f
P < 0.05 Yogyakarta Elderly vs Bali Elderly.
Mann-Whitney U-test for bacterial cells/g feces, chi-square test for detection rate.
b

should be noted that each group had a Prevotella enterotype. From the recent gut
microbiota profiling of children in Yogyakarta and Bali, it was stated that Prevotella
was the most dominant bacteria[6]. In addition, Papua New Guineans, which is the
neighboring country to Indonesia, showed a gut composition dominated by Prevotella
over Bacteroides[20]. Therefore, it can be concluded that Indonesians, from children to
the elderly had a Prevotella enterotype.
Bifidobacterium-Enterobacteriaceae. The low abundance of Proteobacteria in younger
subjects was due to the strict anaerobic environment of the colon. The facultative
species may represent 0.1% in this strict anaerobic environment[21]. Interestingly,
during aging, the population of Enterobacteriaceae from phyla Proteobacteria increased,
followed by a reduction in protective bacteria Bifidobacterium. This also agrees with
the results of prior research, notably by[22] where even though there was a difference in
population between Bacteroides, Prevotella and Bifidobacterium in each country and age
group, in common was that higher proportions of Enterobacteriaceae were found in all
elderly volunteers independent of the location.
Probiotic supplementation contributes to gut microbiota composition alterations
from adults to the elderly[13]. As humans age, factors related to their diet are highly
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Figure 3

Figure 3 Comparison of gut microbiota composition in young and elderly subjects from Bali and Yogyakarta.

linked with changes in the gut microbiome. However, a connection between these
factors has not been proven. An increase in medication intake is also prevalent in the
elderly and can support reduced gut microbiota composition. On the other hand, the
use of anti-diabetic drugs has been shown to have a positive impact on gut
microbiota, which was shown by increasing populations of beneficial microbiota and
their metabolites[23,24]. Several studies have reported that the gut microbiota has an
important impact not only in colorectal cancer development, but also in the treatment
of colorectal cancer. It was reported that the efficacy of anticancer agents is regulated
by gut microbiota and improves the killing effect of 5-fluorouracil, an anticancer
drug[25]. Nevertheless, chemotherapy treatments can disrupt the equilibrium of gut
microbiota and cause damage to gut microbiota[26,27]. In specific diseases such as
heartburn and other symptoms caused by gastroesophageal reflux disease and
functional dyspepsia, proton pump inhibitors (PPIs) are used worldwide. However, it
was shown that long-term use of PPIs lowered Faecalibacteria and increased
Streptococci thought to be associated with enteric infection [28] . Alterations in gut
microbiota following the use of pharmaceutical agents, which is associated with
disease, possibly recovers after the administration of pre-and probiotics. The
manipulation of gut microbiota to improve health status using foods composed of
prebiotic oligosaccharide components is being investigated. A previous study found
that ingestion of fermented milk containing probiotics was able to enhance stool
quality and defecation frequency[29].
Commensal Clostridia-known to be the microbial with the highest population found
in the gut, was represented by Clostridium cocoides and Clostridium leptum subgroup in
the present study (Table 2). The number of Clostridia decreased in elderly subjects in
both locations. The Gram-positive bacteria, Clostridia, start to colonize in the first
month in breastfed infants, and populate a certain area of the intestinal mucosa within
intestinal cells[30]. Therefore, Clostridia can play an important role in affecting the
physiologic, metabolic and immune processes. On the other hand, Bifidobacterium is
believed to be one of the first microbes to colonize the human gastrointestinal tract
and provide beneficial health effects as they have the ability to produce butyric
acid [ 3 1 , 3 2 ] . The Atopobium cluster belongs to phylum Actinobacteria alongside
Bifidobacterium. The population of this bacterium in adults was the same as that of
Bifidobacterium, approximately 109, and unlike Bifidobacterium which decreased in the
elderly, Atopobium counts were constant[16].
Lactobacillus plantarum was found to have the highest prevalence among the higher-
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Table 3 Microbiota profile (culture method) in young and elderly subjects
mean ± SD (detection rate %)
Microbiota (Log10 CFU/g feces)

P value
Younger (n = 40)

Elderly (n = 40)

Coliform

6.80 ± 0.83 (100)

7.20 ± 0.73 (100)

0.028

Escherichia coli

6.87 ± 0.74 (100)

7.29 ± 0.78 (100)

0.016

Yeast

4.17 ± 0.51 (53)

4.28 ± 0.50 (43)

0.411

Mold
Lactobacillus plantarum
Total LAB

0.0 ± 0.0 (0)

3.68 ± 0.27 (8)

-

4.16 ± 0.85 (8)

4.16 ± 0.03 (5)

1.000

7.03 ± 0.83 (100)

7.67 ± 1.23 (100)

0.008

Comparison of continuous variable was carried out using the Independent T test for normally distributed
data and the Mann Whitney test for non-normally distributed data.

level species of Lactobacillus within the gut. This bacterium was related to high BMI
and blood glucose. However, other groups and species of Lactobacillus have been
found at various glucose levels in adults and the elderly[2]. Additionally, Lactobacillus
plantarum is abundant in fermented Indonesian traditional food[33], and has been
found to have probiotic potential[34,35].
A culture method was used in this research to determine some microorganisms.
However, another culture-independent method based on cloned 16S rRNA sequence
was introduced[21]. Moreover, with profiling culture enriched molecules, most human
gut microbiota, especially bacteria, are able to be cultured [36] . In addition, using
selective media will enable bacterial growth and detection that may be missed. The
culture method which relied on various specific media was compared with molecularbased analysis in this research and a significant difference was not found between the
two methods. With the culture method, elderly subjects tended to have higher
concentrations of Coliform, E. coli and total lactic acid bacteria. Thus, our findings were
not similar to those in previous studies in an Asian population[37,38]. However, these
data were obtained from an East Asian population (Japanese) and the study was
conducted in the early 1970s. Our study population, both young and elderly subjects
showed a different pattern where these bacteria were found in relatively higher
concentrations (Table 3). The different distribution of gut microbiota in our study
showed that the gut microbiota may change over time, and the gut microbiota of
Indonesians was unique.
Probiotics and prebiotics have the potential to maintain gut microbiota balance.
Analysis of the gut microbiota was carried out to observe its potential to modulate
and improve health, particularly in the elderly when protective bacteria (Bifidobacteria)
declined and potential pathogenic Enterobacteriaceae increased. Numerous conditions
could trigger the shift in elderly gut microbiota, such as weakened chewing ability, a
decline in intestinal physiological condition to digest, lowered appetite, and limited
ability to prepare food. Consumption of probiotics and prebiotics could be used as a
way to retain the balance of microbiota in the elderly, in order to maintain health.
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Table 4 Comparison between qPCR and culture method
mean ± SD (detection rate %)
Lactobacillus (Log10 CFU/g feces)
Younger (n = 40)

Culture method
Yakult intestinal flora-scan

Elderly (n = 40)

Bali

Yogyakarta

Bali

Yogyakarta

7.04 ± 0.87 (100)

7.01 ± 0.81 (100)

8.17 ± 0.99b (100)

7.17 ± 1.33a (100)

6.7 ± 1.1 (95)

7.2 ± 1.2 (95)

6.8 ± 1.1 (100)

7.1 ± 1.2 (100)

a

P < 0.05 Yogyakarta Elderly vs Bali Elderly;
P < 0.01 Bali Young vs Bali Elderly.

b

Figure 4

Figure 4 Populations of Prevotella, Bifidobacterium, Bacteroides and Enterobacteriaceae in young and elderly subjects from Yogyakarta and Bali.

ARTICLE HIGHLIGHTS
Research background
Studies on gut microbiota are growing rapidly, as the gut microbiota has been associated with
various diseases. There are numerous factors influencing gut microbiota composition; hence,
further research is needed. Indonesia has a high diversity of tribes and lifestyles. Therefore, it is
expected that each tribe has its specific gut microbiota. Thus, a deeper insight into the
composition of gut microbiota can be further used to determine the condition of gut microbiota
in Indonesians and assess which treatment may be suitable and effective to improve health
status.

Research motivation
This research aimed to investigate gut microbiota composition in two different groups in relation
to age and tribe. The results obtained may be further used to determine the condition of gut
microbiota in Indonesians and to assess which treatment may be suitable and effective to
improve health status.

Research objectives
The objective of this study was to compare gut microbiota composition in Indonesian subjects
represented by two different age groups (elderly and young) from the Javanese and Balinese
tribes, by the analysis of fecal samples. The results obtained may be further used to determine
the condition of gut microbiota in Indonesians and to assess which treatment may be suitable

WJG

https://www.wjgnet.com

1488

March 28, 2019

Volume 25

Issue 12

Rahayu ES et al. Gut microbiota profile in healthy Indonesians
and effective to improve health status.

Research methods
Fecal samples were collected from a total of 80 subjects with 20 in each young group ranging
from 25-45 years and elderly group ranging from 70 years or more from two different regions,
Yogyakarta and Bali. The collection of fecal samples was performed at the end of the assessment
period (day 14 ± 1 d) and during this period, the subjects were not allowed to consume probiotic
and antibiotic products. The quantification of various Clostridium subgroups, Lactobacillus
subgroups, Enterococcus, Streptococcus, Staphylococcus; Bacteroides fragilis group and Prevotella,
Bifidobacterium and Atopobium cluster; Enterobacteriaceae and Pseudomonas was performed using
the Yakult intestinal flora-scan (YIF-SCAN).

Research results
Bacteria populations in younger subjects’ feces were higher than in elderly subjects. The most
abundant bacteria in both age groups were Clostridium, followed by Prevotella, Atopobium,
Bifidobacterium and Bacteroides. In the elderly, an increase in Enterobacteriaceae, Coliform and E. coli
was found. In terms of bacterial counts in Yogyakarta, total bacteria, Clostridium coccoides group,
Bifidobacterium, Prevotella, Lactobacillus plantarum subgroup, and Streptococcus were significantly
higher (P < 0.05) in younger than in elderly subjects, while the counts for Lactobacillus gasseri
subgroup, Lactobacillus casei subgroup, and Lactobacillus reuteri subgroup were significantly lower
(P < 0.05) in the younger group. In Balinese subjects, total bacteria, Clostridium coccoides group,
Clostridium leptum subgroup, Bacteroides fragilis group, and Prevotella were significantly higher (P
< 0.05) in younger compared to elderly subjects, while the counts for Lactobacillus ruminis
subgroup and Enterobacteriaceae were significantly lower (P < 0.05) in younger subjects. The
results also revealed that the Clostridium perfringens count in Balinese subjects was 10 times that
in Yogyakarta subjects. This may have been a response to the lifestyles of the different tribes
although this phenomenon requires further extensive study.

Research conclusions
Bacterial populations were higher in younger than in elderly subjects. The most dominant
bacterial groups in these subjects were Clostridium followed by Prevotella, Atopobium,
Bifidobacterium, and Bacteroides. The gut microbiota of the two tribes in this study were similar,
but it was observed that Clostridium perfringens in Yogyakarta subjects was almost ten times
lower than that in Balinese due to lifestyle and diet. However, the effect of lifestyle and diet on
gut microbiota composition requires further investigation.

Research perspectives
These results proved that gut microbiota composition within different age groups and tribes is
different. Different tribes may have different lifestyles and diets; therefore, future studies should
investigate how different diets contribute to gut microbiota composition.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD), the most common chronic liver
disease, can progress into nonalcoholic steatohepatitis (NASH), cirrhosis, and
even hepatocellular carcinoma. Bile acids such as ursodeoxycholic acid (UDCA)
play an essential role in the pathogenesis of NAFLD by regulating the level of
sterol regulatory element-binding protein (SREBP) 1c, but the underlying
regulatory mechanism remains elusive. Increased evidence indicates that the
AKT/mTOR/SREBP-1 signaling pathway is a key pathway to regulate hepatic
cellular lipid metabolism. UDCA may regulate the AKT/mTOR/SREBP-1
signaling pathway to ameliorate hepatic lipid metabolism.
AIM
To investigate the functional mechanism of UDCA in an oleic acid (OA)-induced
cellular model of NAFLD.
METHODS
The cellular model of NAFLD was established using OA and treated with UDCA.
First, the best concentration of UDCA was selected. For the best time-dependent
assay, cells were stimulated with OA only or co-treated with OA and 2 mmol/L
UDCA for 24 h, 48 h, and 72 h. Oil red O staining was used to observe the
accumulation of intracellular lipids, while the intracellular contents of
triglyceride, alanine aminotransferase (ALT), gamma-glutamyl transpeptidase
(GGT), and aspartate aminotransferase (AST) were detected by enzymatic
methods. Meanwhile, the expression levels of AKT/mTOR/SREBP-1 signaling
pathway-related proteins were detected by real-time PCR and Western blot.
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RESULTS
In the NAFLD cell model established with LO2 cells induced using OA, lipid
accumulation was obvious. UDCA significantly inhibited lipid accumulation at
different concentrations (especially 2 mmol/L) and decreased cell growth ability
at different time points. The biochemical parameters like ALT, AST, and GGT
were significant improved by UDCA. UDCA treatment vividly repressed the
activation of AKT, mTOR, and CRTC2 and the expression of nSREBP-1 in LO2
cells induced with OA.
CONCLUSION
Our findings demonstrate the effect of UDCA in improving NAFLD. UDCA
attenuates OA-induced hepatic steatosis mainly by regulation of
AKT/mTOR/SREBP-1 signal transduction.
Key words: Ursodeoxycholic acid; Hepatic lipid metabolism; AKT/mTOR/SREBP-1;
Hepatic steatosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nonalcoholic fatty liver disease (NAFLD) is the most common form of liver
disease. Many studies show that the disorder of hepatic lipid metabolism is the major
pathogenesis. Increased evidence indicates that the AKT/mTOR/SREBP-1 signaling
pathway is a key pathway to regulate hepatocellular lipid metabolism. At present, there
are few studies on the mechanism of NAFLD with regard to hepatic lipid metabolism.
We aimed to investigate the functional mechanism of ursodeoxycholic acid (UDCA) in
the oleic acid-induced cellular model of NAFLD. The possible molecular mechanism
and related targets of regulating hepatic lipid metabolism were explored, and the
correlation between the occurrence of NAFLD and the AKT/mTOR/SREBP-1 signaling
pathway was explored. We provided more sufficient experimental basis for clinical
application of UDCA in the treatment of NAFLD.

Citation: Hu J, Hong W, Yao KN, Zhu XH, Chen ZY, Ye L. Ursodeoxycholic acid
ameliorates hepatic lipid metabolism in LO2 cells by regulating the AKT/mTOR/SREBP-1
signaling pathway. World J Gastroenterol 2019; 25(12): 1492-1501
URL: https://www.wjgnet.com/1007-9327/full/v25/i12/1492.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i12.1492

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is characterized by macrovesicular fat
accumulation of more than 5% in the hepatocytes of patients, due to the deposition of
fat for reasons other than excessive alcohol use[1]. The prevalence of NAFLD ranges
from 9%to 36.9% in different regions of the world, and is growing rapidly
worldwide[2,3]. In some cases, the progression of NAFLD may lead to the formation of
nonalcoholic steatohepatitis (NASH) or other types of liver diseases[4]. Hepatic lipid
metabolism dysbiosis-induced hepatic steatosis is regarded as the major cause of
NAFLD [5] . Thus, investigation of the proposed mechanisms of hepatic lipid
metabolism in the pathogenesis of NAFLD is potentially contributing to improving
the pathological symptoms of NAFLD and NAFLD-related liver disease.
As amphipathic molecules, bile acids (BAs) are generated from cholesterol
oxidation in the liver and play an essential role in the progression of NAFLD[6,7]. At
the right concentration, BAs function as a master regulator in the digestion and
absorption of lipids. However, excessive BAs exert detrimental effects on
hepatocytes[8]. BAs can maintain triglyceride (TG) homeostasis and act as a metabolic
regulator of glucose uptake and lipid metabolism[9]. It is confirmed that BAs binding
to activated farnesoid X receptor (FXR) in the liver inhibit sterol regulatory elementbinding protein 1c (SREBP1c)-mediated lipogenesis[10,11]. Conversely, activation of FXR
also suppresses synthesis of BAs when BAs are excessive[12]. The production of BAs is
the main route of cholesterol catabolism and disturbance of the enterohepatic
circulation of bile acid leads to the decrease of endogenous cholesterol [ 3 ] .
Downregulation of endogenous cholesterol induces the generation of mature SREBP-1
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which can initiate lipogenesis in turn. Thus, the complicated correlation of BAs and
hepatic lipid metabolism is essential for the maintenance of liver homeostasis.
Ursodeoxycholic acid (UDCA) is one of the secondary BAs and has been widely
used for the treatment of cholestatic liver diseases, such as gallstones, and nonsurgical treatment of primary biliary cirrhosis, through its cytoprotective effect and
anti-apoptotic activities in the liver [13,14] . UDCA-mediated glutathione synthesis
through the activation of the PI3K/AKT/Nrf2 pathway exerts antioxidative action
and is regarded as a potential treatment for chronic hepatitis[15]. Additionally, it has
been reported that UDCA administration promotes the progression of lipogenesis in
the livers of obese people by the antagonism of FXR[16]. In contrast, recent studies have
indicated that UDCA and taurine-conjugated UDCA facilitate the improvement of
abnormal glucose metabolism and insulin resistance [17] . UDCA also acts as a
protection factor for hepatic steatosis and hepatitis in mice[18]. Although application
studies of UDCA in NAFLD have been widely used and have achieved good results,
the underlying mechanism of UDCA in regulating the pathogenesis of NAFLD
remains largely unknown.
Herein, we discovered that UDCA administration reduced oleic acid (OA)-induced
production of lipid droplets and disturbance of hepatic lipid metabolism by
regulating the AKT/mTOR/SREBP-1 signaling pathway. These findings could
possibly provide a great reference for clinical application of UDCA in NAFLD.

MATERIALS AND METHODS
Cell culture and treatment
Human LO2 cells were purchased from Bogoo Biotechnology (Shanghai, China). Cells
were cultured in RPMI 1640 medium (HyClone) containing 10% fetal bovine serum
(FBS; Wisent) and incubated at 37 °C in a humidified atmosphere containing 50 mL/L
CO2. An in vitro cell model of NAFLD was established by treating cells with 20 μg/mL
OA for 48 h. In cell viability experiments, cells were treated with OA only or cotreated with OA and a concentration gradient of UDCA for 48 h. For time-dependent
assays, cells were stimulated with OA only or co-treated with OA and 2 mmol/L
UDCA for 24 h, 48 h, and 72 h. For the detection of the lipid profile and the involved
signaling pathways, cells were incubated with OA only or co-treated with OA and 2
mmol/L UDCA for 72 h.

Oil red O staining
After treatment with OA or UDCA, cells were washed twice with PBS and fixed using
10% paraformaldehyde overnight. Then, cells were washed twice again and stained in
oil red O solution (isopropanol: 0.5% oil red O, 3:2) for 20 min at room temperature.
Oil red O solution was removed, and the cells were stained with haematoxylin for 30
s. Next, cells were differentiated using hydrochloric acid alcohol (1:1) for 5-10 s. After
washing again, oil red O staining results were observed under an optical microscope.

MTT assay
LO2 cells were seeded in 100 μL in a 96-well plate at a density of 5 × 104 cells/mL and
incubated at 37 °C in a humidified atmosphere containing 50 mL/L CO2 overnight.
Then, cells were treated with OA and UDCA according to the method we described
above. At different time points, 100 μL MTT (1 mg/mL) was added into the wells
after removing the medium. After incubation for another 4 h, 150 μL DMSO was used
to dissolve cells stained with MTT, and OD values were measured using a microplate
reader at the wavelength of 570 nm. Relative cell viability was calculated according to
the formula: OD value of experimental group/OD value of control group × 100%.

ELISA assay
Levels of TG, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
gamma-glutamyl transpeptidase (GGT) were measured using commercial kits
according to the manufacturers’ instructions. ELISA kits for TG (SBJ-H0240), AST
(SBJ-H0659), and GGT (SBJ-H0669) were obtained from Nanjing Senbeijia
Biotechnology (Nanjing, China). An ELISA kit for ALT (E-EL-H0312c) was purchased
from Elab science (Wuhan, China).

Western blot analysis
Total protein was extracted after cells were treated in the presence of OA and UDCA.
Then, 30 μg of protein was used to perform immunoblotting. Primary antibodies
against mSREBP-1 (AF6283), p-CRTC2 (AF8328), p-AKT (AF0016), and p-mTOR
(AF3308) were purchased from Affinity Biosciences (OH, United States). Relative
quantitative analysis of protein bands was performed using Quantity One analysis
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software (Bio-Rad).

Statistical analysis
Statistical analyses were performed using SPSS 21.0 (Chicago, IL, United States)
software. All results were from three independent experiments, and are shown as the
mean ± standard error of the mean. The results were analyzed with GraphPad Prism
5.0 (GraphPad Software Inc, United States) using one-way ANOVA. P < 0.05 was
regarded as significantly different.

RESULTS
UDCA administration improves OA-induced growth inhibition of LO2 cells
To determine the effect of UDCA on NAFLD, we first established a cell model of
NAFLD. The oil red O staining analysis showed that 20 μg/mL OA significantly
promoted the production of lipid droplets in LO2 cells, which suggested that we
successfully developed the NAFLD cell model (Figure 1A, the right image). Given
that OA treatment inhibited cell growth ability, we further evaluated the proliferation
ability of the OA-induced LO2 cells treated with different concentrations of UDCA
using MTT assay. When exposed to 20 μg/mL OA for 48 h, LO2 cell proliferation was
inhibited significantly. This inhibition of proliferation by OA can be overcome to
varying degrees by the addition of different levels of UDCA, especially under the
condition of 2 mmol/L UDCA (cP < 0.001, Figure 1B). Additionally, relative cell
viability of LO2 cells prominently declined in the presence of OA at 24 h, 48 h, and 72
h in comparison with the control cells. However, when treated with 2 mmol/L UDCA
for 24 h, 48 h, and 72 h, OA-mediated reduction of cell viability at different time
points was notably upregulated; cell viability was close to the normal level at 72 h (bP
< 0.01, Figure 1C). These data indicate that 2 mmol/L UDCA was effective for
improving OA-induced cell growth inhibition.

UDCA treatment relieves OA-induced lipogenesis
The production of lipid droplets is closely related to various biochemical parameters.
The levels of lipid metabolic indexes such as TG, ALT, AST, and GGT can accurately
reflect the state of hepatic lipid metabolism. As shown in Figure 2A, OA treatmentinduced massive lipid accumulation of LO2 cells was dramatically suppressed under
the treatment with UDCA for 72 h (Figure 2A, the middle image vs the right image).
In addition, OA-induced LO2 cells showed a prominent increase of TG (1.5-fold), ALT
(6-fold), AST (11-fold), and GGT (2-fold) levels compared to the control group. Upon
the treatment with UDCA, the upregulation of ALT, AST, and GGT was significantly
blocked ( b P < 0.01, Figure 2C-E), whereas UDCA treatment had no significant
inhibitory effect on TG level in OA-exposed cells (Figure 2B). Although UDCA
administration partly attenuated hepatic steatosis, there was a high level of lipid
profile (TG, ALT, AST, and GGT) compared with the control group, which implied
that adjuvant therapy was needed to better improve the disorder of hepatic lipid
metabolism.

UDCA inhibits the expression of nSREBP-1 in the OA-induced NAFLD cell model
In the course of hepatic lipid metabolism, the cyclic adenosine monophosphate
(cAMP) response elementbinding protein (CREB)regulated transcription coactivator 2
(CRTC2) mediates the activation of mature SREBP-1 (nSREBP-1) which subsequently
upregulates lipogenic gene expression and controls the biosynthesis of fatty acids and
TG in hepatocytes[19]. To further confirm the protective effect of UDCA on excessive
lipid synthesis, we determined the expression pattern of nSREBP-1 and activated
CTRC2 in OA-exposed LO2 cells. Once treated with OA for 72 h, phosphorylated
CRTC2 and mature SREBP-1 (nSREBP-1) showed a 1.5-fold and 2.5-fold increase,
respectively (bP < 0.01, Figure 3A and B, the second band vs the first band, the second
box vs the first box, and the fifth box vs the fourth box). When exposed to UDCA, the
enhancement of activated CRTC2 and SREBP-1 robustly declined compared with OAexposed cells (cP < 0.01, Figure 3A and B, the second band vs the third band, the
second box vs the third box, and the fifth box vs the sixth box). These results suggest
that CRTC2/SREBP-1 signaling transduction is implicated in the UDCA-mediated
protective effect on lipid accumulation.

AKT/mTOR signaling pathway participates in the progression of UDCA-mediated
improvement of lipid synthesis
It is known that AKT activation increases the activity of its downstream effector
mTOR, which then promotes the activation of mature SREBP-1 by integrating
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Figure 1

Figure 1 Effect of ursodeoxycholic acid on cell growth ability under the treatment of oleic acid. A: Oil red O staining of LO2 cells after oleic acid (OA) treatment
for 72 h. B: Cell viability of OA-induced LO2 cells measured using the MTT assay under the condition of concentration gradient of ursodeoxycholic acid (UDCA) for 48
h. C: Cell viability of LO2 cells measured using the MTT assay under the condition of oleic acid and 2 mmol/L UDCA for 24 h, 48 h, and 72 h. Scar bar: 20 μm. Data
are shown as the mean ± SE. bP < 0.01, cP < 0.001 vs model group. Ctrl: Control; UDCA: Ursodeoxycholic acid; OA: Oleic acid.

CRTC2[20,21]. Thus, we performed an immunoblotting assay to detect the changes of
AKT/mTOR signaling and found that the activation of AKT and mTOR presented a
3-fold and 1.5-fold increase, respectively, under the condition of OA treatment for 72
h (Figure 4A and B, the second band vs the first band, the second box vs the first box,
the fifth box vs the fourth box, and the eighth box vs the seventh box). UDCA
administration recovered the levels of phosphorylated AKT and mTOR in OAinduced LO2 cells (aP < 0.05, bP < 0.01, Figure 4A and B, the second band vs the third
band, the second box vs the third box, the fifth box vs the sixth box, and the eighth box
vs the ninth box). Based on these results, we believe that UDCA ameliorates lipid
metabolic disorder partly by regulating the AKT/mTOR signaling pathway.

DISCUSSION
There is increasing evidence that disorder of hepatic lipid metabolism is not only a
hallmark of NAFLD, but also a biologic marker of cancer cells[22,23]. Numerous key
enzymes involved in the progression of de novo fatty acid synthesis are enhanced and
correlated with poor clinical outcomes in hepatic carcinoma (HCC)[24]. That means the
importance of homeostasis of hepatic lipid metabolism is imaginable in liver diseases.
In the present study, we found that the hydrophilic BA, UDCA, prevented lipogenesis
by regulating the expression of mature SREBP-1 in LO2 cells, which suggested that
UDCA administration might improve lipid metabolic disorder in NAFLD patients
and slow the progression of metabolic disturbance-derived liver cancer.
Previous studies have pointed that OA-induced hepatic steatosis is always
accompanied by oxide stress, cell apoptosis, and cell viability reduction in
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Figure 2

Figure 2 Impact of ursodeoxycholic acid on oleic acid-induced production of lipid profile. A: Oil red O staining of oleic acid-induced LO2 cells after
ursodeoxycholic acid treatment for 72 h. B-E: Measurement of intracellular levels of triglycerides (B), alanine aminotransferase (C), aspartate aminotransferase (D),
and gamma-glutamyl transpeptidase (E) by ELISA assay. Scar bar: 20 μm. Data are shown as the mean ± SE. bP < 0.01, cP < 0.001 vs ctrl group; ns vs model group.
d
P < 0.001 vs model group. Ctrl: Control; UDCA: Ursodeoxycholic acid; OA: Oleic acid; TG: Triglycerides; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: Gamma-glutamyl transpeptidase; ns: No significant statistical difference.

hepatocytes[25,26]. Oxidative stress acting as an apoptotic mediator of liver cells can
cause damage of membrane lipid peroxidation and cell degeneration in the
progression of NAFLD[27,28]. Here, we observed that 2 mmol/L UDCA significantly
relieved the growth inhibition of OA-exposed LO2 cells, implying that 2 mmol/L was
a safe and effective dosage for in vitro study. UDCA exerts a protective effect on
NAFLD in rats by reducing the lipid profile including total cholesterol (TC) and TG[29].
Treatment with UDCA suppressed activated liver X receptor α (LXRα)-mediated
hepatic lipogenesis in high-fat diet (HFD)-fed mice[30]. These reports indicate that
UDCA can serve as a regulator of lipid metabolic indexes in abnormal hepatic lipid
metabolism-related liver diseases. Our findings indicated that administration with
UDCA ameliorated OA-induced disturbance of liver dysfunction such as the increase
of ALT, AST, and GGT levels in LO2 cells. UDCA treatment cannot result in a
significant reduction of TG level in OA-induced cells, but had a certain regulatory
role. Therefore, our data further supported the protective effect of UDCA in
improving hepatocyte fatty degeneration and relieving the inflammatory reaction.
SREBP-1, a member of basic helix–loop–helix-leucine zipper transcription factor
family, is mainly responsible for regulating fatty acid and cholesterol synthesis[31,32].
SREBP-1 is synthesized as a precursor located on the nuclear membrane and
endoplasmic reticulum[33]. Upon stimulus or sterol depletion, the precursor (fulllength SREBP-1) is cleaved into mature SREBP-1 which subsequently translocates to
the nucleus (nSREBP-1) and activates transcription by binding to the promoter region
of genes containing sterol regulatory element-1 (SREBP-1) [34,35] . Once SREBP-1 is
activated, nSREBP-1 enhances the expression of cholesterol and fatty acid synthesis
related genes [36] . In the course of lipid metabolism, activated AKT subsequently
induces the activation of mTOR, which leads to the upregulation of its downstream
CRTC2[37,38]. mTOR is an essential regulator of lipogenic metabolism by activating
SREBP-1 cleavage[39]. CRTC2 as a mediator of the mTOR molecule, can modulate
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Figure 3

Figure 3 Alteration of CRTC2/SREBP-1 signaling pathway under the condition of ursodeoxycholic acid in oleic acid-induced LO2 cells. A: CRTC2 activity
and nSREBP-1 expression detected by Western blot assay. B: Relative quantitative analysis of phosphorylated CRTC2 and mature SREBP-1 in LO2 cells. Data are
shown as the mean ± SE. bP < 0.01, ns vs ctrl group; cP < 0.01 vs model group. Ctrl: Control; UDCA: Ursodeoxycholic acid; ns: no significant statistical difference.

hepatic lipid metabolism by affecting COPII-dependent SREBP1 processing[21], which
indicates that AKT-induced activation of mTOR can recruit CRTC2 as a complex to
promote nSREBP-1 activity and the following lipogenesis. The present research
demonstrated that CRTC2 activation, the AKT/MTOR signaling pathway, and
nSREBP-1 expression were enhanced in the presence of OA. UDCA stimulation
notably mitigated OA-initiated lipid metabolic disorder by suppressing this signaling
pathway transduction. It is possible that UDCA attenuates OA-induced hepatic
steatosis mainly by regulation of the AKT/mTOR/SREBP-1 signaling transduction.
In conclusion, we illustrated the protective role of UDCA in NAFLD. At a proper
concentration of UDCA, OA-evoked lipid accumulation was nearly blocked by
affecting SREBP-1 cleavage, implying that UDCA may contribute to developing more
effective BA-based therapies for NAFLD. At present, the effects of UDCA on NAFLD
in the clinic have seldom been reported, and especially the research of UDCA on liver
histology is also limited. We carried out research at the cellular level to explore the
AKT/mTOR/SREBP-1 signaling pathway as a new target for NAFLD treatment. Our
research is expected to enrich the academic research content in this field and provide
scientific basis for clinical application.
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Figure 4

Figure 4 Effect of ursodeoxycholic acid on oleic acid-induced activation of the AKT/mTOR signaling pathway. A: Activation of AKT and mTOR detected by
Western blot assay. B: Relative quantitative analysis of phosphorylated AKT and mTOR in LO2 cells. Data are shown as the mean ± SE. aP < 0.05, bP < 0.01 vs ctrl
group; cP < 0.01 vs model group. Ctrl: Control; UDCA: Ursodeoxycholic acid.

ARTICLE HIGHLIGHTS
Research background
Ursodeoxycholic acid (UDCA) plays an essential role in the pathogenesis of nonalcoholic fatty
liver disease (NAFLD), but the underlying regulatory mechanism remains elusive. Increased
evidence indicates that the AKT/mTOR/SREBP-1 signaling pathway is a key pathway to
regulate cellular hepatic lipid metabolism. UDCA may regulate the AKT/mTOR/SREBP-1
signaling pathway to ameliorate hepatic lipid metabolism. However, no report has discussed the
regulatory effects of UDCA on lipid metabolism in vitro.

Research motivation
Although UDCA has been widely used in the treatment of NAFLD, the mechanism remains
unclear. Understanding and regulating the AKT/mTOR/SREBP-1 signaling pathway using
UDCA will be an important area for future research.

Research objectives
This study aimed to explore the protective effects of UDCA on NAFLD by regulating the
AKT/mTOR/SREBP-1 signaling pathway. This will provide a therapeutic target for future
clinical applications of UDCA to prevent and improve hepatic lipid metabolism disorders related
diseases.

Research methods
First, we established a cellular model of NAFLD using LO2 cells induced with oleic acid (OA).
Second, we used a MTT assay to determine the optimal concentration of OA for inducing
hepatocyte steatosis and the best treatment duration of UDCA. Third, oil red O staining was
used to observe the formation of intracellular lipid droplets, and subsequently we analyzed the
intracellular levels of biochemical indexes with UDCA treatment by enzymatic methods. Finally,
we examined the effects of UDCA on the expression levels of the AKT/mTOR/SREBP-1
signaling pathway related proteins by real-time PCR and Western blot.

Research results
UDCA inhibited the lipid accumulation of LO2 cells induced with OA. UDCA decreased cell
growth ability under the treatment of OA in a dose- and time-dependent manner. UDCA
treatment significantly improved the biochemical parameters like alanine aminotransferase,
gamma-glutamyl transpeptidase, and aspartate aminotransferase. UDCA suppressed the OAinduced upregulation of AKT, mTOR, CRTC2, and nSREBP-1 expression in LO2 cells.

Research conclusions
UDCA administration improves OA induced growth inhibition of LO2 cells and relieves OA
induced lipid accumulation. UDCA has a protective effect in improving hepatic steatosis and
amending liver function in our in vitro experiments. We may provide the first evidence of the
AKT/mTOR/SREBP-1 signaling pathway regulated by UDCA in OA-induced LO2 cells as an in
vitro model of NAFLD. Our hypothesis was confirmed using LO2 cells treated with OA. We
present a novel theory here that UDCA can ameliorate hepatic lipid metabolism via the
AKT/mTOR/SREBP-1 signaling pathway. Thus, UDCA and other bile acids may have novel
clinical applications to ameliorate hepatic lipid metabolism for NAFLD in future.

Research perspectives
Our findings provide evidence that UDCA has the effect of ameliorating hepatic lipid
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metabolism. This study has some limitations and further studies using animals and further in
vitro research with agonists and inhibitors of mTOR as tools should be performed.
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Abstract
BACKGROUND
Risk factors for local recurrence after polypectomy, endoscopic mucosal resection
(EMR), and endoscopic submucosal dissection (ESD) have not been identified.
Additionally, the appropriate interval for endoscopic surveillance of colorectal
tumors at high-risk of local recurrence has not been established.
AIM
To clarify the clinicopathological characteristics of recurrent lesions after
endoscopic colorectal tumor resection and determine the appropriate interval.
METHODS
Three hundred and sixty patients (1412 colorectal tumors) who underwent
polypectomy, EMR, or ESD and received endoscopic surveillance subsequently
for more than one year to detect local recurrence were enrolled in this study. The
clinicopathological factors associated with local recurrence were determined via
univariate and multivariate analyses.
RESULTS
Local recurrence was observed in 31 of 360 (8.6%) patients [31 of 1412 (2.2%)
lesions] after colorectal tumor resection. Piecemeal resection, tumor size of more
than 2 cm, and the presence of villous components were associated with
colorectal tumor recurrence after endoscopic resection. Of these three factors, the
piecemeal resection procedure was identified as an independent risk factor for
recurrence. Colorectal tumors resected into more than five pieces were associated
with a high risk of recurrence since the average period from resection to
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recurrence in these cases was approximately 3 mo. The period to recurrence in
cases resected into more than 5 pieces was much shorter than that in those
resected into less than 4 pieces (3.8 ± 1.9 mo vs 7.9 ± 5.0 mo, P < 0.05).
CONCLUSION
Local recurrence of endoscopically treated colorectal tumors depends upon the
outcome of first endoscopic procedure. Piecemeal resection was the only
significant risk factor associated with local recurrence after endoscopic resection.
Key words: Local recurrence; Colorectal tumor; Endoscopic surveillance; Piecemeal
resection; Risk factors
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Local recurrence of endoscopically treated colorectal tumors depends on the
outcome of the first endoscopic procedure. Local recurrence was observed in 31 of 360
(8.6%) patients [31 of 1412 (2.2%) lesions] after colorectal tumor resection. Piecemeal
resection was the only significant risk factor associated with local recurrence. Average
time between the initial resection and recurrence in all cases was 6 mo. Time to
recurrence in cases resected into > 5 pieces was much shorter than that in those resected
into < 4 pieces. The interval between endoscopic resection and surveillance colonoscopy
should be determined based on the number of pieces.
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INTRODUCTION
Colorectal cancer (CRC) is one of the leading causes of cancer-related deaths in both
Western and Asian countries[1-3]. It is now generally accepted that most, if not all,
CRCs arise from adenomas[4]. Based on this notion called the “adenoma-carcinoma
sequence”, colorectal adenomas are considered the precursor lesions of CRCs. Thus,
their endoscopic removal is strongly recommended for the prevention of CRCs[5].
Several reports provide evidence that adenoma removal reduces the incidence of CRC
and thereby improves patient survival[4,6]. Currently, three types of endoscopic techniques are performed for the resection of colorectal tumors; these are polypectomy,
endoscopic mucosal resection (EMR), and endoscopic submucosal dissection
(ESD)[7-12]. The introduction of ESD, which allows en bloc resection of flat or depressed
colorectal tumors of more than 20 mm, has enabled endoscopists to remove adenomas
as well as to remove early CRCs [13] . Thus, a wide variety of colorectal tumors,
including adenomas and early CRCs, can be endoscopically resected using a selection
of polypectomy, EMR, and ESD depending on the size and macroscopy of the tumors.
As the indication for endoscopic colorectal tumor resection has expanded in terms
of tumor size and depth of tumor invasion, it has become apparent that local
recurrence occurs in a significant proportion of patients treated via polypectomy,
EMR, or ESD[14]. According to a previous meta-analysis, a high incidence of local
recurrence of up to 50% after EMR has been reported[15]. Although tumor size, intraprocedural bleeding, piecemeal resection, and high-grade dysplasia have been shown
to be associated with local recurrence of colorectal adenoma after EMR[16], the related
risk factors after polypectomy, EMR, and ESD have not been identified. Additionally,
the appropriate interval of endoscopic surveillance for colorectal tumors with a high
risk of local recurrence has not been established, although the American Cancer
Society recommends an interval of 3 to 6 mo for follow-up endoscopic examinations
after piecemeal resection for large or sessile polyps[17]. In this retrospective study, we
attempted to clarify the clinicopathological characteristics of recurrent lesions after
endoscopic colorectal tumor resection and propose the appropriate follow-up interval
of colonoscopic surveillance.
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MATERIALS AND METHODS
Patients
A total of 1020 patients underwent polypectomy, EMR, or ESD for 4236 lesions at
Kindai University Hospital from January 2010 to December 2015. Among these
patients, 360 patients (1412 lesions) received endoscopic surveillance for local
recurrence for more than one year. Various factors associated with local recurrence
after endoscopic resection was retrospectively analyzed in these patients. The factors
used for the analysis included age, sex, past history of CRC, diabetes, macroscopic
tumor type, tumor size and location, resection methods, number of adenomas, and
histology. Although most previous reports[14-17] successfully identified lesional factors
associated with the local recurrence of colonic tumors after endoscopic treatments,
such as tumor sizes, endoscopic findings, and tumor locations, few reports have tried
to identify patient factors, such as age, sex, history of colonic tumors, and diabetes. In
this study, we performed univariate and multivariate analysis to identify patient
factors associated with local recurrence. To this end, the largest tumor in size was
selected in each patient for the analysis when more than 2 polyps are detected.
Moreover, the most advanced type of histology was selected in each patient when
more than 2 polyps were removed. Pathological diagnosis of the colorectal tumors
was performed by experienced pathologists as described previously [18] . Cases
diagnosed as intra-mucosal carcinoma by Japanese pathologists were categorized into
high-grade dysplasia as described previously[19]. Invasive cancer was defined as invasion beyond the muscularis propria. Polypectomy, EMR, and ESD were performed for
157, 1130, and 125 colorectal tumors, respectively. Patients with inflammatory bowel
disease or polyposis were excluded from the study. Ethical permission for this study
was granted by the review board of Kindai University Faculty of Medicine (approval
number: 30-157).

Endoscopic procedures
Polypectomy and EMR were performed as previously described by Komeda et al[20]
and ESD was performed as previously described by Okamoto et al[18]. In our institute,
the basic strategy for endoscopic resection is en bloc resection; piecemeal resection is
avoided as much as possible. We performed ESD for colorectal tumors of the flat or
depressed type when EMR may result in piecemeal resection. The patients’
endoscopic and medical records were retrospectively analyzed. The procedures
followed were in accordance with the guidelines of the World Medical Association’s
Declaration of Helsinki.

Statistical analysis
Imputed data were statistically assessed using SPSS version 12.0 for Windows (SPSS
Inc, Chicago, IL, United States). Odds ratios and 95% confidence intervals (95%CI)
were evaluated for each category of variable indicators, including age, sex, past
history of CRC, diabetes, macroscopic tumor type, tumor size, tumor location,
resection method, number of adenomas, and histology. The statistical significance of
the differences between the two groups was determined via Student’s t-test. A
probability value of 0.05 or less was considered significant.

RESULTS
Incidence of local recurrence and location of recurrent lesions
Local recurrence was observed in 31/360 (8.6%) patients who received endoscopic
surveillance for more than one year after colorectal tumor resection. The median
observation period was 795 d. Of 31 patients included in the study, 24 and 7 were
males and females, respectively. The locations of the recurrent lesions were
distributed throughout the colorectum: 6, 9, 4, 2, 5, and 5 in the cecum, ascending
colon, transverse colon, descending colon, sigmoid, and rectum, respectively.

Pathological characteristics of primary and recurrent colorectal tumors
The characteristics of primary and recurrent lesions are shown in Figure 1. The sizes
of the lesions were 29.1 ± 21.6 mm and 8.1 ± 6.9 mm (mean ± standard error),
respectively. Primary colorectal tumors comprised 17 low-grade adenomas, 13 highgrade adenomas, and one submucosal invasion cancer (T1). Pathological examinations
of the initial recurrent lesions showed that 24, 5, and 2 cases were diagnosed as lowgrade adenoma, high-grade adenoma, and submucosal invasion cancer (T1),
respectively. Intra-mucosal cancer was regarded as high-grade adenoma in
accordance with previous reports[19]. Interestingly, 17 cases (70.8%) and 7 cases (29.2%)
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of recurrent low-grade adenoma arose from primary low-grade and high-grade
adenomas, respectively. Five cases (100%) of recurrent high-grade adenomas
originated from primary high-grade adenomas. Two cases of recurrent submucosal
invasion cancer originated from one submucosal invasion cancer and one high-grade
adenoma (Figures 2 and 3). These pathological findings strongly suggested that
primary low-grade adenomas and submucosal invasion cancer manifest their
recurrent lesions as primary pathological features. In contrast, primary high-grade
adenomas may develop into a wide pathological variety of colorectal tumors, ranging
from low-grade adenomas to submucosal invasion cancers.

Patient characteristics and recurrence of colorectal tumors
Having obtained the pathological relationship between primary and recurrent
colorectal tumors, we attempted to identify the clinicopathological risk factors
associated with recurrence using univariate analysis. As shown in Table 1, no
significant correlation was observed between recurrence and age, sex, history of
colorectal tumors, or diabetes mellitus.

Endoscopic procedures, macroscopic appearance of colorectal tumors, and tumor
recurrence
Next, we examined whether the macroscopic appearance of tumors or the endoscopic
procedures were associated with the recurrence of colorectal tumors. Analysis of the
correlation between the endoscopic procedures and recurrence showed that all the
patients who experienced recurrence (31 patients) were those in which a previous
treatment resulted in piecemeal resection (25 patients, 80.6%, Table 1) or those who
had a positive margin (6 patients, 19.4%). The 25 patients included 15 and 10 patients
who underwent EMR and ESD, respectively. As shown in Table 2, the recurrence rate
of colorectal tumors that were treated via piecemeal resection was much higher
(25/63, 39.7%) than that of those treated via en bloc resection (6/297, 2.0%). Of the 31
recurrent lesions, 30 lesions were successfully treated using endoscopy without
complications and one lesion was surgically treated due to cancerous submucosal
invasion. Regarding the recurrent colorectal tumors, owing to the much higher rate of
piecemeal resection than of en bloc resection, piecemeal resection was identified as a
risk factor for recurrence.
Subsequently, we focused on the relationship between the macroscopic appearance
of colorectal tumors and recurrence. As shown in Table 2, the recurrence rate of
colorectal tumors of more than 2 cm was much higher (20/121, 16.5%) than that of
tumors of less than 2 cm (6/297, 4.6%).
In contrast, no significant correlation was identified between recurrence and the
macroscopic appearance of colorectal tumors in terms of growth type: Laterally
spreading tumor granular type (LST-G), LST-non granular type (LST-NG) IIa, IIc, Ip,
and Is. Consistent with the high rate of previous piecemeal resection and the recurrent
colorectal tumor size of more than 2 cm, univariate analysis identified piecemeal
resection and tumor size of more than 2 cm as risk factors for recurrence.

Pathological features of the colorectal tumors and recurrence
We attempted to determine the relationship between the pathological features and
recurrence of colorectal tumors. As shown in Table 1, neither the number of adenomas
nor the pathological diagnosis of the tumors (low-grade adenoma, high-grade
adenoma, and submucosal invasion cancer) was associated with tumor recurrence.
Interestingly, the recurrence rate of colorectal tumors with villous components was
much higher (6/27, 22.2%) than that of those without villous components (25/333,
7.5%). Univariate analysis identified the presence of villous components as a risk
factor for tumor recurrence.

Piecemeal resection and intervals of recurrence of the colorectal tumors
Having identified piecemeal resection, tumor size of more than 2 cm, and the
presence of villous components as possible risk factors for the recurrence of
endoscopically-treated colorectal tumors, we performed multivariate analysis. As
shown in Table 2, the piecemeal resection technique was the only independent risk
factor for colorectal tumor recurrence.
Table 3 shows the different types of techniques (polypectomy, en bloc EMR,
piecemeal EMR, en bloc ESD, and piecemeal ESD), and provides evidence that
endoscopic procedures are associated with local recurrence. Piecemeal resection
(piecemeal EMR, piecemeal ESD) had a clear and significant relationship with local
recurrence compared to en block resection. We also tried to confirm these results with
another approach. As shown in Figure 4, we performed a sub-analysis to identify the
types of techniques (polypectomy, en bloc EMR, piecemeal EMR, en bloc ESD, and
piecemeal ESD) associated with local recurrence. This analysis also showed clearly
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Figure 1

Figure 1 Pathological characteristics of primary and recurrent colorectal tumors. Most of the recurrent lesions
were low grade adenoma.

that piecemeal resection (piecemeal EMR, piecemeal ESD) was highly related to local
recurrence compared to en block resection.
Finding that piecemeal resection was the strongest risk factor for colorectal tumor
recurrence prompted us to examine the recurrence periods from the initial endoscopic
procedure. The average period between the initial resection and recurrence for all
cases was 6.1 ± 4.5 mo (range, 2 to 15 mo). Table 4 summarizes the relationship
between the number of resected pieces and the time to recurrence. The period from
the initial endoscopic procedure to the recurrence of colorectal tumors resected into 2,
3, and 4 pieces were 9.0 ± 3.8, 10.1 ± 6.3, and 5 mo, respectively. In contrast, the period
to recurrence in the 13 cases resected into 5 or more pieces was 3.8 ± 1.9 mo. Thus, the
period from the initial endoscopic procedure to the local recurrence for tumors
resected into more than 5 pieces was very short. Therefore, such cases might require
endoscopic surveillance soon after the initial endoscopic procedure.

DISCUSSION
In this study, we attempted to determine the risk factors associated with the
recurrence of endoscopically-treated colorectal tumors. For this purpose, we analyzed
360 patients (1412 lesions) in a retrospective manner; the local recurrence rate was
31/360 (8.6%). Among a variety of factors including clinical characteristics,
endoscopic procedure, and pathological features, univariate analysis identified
piecemeal resection, tumor size of more than 2 cm, and the presence of villous tumor
components as possible risk factors for recurrence. Further multivariate analysis
identified piecemeal resection as an independent risk factor for recurrence. In this
study, the recurrence rate of colorectal tumors treated using piecemeal resection was
39.7% and that of lesions beyond 2 cm in size was 16.5%. These data are in line with a
recent report that showed that piecemeal resection is the important risk factor for local
recurrence in colorectal tumors treated via EMR or ESD[21]. Moreover, our results are
consistent with a recent meta-analysis that showed that recurrence varies from 10% to
55% after endoscopic piecemeal mucosal resection in tumors measuring more than 2
cm [15]. However, we need to be cautious in the comparison of our data with those
obtained in Western countries due to the difference in endoscopic resection methods.
In our facility, the strategy for endoscopic removal of colorectal tumors is en bloc
resection via ESD; in contrast, wide-filed EMR rather than ESD is widely used in
Western countries[22]. In any case, it is likely that tumors of more than 2 cm and
piecemeal resection both increase the risk of local recurrence.
En bloc resection via the ESD technique is recommended for the endoscopic
resection of large colorectal tumors of more than 2 cm since accumulating evidence
provides a reduced rate of local recurrence in patients treated using ESD[21]. However,
colonic ESD does not always result in en bloc resection in difficult situations such as
bowel peristalsis, fibrosis in the submucosa, bleeding, or inexperience skill of the
endoscopist [23-25] . In this study, 10 and 21 cases treated with ESD and EMR,
respectively, exhibited local recurrence. Among the 21 cases, 15 tumors were resected
via the piecemeal technique and 6 tumors had a positive resection margin. The 10
cases treated via ESD were resected using piecemeal resection. Therefore, our study
strongly suggests that piecemeal resection increases the risk of local colorectal tumor
recurrence regardless of the endoscopic resection method employed.
Colon adenomas with villous components are considered high-risk tumors with the
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Figure 2

Figure 2 Endoscopic submucosal dissection was attempted for a lateral spreading tumor-granular
measuring 60 mm and was located in the ascending colon. A: However, the surgery was converted to a
piecemeal resection and argon plasma coagulation was performed at the end of the procedure. The tumor histology
was tubulovillous adenoma and the horizontal margin was unclear; B: After 3 mo, colonoscopy revealed a recurrent
lesion and thus additional endoscopic mucosal resection was performed. Surprisingly, the histological analysis
revealed mixed adeno-endocrine carcinoma T1b with indistinct margins. Thereafter, additional surgery was
performed. The final depth was T3 (sub-serosal). APC: Argon plasma coagulation; EMR: Endoscopic mucosal
resection; ESD: Endoscopic submucosal dissection; MANEC: Mixed adeno-endocrine carcinoma; LST-G: Laterally
spreading tumor granular type.

ability to differentiate into CRC[26]. In fact, in this study, the rate of local recurrence
was higher for colorectal adenomas bearing villous components. However, the presence of villous components in colon adenomas was not defined as an independent
risk factor for recurrence in the multivariate analysis. Future prospective studies are
necessary to determine whether the presence of villous components in colon
adenomas increases the risk of recurrence after endoscopic treatment.
The identification of piecemeal resection as an independent risk factor for the
recurrence of colorectal tumors led us to investigate the periods from the endoscopic
resection to recurrence. Interestingly, the period to recurrence in cases resected into
more than 5 pieces was much shorter than that in those resected into less than 4 pieces
(3.8 ± 1.9 mo vs 7.9 ± 5.0 mo, P < 0.05). Thus, colorectal tumors endoscopically resected
into more than 5 pieces bear a very high risk of recurrence within 3 mo post-resection
while those resected into less than 4 pieces bear a high risk for recurrence within 8
mo. Consistent with these data, previous reports[11,14] provide the evidence that the
recurrence rate is higher and the interval to recurrence tends to be shorter for
colorectal tumors resected into more than 5 pieces. Our analysis of the periods from
the initial endoscopic treatment to tumor recurrence prompts us to propose
appropriate intervals for endoscopic surveillance. Because the period to recurrence in
cases resected into 1 piece with unclear margin (incomplete margin) was 6.1 ± 4.5
months in this study, surveillance endoscopy needed to be performed within 1 to 3
mo after the resection. In addition, surveillance endoscopy needed to be performed
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Figure 3

Figure 3 An 82-year-old woman underwent Endoscopic submucosal dissection for a sessile polyp that
measured 20 mm in diameter and was located in the ascending colon. A: The tumor histology was T1b cancer
with an indistinct margin; however, the patient refused surgical operation because of her old age; B: After 3 mo,
colonoscopy revealed a recurrent lesion and surgery was performed. ESD: Endoscopic submucosal dissection.

within 1 to 3 mo in cases resected into more than 5 pieces, and within 4 to 6 mo in
cases resected into less than 4 pieces. Based on these, we strongly suggest that not
only the piecemeal resection procedure but also the number of the resected pieces
increase the risk of colorectal tumor recurrence (Table 4). In Table 5, we provide our
recommendation for the interval preceding repeat colonoscopy.
There are some limitations to this study. Firstly, it was retrospective and was
conducted at a single university hospital. Secondly, each endoscopist determined the
schedule of the endoscopic surveillance as no Japanese guideline was available. Some
of the patients who underwent complete endoscopic resection did not receive careful
endoscopic surveillance.
In conclusions, local recurrence of endoscopically treated colorectal tumors
depends on the outcome of the first endoscopic procedure. Piecemeal resection was
the only significant risk factor associated with local recurrence after endoscopic
resection. The interval between endoscopic resection for colorectal tumors and
surveillance colonoscopy need to be determined based on the number of pieces.
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Table 1 Univariate analysis of risk factors for local recurrence
Factors

Recurrence

Odds ratio

< 60 yr

2/60

1

≥ 60 yr

29/300

3.07

95%CI

P value

0.73-12.8

0.12

0.21-1.11

0.09

0-50.0

0.38

0.25-4.49

0.92

Age

Sex
Male

24/228

1

Female

7/132

0.48

History of CRC
-

31/341

1

+

0/19

0.046

Diabetes
-

29/338

1

+

2/22

1.07

Growth type
LST-G

8/58

1

LST-NG

9/47

1.395

0.53-3.61

0.49

II a, II c

1/45

0.693

0.34-1.38

0.30

13/210

0.655

0.42-1.01

0.06

1.80-7.88

< 0.001

0.21-1,79

0.38

9.72-57.8

< 0.001

0.53-2.26

0.79

Ip, Is
Size
< 2 cm

11/239

1

≥ 2 cm

20/121

3.77

Location
Rectum
Colon

4/67

1

27/293

0.626

Resection methods
En bloc

6/297

1

Piecemeal

25/63

23.7

No of adenoma
<3

19/227

1

≥3

12/133

1.09

Low grade adenoma

18/159

1

High grade adenoma

12/163

0.65

0.31-1.36

0.26

1/38

0.46

0.17-1.27

0.13

-

25/333

1

+

6/27

2.09

1.10-3.97

0.023

Histology

T1 carcinoma or deeper
Histology villous type

CI: Confidence interval; CRC: Colorectal cancer; LST-G: Laterally spreading tumor granular type; LST-NG: Laterally spreading tumor non granular type;
Ip: Pedunculated; Is: Sessile.

Table 2 Multivariate analysis of risk factors for local recurrence
Factors

Odds ratio

95%CI

P value

Size ≥ 2 cm

0.93

0.41-2.11

0.87

Histology villous type

1.03

0.51-2.07

1.03

Piecemeal resection

24.3

9.07-65.4

< 0.001

CI: Confidence interval.
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Table 3 Recurrence rate for the different types of techniques
Therapy

Recurrence rate (recurrence/total)

Polypectomy

0% (0/29)

En bloc EMR

2.4% (5/209)

Piecemeal EMR

36.6% (15/41)

En bloc ESD

1.7% (1/60)

Piecemeal ESD

52.4% (11/21)

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 4 Number of pieces and time to recurrence
No of pieces

Time to recurrence (average months)

1 piece but unclear margin (6 cases)

6.0 ± 1.4

2 pieces (5 cases)

9.0 ± 3.8

3 pieces (7 cases)

10.1 ± 6.3

4 pieces (1 case)

5

≥ 5 pieces (12 cases)

3.8 ± 1.9

Table 5 Recommendation of interval before repeat colonoscopy
Interval before a repeat colonoscopy
1-3 mo after piecemeal resection ≥ 5 pieces (high risk for recurrence)
4-6 mo after piecemeal resection ≤ 4 pieces (moderate risk for recurrence)
6 mo after en bloc resection for cancer (low risk for recurrence)
≥ 12 mo after en bloc resection for adenoma (very low risk for recurrence)

Figure 4

Figure 4 Accumulated recurrence free rate sub-analysis to identify the types of techniques. EMR: Endoscopic mucosal resection; ESD: Endoscopic
submucosal dissection.

ARTICLE HIGHLIGHTS
Research background
As the indication for endoscopic colorectal tumor resection has expanded in terms of tumor size
and depth of tumor invasion, it has become apparent that local recurrence occurs in a significant
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proportion of patients treated via polypectomy, endoscopic mucosal resection (EMR), or
endoscopic submucosal dissection (ESD). According to a previous meta-analysis, a high
incidence of local recurrence of up to 50% after EMR has been reported. Although tumor size,
intraprocedural bleeding, piecemeal resection, and high-grade dysplasia have been shown to be
associated with local recurrence of colorectal adenoma after EMR, the related risk factors after
polypectomy, EMR, and ESD have not been identified. Additionally, the appropriate interval of
endoscopic surveillance for colorectal tumors with a high risk of local recurrence has not been
established, although the American Cancer Society recommends an interval of 3 to 6 mo for
follow-up endoscopic examinations after piecemeal resection for large or sessile polyps.

Research motivation
We need to be cautious in the comparison of our data with those obtained in Western countries
due to the difference in endoscopic resection methods.

Research objectives
We attempted to clarify the clinicopathological characteristics of recurrent lesions after
endoscopic colorectal tumor resection and determine the appropriate interval.

Research methods
Three hundred and sixty patients (1412 colorectal tumors) who underwent polypectomy, EMR,
or ESD and received endoscopic surveillance subsequently for more than one year to detect local
recurrence were enrolled in this study. Although most previous reports successfully identified
lesional factors associated with the local recurrence of colonic tumors after endoscopic
treatments, such as tumor sizes, endoscopic findings, and tumor locations, few reports have tried
to identify patient factors, such as age, sex, history of colonic tumors, and diabetes. In this study,
we performed univariate and multivariate analysis to identify patient factors associated with
local recurrence.

Research results
Local recurrence was observed in 31 of 360 (8.6%) patients [31 of 1412 (2.2%) lesions] after
colorectal tumor resection. Piecemeal resection, tumor size of more than 2 cm, and the presence
of villous components were associated with colorectal tumor recurrence after endoscopic
resection. Of these three factors, the piecemeal resection procedure was identified as an
independent risk factor for recurrence. Colorectal tumors resected into more than five pieces
were associated with a high risk of recurrence since the average period from resection to
recurrence in these cases was approximately 3 mo. The period to recurrence in cases resected
into more than 5 pieces was much shorter than that in those resected into less than 4 pieces (3.8 ±
1.9 mo vs 7.9 ± 5.0 mo, P < 0.05).

Research conclusions
Local recurrence of endoscopically treated colorectal tumors depends upon the outcome of first
endoscopic procedure. Piecemeal resection was the only significant risk factor associated with
local recurrence after endoscopic resection. The interval between endoscopic resection for
colorectal tumors and surveillance colonoscopy need to be determined based on the number of
pieces.

Research perspectives
The interval between endoscopic resection for colorectal tumors and surveillance colonoscopy
need to be determined based on the number of pieces in prospective study.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is currently the outstanding cause of
chronic liver disease in children and adolescents, especially in overweight and
obese groups. Liver biopsy is the reference standard to diagnose NAFLD but
invasive, thus it is not the best choice in clinical diagnosis and follow-up.
Magnetic resonance (MR) is widely used in clinical trials to noninvasively
quantify liver fat content in adults and children in foreign countries. While
currently, it is rarely used in Chinese children and adolescents. We postulated
that quantifying hepatic steatosis by MR could be extended to children and
adolescents in China.
AIM
To investigate the accuracy of MR imaging (MRI) in quantifying liver fat with MR
spectroscopy (MRS) as a reference. A secondary goal was to assess the prevalence
of NAFLD in overweight and obese Chinese children and adolescents.
METHODS
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There were 86 children and adolescents enrolled in this study, including 65
overweight and obese children and 21 healthy children. The participants
underwent MRI and MRS. MRI and MRS were performed using multi-echo
Dixon and HISTO sequences, respectively, to calculate hepatic proton density fat
fraction (PDFF). Hepatic steatosis was diagnosed using MRS-PDFF > 5% as the
threshold. Spearman’s analysis was used to evaluate the correlation between MRI
and MRS. The agreement between these two methods was assessed by BlandAltman analysis.
RESULTS
The MRI-PDFF in the MRS region of interest and the entire liver was 9.9% ±
10.3% with a range of 0.3%-39.9%, and 10.6% ± 9.4% with a range of 1.9%-38.9%,
respectively. The MRS-PDFF was 9.1% ± 10.0%, with a range of 0.5%-37.8%. The
incidence of hepatic steatosis detected by MRS-PDFF was 46.5% (40/86) of all
participants, all of whom belonged to the overweight and obese group.
Spearman’s analysis indicated an excellent correlation between multi-echo Dixon
and MRS (r > 0.9, P < 0.01). Bland-Altman analysis also demonstrated a good
agreement between these two methods.
CONCLUSION
Multi-echo Dixon shows an excellent correlation and agreement with MRS in
quantifying liver fat content and could be a potential tool to detect hepatic
steatosis in Chinese children and adolescents.
Key words: Nonalcoholic fatty liver disease; Magnetic resonance imaging; Magnetic
resonance spectroscopy; Children and adolescents; Hepatic steatosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Magnetic resonance spectroscopy (MRS) is thought to be the noninvasive gold
standard in the quantification of hepatic steatosis. The present study investigated the
accuracy of magnetic resonance imaging (MRI) in quantifying liver fat content in
Chinese children and adolescents, with MRS as a reference. MRI and MRS were
performed with multi-echo Dixon and HISTO sequences, respectively, to calculate
hepatic proton density fat fraction. Multi-echo Dixon showed an excellent correlation
and agreement with MRS in quantifying liver fat content, indicating that it could be a
potential tool to detect hepatic steatosis in Chinese children and adolescents.

Citation: Zhao YZ, Gan YG, Zhou JL, Liu JQ, Cao WG, Cheng SM, Bai DM, Wang MZ, Gao
FQ, Zhou SM. Accuracy of multi-echo Dixon sequence in quantification of hepatic steatosis
in Chinese children and adolescents. World J Gastroenterol 2019; 25(12): 1513-1523
URL: https://www.wjgnet.com/1007-9327/full/v25/i12/1513.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i12.1513

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the outstanding cause of chronic liver
disease in children, especially in overweight and obese groups. The characteristic
manifestation of NAFLD is the deposit of fat within more than 5% of hepatocytes, that
is, hepatic steatosis. Steatosis may develop into nonalcoholic steatohepatitis, cirrhosis,
or hepatocellular carcinoma. NAFLD is also a risk factor for liver transplantation and
chronic kidney disease[1-3]. A study by the World Health Organization indicated that,
over the past four decades, the number of obese children and adolescents around the
world has increased 10 times, and that this number reached 124 million in 2016[4]. A
meta-analysis by Anderson et al[5] demonstrated that the prevalence of NAFLD in
general children was 7.6%, while it was 34.2% in obese children. Researchers have
found that lifestyle intervention and weight loss can reduce liver fat content [6,7] .
Therefore, early diagnosis of NAFLD is very important.
Liver biopsy is the reference standard for diagnosing NAFLD, but it is invasive and
sample limited, which may lead to misdiagnosis[8,9]. For children, it is difficult to
tolerate the operation and the required sedation. Therefore, there is an urgent need for
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a noninvasive method to diagnose NAFLD in clinical work. Ultrasonography (US) is
currently the primary imaging method to detect hepatic steatosis because it is cheap,
does not require radiation exposure, and is easily available. However, US cannot
quantify liver fat content and has a poor sensitivity and specificity for diagnosing
mild steatosis. Based on the ratio of Hounsfield units of liver and kidney parenchyma,
computed tomography (CT) can detect steatosis quickly and reproducibly. The major
drawbacks of CT are radiation exposure and poor diagnostic accuracy for mild
hepatic steatosis.
In recent years, magnetic resonance imaging (MRI) and magnetic resonance
spectroscopy (MRS) have become accurate methods to quantify liver triglyceride
concentration based on the difference in the resonant frequencies of water and fat[10].
MRS is thought to be the noninvasive gold standard in the quantification of hepatic
steatosis. As early as 2005, Szczepaniak et al[11] used MRS as a reference to diagnose
NAFLD in a large group of people. Then, some studies were performed using MRI to
quantify liver fat content with MRS as reference and demonstrated equivalent
accuracy to MRS[12-16]. In addition, further research validated the accuracy of MRI and
MRS. Studies performed by Kukuk et al[17] and Kang et al[18] using multi-echo Dixon
(ME Dixon), MRS, and liver biopsy indicated excellent correlations in the
quantification of liver fat between these methods. Kang et al[18] also found that the
correlation in the right lobe was higher than that in the left lobe. Satkunasingham et
al[19] conducted a retrospective study on liver donor candidates with liver biopsy as a
reference; the researchers demonstrated a significant correlation (r = 0.83) between
ME Dixon and MRS (HISTO), and they showed that these two methods could obviate
the need for liver biopsy when proton density fat fraction (PDFF) was < 5%.
Furthermore, Bannas et al[20] performed MRI, MRS, liver biopsy, and biochemical
triglyceride extraction on ex vivo human livers that were unsuitable for transplantation. These authors found that MRI showed a strong correlation with MRS, liver
biopsy, and biochemical triglyceride extraction (r = 0.984, 0.850, and 0.871,
respectively). Researchers in China also demonstrated that PDFF assessed by ME
Dixon was highly correlated with MRS (HISTO) in adults[21]. Therefore, both MRI and
MRS are accurate methods to quantify liver fat content, and liver biopsy may be
obviated.
In recent pediatric studies, MRI also showed strong correlations with biopsy and
MRS in the quantification of liver fat[22-25]. However, emerging confounder-corrected
quantitative ME Dixon and HISTO methods have rarely been used in Chinese
children and adolescents. The aim of the present study was to investigate the accuracy
and agreement of ME Dixon in quantifying liver fat with MRS as a reference in
Chinese children. A secondary goal was to assess the prevalence of NAFLD in overweight and obese children and adolescents.

MATERIALS AND METHODS
Subjects
The present study was approved by the Human Ethics Committee of Shenzhen
Children’s Hospital. All parents were told about the aims and methods of the study
and signed an informed consent form. Eighty-six participants were enrolled in the
study from August 2017 to July 2018. All participants attended local middle school of
Shenzhen, China. Among them, 65 participants were overweight and obese children
[body mass index (BMI) above age- and gender-specific 85th/95th percentile], and 21
were age- and sex-matched healthy children. Their ages ranged from 9 to 17 years,
with an average age of 13.6 years. The inclusion criteria of the overweight and obese
children were no drinking history or alcohol consumption of less than 210 g per week
for males, and less than 140 g per week for females, and BMI exceeding the
classification criteria established by the Working Group on Obesity in China[26]. The
inclusion criteria for the control group were that the BMI index and serum aminotransferase were normal. The exclusion criteria included type 1 diabetes, druginduced hepatitis, hepatitis virus infection, hepatolenticular degeneration, chronic
liver disease, or other chronic diseases that did harm to hepatic or renal function,
alcohol consumption greater than the amounts mentioned above, contraindications of
MRI including metallic implants, claustrophobia and so on. Age, sex, height, weight,
BMI, and a brief survey of personal lifestyle habits and family medical history were
recorded.

MRI
All patients underwent MRI scanning performed by an experienced technologist
using a 3 Tesla MR unit (MAGNETOM Skyra, Siemens Healthcare, Erlangen,
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Germany). Before scanning, a simple breath-hold training was performed by the
participants. Coronal and transversal T2-weighted images were acquired to initially
assess whether there were any imaging changes in the upper abdominal organs,
especially the liver. MRI and MRS were conducted using ME Dixon and HISTO
sequences, respectively, to calculate hepatic PDFF.

MRI examination
Multi-echo gradient echo sequences (ME Dixon; Siemens Healthcare, Erlangen,
Germany) and online reconstruction (VIBE-Dixon; Siemens Healthcare, Erlangen,
Germany) were performed with T2* correction[14,27]. A low flip angle (4°) was used to
minimize the effects of T1 weighting[28,29]. In a 13 s breath-hold, six fractional echo
magnitude images were acquired at 1.05, 2.46, 3.69, 4.92, 6.15, and 7.38 ms of echo
times (TE). The repetition time (TR), section thickness, field of view, and voxel size
were 9.00 ms, 3.5 mm, 450 mm, and 1.4 mm × 1.4 mm × 3.5 mm, respectively. The
center of the liver, coil, and magnetic field were aligned before scanning. Screening
Dixon (dual-echo VIBE-Dixon; Siemens Healthcare, Erlangen, Germany) and ME
Dixon sequences were performed sequentially. The screening Dixon sequence was
used to roughly and rapidly measure the liver fat fraction in patients. The TE, TR,
field of view, flip angle, and section thickness of screening Dixon were 1.29 ms, 3.97
ms, 380 mm, 9° and 3 mm, respectively.

MRS examination
As a reference, we performed single-voxel MRS called HISTO with stimulated echo
acquisition mode (STEAM). In addition, high-speed T2 correction was used to prevent
over-evaluating PDFF, as the T2-decay of water and fat are different[28]. During a
single 15 s breath hold, five STEAM spectra were generated at 12, 24, 36, 48, and 72 ms
of TE. To minimize the effects of T1 weighting, a TR of 3000 ms was used. The flip
angle was 90°, and a 15 mm × 15 mm × 15 mm region of interest (ROI) was placed on
the largest surface of the right hepatic lobe (Couinaud segments V-VIII), avoiding
major vessels and bile ducts.

Image processing
MRI: The images were analyzed by an experienced MR physicist and reanalyzed by a
deputy chief physician (all of them were unaware of the clinical/MRS data). Water
images, fat images, goodness of fit images, MRI-PDFF maps and reports of screening
and ME Dixon were acquired automatically. The results of the screening scan were
defined as normal, and fat infiltration was defined according to a cut-off value of 5%.
We evaluated the quality of the image on the goodness of fit images (goodness of fit =
mean value/10, < 5% indicating that the images were acceptable). A 15-mm diameter
circular ROI was colocalized with the MRS voxel on the corresponding PDFF map.
The results of the screening Dixon, and PDFF values of the ROI and the entire liver
were recorded.
MRS: After scanning, the system automatically went into postprocessing using the
prototype software package (Siemens Healthcare, Erlangen, Germany). Peak
amplitudes of water and fat at each TE were calculated with an exponential leastsquares fitting algorithm. MRS-PDFF was estimated automatically based on the ratio
of areas under fat peaks to the sum of areas under water and fat peaks. The spectral
maps, water and fat peak curves, and PDFF values were recorded.

Statistical analysis
Statistical analyses were performed using SPSS 22.0 software. Subjects’ PDFF values
are summarized as the mean ± standard deviation. Differences in MRI-PDFF and
MRS-PDFF were evaluated using the Wilcoxon matched-pairs signed-rank test.
Spearman’s analysis was used to evaluate the correlation between MRI and MRS. The
agreement between these two methods was assessed by Bland-Altman analysis.
According to the liver classification results of MRS-PDFF, the sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were calculated
to assess the diagnostic accuracy of MRI-PDFF. To assess the accuracy and find the
optimal threshold, a receiver operating characteristics (ROC) curve was generated. A
P-value < 0.05 indicated statistical significance.

RESULTS
Characteristics of subjects
Participants were children and adolescents (mean age 13.6 ± 1.9 years, range 9-17
years) with a mean BMI of 26.3 ± 5.3 kg/m2 (range 16.6-38.0 kg/m2). The characte-
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ristics of the participants are shown in Table 1. The MRI-PDFF in the MRS ROI and
the entire liver was 9.9% ± 10.3% with a range of 0.3%-39.9%, and 10.6% ± 9.4% with a
range of 1.9%-38.9%, respectively. The MRS-PDFF was 9.1% ± 10.0%, with a range of
0.5%-37.8%. The MRS-PDFF and MRI-PDFF measured with ROI corresponding to the
MRS voxel were not significantly different (P = 0.384). However, the MRS-PDFF was
significantly lower than the MRI-PDFF measured with the entire liver (P = 0.038).
Four groups of typical MRI-PDFF maps and matching MRS with varying percentages
of PDFF values are presented in Figure 1.

Correlation and agreement of liver fat content measurements by MRI and MRS
MRI-PDFF and MRS-PDFF values of all subjects were assessed by Spearman’s
analysis. The results indicated an excellent correlation between MRI and MRS (r =
0.973, P < 0.01 when MRI-PDFF was measured with ROI corresponding to the MRS
voxel; r = 0.929, P < 0.01 when MRI-PDFF was measured with the entire liver) (Figure
2). Bland-Altman analysis demonstrated a good agreement between these two
methods with few outliers [bias 0.126%, 95% confidence interval (CI) (-2.513, 2.765),
when MRI-PDFF was measured with ROI corresponding to the MRS voxel; bias 0.395%, 95%CI (-4.543, 3.753), when MRI-PDFF was measured with the entire liver]
(Figure 3).

Diagnostic performances of MRI with MRS as the reference standard
Hepatic steatosis was detected based on MRS-PDFF > 5% in 46.5% (40/86) of all
participants and in 61.5% (40/65) of the overweight and obese group. With MRSPDFF as a reference, the sensitivity, specificity, PPV, and NPV of MRI-PDFF were
95%, 100%, 100%, and 94.9%, respectively, based on the ROI at the same location as
MRS, and they were 97.5%, 88.6%, 90.7%, and 96.9%, respectively, when covering the
entire liver. For screening Dixon, 10 participants were diagnosed with steatosis, while
the MRI-PDFF and MRS-PDFF values were lower than 5%.

Analysis of optimal MRI-PDFF threshold
An ROC analysis was conducted to evaluate the diagnostic efficiency of MRI-PDFF
for hepatic steatosis, with MRS-PDFF as a reference (Figure 4). MRI-PDFF was
demonstrated to be a good predictor of steatosis with an area under the curve (AUC)
of 0.991 (95%CI 0.977-1.00) based on an ROI corresponding to the MRS voxel, and an
AUC of 0.981 (95%CI 0.958-1.00) based on the entire liver. According to the Youden
index, the optimal MRI-PDFF threshold to detect hepatic steatosis was 5.1%, with a
sensitivity and specificity of 95% and 100%, respectively, when MRI-PDFF values
were measured with an ROI corresponding to the MRS voxel. Analogously, the
optimal threshold for detecting hepatic steatosis was 5.4%, with a sensitivity and
specificity of 95% and 91.4%, respectively, when MRI-PDFF values were measured
with the entire liver.

DISCUSSION
In this observational study of Chinese children and adolescents, 3T MRI with an ME
Dixon sequence accurately quantified liver fat content, with MRS (HISTO sequences)
as a reference. This study indicates that quantifying hepatic steatosis by MRI in adults
could be extended to children and adolescents [16,30] . These data demonstrate the
feasibility and potential clinical utility of MRI in quantifying steatosis in children. In
the present study, the prevalence of NAFLD was 46.5% among all subjects and 61.5%
in overweight and obese children. The prevalence in our study is higher than 34.2%, a
value reported in a meta-analysis by Anderson et al[5]. This may be due to differences
in age, sex, race, region, and BMI. Additionally, studies with different diagnostic
methods were enrolled in the meta-analysis. As steatosis, especially NAFLD, is closely
related to atherosclerosis, chronic kidney disease, and changes in myocardial function[2,31,32], the present results are meaningful for the early diagnosis and prevention of
NAFLD.
PDFF measured by ME Dixon and MRS had been validated as an accurate
assessment of liver fat content that demonstrates an excellent correlation with liver
biopsy[18]. In our study, we observed a strong correlation between MRI-PDFF and
MRS-PDFF. Bland-Altman analysis also indicated a good agreement between these
two methods. These findings are consistent with those of previous studies [16,30] ,
indicating that the Dixon-based technique could be a potentially useful tool to
quantify liver fat content for whole liver coverage.
With MRS-PDFF > 5% differentiating hepatic steatosis from normal fat fractions in
our study, MRI achieved a good sensitivity and specificity in quantifying liver fat
content. Moreover, MRI showed good potential as a tool for the early detection of
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Table 1 Characteristics of the 86 participants
Variable

n (%) or mean ± SD

Minimum

Maximum

Sex (male)

63 (73.3)

Age (yr)

13.6 ± 1.9

9

17

Weight (kg)

72.5 ± 20.0

37.0

115.8

Height (m)

164.7 ± 10.7

133.0

190.0

26.3 ± 5.3

16.6

38.0

BMI (kg/m2)

BMI: Body mass index; SD: Standard deviation.

hepatic steatosis. With MRS-PDFF > 5% as the cut-off value, the optimal thresholds
for MRI-PDFF were 5.1% and 5.4%, when MRI-PDFF was measured with ROI and the
entire liver, respectively. Research by Rehm et al [12] suggested that MRI-PDFF
thresholds should be 3.0% and 3.5% for detecting steatosis with two metabolic
syndrome criteria, which is in agreement with studies by Di Martino et al[25] and Nasr
et al[33]. A lack of laboratory markers and liver biopsies are the main reason for the
difference between previous studies and ours. Hence, further studies are needed to
validate the optimal threshold of MRI-PDFF.
Compared with MRS, there were several advantages to using multi-echo MRI
techniques in the quantification of hepatic steatosis in our study. First, MRI can
quantify liver fat content of the entire liver in addition to ROI, thereby avoiding
sampling errors when liver fat is inhomogeneously distributed. Second, there is no
spatial error, as in-phase and opposed-phase images are acquired at the same time.
Third, MRI is widely used, while the availability of MRS is limited. Although a
previous study demonstrated that the best method to measure MRI-PDFF was
calculating the average value of ROI in nine Couinaud segments[34], the MRI-PDFF of
this study was measured with ROI only at the MRS location and the entire liver. A
segmented measurement could be considered in future studies.
An advantage of the present study is the enrollment of relatively healthy children
and adolescents for MRI and MRS. A limitation is that we did not perform liver
biopsy. In previous MRI studies, known or suspected liver disease patients were
enrolled. Therefore, liver biopsy was conducted for further diagnosis[17,18]. The aim of
our study was to evaluate the accuracy of MRI in the quantification of hepatic
steatosis in Chinese children and adolescents. Another goal was to assess the
prevalence of NAFLD in the pediatric population. It is unethical to subject relatively
healthy participants to liver biopsy evaluation. Furthermore, MRS could not acquire
images during the breath-hold time, and a physicist was needed to conduct complex
post-processing with specific analysis software[16,35]. However, the HISTO sequence we
performed in the present study allowed rapid and simple processing for image
acquisition in a single 15 s breath hold[27,36]. In addition, both MRI and MRS assess liver
triglyceride content by the relative volume of fat protons. Therefore, MRI-PDFF and
MRS-PDFF can be directly compared with each other, while liver biopsy evaluates the
number of cells with intracellular fat but not volume. Therefore, we chose MRS rather
than histologic examination as a reference.
The second limitation is that MRI segmentation in screening Dixon is sometimes
not accurate. Muscles, major vessels, gallbladder, stomach, or kidneys may be
included. Moreover, we cannot correct this manually, which may affect the accuracy
of fat content measurements of the entire liver. This is one of the reasons why MRIPDFF of ROI and the entire liver are different in our study. Another reason is sampling errors of ROI when hepatic fat infiltration is heterogeneous. This phenomenon
may also occur in single-voxel MRS measurements.
The third limitation is the lack of serum metabolic markers. Studies have found that
NAFLD is associated with serum lipid, liver enzyme, glucose, and insulin levels[12,37].
However, we did not collect blood samples from the participants to assess these risk
factors. Further studies are needed to evaluate the correlation of these risk factors and
liver fat content.
In conclusion, the present study demonstrates the accuracy of ME Dixon in the
quantification of hepatic steatosis in Chinese children and adolescents, which showed
an excellent correlation and agreement with MRS. The high prevalence of NAFLD in
overweight and obese children is worthy of our attention.
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Figure 1

Figure 1 Examples of the multi-echo Dixon (left) and magnetic resonance spectroscopy (right) in four different participants with different percentages of
proton density fat fraction values. A: Participant 1 has a high value of proton density fat fraction (PDFF) of 39.0% measured by multi-echo Dixon (ME Dixon) (left)
and 37.8% by magnetic resonance spectroscopy (MRS) (right); B: Measurements in participant 2 show a fat fraction of about 23.9% in ME Dixon (left) and 22.3% by
MRS (right); C: In participant 3, ME Dixon (left) demonstrates a liver fat content of about 11.5% and MRS (right) shows a measurement of 11.2%; D: ME Dixon (left)
and MRS (right), respectively, assess a fat fraction of about 2.2% and 2.0% in participant 4; The manual measurements of the region of interest are shown in the MRIPDFF maps (left). The spectrum of MRS for the first acquired echo times and T2 exponential decay and the estimated fat fractions (below the colored bar) are shown
(right). ME Dixon: Multi-echo Dixon; MRS: Magnetic resonance spectroscopy; PDFF: Proton density fat fraction.
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Figure 2

Figure 2 Scatter plots displaying the results of magnetic resonance spectroscopy proton density fat fraction and magnetic resonance imaging proton
density fat fraction based on the region of interest (left) and the entire liver (right). MRS: Magnetic resonance spectroscopy; PDFF: Proton density fat fraction;
ROI: Region of interest; MRI: Magnetic resonance imaging.
Figure 3

Figure 3 Bland-Altman analysis between magnetic resonance spectroscopy proton density fat fraction and magnetic resonance imaging proton density fat
fraction based on the region of interest (left) and the entire liver (right). MRS: Magnetic resonance spectroscopy; PDFF: Proton density fat fraction; ROI: Region
of interest; MRI: Magnetic resonance imaging.
Figure 4

Figure 4 Receiver operating characteristics analysis of magnetic resonance imaging proton density fat fraction, with magnetic resonance spectroscopy
proton density fat fraction as a reference. ROI: region of interest; AUC: Area under the curve; CI: Confidence interval.
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ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease in children
and adolescents. Many methods are used to diagnose NAFLD, including liver biopsy,
ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), and
magnetic resonance spectroscopy (MRS). Liver biopsy is the gold standard to diagnose NAFLD
but invasive, which is not the best choice in clinical use. Hence, screening for a noninvasive and
accurate method to diagnose NAFLD in Chinese children and adolescents is of great importance.

Research motivation
MR is widely used in clinical trials to detect hepatic steatosis. Compared with US and CT, MR
can provide more accurate and reliable diagnosis information. Besides, it can be used in early
diagnosis and follow-up of NAFLD. Unfortunately, limited by samples and software device, it is
rarely used in Chinese children and adolescents.

Research objectives
To investigate the accuracy and agreement between MRI and MRS in estimation of hepatic
proton density fat fraction in Chinese children and adolescents, which will be helpful to early
diagnosis and follow-up of NAFLD in China.

Research methods
Eighty-six children and adolescents were enrolled in this study (mean age 13.6 ± 1.9 years, range
9-17 years) from Shenzhen, China. They underwent MRI and MRS scans with a 3 Tesla MR unit
(MAGNETOM Skyra, Siemens Healthcare, Erlangen, Germany). MRI and MRS were performed
with multi-echo Dixon (ME Dixon) and HISTO sequences, respectively, to calculate hepatic
proton density fat fraction (PDFF). Hepatic steatosis was defined as MRS-PDFF > 5%. The
correlation and agreement between ME Dixon and MRS were assessed via spearman’s analysis
and Bland-Altman analysis, respectively. According to the liver classification results of MRSPDFF, the sensitivity, specificity, positive predictive value, and negative predictive value were
calculated to assess the diagnostic accuracy of MRI-PDFF.

Research results
PDFF of all participants were calculated via MRI and MRS. With MRS as a reference, MRI
exhibited high accuracy (r > 0.9, P < 0.01) and consistency in estimation of liver fat content. More
importantly, MRI can quantify hepatic steatosis not only in region of interest but also the entire
liver. Due to ethical restrictions, liver biopsy was not performed on our relatively healthy
participants. Further study is needed to validate the accuracy of MRI and MRS in the
quantification of hepatic steatosis in Chinese children and adolescents, with histology as a
reference.

Research conclusions
According to our study, MRI (ME Dixon) appears to detect hepatic steatosis in Chinese children
and adolescents successfully and accurately, with MRS (HISTO sequences) as a reference. MRI
(ME Dixon) may be an ideal tool for early diagnosis and follow-up of NAFLD in China.

Research perspectives
This study describes a noninvasive tool for diagnosing NAFLD in Chinese children and
adolescents. This method could be widely used in detecting hepatic steatosis in China, especially
for those who have risk factors of NAFLD. Of course, liver biopsy and large sample sizes are
needed in further study.
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Abstract
BACKGROUND
Advanced pancreatic cancer (aPC) has a poor prognosis with limited survival
benefit from current standard treatment. Viscum album extracts (VAE) are used by
many cancer patients, showing immune-stimulating effects, improved quality of
life, and a survival benefit in patients with aPC.
CASE SUMMARY
A 59-year-old architect developed epigastric pain. A cystic lesion of the pancreas
of 45-mm diameter was detected. In a follow-up magnetic resonance imaging,
about one year later, multiple lesions were seen in the corpus and the tail of the
pancreas; CA-19-9 was elevated to 58.5 U/mL. A distal pancreatectomy with
splenectomy was performed, and a tumor of 7 cm × 5 cm × 3.5 cm was excised.
Histologic investigation showed an intraductal papillary mucinous neoplasmassociated invasive adenocarcinoma with invasion of the lymph vessels,
perineural invasion, and positive nodes (2/27); surgical margins showed tumor
cells, and the tumor was classified as pT3 N1 M0 R1. The patient was treated with
radiation of the tumor bed and capecitabine/oxaliplatin followed by gemcitabine
and FOLFIRINOX. Seven months after surgery, a liver metastasis was detected
and treatment with FOLFIRINOX was started. Four months after detection of the
metastasis, the patient opted for additional treatment with VAE. Another month
later, the metastasis was treated with radiofrequency ablation (RFA). Eight
months later, the hepatic lesion recurred and was again treated with RFA. The
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continuous VAE treatment was increased in dose, and the patient stayed
recurrence-free for the next 39 mo in good health and working full-time (as of the
time this case report was written).

Manuscript source: Unsolicited
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CONCLUSION
We present the case of a patient with aPC with R1-resection with development of
liver metastasis during the course of treatment who showed an overall survival
of 63 mo and a relapse-free survival of 39 mo under increasing VAE therapy. The
possible synergistic effect on tumor control of RFA treatment and immunestimulatory effects of VAE should be further investigated.
Key words: Pancreatic cancer; Integrative medicine; Viscum album extract;
Radiofrequency ablation; Case report
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Core tip: We herewith present a case report of a patient with advanced pancreatic cancer
with a survival time of 63 mo despite 2 times of relapse und continuous treatment with
Viscum album extracts. The patient preserved a good quality of live, regained his weight
after weight loss during chemotherapy and is currently working full-time in his job.
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INTRODUCTION
Pancreatic cancer (PC) is a common malignancy (incidence 12.6/100.000 in the United
States[1]), with a dismal prognosis (5-year survival of 2%[2]), especially in cases of
locally advanced disease (median survival of 8-12 mo [3] ). Intraductal papillary
mucinous neoplasm (IPMN)-associated invasive adenocarcinoma of the pancreas is a
histologic subtype of PC that has to be kept distinct from mucinous cystic neoplasms
of the pancreas[4]; IPMN-associated invasive adenocarcinoma shows a better prognosis
due to earlier onset of clinical symptoms compared to pancreatic ductal
adenocarcinoma (PDA). However, prognosis of IPMN-associated and standard PDA
are equally poor when compared by stage[5]. In all PC patients in which R0-resection
seems feasible, surgery is recommended. R0-resected patients show a strong survival
benefit compared to R1-resected patients [6] . Type of chemotherapy regimen - as
primary or adjuvant treatment - is chosen according to tumor stage and performance
status[7]. Radiofrequency ablation (RFA) is increasingly used in advanced PC (aPC);
the procedure is safe, but comparative randomized trials on effectiveness are
lacking[8-10].
Viscum album (European mistletoe, Viscum album L.) is a hemiparasitic shrub,
growing on different host trees (oak, apple, pine and others). Aqueous Viscum album
extracts (VAE) show a variety of antineoplastic properties including cytotoxic effects,
apoptosis induction, immune stimulation, down-regulation of cancer genes (e.g.,
transforming growth factor β and matrix-metalloproteinases), reduction of cell
migration, and reduction of tumor angiogenesis[11-14]. Active compounds of VAE are
especially mistletoe lectins and viscotoxins, but also oligo- and polysaccharides,
flavonoids, and triterpene acids[14]. Injectable forms of VAE preparations (typically for
subcutaneous use, or - as off-label use - for intralesional or intravenous application)
are commercially available, and are used as supportive cancer therapy [15]. VAE show
a common range of local reactions such as erythema at the injection site and general
reactions like fever and flu-like symptoms. Rarely, pseudo allergic reactions can
occur. VAE are safe, even when used in higher dosages [16].

CASE PRESENTATION

WJG

https://www.wjgnet.com

1525

March 28, 2019

Volume 25

Issue 12

Werthmann PG et al. VAE in aPC

Chief complaints
A 59-year-old architect developed epigastric pain. He had a body mass index (BMI) of
30 (body weight of 92 kg, height of 175 cm) and was a nonsmoker.

History of present illness
Nothing to declare.

History of past illness
The patient had a history of bronchial asthma and suffered from gastroesophageal
reflux disease, which was treated with esomeprazole.

Personal and family history
His father had died from metastatic colon cancer.

Laboratory examinations
CA-19-9 was elevated to 58.5 U/mL.

Imaging examinations
A cystic lesion of the pancreas of 45-mm diameter was seen in ultrasound and
confirmed by computed tomography (CT) scan. In a follow-up magnetic resonance
imaging (MRI), about one year after initial symptoms, multiple lesions were seen in
the corpus and the tail of the pancreas (Figure 1A and B). A splenopancreatectomy
was performed, and a tumor of 7 cm × 5 cm × 3.5 cm of the pancreatic tail was
excised. Histologic investigation showed a poorly demarcated IPMN-associated
hypermuzinous invasive adenocarcinoma with invasion of the lymph vessels,
perineural invasion, and positive nodes (2/27); the tumor was 1 mm in the ventral
resection margin, and the dorsal margin showed tumor parts (Figure 2). The tumor
was classified as pT3 N1 M0 R1.

FINAL DIAGNOSIS
A patient with aPC.

TREATMENT
The patient was treated with radiation of the tumor bed (59.4 Gy) and capecitabine
and oxaliplatin followed by gemcitabine and 8 cycles of FOLFIRINOX (folinic acid 390
mg, fluorouracil 4700 mg, irinotecan 340 mg, oxaliplatin 150 mg).

OUTCOME AND FOLLOW-UP
About 7 mo after surgery, a liver metastasis 2 cm in diameter in segment VIII was
detected, and therefore treatment with FOLFIRINOX was started. Four months after
detection of the metastasis the patient opted for additional continuous treatment with
VAE (Iscador Qu 10 mg, 3 injections per week). Another month later, the metastasis
was still unchanged despite chemotherapy and therefore treated with RFA. Eight
months later, the hepatic lesion recurred within the scar tissue of the first metastasis,
showing a lesion about 2 cm in diameter (Figure 1C and D). It was again treated by
RFA and by a dose increase of VAE (Figure 3). The lesion regressed again and the
patient stayed recurrence-free for the next 39 mo (as of the writing of this case report;
for details of the disease and treatment course, see Figure 3).

DISCUSSION
We present a case of a 59-year-old patient with an aPC who underwent resection but
showed positive margins (R1), with two relapses (liver metastases) after
radiochemotherapy and RFA of metastases. The patient continuously received an
adjunct treatment with VAE in increasing doses beginning shortly after detection of
the liver metastasis and continuing until present. He showed prolonged survival and
good health 63 mo after initial diagnosis. The patient had an advanced primary
tumor, perineural invasion, lymph vascular invasion, node involvement, and positive
resection margins - all of which are independent negative prognostic factors[17]. In this
patient, surgical excision was possible - a circumstance associated with an improved
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Figure 1 Magnetic resonance imaging images of the tumor lesions. A and B: primary tumor lesion 2 mo before the initial diagnosis: cystic lesion at the location
between body and tail of the pancreas with a size of 43 mm × 38 mm × 30 mm; dilatation of the pancreatic duct of 13 mm (A: T2 axial, B: T2 coronal); C and D:
Relapsed hepatic lesion in segment VIII in month 20 after initial diagnosis (C: T1 axial, D: T1 coronal).

prognosis. However, median survival of PC patients who have undergone surgical
excision, regardless of stage or other prognostic factors, is 19 mo (interquartile range,
10-42 mo)[18].
VAE was repeatedly investigated in PC and showed cytotoxic effects in cell lines
and animal studies (PA-TU-8902, PAXF 736, PAXF 546)[19-21]. Tröger et al[22] found a
survival benefit for aPC patients solely treated with VAE in a randomized controlled
trial on overall survival. Similar results were seen by Axtner et al[23] in an integrative
oncology registry. In a phase 1 study of VAE and Gemcitabine in patients with
advanced solid tumors (including PC) it could be shown, that VAE did not affect the
pharmacokinetics of Gemcitabine[24]. VAE in PC is currently further investigated in
clinical trials (NCT02948309).
RFA acts through direct thermal cell damage but shows additional immune
stimulatory properties as tumor antigens and a variety of cytokines are released from
the treated tumor tissue; increased numbers of tumor-specific T cells have been
detected in RFA-treated patients [10] . Combination therapy of RFA with different
immune-stimulatory agents showed promising results[25,26]. The combination of VAE
with radiation - which, like RFA, leads to cell damage and to a release of antigens proved to be more effective than radiation alone in animal studies[27,28]. VAE shows
several immune-stimulating properties like proliferation induction and increase of
antigen presentation of dendritic cells, proliferation of CD4+ T cells, increase of natural
killer cell-mediated cytotoxicity, and release of cytokines[14].

CONCLUSION
We presume that VAE acted synergistically with RFA, leading to tumor control.
Reports of combined treatment with RFA and VAE should be collected to determine
whether further investigations in this area are worthwhile.
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Figure 2 Patient’s tumor, haematoxylin and eosin stain. A: × 100; B: × 200; C :( × 400) invasive mucinous adenocarcinoma; D and E: (× 100) perineural invasion.
Figure 3

Figure 3 Timeline of the patient with advanced pancreatic cancer. Gy: Radiotherapy in Gray; CAPOX: Capecitabine + oxaliplatin; GEMC: Gemcitabine;
FOLIFIRINOX: Leucovorin + fluorouracil + irinotecan + oxaliplatin.
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Abstract
Surgeries for benign diseases of the extrahepatic bile duct (EHBD) are classified
as lithotomy (i.e., choledocholithotomy) or diversion (i.e.,
choledochojejunostomy). Because of technical challenges, laparoscopic
approaches for these surgeries have not gained worldwide popularity. The right
upper quadrant of the abdomen is advantageous for laparoscopic procedures,
and laparoscopic choledochojejunostomy is safe and feasible. Herein, we
summarize tips and pitfalls in the actual procedures of choledocholithotomy.
Laparoscopic choledocholithotomy with primary closure of the transductal
incision and transcystic C-tube drainage has excellent clinical outcomes;
however, emergent biliary drainage without endoscopic sphincterotomy and
preoperative removal of anesthetic risk factors are required. Elastic suture should
never be ligated directly on the cystic duct. Interrupted suture placement is the
first choice for hemostasis near the EHBD. To prevent progressive laceration of
the EHBD, full-layer interrupted sutures are placed at the upper and lower edges
of the transductal incision. Cholangioscopy has only two-way operation; using
dedicated forceps to atraumatically grasp the cholangioscope is important for
smart maneuvering. The duration of intraoperative stone clearance accounts for
most of the operative time. Moreover, dedicated forceps are an important
instrument for atraumatic grasping of the cholangioscope. Damage to the
cholangioscope requires expensive repair. Laparoscopic approach for
choledocholithotomy involves technical difficulties. I hope this document with
the visual explanation and literature review will be informative for skillful
surgeons.
Key words: Laparoscopic surgery; Choledocholithotomy; Bile duct; Laparoscopy; General
surgery
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Core tip: The right upper quadrant of the abdomen is advantageous for laparoscopic
procedures. Laparoscopic choledocholithotomy is safe and feasible, although this
laparoscopic approach involves technical difficulties. Endoscopic sphincterotomy
destroys the physiological function of Oddi’s sphincter. Laparoscopic
choledocholithotomy has excellent clinical outcomes; however, emergent biliary
drainage and removal of anesthetic risk factors are required preoperatively.
Cholangiographic removal of stones strongly affects operative time. Cholangioscopy has
only two-way operation; using dedicated forceps to atraumatically grasp the
cholangioscope is important for smart maneuvering.
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INTRODUCTION
Laparoscopic surgery has been adopted in various fields[1-8]. Laparoscopic surgery has
substantial advantages over open surgery, including less blood loss, less pain, lower
morbidity rates, shorter time to a postoperative diet, shorter hospital stay, earlier
social reintegration and modest cost savings[1,4,9-13]. Laparoscopic surgeries that do not
require advanced techniques such as anastomotic reconstruction or lymphoid
dissection (e.g., appendectomy, cholecystectomy, distal pancreatectomy and
rectopexy)[3,5-7] have rapid learning curves[11]. Hence, laparoscopic surgeries are widely
used worldwide for benign diseases[5,7].
Unfortunately, laparoscopic hepatobiliary and pancreatic (HBP) surgery has
developed slowly because of technical challenges and a protracted learning curve[9,14],
with the exception of laparoscopic cholecystectomy [15,16] . Acute cholangitis (choledocholithiasis) is itself a benign disease, but associated cholangiovenous reflux and
subsequent sepsis can easily result in a life-threatening situation [17-19] . Surgical
treatments for benign diseases of the extrahepatic bile duct (EHBD) are classified
according to their therapeutic purpose as lithotomy (i.e., choledocholithotomy) or
diversion (i.e., choledochojejunostomy)[20,21]. General surgeons do not perform these
surgeries laparoscopically because they require advanced skills and anatomical
precision [22-26] , although a laparoscopic approach is safe and feasible for choledocholithotomy and choledochojejunostomy[22,25-31].
The basic skills required for open surgeries are clearly different from those used in
laparoscopic procedures[7,8,14,32-34]. Notably, experience alone is not enough to ensure
successful performance of laparoscopic surgeries [7,8,14,32-24] . We herein focus on
laparoscopic approaches for choledocholithotomy, summarizing tips and pitfalls of
this advanced surgery, on the basis of a review of important studies and our own
experience. Also, important previous documents in this field are carefully reviewed.

ANATOMICAL RECOGNITION OF THE BILIARY SYSTEM
The anatomy of the biliary system is shown in Figure 1A. The common hepatic duct
(CHD), common bile duct (CBD) and intra-pancreatic bile duct compose the EHBD.
The cystic duct contains Heister’s valves (spiral folds). The gallbladder infundibulum
and cystic duct meet to form the infundibulum–cystic duct junction. The CHD, cystic
duct and CBD together constitute the biliary confluence. Biliary drainage is
physiologically regulated by Oddi’s sphincter.

ACUTE OBSTRUCTIVE SUPPURATIVE CHOLANGITIS
Charcot first documented acute cholangitis in 1877 [35] ; Charcot’s triad (upper
abdominal pain, fever and jaundice) was proposed for diagnosis of acute
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Figure 1

Figure 1 Biliary system and actual surgical procedures of laparoscopic choledocholithotomy. A: The common hepatic duct (CHD), common bile duct (CBD)
and intra-pancreatic bile duct compose the extrahepatic bile duct. Biliary drainage is regulated by Oddi’s sphincter. Recognition of Hjortsjo’s curve on cholangiography
is useful for detecting the posterior branch from the right hepatic duct; B and C: The gallbladder fundus is superiorly and cranially lifted (green arrow). The target site is
Calot’s triangle (blue shaded area). The two forceps of the main surgeon (red arrow) form appropriate angles (approximately 45°-60°) (red dotted arrow) to the axis
from the camera port to Calot’s triangle (blue dotted arrow). A flexible laparoscope provides an overhead view from the upper anterior side (orange arrow),
anterograde to the visual monitor; D: The bottom plateau of the U-shaped line from the left sagittal fissure to the gallbladder, which necessarily involves the CHD; E:
Rouviere’s sulcus always involves the right hepatic duct; F: The whiter color change of the cystic duct is recognized, and a wider angle is created between the cystic
duct and CHD (red arrow). CHD: Common hepatic duct; CBD: Common bile duct.

cholangitis[36,37]. Biliary stagnation caused by obstruction [e.g., stone, tumor, liver
failure or dysfunction of Oddi’s sphincter (DOS)] or bacterial infection with increased
biliary pressure easily result in cholangiovenous reflux and subsequent sepsis[17,18].
Reynolds and Dargan classified a clinical syndrome characterized by Charcot’s triad,
lethargy (or mental confusion) and shock state as acute obstructive cholangitis in
1959[38]. Thereafter, these five symptoms were called Reynold’s pentad[39]. Reynolds
and Dargan suggested that the only way to treat this severe cholangitis was emergent
surgery and biliary drainage[38]. Longmire first defined severe cholangitis fulfilling
Reynold’s pentad as acute obstructive suppurative cholangitis (AOSC) in 1971[40]. The
high mortality rate of AOSC (8%-71%) has been do-cumented[41-44].
AOSC commonly occurs in elderly patients [42,44] ; emergent biliary drainage is
required in these patients[19]. Interventional endoscopists may choose endoscopic
sphincterotomy (EST). EST destroys the physiological function of Oddi’s sphincter,
even in elderly patients with subtle DOS. This situation raises a simple question. Is
EST the first choice for emergent biliary drainage, even in younger patients? EST
alone is not required as initial treatment [45] , and we should not forget that EST
destroys the physiological function of Oddi’s sphincter. Recovery of the physiological
function of Oddi’s sphincter is impossible after EST. To preserve physiological
function, elective surgery has advantages over emergent EST; transpapillary biliary
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drainage without EST may be performed initially as emergent therapy[45].

ACUTE CHOLANGITIS AND BILE DUCT STONES
Initial management of acute cholangitis with bile duct stones has been documented [19,45] ; biliary drainage should be performed as soon as possible in these
patients[19]. The clinical indications and therapeutic techniques of biliary drainage for
acute cholangitis have been clearly established[45]. Endoscopic transpapillary biliary
drainage, whether via nasobiliary drainage or biliary stenting, should be selected as
first-line therapy[45]. EST is not routinely recommended for biliary drainage alone
because of concerns about bleeding[45].
DOS and anatomical abnormalities (e.g., periampullary diverticulum) result in
acute biliary infection, and subsequently cause primary bile duct stones [46] . The
etiology of bile duct stones should be recognized preoperatively. In patients with
concomitant bile duct stones, stone removal can be performed via an endoscopic
approach (e.g., EST, papillary dilation and balloon enteroscopy-assisted and/or
ultrasonography-guided methods)[45] or with surgical treatment[47-49]. Laparoscopic
choledocholithotomy is considered a safe and feasible therapeutic option[22,26-28,31]. As
described above, AOSC frequently occurs in elderly patients[42,44]; laparoscopic surgery
should be chosen even in this population.
In patients whose condition is stable before surgery, both emergent and elective
laparoscopic surgeries are safe and feasible[50]. Perioperative analgesic agents are
important; however, some analgesic agents (e.g., opioids or morphine) cause druginduced DOS[51,52]. Effective biliary drainage should be achieved preoperatively to
avoid sepsis[19,45], as should compete removal of risk factors for general anesthesia (e.g.,
unstable hemodynamic state, obstructive jaundice, sepsis and analgesic contraindications)[53-55].

BILE DUCT STONES AND ASSOCIATED CHOLANGITIS
AFTER ABDOMINAL SURGERY
Acute cholangitis and bile duct stones are critical problems after abdominal surgery,
especially in elderly patients[28,56,57]. Gastrectomy surgically alters the biliary system,
because the inevitable dissection of lymph nodes and nerves results in physiological
disorders (e.g., DOS, reduced bile secretion, atonic gallbladder and paralytic
bowels) [7,58] . Hence, repeated cholangitis and bile duct stones easily occur after
gastrectomy[57,59].
Severe adhesions and dense tissue are often intractable during reoperative surgery.
Moreover, the location of important ducts and vessels may easily be shifted after
gastrectomy because of digestive anastomosis and postoperative adhesions, especially
in Billroth I reconstruction[7]. However, a laparoscopic approach is advantageous,
even for re-operative choledocholithotomy[28,59], and is a safe, effective and feasible
treatment even in elderly patients after complicated abdominal operations [56] .
Laparoscopic choledochoduodenostomy (not choledochojejunostomy) may be chosen
as an alternative treatment, if gastrojejunostomy has been performed in the Roux-en-Y
fashion[57,60]. Laparoscopic cholecystectomy should be the first choice for gallbladder
stones and cholecystitis in patients with a history of abdominal surgery[7,8,61], although
cholecystectomy after EST for biliary duct stones does not reduce the incidence of
recurrent cholangitis[62].

HISTORY OF CHOLEDOCHOLITHOTOMY AND BILIARY
DRAINAGE
Abbe first performed bile duct drainage after choledocholithotomy in 1892 [63,64] ;
Deaver reported use of a modified T-tube drain in 1904[63,64]. Kehr propounded the
usefulness of T-tube drainage in 1909[63-67]; thereafter, transductal T-tube drainage after
choledocholithotomy became commonly used worldwide. The material of the T-tube
is important, because low reaction in either the EHBD or the peritoneal cavity results
in a lack of tissue tract formation around the tube due to material inertness[63,64].
Various vulcanized rubber products can be produced from natural rubber and sulfur.
The degree of vulcanization influences the hardness and irritant nature of the
resulting rubber[64]. Red rubber is the most irritant and silicone rubber is the least[63,64,68].
Latex rubber tubes are preferred for long-term drainage, because they create a good
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tissue tract as a result of tissue reaction against the material irritant[63,64]. Silicone
rubber T-tubes often fail to elicit tissue tract formation[63,64,68]. Red or latex rubber
should be chosen as T-tube material[63,64,68].
Acute cholangitis can be managed with transpapillary biliary drainage, EST,
transductal drainage (T-tube) or transcystic drainage (C-tube)[22]. Transductal T-tube
drainage has higher rates of stone clearance and biliary leakage than other treatment
options[22]. EST has a higher rate of procedural morbidities and serious consequences
may occur[22]. Transcystic C-tube drainage is an accessible technique that simplifies
surgical procedures and has a lower complication rate than other treatments[22]. The
choice of choledocholithotomy via conventional open surgery with transductal T-tube
drainage versus laparoscopic primary closure with transcystic C-tube drainage
remains controversial[69]. Currently, laparoscopic choledocholithotomy with primary
closure and transcystic C-tube drainage is superior to conventional open surgery with
transductal T-tube drainage[69], which has inspired HBP surgeons to end the use of
transductal T-tube drainage[47,49,70].

INTENTIONAL PRESERVATION OF PHYSIOLOGICAL
FUNCTION OF ODDI’S SPINCTER
EST destroys the physiological function of Oddi’s sphincter, and moreover, recovery
of the physiological function of Oddi’s sphincter is impossible after EST. Even though
emergent EST is easier than elective laparoscopic surgery, transpapillary biliary
drainage without EST is the initial treatment for acute cholangitis[45]. Completion of
EST results in destruction of the physiological function of Oddi’s sphincter. Illconsidered use of EST should be avoided[20], though many physicians may consider
that the arguments against EST is really limited. To preserve sphincter function,
emergent EST should be performed only in special situations (e.g., elderly patients
with critical comorbidities, severe disease, prolonged jaundice, or severe DOS
resulting from previous surgeries [20,71] . Paradoxically, EST may be permissive in
patients who already have DOS. For example, elder or postoperative patients may
have severe DOS[7,57-59].

RECURRENT STONES AND ASSOCIATED CHOLANGITIS
Recurrent stones (not remnant stones) in the bile duct after choledocholithotomy or
EST is another critical matter[20,57,72]. Early stone recurrence after surgical or endoscopic
treatment is a dreaded occurrence for physicians [20,57] . Though laparoscopic
choledocholithotomy provides safe and feasible treatment for recurrent stones and
associated cholangitis[28,30,56,59].
As described above, DOS, reduced bile secretion and paralytic bowels raise
concerns about recurrent stones and associated cholangitis; elective laparoscopic
cholecystectomy after complete removal of bile duct stones does not reduce the
recurrence rate of repeat cholangitis[62]. The etiology of bile duct stones should be
carefully evaluated and therapeutic strategies should be chosen according to
definitive or suggested etiology. Though the arguments against endoscopic
managements of bile duct stones may be really limited and laparoscopic
choledocholithotomy is a safe and feasible treatment even for recurrent stones[28,30,56,59],
laparoscopic choledochojejunostomy may be a possible therapeutic option to provide
biliary diversion according to physiological disorders[20,30].

PREOPERATIVE EVALUATION OF BILE DUCT STONES
Stone clearance should be achieved without any remnant stones or debris [73] .
Specialized instruments, including endoscope and forceps, are crucial for successful
surgical stone removal[74,75]. Clearance of some stones (e.g., impacted, multiple or
intrahepatic stones) involves technical challenges[76]. Operative time is greatly affected
by the duration of stone removal[73,74]; detailed preoperative imaging studies shorten
operative time[77]. Removal of impacted and/or large stones is especially difficult[27,73],
although even an impacted stone will float after preoperative biliary drainage[76].
Preoperative evaluation with endoscopic retrograde cholangiography or cholangiography via drainage tube is strongly recommended [78] . The presence of a
duodenal parapapillary diverticulum, which causes DOS and contraindicates EST,
should also be ruled out preoperatively[79].
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TECHNICAL DIFFICULTY OF LAPAROSCOPIC SURGERIES
OF THE EHBD
Gallbladder stones with acute cholecystitis is an indication for surgery [7,8,80] ; inflammatory severity may be an important risk factor in these cases[81,82]. Extrinsic
compression of the EHBD, including Mirizzi syndrome and hidden cystic duct, make
laparoscopic cholecystectomy technically difficult[81,83]. However, the concept of the
critical view of safety (i.e., positive identification of the cystic duct and artery) has
been established in 1995 [34] . Compliance with this protocol makes laparoscopic
cholecystectomy safe, even in severe cholecystitis [7,8] . The right upper quadrant
provides a suitable location for the surgical field in laparoscopic procedures[7,30,84],
which is one reason laparoscopic cholecystectomy has spread worldwide[15,16]. Reliable
stability during laparoscopic cholecystectomy is indispensable for successful
laparoscopic choledocholithotomy[7,8,32,34,81].
However, technical challenges have prevented laparoscopic surgeries for the EHBD
(e.g., choledocholithotomy and choledochojejunostomy) from gaining worldwide
popularity [22,23] . These advanced surgeries should be mastered by skillful HBP
surgeons [24,25] . Although laparoscopic choledocholithotomy and choledochojejunostomy [22,25-31] are safe and feasible, technical challenges have prevented the
worldwide dissemination of these advanced HBP surgeries[22-26].

ACTUAL SURGICAL PROCEDURES OF LAPAROSCOPIC
CHOLEDOCHOLITHOTOMY
The patient is placed in a supine position. Carbon dioxide pneumo-peritoneum at 10
to 12 mmHg is achieved through an umbilical port. Transductal incision is
accompanied by bile outflow, and cholangioscopy requires continuous saline flow for
intraluminal observation. A saline irrigator and suction tip (StrykeFlow, Stryker Co.,
Kalamazoo, MI, United States) are used. Frequent, continuous suction is needed
during laparoscopic choledocholithotomy, though suction causes collapse of
pneumoperitoneum. Pneumoperitoneum stability is very important to maintain the
surgical field during laparoscopic surgery[85]. Therefore, we employ an automatically
maintained pneumoperitoneum system (AirSeal Intelligent Flow System, Conmed
Co., Utica, NY, United States). A flexible laparoscope with an adequate light source
(Endoeye Flex, Olympus, Tokyo, Japan) is required; laparoscopic procedures are
performed under various angled views.
A total of four working ports are placed in the upper abdomen. An assistant
surgeon retracts the gall bladder fundus ventrally. The target site is Calot’s triangle;
both forceps of the main surgeon make adequate angles (approximately 45°-60°)
relative to the axis from the camera port to Calot’s triangle (Figure 1B and C). An
excessively narrow or wide angle complicates laparoscopic procedures, including
fully intracorporeal suture[7]. Moreover, a flexible laparoscope provides an overhead
view from the upper anterior aspect, anterograde to the visual monitor (Figure 1B and
C). Hence, the right upper quadrant is highly suitable for set-up of surgical
procedures[7,30,84]. Surgeons should not hesitate to place additional ports if needed,
because stab incisions are minimally invasive[7].
The liver is held cranially with a snake retractor located below the xiphoid process.
The hepatoduodenal ligament is well stretched[7]. The hepatorenal fossa is widely
dilated, and a working space is obtained. The bottom plateau of the U-shaped line
from the left sagittal fissure to the gallbladder, which necessarily involves the CHD
(Figure 1D), and Rouviere’s sulcus, which always involves the right hepatic duct
(Figure 1E), are routinely confirmed.
The whiter color change at the junction of the infundibulum and cystic duct is
recognized[7] (Figure 1F). The angle between the cystic duct and CHD is widened to
prevent a tenting injury resulting from a parallel junction of these biliary ducts[7,32,34,81,86]
(Figure 1F). The critical view of safety is established on both the anterior (Figure 2A)
and posterior aspects (Figure 2B)[33,87].
Pneumoperitoneum pressure caused by infiltration of carbon dioxide gas helps to
create a dissectible layer. To avoid unexpected injuries, the dissectable layer should be
traced as close to the gallbladder as possible[7]. Tissue dissection and membrane
cutting should be extended from the visualized side of the correct layer, not from the
unseen side[7]. The gallbladder is then removed from the liver bed.
The cystic duct is straightened and a semicircular incision is made on the cystic
duct near the gallbladder (Figure 2C). Full cutting with removal of the gallbladder
disturbs further procedures. Heister’s valves are carefully destroyed before transcystic
placement of a C-tube into the EHBD (Figure 2D) and removal of stones from the
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Figure 2

Figure 2 Actual surgical procedures of laparoscopic choledocholithotomy. A and B: Critical view of safety is
established in the anterior (A, arrow) and posterior (B, arrow) aspects; C: A semi-circular incision is made in the cystic
duct; D: Heister’s valves are carefully destroyed; E: Stones in the cystic duct are removed; F: The golden-brown bile
flows from the extrahepatic bile duct. The C-tube is cannulated. CHD: Common hepatic duct; CBD: Common bile
duct.

cystic duct (Figure 2E). Careless stabbing procedures to destroy Heister’s valves can
easily result in severe injury to the posterior walls of the biliary confluence or EHBD.
The golden brown bile flows from the EHBD, after which the C-tube is cannulated
(Figure 2F). The C-tube can be used as a cholangiographic tube for intraoperative
cholangiography. Elastic suture is not ligated directly to avoid overtightening of the
C-tube; insufficient drainage will trigger postoperative complications. Optimal
transcystic fixation of the C-tube is completed with elastic suture and clips[7] (Figure
3A-C); the second clip prevents slippage of the first clip[7] (Figure 3D).
During laparoscopic cholecystectomy, the CHD, biliary confluence and CBD should
be recognized, but direct exposure of these structures should be avoided[7,8]. However,
these biliary structures should be intentionally explored during laparoscopic
choledocholithotomy (Figure 3E). Although blunt dissection is carefully completed to
explore the wall of the EHBD, intentional dissection of the autonomic nerves for
biliary malignancies is not required for benign biliary diseases[88,89]. Feeding and
drainage vessels surrounding the EHBD should be preserved to prevent ductal
necrosis and postoperative biliary leakage (Figure 3F)[7]. The EHBD is opened with
sharp dissection (Figure 4A); energy devices should not be used, to avoid even mild
thermal damage. Intra-corporeal suture placement and subsequent ligation at the
bleeding point are the first choice for hemostasis near the bile duct wall (Figure 4B). If
oozing is intractable at the anterior wall of the EHBD, a button-shaped electrode with
suction used in conjunction with a soft-coagulation system (VIO, Erbe, Tübingen,
Germany) is an effective tool for safe hemostasis. After opening of the EHBD, the
inner cavity of the EHBD is sufficiently flushed to raise biliary stones (Figure 4C).
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Figure 3

Figure 3 Actual surgical procedures of laparoscopic choledocholithotomy. A-C: Optimal transcystic fixation of
C-tube is completed with elastic suture and clips. The elastic suture is never ligated directly; D: The second clip
prevents any slippage of the first clip; E: The common hepatic duct, biliary confluence and common bile duct are
intentionally explored; F: Feeding and drainage vessels surrounding the extrahepatic bile duct should be preserved.
CHD: Common hepatic duct; CBD: Common bile duct.

Thereafter, all stones are completely removed[90] (Figure 4D).
After transductal incision along the long axis, interrupted absorbable monofilament
sutures (PDS II, 4-0, violet, SH-1, Ethicon Inc., Bridgewater, NJ, United States) are
placed through all layers at the upper and lower edges of the incision to prevent
progressive laceration resulting from subsequent procedures, including
cholangioscope maneuvers (Figure 4E and F). Thereafter, extracorporeal sutures are
placed bilaterally with absorbable monofilament suture (PDS II, 4-0, violet, SH-1, 90
cm, Ethicon Inc.) as fixation sutures to open the transductal orifice (Figure 5A and B).
These fixation sutures are adequately set through the abdominal wall at different
points from the laparoscopic trocars with a trocar site closure device (Endo Close;
Medtronic, Dublin, Ireland) (Figure 5C).
Spilled stones and/or infected bile should be completely removed[90]. Intraoperative
cholangioscopy through the laparoscopic trocar is essential for laparoscopic
choledocholithotomy. Dedicated elastic forceps to adequately grasp the cholangioscope without damaging the special coating and to allow maneuvering of the
cholangioscope for stone removal (A66070A, 10 mm, Olympus or CLICKline BERCI,
K33531 PG, 10 mm; Karl Storz Endoskope, Tuttlingen, Germany) is a key tool for
successful laparoscopic choledocholithotomy (Figure 5D). Direct grasping with
conventional laparoscopic forceps results in irreparable damage to the endoscope
surface and should be avoided. Intraluminal findings should be carefully observed via
the cholangioscope. Bifurcation of the bilateral hepatic ducts at the CHD side (Figure
5E) and the characteristic findings (so-called ‘actinia’) of the end of the intrapancreatic
bile duct at the CBD side (Figure 5F) should be confirmed.
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Figure 4

Figure 4 Actual surgical procedures of laparoscopic choledocholithotomy. A: The extrahepatic bile duct
(EHBD) is opened with sharp dissection; B: Intracorporeal suture placement and subsequent ligation are the first
choice for hemostasis. No energy devices should be used; C: The cavity of the EHBD is sufficiently flushed. Frequent
continuous suction is needed during laparoscopic choledocholithotomy. An automatically maintained
pneumoperitoneum system is used to preserve an adequate surgical field; D: All stones are removed; E: Interrupted
sutures are placed and subsequently ligated at the upper and lower edges of the transductal orifice to prevent
progressive laceration resulting from cholangioscopic maneuvers. Thereafter, fixation sutures (blue arrows) are
bilaterally placed to open the transductal orifice. These fixation sutures are adequately set through the abdominal wall
at different points from the laparoscopic trocars; F: Interrupted sutures and subsequent ligation are placed at the
upper and lower edges of the transductal incision, to prevent progressive laceration due to cholangioscopic
maneuvers. CHD: Common hepatic duct; CBD: Common bile duct; EHBD: Extrahepatic bile duct.

The diameter of the EHBD is generally > 10 mm[31]; the method of primary closure
of the transductal incision is chosen according to the EHBD diameter[91-93]. Generally,
both the transductal incision closure and subsequent primary closure are performed
in the same direction along the long axis (Figure 6A). In cases of EHBD diameter less
than 7 to 8 mm, primary closure is performed in the direction of the short axis to
avoid postoperative stenosis (Figure 6B). The transductal incision is primarily closed
with intra-corporeal ligation, with primary full-layer interrupted sutures of
absorbable monofilament suture (PDS II, 5-0, violet, RB-1; Ethicon, Inc.).
Finally, real-time intraoperative cholangiography via C-tube is performed with
contrast agent and atoxic dye (indigo carmine or indocyanine green). Remnant stones,
biliary leakage and passage obstruction are carefully checked. Biliary passages,
especially through the primary-closed portion and Oddi’s sphincter, are evaluated
during surgery. Intraperitoneal lavage and drain placement are usually performed;
total bilirubin level in the drain discharge is monitored after surgery.
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Figure 5

Figure 5 Actual surgical procedures of laparoscopic choledocholithotomy. A and B: Fixation sutures (blue
arrow) are bilaterally placed to open the transductal orifice; C: Fixation sutures are adequately set through the
abdominal wall at different points from the laparoscopic trocars with a trocar site closure device. The liver is held
cranially with a snake retractor to stretch the hepatoduodenal ligament; D: A dedicated elastic forceps is important for
successful laparoscopic choledocholithotomy. The tip of the forceps contains a silicone pad to avoid damaging the
cholangioscope. Olympus (A66070A; Tokyo, Japan) and Karl Storz Endoskope (K33531 PG; Tuttlingen, Germany)
provide made-to-order forceps, respectively; E and F: The bifurcation of hepatic ducts on the common hepatic duct
side (E) and characteristic findings of the end of the intra-pancreatic bile duct on the common bile duct side (F) should
be confirmed. Interrupted ligations at the upper and lower edges of the transductal incision prevent progressive
laceration during cholangioscope maneuvers (red arrows). Fixation sutures (blue arrows) are removed. CHD:
Common hepatic duct; CBD: Common bile duct.

AVOIDANCE OF A MISIDENTIFICATION OF THE EHBD AND
CYSTIC DUCT DURING LAPAROSCOPIC
CHOLEDOCHOLITHOTOMY
In a patient who has a history of laparotomy, severe adhesions and dense tissue are
often intractable (Figure 6C and D). Moreover, the location of important ducts and
vessels may be shifted. Intraoperative recognition of a “second cystic duct” or an
“accessory duct” strongly indicates misidentification of the cystic and CHD [32] .
Intraoperative cholangiography is the recommended solution to detect this
misidentification[32]. Identification of Hjortsjo’s curve is a helpful way to detect the
branches from the right hepatic duct[7,70]. Although there is no evidence for routine
cholangiography [ 3 4 ] , laparoscopic surgeons should not hesitate to perform
intraoperative cholangiography when indicated[94-98].

IMPORTANCE OF THE SPECIALIZED FORCEPS TO
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Figure 6

Figure 6 Laparoscopic choledocholithotomy. A: Generally, both the transductal incision and subsequent primary
closure are made in the same direction along the long axis; B: In ducts with diameter smaller than 7-8 mm, primary
closure is performed in the direction of the short axis to avoid postoperative stenosis; C and D: Though severe
adhesions and dense tissue are often intractable during reoperative surgery, a laparoscopic approach is safe and
feasible for choledocholithotomy; E and F: A transductal incision (blue arrow) is made along the long axis, and fulllayer interrupted sutures are placed at the upper and lower edges of the transductal incision to avoid severe
laceration of the extrahepatic bile duct during cholangioscope maneuvers. CHD: Common hepatic duct; CBD:
Common bile duct.

ADEQUATELY OPERATE THE CHOLANGIOSCOPE DURING
LAPAROSCOPIC CHOLEDOCHOLITHOTOMY
Intraoperative cholangioscopy is an important procedure for observing intraluminal
findings and removing stones. Frustrating procedures should be avoided. The
duration of intraoperative stone clearance accounts for most of the operative time.
Cholangioscopy has only two-way operation. Hence, a dedicated forceps to
atraumatically grasp the cholangioscope is a key tool for smart cholangioscope
maneuvers and successful laparoscopic choledocholithotomy. Conventional
laparoscopic forceps cause severe damage to the surface coating of the cholangioscope. Even mild damage requires very expensive repair, which may reach nearly
10000 USD. Olympus (Product standard number: A66070A) and Karl Storz
Endoskope (Product standard number: K33531 PG) provide made-to-order forceps,
respectively. Actual forceps we use are shown in Figure 5D. The transductal incision
is made along the long axis (Figure 6E). Thereafter, full-layer interrupted sutures
should be placed at the upper and lower edges of the transductal incision (Figure 6F),
because cholangioscopic maneuvers can easily cause severe laceration of the EHBD
along its long axis.

UNEXPECTED THERMAL DAMAGE AROUND THE BILE
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DUCT
Cautery-induced injury results in necrotizing loss of ductal and/or perivascular
tissues[32]. Cautery, laparoscopic coagulation shears and stronger devices may cause
thermal necrosis of adjacent structures[32,99], and may subsequently cause delayed
thermal injury[100]. This spread of thermal damage results in biliary complications after
surgery [7] . Developed vessels on the surface of the EHBD should be carefully
protected from thermal damage[7]. Minimized interrupted sutures and ligation are the
first choice to achieve hemostasis near the biliary wall (Figure 4B). If safe hemostasis
is not possible with additional suture, a button-shaped electrode with suction and a
soft-coagulation system (VIO, Erbe) may be permissible for hemostasis near the
EHBD.

CLINICAL MANAGEMENT AFTER LAPAROSCOPIC
CHOLEDOCHOLITHOTOMY
An initial cholangiography is performed on postoperative day 4, with contrast agent
adjustment according to the purpose of cholangiography. For intraoperative
cholangiography, a full-concentration contrast agent with atoxic dye is used to detect
even subtle leakage and stenosis. Half-concentration contrast agent without dye is
used for postoperative cholangiography, because full concentration may hide small
stones. The C-tube is thereafter removed based on the cholangiographic findings and
need for ongoing biliary drainage [7] . Management of C-tube drainage is simple;
transcystic drainage is easily replaced with transpapillary biliary drainage, using a socalled “rendezvous technique” that uses endoscopic cannulation via the guidewire
through the C-tube[101-103]. In contrast, transductal T-tube drainage ineluctably requires
drain placement for a period of at least 3 wk [65,66] ; long-term drainage results in
electrolyte abnormalities, disordered digestion, diarrhea and dehydration. Intake of
autogenous bile (i.e., drained bile) is difficult even when bile is cut with cola or
snowball syrup[104,105]. Moreover, the discharge with T-tube placement is burdensome.

DISCUSSION
Laparoscopic HBP surgery for benign diseases has several advantages, including
excellent magnified visualization and an adequate surgical field located on the right
anterior side of the body[7,30,84]. Laparoscopic surgeons should be proficient in a variety
of techniques and devices[6,14]; laparoscopic choledocholithotomy requires skillful
manipulation of the forceps [30] . This advanced surgery is feasible in the clinical
setting[7,30,84]. Even when endoscopic transpapillary biliary drainage is emergently
required in patients with acute cholangitis[19,45], subsequent laparoscopic HBP surgery
for benign diseases of the EHBD have an excellent clinical course and acceptable
outcomes[22,26-28,31].
Laparoscopic choledocholithotomy with transcystic C-tube drainage results in an
excellent rate of stone clearance, less bile leakage, less blood loss, acceptable mortality
and morbidity rates, shortened hospital stay, and earlier social reintegration than
conventional open surgery with transductal T-tube drainage[22,27,69,106-109]. However, in a
laparoscopic approach, operative time was prolonged and cost becomes more
expensive[110,111]. Overall, we should never forget that laparoscopic
choledocholithotomy with transcystic C-tube drainage is the first choice for biliary
stones in the EHBD.
Severe acute cholangitis and AOSC easily result in sepsis [17,18] ; the elderly
population is a target of AOSC[42,44]. Emergent biliary drainage is critical for patients
with life-threatening conditions[19]. To preserve the physiological function of Oddi’s
sphincter, ill-considered use of EST should be avoided[20]. HBP surgeons should make
an effort to end conventional open surgery with transductal T-tube drainage[47,49,70].
The right upper quadrant of the abdomen provides adequate space for laparoscopic
HBP surgery[7,30,84]. One-stage laparoscopic choledocholithotomy has excellent clinical
outcomes[22,26-28] and cost-effectiveness[112,113], even though emergent biliary drainage to
prevent sepsis[19,45] and complete removal of risk factors for general anesthesia[53-55] are
required.
Robotic surgery offers a promising frontier in the field of HBP surgery [114-116] ;
however, laparoscopic approaches are safe and feasible for benign biliary diseases of
the EHBD [22,25-30,84] . During recent decades, laparoscopic surgery has been well
developed, especially in the field of HBP surgery. Biliary stone in the EHBD is a
common disease, and laparoscopic choledocholithotomy is a routine surgery and is
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not so skill-demanded in many centers nowadays. However, especially in Japan,
laparoscopic choledocholithotomy is not a routine surgery in spite of a cover of
medical insurance[117,118], and many physicians condone an ill-considered use of EST
for biliary stones[20]. Here, actual procedures of laparoscopic choledocholithotomy are
described in detail, and also important documents for this advanced surgery are
summarized in Table 1. We hope that our article with visual explanation and
literature review will be informative for skillful HBP surgeons.

CONCLUSION
Laparoscopic choledocholithotomy is not rocket science. Safe laparoscopic HBP
surgery is the recommended approach for benign diseases of the EHBD. I hope that
this article results in benefits for these patients.
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Table 1 Important documents for laparoscopic choledocholithotomy
Reference number

Remarks

[7,8,14,32-24]

Experience alone is not enough to ensure successful performance of
laparoscopic surgeries.

[7,30,84]

The right upper quadrant provides a suitable location for the surgical field in
laparoscopic procedures.

[22,23]

Technical challenges have prevented laparoscopic surgeries for the EHBD
(e.g., choledocholithotomy and choledochojejunostomy) from gaining
worldwide popularity.

[26-28,30,31,56,59]

Laparoscopic choledocholithotomy provides safe and feasible treatment for
recurrent stones and associated cholangitis.

[22,26-28,110,111]

For acute cholangitis and bile duct stone, one-stage laparoscopic
choledocholithotomy has excellent clinical outcomes and cost-effectiveness.

[19,45]

For patients with acute cholangitis, biliary drainage should be performed as
soon as possible.
Risk factors for general anesthesia should be completely removed by
preoperative biliary drainage.

[45]

Transpapillary biliary drainage without EST (i.e., nasobiliary drainage or
biliary stenting) should be performed initially as an emergent therapy for
acute cholangitis.
For patients with acute cholangitis, EST is not routinely recommended for
biliary drainage alone.

[20]

Ill-considered use of EST should be avoided.

[28,56-59]

Acute cholangitis and bile duct stones are critical problems in a patient after
abdominal surgery.

[28,59]

Laparoscopic approach is advantageous even for reoperative
choledocholithotomy in a patient with a past history of laparotomy.

[62]

Cholecystectomy after EST for biliary duct stones does not reduce the
incidence of recurrent cholangitis.

[22]

Transcystic C-tube drainage has a lower complication rate than transductal
T-tube drainage or EST.

[69]

Previously, choledocholithotomy via conventional open surgery with
transductal T-tube drainage versus laparoscopic primary closure with
transcystic C-tube drainage remains controversial.

[22,27,69,106-109]

Currently, laparoscopic choledocholithotomy with primary closure and
transcystic C-tube drainage is superior to conventional open surgery with
transductal T-tube drainage.

[47,49,70]

Currently, HBP surgeons intend to end the use of transductal T-tube
drainage.

[73,74]

Operative time is greatly affected by the duration of stone removal.

[77,78]

Detailed preoperative investigation is important for successful laparoscopic
choledocholithotomy with a shortened operative time.

[91-93]

The method of primary closure of the transductal incision is chosen
according to the EHBD diameter.

[32]

Cautery-induced injury results in necrotizing loss of ductal and/or
perivascular tissues.
Anatomical misidentificaion should be avoided.

EHBD: Extrahepatic bile duct; EST: Endoscopic sphincterotomy; HBP: Hepatobiliary and pancreatic.
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Abstract
Hepatocellular carcinoma (HCC) makes up 75%-85% of all primary liver cancers
and is the fourth most common cause of cancer related death worldwide. Chronic
liver disease is the most significant risk factor for HCC with 80%-90% of new
cases occurring in the background of cirrhosis. Studies have shown that early
diagnosis of HCC through surveillance programs improve prognosis and
availability of curative therapies. All patients with cirrhosis and high-risk
hepatitis B patients are at risk for HCC and should undergo surveillance. The
recommended surveillance modality is abdominal ultrasound (US) given that it is
cost effective and noninvasive with good sensitivity. However, US is limited in
obese patients and those with non-alcoholic fatty liver disease (NAFLD). With the
current obesity epidemic and rise in the prevalence of NAFLD, abdominal
computed tomography or magnetic resonance imaging may be indicated as the
primary screening modality in these patients. The addition of alpha-fetoprotein
to a surveillance regimen is thought to improve the sensitivity of HCC detection.
Further investigation of serum biomarkers is needed. Semiannual screening is the
suggested surveillance interval. Surveillance for HCC is underutilized and low
adherence disproportionately affects certain demographics such as nonCaucasian race and low socioeconomic status.
Key words: Liver cancer; Hepatocellular carcinoma; Surveillance
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developed on the basis that earlier detection of disease provides more curative treatment
options and a better prognosis. This comprehensive review focuses on current literature
regarding the utility of HCC surveillance, high-risk populations, surveillance modalities
and adherence and recall.
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INTRODUCTION
Primary liver cancer is projected to be the sixth most commonly diagnosed and fourth
most common cause of cancer death worldwide in 2018 with hepatocellular
carcinoma (HCC) making up 75%-85% of all primary liver cancers[1]. HCC has a
higher incidence in developing countries with > 80% of HCC cases occurring in either
sub-Saharan Africa or Eastern Asia. HCC is three times more prevalent among men
than women. The mean age at diagnosis varies among geographical location
depending on the local burden of disease. While the incidence of HCC is decreasing in
some Chinese and Japanese populations due to vaccination and treatment programs
for viral hepatitis, HCC cases are increasing in the United States. In fact, HCC is the
fastest growing cause of cancer-related deaths in the United States, with a decrease in
the mean age at diagnosis[2-4]. Chronic liver disease of any etiology remains the most
significant risk factor, with 80% to 90% of new HCC cases occurring in this
population[4-6]. Given the international burden of disease, surveillance programs have
been developed for earlier detection and mortality reduction. Current guidelines
recommend enrollment in surveillance programs for adults with cirrhosis and highrisk patients without cirrhosis using ultrasound (US) with or without alphafetoprotein (AFP) at six-month intervals. These guidelines are largely unanimous
among major international societies including the American Association for the Study
of Liver Disease (AASLD), the European Association for the Study of the Liver (EASL)
and the Asian Pacific Association for the Study of the Liver (APASL)[7-9]. Our objective
is to summarize the current literature regarding utility of HCC surveillance, high-risk
populations, surveillance modalities and adherence and recall.

LITERATURE SEARCH
A comprehensive literature search was performed using PubMed and Google Scholar
for research papers regarding HCC surveillance and related literature was analyzed
to prepare this review article. We did not restrict the search to a certain period of time.
Articles written in English and published in peer-reviewed journal were included.

HCC SURVEILLANCE
Optimal screening tests are designed to detect an asymptomatic or subclinical disease
and must meet several criteria including high sensitivity, cost effectiveness and
availability. Diseases suitable for screening include those that are of high burden in
selected populations with a proven treatment strategy and outcomes that improve
with early detection[10]. When screening tests are used at regular intervals in at-risk
populations, this is considered surveillance[11].
A randomized clinical trial (RCT) is the optimal way to measure the effectiveness of
cancer surveillance programs but unfortunately there is limited RCT data available to
address whether HCC surveillance programs reduce disease-related mortality. A key
study that is often cited was performed by Zhang et al[12] in China and included 18816
patients with current or previous evidence of hepatitis B infection. The selected
patients were randomly assigned to surveillance group (n = 9373) or control group (n
= 9443). Surveillance in this study consisted of measurement of serum AFP levels and
US imaging every 6 mo. Study adherence was poor (60%) but showed a significant
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reduction (37%) in mortality related to HCC in the surveillance group. While this
landmark study is the basis for many of the surveillance recommendations, it is not
without its criticisms and limitations. Limitations of this study include lack of
outcome data other than death and lack of information regarding all-cause mortality.
The authors also failed to account for clustering which could produce misleading
statistical significance. Additionally, the study population included only HBV
patients. With these points in mind, some have argued that there is limited ability to
extrapolate this data and its conclusions to Western countries [13] . However, any
attempts to affirm these conclusions with an RCT in North America or Europe is
largely impractical due to ethical concerns in randomizing patients at risk for HCC to
a no surveillance group and the sheer difficulty of enrolling patients who are
informed of the potential risks and benefits of HCC surveillance[14].
Although the RCT data is of limited quality and unable to be replicated, this does
not disprove the effectiveness of HCC surveillance and there is observational data
available to support a survival benefit from HCC surveillance. A 2014 meta-analysis
of forty-seven cohort and case-controlled studies looked at the effect of HCC
surveillance on early tumor stage detection, receipt of curative therapy and overall
survival in patients with cirrhosis. Of the 15158 patients analyzed, 6284 (41.4 %) had
HCC detected by surveillance while 8874 (58.6%) had HCC detected incidentally or
due to presence of symptoms. Rates of HCC detected by surveillance were higher
among studies in the United States (51%) and Europe (45%). Of the studies that
included data on tumor stage and curative treatment, HCC surveillance was
associated with improved early stage detection, curative treatment rates and
prolonged survival. The pooled 3-year survival rate was 50.8% among patients
undergoing surveillance compared to 27.9% among those without surveillance.
Overall the data is encouraging, however, limitations include short duration of follow
up and failure to adjust for liver function or lead-time bias. This data suggests that
given the association of HCC surveillance with significant improvements in early
tumor detection, these patients are more likely to receive curative treatment and thus
overall survival benefit providing evidence to support regular HCC surveillance
guidelines[15].
Given the poor 1-year and 3-year survival rates in patients with HCC (36% and
17%, respectively), early detection may provide curative treatment options including
surgical resection, transplantation and percutaneous ablation. Finding late stage or
advanced HCC removes these options and leaves only palliation[16-18].
HCC surveillance has also been shown to be cost effective. Both Lin et al[19] and
Arguedas et al[20] found that HCC screening using either biannual AFP and annual
abdominal US or triple phase computed tomography (CT) were cost effective
compared to no surveillance, with cost effectiveness ratio less than $50000 qualityadjusted life year. This is comparable to other frequently used screening strategies
including colonoscopy and mammography[19,20].

HIGH RISK POPULATIONS
The AASLD recommends offering surveillance when the risk of HCC is at least 1.5%
per year and the incidence is greater than 0.2% per year, which includes patients with
cirrhosis and some non-cirrhotic hepatitis B carriers[7]. The risk for HCC in chronic
liver disease differs based on the underlying etiology of disease. Chronic hepatitis C
virus (HCV) infection is associated with a 15- to 20-fold higher risk of HCC compared
to those without HCV and patients with HCV related cirrhosis have a 3.5% annual
rate of HCC development[4]. While HCC can develop in HCV infected patients in the
absence of cirrhosis, the odds decrease significantly when elastography shows a lack
of advanced fibrosis (< 10 kPa)[21]. Currently, HCC surveillance is not recommend in
patients with chronic hepatitis C without cirrhosis [7] . Eradication of HCV with
sustained viral response (SVR) has been shown to decrease the risk for HCC. Morgan
et al[22] previously showed that in the interferon era, eradication of HCV with SVR
resulted in a reduced risk for HCC (relative risk = 0.24).
The landscape of HCV treatment has evolved with the availability of effective
direct antiviral agents (DAAs). As opposed to IFN-based therapies, DAAs are better
tolerated in patients with advanced liver disease and can provide SVR rates >
95%[23-25]. Despite the utility of DAAs, there has been a debate regarding increased
incidence of HCC (recurrence or de novo) in contrast to IFN-based treatment. There are
conflicting results from various retrospective studies looking at DAA therapy and
HCC. An initial small cohort study by Reig et al[25] suggested an increase in rates of
HCC following DAA therapy, however a large meta-analysis subsequently found no
difference in HCC occurrence in patients following SVR from DAA vs IFN-based
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treatment[26]. Kwong et al[27] recently showed that although the incidence of de novo
HCC in patients with HCV cirrhosis has increased in the DAA era, these changes may
be explained by changes in the rates of liver transplantation among HCV patients and
wait list mortality. Increasing age and severity of liver disease likely contributes to a
higher incidence of HCC in transplant candidates as well[23,27]. Current guidelines
continue to recommend HCC surveillance in patients with cirrhosis even after
eradication of HCV with DAA therapy[7].
Patients with chronic hepatitis B virus (HBV) represent a unique population who
require HCC surveillance outside of the setting of cirrhosis. Specific recommendations
for surveillance in patients with chronic hepatitis B without cirrhosis include Asian
and black males > age 40, Asian females > age 50, African/North African blacks with
hepatitis B > age 20, patients with hepatitis D co-infection, and patients with a firstdegree relative with HCC[7,28]. High levels of HBV DNA are associated with a higher
risk of developing HCC and worse prognosis in those with HCC[29]. It is thought that
active HBV viral proliferation promotes carcinogenesis through both direct and
indirect mechanisms and therefore antiviral treatment can lower the risk for HCC
occurrence in these patients[30]. A previous study showed that patients with advanced
fibrosis or cirrhosis who received lamivudine had a significantly lower risk (3.9%) of
developing HCC compared to placebo (7.4%) [30] . Despite the reduced risk, these
patients still require routine monitoring for HCC occurrence. Alanine
aminotransferase (ALT) is a marker of liver injury and can be used in conjunction
with other host factors such as age and duration of infection to identify high-risk HBV
carriers[28,29]. Other important risk factors include environmental exposures such as
alcohol, cigarettes and the mycotoxin aflatoxin[31] as well as a family history of HCC[32].
Heavy alcohol use and subsequent alcohol related liver disease has also been
associated with the development of HCC. The incidence of HCC in patients with
alcohol related cirrhosis (Child-Pugh A or B) has been previously reported to be
2.5%[33]. A previous review found that alcohol use greater than 80 g/d for more than
10 years led to a 5-fold increase in risk for development of HCC[34]. A synergistic effect
can occur between alcohol use and other risk factors for HCC, most prominently viral
hepatitis. It has been suggested that screening patients younger than age 55 with
platelet counts > 125000 mm3 may not be cost effective[34], however current guidelines
still recommend surveillance for all patients with cirrhosis[7].
Non-alcoholic fatty liver disease (NAFLD) and its complications are of increasing
clinical significance, particularly in Western nations due to a rising burden of
metabolic syndrome[35]. A prior retrospective analysis has shown that cumulative
incidence of HCC is slightly lower in NAFLD related cirrhosis compared to HCV
cirrhosis (2.6% vs 4%) [36] , however surveillance is still recommended in this
population. A very low incidence of HCC has been described in patients with NAFLD
without cirrhosis, however incidence rates do not meet surveillance criteria at this
time[37,38]. Continued investigation of these relationships is of utmost importance given
the increasing prevalence and incidence of NAFLD[7].
Less common etiologies of cirrhosis that can also increase the risk for HCC include
hereditary hemochromatosis (HH), primary biliary cholangitis (PBC), autoimmune
hepatitis (AIH) and alpha 1-antitrypsin deficiency (A1AT). Patients with HH have
been shown to have a 20-fold higher risk of HCC without an increased risk for nonhepatic malignancies in a large Swedish based population cohort study[39]. While the
incidence of HCC in HH patients with cirrhosis is unknown, the AASLD endorses a
surveillance benefit in these patients[7]. HCC also occurs with increased frequency in
patients with cirrhosis secondary to PBC[40]. The risk of HCC in these patients has been
shown to be similar to the risk of HCC in patients with HCV cirrhosis[41], and therefore
the AASLD recommends routine surveillance [7] . Although there are no formal
recommendations regarding surveillance in patients with cirrhosis secondary to AIH,
several studies note an annual incidence rate > 1.5% and therefore it is reasonable to
include these patients in standard surveillance protocols[42]. The incidence of HCC in
patients with cirrhosis secondary to A1AT deficiency has been previously shown to be
0.88%/year in one small retrospective study[43], however guidelines still recommend
biannual surveillance at this time[7]. Additional studies would be helpful in these less
common causes of cirrhosis to more accurately determine annual incidence and
suitability for surveillance programs.
As mentioned, the mortality benefit in HCC surveillance lies in the advantages of
early detection so that curative therapies, including liver transplantation, can be
considered. As such, patients with Childs Pugh C cirrhosis who are not eligible for
HCC treatments and are not candidates for liver transplantation should not be offered
surveillance programs. Liver transplant candidates should continue to undergo
surveillance up until the time of transplantation[7].
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SURVEILLANCE METHODS
The AASLD recommends surveillance using US with or without AFP every 6 mo. We
will look at the evidence behind the surveillance methods including imaging
techniques and biomarkers as well as the time intervals when they should be
performed.

Imaging techniques
US is an inexpensive and noninvasive surveillance method without any risk or
radiation exposure for the patient. US detection of HCC in a cirrhotic liver is limited
by several factors including hepatic features such as abnormal liver texture, patient
characteristics such as obesity and technical limitations such as quality of US and
experience of ultrasonographer [44] . A meta-analysis looking at the performance
characteristics of surveillance US to detect early HCC found a sensitivity of 94% for
detecting HCC lesions at any stage and sensitivity of 63% for early stage tumors.
Adding AFP measurement to the US regimen did not provide a statistically
significant increase in sensitivity. Performing the surveillance every 6 mo as opposed
to annually increases the sensitivity to 70% for detecting early stage HCC[45]. An
additional study looking strictly at patients with Child-Pugh classes A and B cirrhosis
found that by combining AFP to US the sensitivity increased from 32% to 65% for
detecting early stage HCC[46]. Given the variation in reported sensitivity of US, one
study looked at predictors of surveillance failure and found that one in five USs for
HCC surveillance are classified as inadequate. This study showed that US quality is
diminished in obese patients and those with cirrhosis from alcohol or NAFLD. It is
thought that this deficiency is related to altered US visualization from the presence of
subcutaneous fatty tissue in addition to hepatic steatosis. Consequently, this leads to
under-recognition of small or early stage HCC nodules[47,48]. Pocha et al[49] randomized
163 patients with cirrhosis to receive either biannual US or annual triphasic CT to
compare performance and costs. Biannual US was found to be more sensitive (71.4%)
when compared to CT (66.7%). Overall costs were less for biannual US. In addition to
lacking cost-effectiveness, CT has risks of radiation exposure and renal injury that
must be kept in mind when considering imaging modalities[50]. Magnetic resonance
imaging (MRI) is the most sensitive imaging modality for HCC but its use is limited
by high cost and low accessibility. A recent prospective study of 407 South Korean
patients compared surveillance with MRI to US and found that MRI with liver specific
contrast had a higher detection rate and a lower false-positive rate. MRI was
significantly more sensitive in detecting very early stage HCC meaning a single lesion
< 2 cm with a sensitivity of 84.8% compared to 27.3% detected by US. This study may
not be generalizable to other populations as the majority of patients (74.4%) had HBV
related cirrhosis and the average body mass index (BMI) was low (24.3). Given the
obesity epidemic in the United States, with a prevalence of obesity (BMI > 30) in
adults greater than 30%, the sensitivity of ultrasound may be reduced in this
population [51,52] . While the AASLD practice guidelines acknowledge limited US
reliability in patients with truncal obesity or marked parenchymal heterogeneity, CT
or MRI is not recommended as the primary imaging technique for HCC surveillance.
CT or MRI may be utilized in select patients with inadequate US visualization or at
high risk for inadequate US[7].

Serum biomarkers
Novel biomarkers are being introduced as simple blood tests with growing
applications for cancer screening in patients carrying a diagnosis of cirrhosis,
including early detection, prognostication, and surveillance. Biomarkers in
development are variable in approach, including biochemical metabolites, proteins,
and RNA. Perhaps the most promising biomarker in cirrhosis screening is AFP, which
has gained favor as a supplement to US screening [53]. It has gained popularity as an
affordable and accessible screening test and received a ‘conditional’ recommendation
to be used in conjunction with semiannual US according to AASLD guidelines[7].
As mentioned, screening US may be limited among select populations secondary to
body habitus, obesity, and early HCC disease [15] . In such cases, biomarkers may
supplement US in the detection of early disease. And while the combined
performance characteristics of AFP in conjunction with US are not yet known in full, it
is believed that AFP does improve the sensitivity of interval screening [7] . In a
retrospective analysis of all etiologies of cirrhosis, the performance characteristics for
serum values above 20 ng/mL approach 70% sensitivity and 90% specificity[54]. When
AFP is implemented alongside US screening, one analysis found an improvement in
curative treatment rates and improved 3-year overall survival rates when compared
to groups that did not receive routine HCC screening[15].
Some of the largest criticisms of biomarkers, and specifically AFP, appear to be

WJG

https://www.wjgnet.com

1554

April 7, 2019

Volume 25

Issue 13

Harris PS et al. HCC surveillance

drawn from its inconsistent performance characteristics across different etiologies of
chronic liver disease. Among patients with chronic HCV, AFP levels may be falsely
elevated due to acute inflammation and therefore the upper limit of normal may need
to be adjusted in this population. This is in contrast to patients with non-HCV related
cirrhosis, in which AFP levels greater than 11 ng/L have more accurate performance
characteristics[54]. As a result, there is the possibility of confusion among clinicians
wishing to screen for HCC, as multiple thresholds may be needed, depending on the
sub-population.
European guidelines continue to recommend against the use of AFP despite
estimated improvement of 6% to 8% detection rate, as it is met with a larger number
of false positives [8] . But the future of biomarker screening is promising, with
numerous other molecules under research and development: osteopontin, Midkine,
AFP-L3, DCP, GPC3, and alpha-1-fucosidase. Predictive models, such as the GALAD,
have also been validated as a tool to address the heterogeneity in biology among
cirrhosis etiologies[53]. As alternative biomarkers progress through development, the
landscape of HCC screening will assuredly change alongside it.

Surveillance intervals
There is evidence to support the suggested six-month surveillance interval. A study
by Santi et al compared patients with semiannual surveillance to annual surveillance.
The semiannual surveillance group was associated with increased detection rate of
early stage HCC tumors leading to higher chance of curative therapies and overall
better prognosis[55]. In the aforementioned meta-analysis by Singal et al[45] surveillance
US every 6 mo significantly improve the sensitivity for detection of early stage HCC
when compared to annual exams. More frequent imaging (every 3 mo) has not been
shown to improve survival or increase detection of small HCC lesions and is therefore
not recommended at this time [56].

ADHERENCE AND RECALL
Adherence
Proper screening for HCC is a continuum of services, extending from initial patient
screening, diagnosis, treatment and ultimately surveillance. As one may expect, there
are numerous chances for failure in the delivery of cancer screening care. Patient
adherence seems to be a major barrier in colorectal cancer screening, where nearly
40% of patients were found to have missed their first colonoscopy or flexible
sigmoidoscopy appointment[57]. But in the case of HCC, one analysis suggested that
only 3% of patients missed screening once ordered by a provider. The most significant
barrier identified in this same retrospective cohort was the lack of surveillance orders
from a provider, which neared 40% missed opportunities on behalf of the healthcare
system[58]. Among referring providers, there seems to be a measurable difference in
frequency of screening between primary care physician (PCP) settings and
subspecialty gastroenterology clinics. The most prominent barriers perceived by PCPs
are related to falling out-of-date with regards to the newest HCC screening
guidelines, ineffective communication with at-risk patients and prioritizing other
issues in clinic [59] . Of course, referring patients to be screened for HCC is more
nuanced than a simple referral, and requires recognizing at-risk patients, establishing
a diagnosis of cirrhosis, and then actively counseling the patient. A meta-analysis of 9
studies looked utilization rates and factors that affect them for HCC surveillance.
Pooled utilization rates for HCC surveillance were 18.4%. Utilization rates were better
in patients followed by subspecialists (51.7%) compared to primary care physicians
(16.9%). This study also found other demographics associated with lower surveillance
rates including non-Caucasian race and low socioeconomic status[60]. Studies have
found that quality improvement measures can be used to increase the rate of HCC
surveillance. By enrolling cirrhotic patients into a chronic disease management
program that incorporates automatic reminders for surveillance, surveillance rates
increased from 73% to 90% over 3 years[61]. Including reminders for HCC surveillance
along with screening for other known complications of cirrhosis such as varices or
ascites could be helpful as well. Overall, data on patient adherence suggests an
opportunity for improvement available on the part of providers as well as systems
based approach.

Recall
Surveillance programs need a reliable recall strategy for abnormal findings on US
imaging. Lesions less than 1 cm can be followed with repeat US (with or without AFP)
in 3-6 mo. Further management of abnormal surveillance imaging including lesions >

WJG

https://www.wjgnet.com

1555

April 7, 2019

Volume 25

Issue 13

Harris PS et al. HCC surveillance

1 cm can be managed according to the Liver Imaging Reporting and Data System (LIRADS). Diagnostic liver biopsy may be needed for indeterminate lesions that fall into
LI-RADS 4 (probably HCC) or LI-RADS M categories (malignancy but not definitely
HCC)[7].

CONCLUSION
To summarize, there is sufficient evidence to support the importance and survival
benefit of HCC surveillance (Table 1). Early identification through surveillance
provides more curative treatment options. Surveillance programs are indicated for all
cirrhotic patients and high-risk HBV patients without cirrhosis. Surveillance for obese
and NAFLD patients is of increasing interest as this population continues to rise in the
United States. Semiannual US (with or without AFP) is the recommended imaging
modality for surveillance but clinicians must consider alternative imaging if the US is
limited. Surveillance rates are low and disproportionately affect certain populations.
Clinicians must recognize the importance of adherence to surveillance and continue to
explore options to improve surveillance rates through systems based approaches and
awareness.
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Table 1 Patients at the highest risk for hepatocellular carcinoma
Threshold incidence for efficacy of
surveillance (> 0.25 LYG; % per year)

Population group

Incidence of HCC (% per year)

High risk of HCC for whom surveillance benefit is indicated
Asian male hepatitis B carriers over age 40

0.2

0.4%-0.6% per year

Asian female hepatitis B carriers over age 50

0.2

0.3%-0.6% per year

Hepatitis B carrier with family history of HCC

0.2

Increased

African and/or North American blacks with
hepatitis B

0.2

HCC occurs at a younger age

Hepatitis B carriers with cirrhosis

0.2-1.5

3%-8% per year

Hepatitis C cirrhosis

1.5

3%-5% per year

Stage 4 PBC

1.5

3%-5% per year

Genetic hemochromatosis and cirrhosis

1.5

Probably > 1.5% per year

Alpha-1 antitrypsin deficiency and cirrhosis

1.5

Probably > 1.5% per year

Cirrhosis secondary to other etiologies

1.5

Unknown

Male hepatitis B carriers younger than 40

0.2

< 0.2% per year

Female hepatitis B carriers younger than 50

0.2

< 0.2% per year

Hepatitis C and stage 3 fibrosis

1.5

< 1.5% per year

NAFLD without cirrhosis

1.5

< 1.5% per year

High risk of HCC for whom surveillance benefit is uncertain

Adapted with permission from AASLD guidelines on management of HCC[7] and HCC Surveillance[62]. LYG: Life-years gained; AASLD: American
Association for the Study of Liver Disease; HCC: Hepatocellular carcinoma; NAFLD: Non-alcoholic fatty liver disease.

ACKNOWLEDGEMENTS
The authors would like to recognize and thank Dr. Frederick Weber for his
contributions to this work.

REFERENCES
1

2
3
4
5
6

7

8

9

10
11
12
13

WJG

https://www.wjgnet.com

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin 2018; 68: 394-424 [PMID: 30207593 DOI: 10.3322/caac.21492]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis.
Gastroenterology 2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology 2012; 142:
1264-1273.e1 [PMID: 22537432 DOI: 10.1053/j.gastro.2011.12.061]
El-Serag HB, Kanwal F. Epidemiology of hepatocellular carcinoma in the United States: where are we?
Where do we go? Hepatology 2014; 60: 1767-1775 [PMID: 24839253 DOI: 10.1002/hep.27222]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis: incidence and risk
factors. Gastroenterology 2004; 127: S35-S50 [PMID: 15508101 DOI: 10.1053/j.gastro.2004.09.014]
White DL, Kanwal F, El-Serag HB. Association between nonalcoholic fatty liver disease and risk for
hepatocellular cancer, based on systematic review. Clin Gastroenterol Hepatol 2012; 10: 1342-1359.e2
[PMID: 23041539 DOI: 10.1016/j.cgh.2012.10.001]
Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, Roberts LR, Heimbach JK.
Diagnosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the
American Association for the Study of Liver Diseases. Hepatology 2018; 68: 723-750 [PMID: 29624699
DOI: 10.1002/hep.29913]
European Association for Study of Liver; European Organisation for Research and Treatment of
Cancer. EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. Eur J
Cancer 2012; 48: 599-641 [PMID: 22424278 DOI: 10.1016/j.ejca.2011.12.021]
Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, Tateishi R, Han KH, Chawla YK, Shiina S,
Jafri W, Payawal DA, Ohki T, Ogasawara S, Chen PJ, Lesmana CRA, Lesmana LA, Gani RA, Obi S,
Dokmeci AK, Sarin SK. Asia-Pacific clinical practice guidelines on the management of hepatocellular
carcinoma: a 2017 update. Hepatol Int 2017; 11: 317-370 [PMID: 28620797 DOI:
10.1007/s12072-017-9799-9]
Wilson JM, Jungner G. The principles and practice of screening for disease. Geneva, Switzerland: World
Health Organization; 1968; Available from: http://www.who.int/bulletin/volumes/86/4/07-050112BP.pdf
An J, Lee HC. Surveillance for hepatocellular carcinoma in chronic hepatitis B virus infection: for whom.
Hepat Oncol 2015; 2: 225-229 [PMID: 30191004 DOI: 10.2217/hep.15.17]
Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of screening for hepatocellular carcinoma. J
Cancer Res Clin Oncol 2004; 130: 417-422 [PMID: 15042359 DOI: 10.1007/s00432-004-0552-0]
Lederle FA, Pocha C. Screening for liver cancer: the rush to judgment. Ann Intern Med 2012; 156: 387389 [PMID: 22393134 DOI: 10.7326/0003-4819-156-5-201203060-00012]

1557

April 7, 2019

Volume 25

Issue 13

Harris PS et al. HCC surveillance
14

15

16
17

18
19

20

21

22

23
24

25

26

27

28

29
30

31

32

33

34
35

36

37

38

39

40

WJG

https://www.wjgnet.com

Poustchi H, Farrell GC, Strasser SI, Lee AU, McCaughan GW, George J. Feasibility of conducting a
randomized control trial for liver cancer screening: is a randomized controlled trial for liver cancer
screening feasible or still needed? Hepatology 2011; 54: 1998-2004 [PMID: 21800340 DOI:
10.1002/hep.24581]
Singal AG, Pillai A, Tiro J. Early detection, curative treatment, and survival rates for hepatocellular
carcinoma surveillance in patients with cirrhosis: a meta-analysis. PLoS Med 2014; 11: e1001624 [PMID:
24691105 DOI: 10.1371/journal.pmed.1001624]
El-Serag HB. Hepatocellular carcinoma: recent trends in the United States. Gastroenterology 2004; 127:
S27-S34 [PMID: 15508094 DOI: 10.1053/j.gastro.2004.09.013]
Yuen MF, Cheng CC, Lauder IJ, Lam SK, Ooi CG, Lai CL. Early detection of hepatocellular carcinoma
increases the chance of treatment: Hong Kong experience. Hepatology 2000; 31: 330-335 [PMID:
10655254 DOI: 10.1002/hep.510310211]
Singal AG, Marrero JA. Recent advances in the treatment of hepatocellular carcinoma. Curr Opin
Gastroen 2010; 26: 189-195 [DOI: 10.1097/MOG.0b013e3283383ca5]
Lin OS, Keeffe EB, Sanders GD, Owens DK. Cost-effectiveness of screening for hepatocellular carcinoma
in patients with cirrhosis due to chronic hepatitis C. Aliment Pharmacol Ther 2004; 19: 1159-1172 [PMID:
15153169 DOI: 10.1111/j.1365-2036.2004.01963.x]
Arguedas MR, Chen VK, Eloubeidi MA, Fallon MB. Screening for hepatocellular carcinoma in patients
with hepatitis C cirrhosis: a cost-utility analysis. Am J Gastroenterol 2003; 98: 679-690 [PMID: 12650806
DOI: 10.1111/j.1572-0241.2003.07327.x]
Masuzaki R, Tateishi R, Yoshida H, Goto E, Sato T, Ohki T, Imamura J, Goto T, Kanai F, Kato N, Ikeda
H, Shiina S, Kawabe T, Omata M. Prospective risk assessment for hepatocellular carcinoma development
in patients with chronic hepatitis C by transient elastography. Hepatology 2009; 49: 1954-1961 [PMID:
19434742 DOI: 10.1002/hep.22870]
Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y. Eradication of hepatitis C virus
infection and the development of hepatocellular carcinoma: a meta-analysis of observational studies. Ann
Intern Med 2013; 158: 329-337 [PMID: 23460056 DOI: 10.7326/0003-4819-158-5-201303050-00005]
Gray SH, Shoreibah MG, Locke JE, White JA. The risk of de novo hepatocellular carcinoma still exists in
the in the direct acting antiviral era. AME Med J 2018; 3: 100 [DOI: 10.21037/amj.2018.09.09]
Falade-Nwulia O, Suarez-Cuervo C, Nelson DR, Fried MW, Segal JB, Sulkowski MS. Oral Direct-Acting
Agent Therapy for Hepatitis C Virus Infection: A Systematic Review. Ann Intern Med 2017; 166: 637-648
[PMID: 28319996 DOI: 10.7326/M16-2575]
Reig M, Mariño Z, Perelló C, Iñarrairaegui M, Ribeiro A, Lens S, Díaz A, Vilana R, Darnell A, Varela M,
Sangro B, Calleja JL, Forns X, Bruix J. Unexpected high rate of early tumor recurrence in patients with
HCV-related HCC undergoing interferon-free therapy. J Hepatol 2016; 65: 719-726 [PMID: 27084592
DOI: 10.1016/j.jhep.2016.04.008]
Waziry R, Hajarizadeh B, Grebely J, Amin J, Law M, Danta M, George J, Dore GJ. Hepatocellular
carcinoma risk following direct-acting antiviral HCV therapy: A systematic review, meta-analyses, and
meta-regression. J Hepatol 2017; 67: 1204-1212 [PMID: 28802876 DOI: 10.1016/j.jhep.2017.07.025]
Kwong AJ, Kim WR, Flemming JA. De Novo Hepatocellular Carcinoma Among Liver Transplant
Registrants in the Direct Acting Antiviral Era. Hepatology 2018; 68: 1288-1297 [PMID: 29672886 DOI:
10.1002/hep.30045]
Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, Brown RS, Bzowej NH, Wong
JB. Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B
guidance. Hepatology 2018; 67: 1560-1599 [PMID: 29405329 DOI: 10.1002/hep.29800]
Chen CJ, Yang HI, Iloeje UH; REVEAL-HBV Study Group. Hepatitis B virus DNA levels and outcomes
in chronic hepatitis B. Hepatology 2009; 49: S72-S84 [PMID: 19399801 DOI: 10.1002/hep.22884]
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Tanwandee T, Tao QM, Shue K, Keene ON,
Dixon JS, Gray DF, Sabbat J; Cirrhosis Asian Lamivudine Multicentre Study Group. Lamivudine for
patients with chronic hepatitis B and advanced liver disease. N Engl J Med 2004; 351: 1521-1531 [PMID:
15470215 DOI: 10.1056/NEJMoa033364]
Chen CJ, Chen DS. Interaction of hepatitis B virus, chemical carcinogen, and genetic susceptibility:
multistage hepatocarcinogenesis with multifactorial etiology. Hepatology 2002; 36: 1046-1049 [PMID:
12395312 DOI: 10.1053/jhep.2002.37084]
Loomba R, Liu J, Yang HI, Lee MH, Lu SN, Wang LY, Iloeje UH, You SL, Brenner D, Chen CJ;
REVEAL–HBV Study Group. Synergistic effects of family history of hepatocellular carcinoma and
hepatitis B virus infection on risk for incident hepatocellular carcinoma. Clin Gastroenterol Hepatol 2013;
11: 1636-45.e1-3 [PMID: 23669307 DOI: 10.1016/j.cgh.2013.04.043]
Mancebo A, González-Diéguez ML, Cadahía V, Varela M, Pérez R, Navascués CA, Sotorríos NG,
Martínez M, Rodrigo L, Rodríguez M. Annual incidence of hepatocellular carcinoma among patients with
alcoholic cirrhosis and identification of risk groups. Clin Gastroenterol Hepatol 2013; 11: 95-101 [PMID:
22982095 DOI: 10.1016/j.cgh.2012.09.007]
Morgan TR, Mandayam S, Jamal MM. Alcohol and hepatocellular carcinoma. Gastroenterology 2004;
127: S87-S96 [PMID: 15508108 DOI: 10.1053/j.gastro.2004.09.020]
Degasperi E, Colombo M. Distinctive features of hepatocellular carcinoma in non-alcoholic fatty liver
disease. Lancet Gastroenterol Hepatol 2016; 1: 156-164 [PMID: 28404072 DOI:
10.1016/S2468-1253(16)30018-8]
Ascha MS, Hanouneh IA, Lopez R, Tamimi TA, Feldstein AF, Zein NN. The incidence and risk factors of
hepatocellular carcinoma in patients with nonalcoholic steatohepatitis. Hepatology 2010; 51: 1972-1978
[PMID: 20209604 DOI: 10.1002/hep.23527]
Leung C, Yeoh SW, Patrick D, Ket S, Marion K, Gow P, Angus PW. Characteristics of hepatocellular
carcinoma in cirrhotic and non-cirrhotic non-alcoholic fatty liver disease. World J Gastroenterol 2015; 21:
1189-1196 [PMID: 25632192 DOI: 10.3748/wjg.v21.i4.1189]
Perumpail RB, Wong RJ, Ahmed A, Harrison SA. Hepatocellular Carcinoma in the Setting of Noncirrhotic Nonalcoholic Fatty Liver Disease and the Metabolic Syndrome: US Experience. Dig Dis Sci
2015; 60: 3142-3148 [PMID: 26250831 DOI: 10.1007/s10620-015-3821-7]
Elmberg M, Hultcrantz R, Ekbom A, Brandt L, Olsson S, Olsson R, Lindgren S, Lööf L, Stål P,
Wallerstedt S, Almer S, Sandberg-Gertzén H, Askling J. Cancer risk in patients with hereditary
hemochromatosis and in their first-degree relatives. Gastroenterology 2003; 125: 1733-1741 [PMID:
14724826 DOI: 10.1053/j.gastro.2003.09.035]
Silveira MG, Suzuki A, Lindor KD. Surveillance for hepatocellular carcinoma in patients with primary

1558

April 7, 2019

Volume 25

Issue 13

Harris PS et al. HCC surveillance

41

42

43

44

45

46

47

48
49

50

51

52
53
54

55

56

57

58

59

60

61

62

WJG

https://www.wjgnet.com

biliary cirrhosis. Hepatology 2008; 48: 1149-1156 [PMID: 18785621 DOI: 10.1002/hep.22458]
Caballería L, Parés A, Castells A, Ginés A, Bru C, Rodés J. Hepatocellular carcinoma in primary biliary
cirrhosis: similar incidence to that in hepatitis C virus-related cirrhosis. Am J Gastroenterol 2001; 96:
1160-1163 [PMID: 11316164 DOI: 10.1111/j.1572-0241.2001.03695.x]
Tansel A, Katz LH, El-Serag HB, Thrift AP, Parepally M, Shakhatreh MH, Kanwal F. Incidence and
Determinants of Hepatocellular Carcinoma in Autoimmune Hepatitis: A Systematic Review and Metaanalysis. Clin Gastroenterol Hepatol 2017; 15: 1207-1217.e4 [PMID: 28215616 DOI:
10.1016/j.cgh.2017.02.006]
Antoury C, Lopez R, Zein N, Stoller JK, Alkhouri N. Alpha-1 antitrypsin deficiency and the risk of
hepatocellular carcinoma in end-stage liver disease. World J Hepatol 2015; 7: 1427-1432 [PMID:
26052388 DOI: 10.4254/wjh.v7.i10.1427]
Dănilă M, Sporea I. Ultrasound screening for hepatocellular carcinoma in patients with advanced liver
fibrosis. An overview. Med Ultrason 2014; 16: 139-144 [PMID: 24791845 DOI:
10.11152/mu.201.3.2066.162.md1is2]
Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA, Marrero JA. Meta-analysis: surveillance
with ultrasound for early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment Pharmacol
Ther 2009; 30: 37-47 [PMID: 19392863 DOI: 10.1111/j.1365-2036.2009.04014.x]
Singal AG, Conjeevaram HS, Volk ML, Fu S, Fontana RJ, Askari F, Su GL, Lok AS, Marrero JA.
Effectiveness of hepatocellular carcinoma surveillance in patients with cirrhosis. Cancer Epidemiol
Biomarkers Prev 2012; 21: 793-799 [PMID: 22374994 DOI: 10.1158/1055-9965.EPI-11-1005]
Simmons O, Fetzer DT, Yokoo T, Marrero JA, Yopp A, Kono Y, Parikh ND, Browning T, Singal AG.
Predictors of adequate ultrasound quality for hepatocellular carcinoma surveillance in patients with
cirrhosis. Aliment Pharmacol Ther 2017; 45: 169-177 [PMID: 27862091 DOI: 10.1111/apt.13841]
Della Corte C, Colombo M. Surveillance for hepatocellular carcinoma. Semin Oncol 2012; 39: 384-398
[PMID: 22846857 DOI: 10.1053/j.seminoncol.2012.05.002]
Pocha C, Dieperink E, McMaken KA, Knott A, Thuras P, Ho SB. Surveillance for hepatocellular cancer
with ultrasonography vs. computed tomography -- a randomised study. Aliment Pharmacol Ther 2013; 38:
303-312 [PMID: 23750991 DOI: 10.1111/apt.12370]
Andersson KL, Salomon JA, Goldie SJ, Chung RT. Cost effectiveness of alternative surveillance
strategies for hepatocellular carcinoma in patients with cirrhosis. Clin Gastroenterol Hepatol 2008; 6:
1418-1424 [PMID: 18848905 DOI: 10.1016/j.cgh.2008.08.005]
Kim SY, An J, Lim YS, Han S, Lee JY, Byun JH, Won HJ, Lee SJ, Lee HC, Lee YS. MRI With LiverSpecific Contrast for Surveillance of Patients With Cirrhosis at High Risk of Hepatocellular Carcinoma.
JAMA Oncol 2017; 3: 456-463 [PMID: 27657493 DOI: 10.1001/jamaoncol.2016.3147]
Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the United
States, 2011-2012. JAMA 2014; 311: 806-814 [PMID: 24570244 DOI: 10.1001/jama.2014.732]
Sengupta S, Parikh ND. Biomarker development for hepatocellular carcinoma early detection: current and
future perspectives. Hepat Oncol 2017; 4: 111-122 [PMID: 30191058 DOI: 10.2217/hep-2017-0019]
Gopal P, Yopp AC, Waljee AK, Chiang J, Nehra M, Kandunoori P, Singal AG. Factors that affect
accuracy of α-fetoprotein test in detection of hepatocellular carcinoma in patients with cirrhosis. Clin
Gastroenterol Hepatol 2014; 12: 870-877 [PMID: 24095974 DOI: 10.1016/j.cgh.2013.09.053]
Santi V, Trevisani F, Gramenzi A, Grignaschi A, Mirici-Cappa F, Del Poggio P, Di Nolfo MA, Benvegnù
L, Farinati F, Zoli M, Giannini EG, Borzio F, Caturelli E, Chiaramonte M, Bernardi M; Italian Liver
Cancer (ITA. LI.CA) Group. Semiannual surveillance is superior to annual surveillance for the detection of
early hepatocellular carcinoma and patient survival. J Hepatol 2010; 53: 291-297 [PMID: 20483497 DOI:
10.1016/j.jhep.2010.03.010]
Trinchet JC, Chaffaut C, Bourcier V, Degos F, Henrion J, Fontaine H, Roulot D, Mallat A, Hillaire S,
Cales P, Ollivier I, Vinel JP, Mathurin P, Bronowicki JP, Vilgrain V, N'Kontchou G, Beaugrand M,
Chevret S; Groupe d'Etude et de Traitement du Carcinome Hépatocellulaire (GRETCH). Ultrasonographic
surveillance of hepatocellular carcinoma in cirrhosis: a randomized trial comparing 3- and 6-month
periodicities. Hepatology 2011; 54: 1987-1997 [PMID: 22144108 DOI: 10.1002/hep.24545]
Turner BJ, Weiner M, Yang C, TenHave T. Predicting adherence to colonoscopy or flexible
sigmoidoscopy on the basis of physician appointment-keeping behavior. Ann Intern Med 2004; 140: 528532 [PMID: 15068980 DOI: 10.7326/0003-4819-140-7-200404060-00013]
Singal AG, Yopp AC, Gupta S, Skinner CS, Halm EA, Okolo E, Nehra M, Lee WM, Marrero JA, Tiro JA.
Failure rates in the hepatocellular carcinoma surveillance process. Cancer Prev Res (Phila) 2012; 5: 11241130 [PMID: 22846843 DOI: 10.1158/1940-6207.CAPR-12-0046]
Singal AG, Tiro JA, Gupta S. Improving hepatocellular carcinoma screening: applying lessons from
colorectal cancer screening. Clin Gastroenterol Hepatol 2013; 11: 472-477 [PMID: 23200983 DOI:
10.1016/j.cgh.2012.11.010]
Singal AG, Yopp A, S Skinner C, Packer M, Lee WM, Tiro JA. Utilization of hepatocellular carcinoma
surveillance among American patients: a systematic review. J Gen Intern Med 2012; 27: 861-867 [PMID:
22215266 DOI: 10.1007/s11606-011-1952-x]
Aberra FB, Essenmacher M, Fisher N, Volk ML. Quality improvement measures lead to higher
surveillance rates for hepatocellular carcinoma in patients with cirrhosis. Dig Dis Sci 2013; 58: 1157-1160
[PMID: 23111632 DOI: 10.1007/s10620-012-2461-4]
Shoreibah MG, Bloomer JR, McGuire BM, Massoud OI. Surveillance for hepatocellular carcinoma:
evidence, guidelines and utilization. Am J Med Sci 2014; 347: 415-419 [PMID: 24759379 DOI:
10.1097/MAJ.0000000000000200]

1559

April 7, 2019

Volume 25

Issue 13

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 April 7; 25(13): 1560-1565

DOI: 10.3748/wjg.v25.i13.1560

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Cellular therapy: A promising tool in the future of colorectal surgery
Mohammed Mohammed El-Said, Sameh Hany Emile
ORCID number: Mohammed
Mohammed El-Said
(0000-0002-5916-9682); Sameh Hany
Emile (0000-0001-7854-5244).

Author contributions: El-Said MM
and Emile SH designed, wrote, and
revised the manuscript.

Mohammed Mohammed El-Said, Sameh Hany Emile, Colorectal Surgery Unit, General Surgery
Department, Mansoura University Hospitals, Mansoura University, Mansoura 35516, Egypt
Corresponding author: Sameh Hany Emile, MBChB, MD, MSc, Lecturer, Surgeon, Colorectal
Surgery Unit, General Surgery Department, Mansoura University Hospitals, Mansoura
University, Dakahlia Governorate, Mansoura 35516, Egypt. sameh200@hotmail.com
Telephone: +20-1006267150
Fax: +20-50-239733

Conflict-of-interest statement: All
authors declare no conflicts-ofinterest related to this article.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: January 8, 2019
Peer-review started: January 8,

Abstract
Cellular therapy may be the solution of challenging problems in colorectal
surgery such as impaired healing leading to anastomotic leakage and metastatic
colorectal cancer (CRC). This review aimed to illustrate the role of cellular
therapy in promotion of wound healing and management of metastatic CRC. An
organized literature search for the role of cellular therapy in promotion of wound
healing and management of metastatic CRC was conducted. Electronic databases
including PubMed/Medline, Scopus, and Embase were queried for the search
process. Two types of cellular therapy have been recognized, the mesenchymal
stem cells (MSCs) and bone marrow-mononuclear cells (BM-MNCs) therapy.
These cells have been shown to accelerate and promote healing of various tissue
injuries in animal and human studies. In addition, experimental studies have
reported that MSCs may help suppress the progression of colon cancer in rat
models. This article reviews the possible mechanisms of action and clinical utility
of MSCs and BM-MNCs in promotion of healing and suppression of tumor
growth in light of the published literature. Cellular therapy has a potentially
important role in colorectal surgery, particularly in the promotion of wound
healing and management of metastatic CRC. Future directions of cellular therapy
in colorectal surgery were explored which may help stimulate futures studies on
the role of cellular therapy in colorectal surgery.
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Core tip: Cellular therapy may be the solution of challenging problems in colorectal
surgery such as impaired healing leading to anastomotic leakage and metastatic
colorectal cancer. Two types of cellular therapy have been recognized, the mesenchymal
stem cells (MSCs) and bone marrow-mononuclear cells therapy. These cells have been
shown to accelerate and promote healing of various tissue injuries in animal and human
studies. In addition, experimental studies have reported that MSCs may help suppress the
progression of colon cancer in rat models.

https://www.wjgnet.com

1560

April 7, 2019

Volume 25

Issue 13

El-Said MM et al. Cellular therapy in colorectal surgery

Citation: El-Said MM, Emile SH. Cellular therapy: A promising tool in the future of colorectal
surgery. World J Gastroenterol 2019; 25(13): 1560-1565
URL: https://www.wjgnet.com/1007-9327/full/v25/i13/1560.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i13.1560

INTRODUCTION
Colorectal surgery entails several technical aspects and various postoperative morbidities that may compromise the outcome of patients. Among these morbidities,
improper healing and spread of colorectal cancer (CRC) are considered to be the most
challenging problems.
Improper or delayed wound healing after reconstruction is considered a major
challenge for many surgeons in the daily practice. Impaired wound healing can result
in reconstruction failure which may lead to serious consequences in colorectal surgery
such as anastomotic leakage (AL) and persistent fecal incontinence after failing anal
sphincter repair.
It is worthy to remember that even when optimal surgical strategies and techniques
are followed, failure of surgical reconstruction still occurs in a distressing rate as the
case with AL after colorectal anastomosis which ranges between 1.5% and 15.9%[1,2]. It
became apparent that, in addition to optimizing the surgical technique, alternative
strategies may be necessary for further improvement in the healing process in order to
decrease the rate of reconstruction failure.
Another serious problem is the loco-regional recurrence and distant metastasis of
CRC occurring after an apparently curative surgery. Approximately 20%-25% of
patients with CRC have synchronous liver metastases and another 25%-50% will
develop liver metastases after apparently curative intent surgery[3]. Although the
current chemotherapy has been reported to cause regression of metastatic CRC[4] with
subsequent improvement in the overall survival after curative intent surgery[5], the
management of patients with systemic disease is mostly palliative and metastatic
cancer remains generally incurable and a major cause of cancer-related mortality.
Most colorectal metastases affect the liver and only 10%-20% of them are resectable
with a five-year survival rate of 30%-40%[6].
Even when radical colorectal resection is conducted, functional impairments are
frequently encountered postoperatively with remarkable impact on patients’ quality
of life. Radical excision of rectal cancer usually results in poor bowel function,
particularly low anterior resection syndrome (LARS) which affects up to 80% of
patients after low anterior resection[7]. This encouraged many surgeons to adopt the
"wait and watch" policy after complete clinical response of rectal cancer to neoadjuvant chemo-radiotherapy. Organ preservation strategies have been increasingly
used for rectal cancer in the modern surgical practice.
It has been suggested that the solution of the problems aforementioned may not be
in more refinement or improvement in surgical technique or chemotherapy, but in
biological interventions including cellular and immunological therapies. Cellular
therapy is a promising modality that may become the future of colorectal surgery.
This article highlights the role of cellular therapy in promotion of healing and
suppression of progression of CRC which may shed light on the potentials and future
directions of this innovative therapy.

ROLR OF CELLULAR THERAPY IN TISSUE HEALING
In order to comprehend the rationale of using cellular therapy in promotion of
healing, the basic concepts of cellular response to injury should be emphasized. It has
been demonstrated that tissue injury stimulates the mobilization of progenitor cells
from the bone marrow to the site of injury to regenerate the stroma. These progenitor
cells include the fibrocytes which then differentiate into fibroblasts and deposit
collagen and extracellular matrix proteins[8,9]; and the endothelial progenitor cells
which form new blood vessels[10]. The end result of migration of these mononuclear
cells from the bone marrow to the site of injury is the formation of granulation tissue
which subsequently matures into fibrous tissue.
It has been shown that mesenchymal stem cells (MSCs) also are mobilized from the
bone marrow to the site of injury to promote healing[11] without integration in the
tissues[12]. Therefore, the bone marrow mononuclear cells (BM-MNCs) and MSCs are
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being mobilized in response to tissue trauma from the bone marrow to the site of
injury to contribute to promotion of healing as illustrated in Figure 1. Since both have
the same origin and pathway homing at the site of injury, the MSCs and BM-MNCs
may belong to the same differentiation line, may have common cellular features and
functions, and may have similar therapeutic efficacy[13].
The use of cellular therapy in promotion of wound healing is mainly based on the
stem cell paradigm in which stem cells injected into the injured tissues will
differentiate into parenchymal cells resulting in better healing and tissue regeneration.
However, tissue regeneration secondary to differentiation of injected stem cells was
not proved to occur in experimental studies. Another possible mechanism was
postulated that stem cells may improve wound healing by secreting different healing
promoting mediators, instead of differentiation into parenchymal cells[14].
On the other hand, an alternative concept, the stroma paradigm, was suggested. In
this paradigm, the progenitor cells are first mobilized from the bone marrow to the
site of injury to contribute to regeneration of the stroma, then the local stem cells start
infiltrating the preformed stroma to regenerate the parenchyma.
In light of this paradigm, it would be logical that impaired stroma regeneration can
prevent its infiltration by local parenchymal stem cells, resulting in healing by fibrosis
rather than by regeneration. Many experimental studies supported the stroma
paradigm against the stem cell paradigm. Three experimental studies examined the
effect of local injection of stem cells on healing of injured anal sphincters[14-16] and
concluded that the injected stem cells do not differentiate into skeletal muscles, yet
they accelerate a normal regenerative mechanism that begins by regeneration of the
stroma which is then infiltrated by muscle fibers from the nearby muscles[17].
Based on previous arguments; the use of MSCs may be not ideal in promoting
healing and the BM-MNCs may be a more suitable alternative. This fraction of bone
marrow contains the cells responsible for stroma regeneration ready to act, the
fibrocytes and endothelial progenitor cells, in contrast to the MSCs which are
supposed to be less differentiated[18,19].
Experimental and clinical studies have shown that both MSCs and BM-MNCs are
equally effective in promotion of healing. Mazzanti et al[20] showed that local injection
of MSCs and BM-MNCs have the same therapeutic efficacy in promotion of healing of
injured anal sphincter muscles in rats. Other investigators have also reported that
MSCs and BM-MNCs are equally effective in inducing regenerative changes in animal
models of myocardial infarction and osteoarthritis[13,21].
Being equally effective with the MSCs, the BM-MNCs have the advantages of being
less costly, easier to prepare, and not requiring weeks of in-vitro culture rendering
them more suitable for clinical use [ 2 2 ] . The preparation of BM-MNCs takes
approximately one hour after withdrawal of bone marrow. Orthopedic surgeons[22-24]
have used bone marrow aspirate concentrate (BMAC) which is composed mainly of
BM-MNCs[25] instead of ex-vivo cultivated stem cells in the treatment of bone defects,
bone healing disorders, and osteonecrosis with promising results. Our group has also
used BMAC to augment healing of repaired external anal sphincter in humans with
promising results[26].

ROLE OF CELLULAR THERAPY IN TREATMENT OF
METASTAIC CRC
Many studies demonstrated that MSCs home into various tumors as breast cancer,
prostate cancer[27] and colon cancer[28]. It has been assumed that tumors tend to behave
biologically as a wound that never heals, releasing several inflammatory mediators
that recruit MSCs[29].
The effect of MSCs on tumor growth is controversial as some studies reported that
MSCs can either enhance[30,31] or inhibit tumor growth[32,33]. Waterman et al[34] documented that MSCs can be primed by stimulation of toll like receptor 3 or 4 (TLR3 or
TLR4) into immunosuppressive or proinflammatory MSCs, respectively. While the
non-primed and immunosuppressive MSCs tend to enhance tumor growth, the
proinflammatory MSCs tend to inhibit it. This concept may shed light on the
controversial role and dual action of MSCs in tumor biology.
The key in using MSCs in inhibition of tumor growth lays in shifting the polarization of these cells from the immunosuppressive phenotype, which helps
formation of tumor stroma (pro-tumor), to the proinflammatory phenotype which
stimulates the immune system to destroy the tumor (anti-tumor). One of the strategies
used for shifting polarization of MSCs to the proinflammatory phenotype is local
injection of bacteria into the tumor.
Coley[35] treated patients with inoperable soft tissue sarcomas by local injection of
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Figure 1

Figure 1 Mobilization of mono-nuclear cells and mesenchymal stem cells from the bone marrow to the site of
tissue injury.

heat killed bacteria "Coley's toxin" with long term disease free survival of about 50%
which is considered extraordinary. Although Coley's toxin is not used now in clinical
practice, intra-vesical Bacillus Calmette Guerin (BCG) is considered the standard of
care in patients with superficial bladder cancer[36]. In general, the antitumor effect of
BCG on superficial bladder cancer is due to activation of the patient's immune
response against the tumor[37] as evidenced by infiltration of the bladder wall by
immune cells after BCG therapy[38]. To be effective, BCG therapy requires a competent
host immune system[39]. We speculate that these bacterial products may prime MSCs
that infiltrate the tumor to become proinflammatory, resulting to tumor regression.
Although certain evidence is still lacking, combining MSCs with bacteria may help
priming the MSCs to become proinflammatory which makes them a strong weapon
against cancer.
Former experimental studies have documented the inhibitory effect of MSCs
therapy on the progression of CRC. Francois et al[40] showed that intravenous injection
of MSCs attenuated both initiation and progression of CRC in an immunocompetent
rat model of colon cancer. In line with the previous study, Tang et al[41] showed that
intravenous MSCs helped suppress the development of colon cancer in a colitis rat
model. El-Khadragy el al[42] also showed that intra-rectal injection of non-manipulated
bone marrow cells suppressed the progression of colon cancer in a rat model.
Similar to MSCs, fibrocytes seem also to either promote or suppress tumor growth
through differentiation into different phenotypes. Fibrocytes that express CD34+ were
suggested to help inhibition of tumor growth in different cancers[43]. On the other
hand, loss of CD34+ on fibrocytes in tumor stroma with increased α-smooth muscle
actin+ are associated with increased invasive behavior of different tumors[44,45]. This
may be explained by loss of the antigen presenting function of fibrocytes that lack
CD34+ expression, eventually leading to impaired immune response to malignant
cells[40]. This concept of polarization of fibrocytes and the effect of this polarization on
tumor biology is so similar to that of MSCs which may suggest common origin and
functions of both cell types.
Although fibrocyte-based cellular therapies were not used yet to treat tumors even
experimentally, the biologic similarity between fibrocytes and MSCs as aforementioned makes us postulate that local injection of BM-MNCs may have similar
effects on tumor growth as MSCs. Perhaps the addition of a bacterial product such as
BCG to either MSCs or BM-MSCs may help polarize stem cells or fibrocytes to the
tumor suppressing phenotype, however, thorough and extensive research on this
hypothesis is needed to ascertain its validity.

CONCLUSION
In conclusion, cellular therapy may be the future solution for difficult surgical problems such as impaired healing and tumors. Cells can be locally injected at sites of
reconstruction to augment healing as to prevent AL. The use of MSCs and potentially
BM-MNCs may help suppress the progression of metastatic CRC without the
morbidity, mortality and limitations of major surgery. Further animal studies are
highly required to prove the validity of these concepts.
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Abstract
BACKGROUND
Hepatitis delta virus (HDV) seems to strongly suppress hepatitis B virus (HBV)
replication, although little is known about the mechanism of this interaction. Both
these viruses show a dynamic distribution of mutants, resulting in viral
quasispecies. Next-generation sequencing is a viable approach for analyzing the
composition of these mutant spectra. As the regulatory hepatitis B X protein
(HBx) is essential for HBV replication, determination of HBV X gene (HBX)
quasispecies complexity in HBV/HDV infection compared to HBV monoinfection may provide information on the interactions between these two viruses.
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AIM
To compare HBV quasispecies complexity in the HBX 5’ region between chronic
hepatitis delta (CHD) and chronic HBV mono-infected patients.
METHODS
Twenty-four untreated patients were included: 7/24 (29.2%) with HBeAgnegative chronic HBV infection (CI, previously termed inactive carriers), 8/24
(33.3%) with HBeAg-negative chronic hepatitis B (CHB) and 9/24 (37.5%) with
CHD. A serum sample from each patient was first tested for HBV DNA levels.
The HBX 5’ region [nucleotides (nt) 1255-1611] was then PCR-amplified for
subsequent next-generation sequencing (MiSeq, Illumina, United States). HBV
quasispecies complexity in the region analyzed was evaluated using incidencebased indices (number of haplotypes and number of mutations), abundancebased indices (Hill numbers of order 1 and 2), and functional indices (mutation
frequency and nucleotide diversity). We also evaluated the pattern of nucleotide
changes to investigate which of them could be the cause of the quasispecies
complexity.
RESULTS
CHB patients showed higher median HBV-DNA levels [5.4 logIU/mL,
interquartile range (IQR) 3.5-7.9] than CHD (3.4 logIU/mL, IQR 3-7.6) (P = n.s.)
or CI (3.2 logIU/mL, IQR 2.3-3.5) (P < 0.01) patients. The incidence and
abundance indices indicated that HBV quasispecies complexity was significantly
greater in CI than CHB. A similar trend was observed in CHD patients, although
only Hill numbers of order 2 showed statistically significant differences (CHB
2.81, IQR 1.11-4.57 vs CHD 8.87, 6.56-11.18, P = 0.038). There were no significant
differences in the functional indices, but CI and CHD patients also showed a
trend towards greater complexity than CHB. No differences were found for any
HBV quasispecies complexity indices between CHD and CI patients. G-to-A and
C-to-T nucleotide changes, characteristic of APOBEC3G, were higher in CHD and
CI than in CHB in genotype A haplotypes, but not in genotype D. The proportion
of nt G-to-A vs A-to-G changes and C-to-T vs T-to-C changes in genotype A and
D haplotypes in CHD patients showed no significant differences. In CHB and CI
the results of these comparisons were dependent on HBV genotype.
CONCLUSION
The lower-replication CHD and CI groups show a trend to higher quasispecies
complexity than the higher-replication CHB group. The mechanisms associated
with this greater complexity require elucidation.
Key words: Hepatitis B virus; Hepatitis delta virus; Hepatitis B X gene; Next-generation
sequencing; Viral quasispecies; Hepatitis B virus-hepatitis delta virus interaction
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatitis B virus (HBV) replication is lower in the presence of hepatitis delta
virus (HDV), but little is known about the mechanism of this interaction. HBV X gene
quasispecies study in HBV/HDV infection could provide data regarding this interaction.
With use of next-generation sequencing, we analyzed HBV quasispecies complexity and
found a trend to greater complexity in chronic HDV and chronic HBV infection (CI,
previously termed inactive carriers) than in chronic hepatitis B. This suggests that HDV
may drive the HBV quasispecies to acquire a situation of diversity similar to that of CI
patients.
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INTRODUCTION
An estimated 257 million people worldwide are chronically infected with hepatitis B
virus (HBV), and 15 to 20 million of them are also infected with hepatitis delta virus
(HDV)[1]. HDV is a defective RNA virus that requires the helper function of HBV
surface antigen (HBsAg) to achieve transmission[2]. HDV infection can occur as an
acute coinfection (simultaneous HBV/HDV infection) or as a superinfection in
individuals already chronically infected with HBV[3]. Acute HBV/HDV coinfection is
usually self-limited and shows a course similar to that of acute HBV mono-infection,
with clearance rates of both agents greater than 95% in immunocompetent adults.
Nonetheless, it can also cause severe acute hepatitis with a high-risk of developing a
fulminate course[4]. In superinfections, HDV progresses to chronicity in > 80% of
cases[4]. Chronic HDV infection leads to more severe liver disease than chronic HBV
mono-infection. In fact, it is the most severe form of viral hepatitis in humans, with
accelerated progression of fibrosis, a slightly increased risk of hepatocellular
carcinoma (HCC), and early decompensation in the setting of established cirrhosis[2].
HBV is an enveloped DNA virus consisting of a 3.2-kb partially double-stranded
genome that replicates via an RNA intermediate[5] and encodes 7 proteins: PreCore,
core, pol, X (HBx), and the three envelope proteins, L, M, and S. The HDV genome is
comprised of a 1.7-kb single-stranded circular RNA of negative polarity, the smallest
among known mammalian viruses[6]. As HDV does not encode an RNA-dependent
RNA polymerase, its replication relies on the host cell’s RNA polymerase II (RNA pol
II) [7] . The HDV genome contains a single functional open reading frame (ORF)
encoding hepatitis delta antigen (HDAg). Through the action of RNA-specific
adenosine deaminase 1 (ADAR 1) editing during replication, HDV manages to
produce two HDAg isoforms from this single ORF: The small (S-HDAg) and large (LHDAg) delta antigens. As compared to S-HDAg, L-HDAg contains 19 additional
amino acids at the C terminus[7]. Remarkably, the two HDAg isoforms have different
functions: S-HDAg binds to HDV RNA and promotes HDV replication, whereas LHDAg inhibits replication and is known to be involved in HDV packaging by direct
binding to HBsAg[8]. As the two viruses use the same envelope proteins, HDV and
HBV share common attachment and entry steps. Direct contact between HBsAg and
HDAg for HDV virion envelopment is considered the main interaction[9], but the two
viruses must also interact with each other at different stages of their replication cycles.
For example, previous studies have shown that HDV can strongly suppress HBV
replication and become the predominant virus in HBV/HDV infection[10,11]. However,
other patterns of predominance are also seen in HBV/HDV infection, related to the
fluctuating patterns of HBV and HDV replication over time[12]. Currently, little is
known about the specific mechanisms of this interaction. It has been suggested that
the suppressive effect of HDV on HBV replication may be mediated by the interaction
of HDAg with HBV enhancers[13], the L-HDAg-RNA pol II interaction[14], or by the
antiviral activity of interferon-inducible MxA protein activated by L-HDAg[13].
As is the case of other RNA and DNA viruses that replicate by low-fidelity
polymerases, HDV and HBV both exhibit high mutation rates, and their populations
show a dynamic distribution of mutants. This characteristic results in a complex
swarm of sequences that are highly similar, but not identical, known as a viral
quasispecies[15,16]. Next-generation sequencing (NGS), also referred to as massive or
deep sequencing, is an ideal approach to analyze the composition and complexity of
the mutant spectra within a viral quasispecies[17,18]. This information can explain or
predict the response of the virus to specific environmental changes. The HBV
quasispecies in chronic mono-infection and the HDV quasispecies have been analyzed
individually by NGS[19-23]. However, there are no studies comparing the quasispecies
in HBV mono-infection and HBV/HDV infection using this technique.
Characterization of the HBV population in each of these situations could provide
valuable information on the interference between HBV and HDV. The pleiotropic,
trans-activating HBx protein has an important role in regulating the HBV life cycle,
host-virus interactions, and HBV-related HCC[24], and HDV/HBV interactions at this
level may impair HBV replication/transcription. Therefore, the hepatitis B X gene
(HBX) could be an interesting target to study potential interactions between these two
viruses.
The aim of this study was to evaluate and compare the complexity of the HBV
quasispecies in serum samples from HBV mono-infected patients in the chronic
infection phase (CI, previously termed inactive carrier), patients with chronic hepatitis
B (CHB) mono-infection, and patients with chronic hepatitis delta (CHD)
superinfection, using a high-throughput NGS-based approach. We focused our study
on the 5’ end of the HBX coding region and its upstream non-coding region
[nucleotides (nt) 1255-1611], which was also examined in a previous study by our
group in patients in different stages of chronic HBV infection, including CHB and
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CI[23].

MATERIALS AND METHODS
Patients and samples
Twenty-four patients with chronic HBV infection in two different clinical stages
including some with HDV superinfection were recruited from the outpatient clinics of
Vall d’Hebron University Hospital (Barcelona, Spain). According to the guidelines of
the European Association for the Study of the Liver[25], patients were classified into
three groups: Hepatitis B e-antigen (HBeAg)-negative CI (7 patients, 29.2%), HBeAgnegative CHB (8 patients, 33.3%), and CHD (9 patients, 37.5%). The study was
approved by the Ethics Committee of Vall d’Hebron Research Institute and all
patients provided written informed consent for participation.
One serum sample from each patient with HBV DNA ≥ 2.5 logIU/mL (sensitivity
limit of the PCR to amplify the target region) was selected for the study. Exclusion
criteria were positive testing for hepatitis C virus (HCV) or human immunodeficiency
virus (HIV) antibodies, current antiviral therapy, or liver transplantation in the 2
years before the sample was obtained.

Serological and virological determinations
HBV serological markers (HBsAg and HBeAg) and anti-HCV antibodies were tested
using commercial electrochemiluminescent immunoassays on a COBAS 8000
instrument (Roche Diagnostics, Rotkreuz, Switzerland). Anti-HDV antibodies were
tested using the HDV Ab kit (Dia.Pro Diagnostics Bioprobes, Sesto San Giovanni,
Italy), and anti-HIV antibodies with the Liaison XL murex HIV Ab/Ag kit (DiaSorin,
Saluggia, Italy). HBV-DNA was quantified by real-time PCR with a detection limit of
10 IU/mL (COBAS 6800, Roche Diagnostics, Mannheim, Germany). HDV-RNA was
quantified by an in-house method[26] using the HDV RNA international standard of
the World Health Organization (1st World Health Organization International
Standard for Hepatitis D Virus RNA for Nucleic Acid Amplification Techniquesbased assays; PEI code number: 7657/12), with a quantification limit of 100 IU/mL.

Amplification of HBV and HDV regions of interest by next-generation sequencing
The region of the HBX gene (nt 1255 to 1611) selected for HBV sequencing is included
in the 5’ end of all HBX transcripts. It encompasses a non-coding upstream region (nt
1255-1373) and the 5’ end of the HBX coding region (nt 1374-1611)[23]. This latter
sequence encodes the N-terminal HBx domain (HBx amino acids 1-50), which acts as
negative regulator of HBx transactivation and has an essential role in multiple
functions of the protein. The region selected for HDV genotyping covered a 360-bp
fragment of the HDV genome, from nt positions 910 to 1270. These genome regions
have both been used to respectively determine HBV and HDV genotypes in previous
studies[22,23].
For each sample, total viral nucleic acid was extracted from 200 μL of serum with
the High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Mannheim, Germany),
according to the manufacturer’s instructions. Molecular amplification of HBV-DNA
was performed using a 3 PCR protocol. The first-round PCR was performed using
external primers (forward 5’-TGTATTCCCATCCCATCATC, and reverse 5’AGWAGCTCCAAATTCTTTATAAGG, which cover the region from nt 599 to 1936)
with the following protocol: 95 ºC for 5 min followed by 35 cycles of 95 ºC for 20 s, 53
ºC for 20 s, and 72 ºC for 15 s, and finally 72 ºC for 3 min. The second- and third-round
PCRs were performed as previously described by our group[23]. By adding another
PCR to the amplification protocol described in that previous study, we were able to
increase the sensitivity limit from 3.5 logIU/mL to 2.5 logIU/mL, thereby allowing
sequencing of samples from patients with low HBV replicative activity (especially CI
and CHD samples). Amplification of the region selected for HDV genotyping was
performed by RT-nested PCR as previously described[21,22]. After amplification of the
HBV and HDV regions of interest, the final products were flanked by universal M13
sequences at both ends. In the last PCR amplification [multiplex identifier (MID)
PCR], a specific pair of primers was used, consisting of an M13 universal primer and a
MID or barcode sequence. Each individual patient sample required a different MID.
The PCR products of this amplification, also known as amplicons, were visualized as
single bands on 1.5% agarose electrophoresis gel, stained with SybrSafe DNA Gel
Stain (Invitrogen, United States) with 1 × TAE running buffer. PCR products from the
gel were subsequently purified using the QIAquick Gel Extraction Kit (Qiagen,
Hilden, Germany). Amplicon quality was analyzed using the Agilent 2200
TapeStation System with the D1000 ScreenTape kit (Agilent Technologies,
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Waldbronn, Germany). Purified DNA from each sample was quantified by
fluorescence using the Quant-iT PicoGreen dsDNA Assay Kit (Life Technologies,
United States), adjusted to the same concentration, and pooled. The pools, one for
HBV (24 amplicons) and another for HDV (9 amplicons), were NGS-sequenced on the
MiSeq Platfrom (Illumina, San Diego, United States) following the manufacturer’s
protocol.

Data treatment
PCR artefacts and sequencing errors can occur when using NGS. Thus, the sequences
obtained (referred to as reads: Sequences obtained by NGS that do not always cover
the full amplicon length) require bio-informatic processing to minimize the scoring of
these errors. To this end, we developed a haplotype-centric data analysis pipeline to
exclude full reads that did not meet minimum quality requirements, essentially
consisting of the following steps:
Quality control of fastq files: Inspect profiles for per-site quality, read length, and
general quality-related instrument parameters.
Overlapping paired reads: In paired-end experiments, use FLASh[27] to impose a
minimum of 20 overlapped base pairs (bp) with a maximum of 10% mismatches
(yield 60%-80% for 450 to 500-bp amplicons).
Discarding reads: Reads are discarded if more than 5% of bases are below a Phred
score[28] of 30, corresponding to an estimated accuracy of 99.9% (yield 75%-85%).
Demultiplexing reads: Demultiplexing is done by identifying oligonucleotide
sequences at both ends within windows of expected positions in the reads (yield 70%85%). First, the individual MIDs (10 oligonucleotide sequences) are used to
distinguish between samples from different patients/origins. Only one mismatch is
allowed. Second, specific primers (20 to 30-bp oligos) are used to distinguish between
different regions in the genome or different genomes, and between the two strands.
Up to three mismatches are allowed. Finally, MIDs and primers are trimmed and a
fasta file is obtained for each combination of MID, primer, and strand in the run,
where reads are collapsed to haplotypes (unique sequences covering the full amplicon
observed on the clean set of sequences) with the corresponding frequencies.
Aligning haplotypes: In each fasta file haplotypes are aligned to the wild-type
reference sequence or the master sequence (most abundant haplotype in the file) and
quality filter (yield > 90%). This quality filter consists in discarding haplotypes that do
not cover the full amplicon and those that have more than two indeterminations, three
gaps, or more than 99 differences with respect to the reference. Finally, the accepted
indeterminations and gaps are repaired as per the reference sequence.
Intersecting haplotypes: For this step, haplotypes with abundance not below 0.1% in
both strands are selected (yield 50%-60%), whereas those unique to one strand are
discarded. The coverage of haplotypes passing the filter is taken as the sum of reads
in both strands.
Final result: All haplotypes with abundances not below 0.25% are kept. The final
haplotypes are called consensus haplotypes, and these are the basis for the
downstream analysis in this study (final overall yield 15%-25%).

Genotyping
HBV and HDV genotypes were determined by NGS and phylogenetic analysis of the
amplified genome regions of both viruses. NGS allows detection of mixtures of viral
genotypes in patient samples, which could have an impact on HBV quasispecies
complexity. The nt haplotypes aligned at 0.25% obtained by NGS were genotyped by
distance-based discriminant analysis (DB rule) [29,30] . For this analysis, we used
reference sequences of the HBV and HDV regions analyzed extracted from the fulllength genomes representative of HBV genotypes A to H and HDV genotypes 1 to 8
obtained from GenBank (Supplementary Figures 1 and 2). This analysis takes into
account the inter- and intra-class variability of each genotype. Genetic distances were
computed according to the Kimura-80 model[31]. UPGMA trees were designed to
visualize the genetic distances between sequences.

Quasispecies complexity measures
Quasispecies complexity was analyzed in HBV sequences obtained by NGS (5’ HBX
gene, nt 1255-1611). Multiple alignment displays the entities (haplotypes,
polymorphic sites, and mutations) present in the viral quasispecies. In this study, six
parameters were used to describe quasispecies complexity: Number of haplotypes
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Figure 1

Figure 1 Comparison between hepatitis B virus-DNA serum levels in the three groups.aP < 0.01. CHD: Chronic
hepatitis delta; CHB: Chronic hepatitis B; CI: Hepatitis B virus chronic infection; HBV: Hepatitis B virus.

(nHpl) and number of mutations (nMuts) as incidence-based indices; Hill numbers of
order 1 and 2 (q = 1, the exponential of Shannon’s entropy and q = 2, the inverse of
Simpson’s index) as abundance-based indices; and the mutation frequency (Mf) and
nucleotide diversity (Pi) as functional indices[18,32]. The complexity parameters are
defined in Supplementary Materials.

Analysis of nucleotide substitutions
The innate immune system is suggested to contribute to HBV genetic variability
through the cytidine deaminase APOBEC (apolipoprotein B mRNA editing enzyme)
family[33], such as APOBEC3G (A3G) which promotes G–to-A, and in some cases, C-toT hypermutation of HBV genomes[34,35]. To infer whether this nt substitution pattern
could be associated with HBV quasispecies complexity in the groups analyzed, we
used a point mutation approach to detect bias towards a specific nt change. This
approach consists in assessing the nt changes in the sequence of haplotypes relative to
the reference sequence of the same genotype (consensus sequence of all GenBank
patterns of the same genotype used for HBV genotyping), taking into account only
one nucleotide change per position, regardless of the number of haplotypes where it
appears.
In addition, we compared the proportion of positions with a G-to-A nt change in
any haplotype (relative to the genotype reference sequence) with the proportion of
positions with an A-to-G nt change (G→A/G vs A→G/A) between CHB, CI and
CHD. The same comparison was done for C-to-T changes: (C→T/C vs T→C/T).

Statistical analysis
Statistics were carried out using GraphPad Prism version 7.0 (GraphPad software, La
Jolla, United States). All parameters are expressed as the median value and
interquartile range (IQR). For qualitative variables the chi-square test was performed.
The Kruskal Wallis and Dunn test (post hoc) were used for multiple comparisons of
independent samples. To compare the proportions of nt changes, a 2-sample test for
equality of proportions with continuity correction was performed. The Mann-Whitney
test was used for the two-group comparisons (HBeAg+ vs HBeAg- in CHD, and
cirrhotic vs non-cirrhotic patients). P values < 0.05 were considered significant. The
bioinformatics and biostatistics methods used in this study were reviewed by Dr.
Josep Gregori from the Liver Disease-Viral Hepatitis Laboratory of Vall d’Hebron
Hospital (Barcelona, Spain), CIBERehd research group, and Roche Diagnostics SL.

RESULTS
Patient characteristics
Clinical, virological, and serological parameters were obtained from the 24 patients.
Baseline characteristics are summarized in Table 1. Median (IQR) age was 37 (30-45
years), 58% were men, 71% were Caucasians, and the remainder were of Sub-Saharan
origin. Regarding laboratory characteristics, 79% were negative for HBeAg and
median (IQR) alanine aminotransferase levels were 43 IU/L (31.75-118.5). HBV DNA
levels were lower in the CI [3.2 logIU/mL (2.3-3.5)] and CHD [3.4 logIU/mL (3-7.6)]
groups than in CHB [5.4 logIU/mL (3.5-7.9)] (P < 0.01 and n.s., respectively) (Figure
1). Liver histology was available in all cases: 2/9 patients with CHD (1 of whom
additionally had HCC), and 3/8 patients with CHB had liver cirrhosis.
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Figure 2

Figure 2 Comparison of the indices of hepatitis B virus quasispecies complexity between the three groups. A: Incidence-based indices: Number of haplotypes
(nHpl), number of mutations (nMuts) (aP < 0.05, bP < 0.01); B: Abundance-based indices: Hill numbers (Hill q = 1 and Hill q = 2) (cP < 0.05); C: Functional-based
indices: Mutation frequency (Mf) and nucleotide diversity (Pi). One outlier value in the CI group was eliminated in the representation of Mf results, but this value was
included in the statistical comparisons. nHpl: Number of haplotypes; nMuts: Number of mutations; Mf: Mutation frequency; Pi: Nucleotide diversity; CHD: Chronic
hepatitis delta; CHB: Chronic hepatitis B; CI: Hepatitis B virus chronic infection.

Analysis of NGS sequences obtained and genotyping results
After applying the quality filters, 791036 sequences from the HBV target region were
obtained from the 24 serum samples, yielding a median (IQR) of 26459 (17649-44852)
sequences per patient. Regarding HDV, 287541 sequences were obtained from the 9
samples, yielding a median (IQR) of 17609 (14475-22677) sequences per patient. HBV
genotyping showed that in the region analyzed (nt 1255 to 1611), 15/24 patients
(62.5%) had a complex mixture of genotypic variants, mainly A/D/C. None of the
patients included showed genotype B, G, or H haplotypes. With regard to the HDV
region analyzed (nt 910 to 1270), 7/9 (78%) CHD patients were classified as genotype
HDV-1, whereas 2/9 (11%) were HDV-2 and HDV-6, respectively.

Characterization of HBV quasispecies complexity
To analyze HBV quasispecies complexity data from samples of notably different
coverage, samples were made comparable by down-sampling and fringe trimming to
a common coverage of 6000 reads, retaining haplotypes at a frequency above 0.2%
with 95%CI. Quasispecies complexity in the HBV target region was evaluated using
six parameters. Of note, all CHB and CI patients were HBeAg-negative, whereas 5/9
CHD patients were HBeAg-positive. The complexity of the viral population in the
preCore/Core region of the viral genome has been reported to differ between HBeAgpositive and -negative HBV mono-infected patients[36]. To determine whether HBeAg
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Table 1 Baseline characteristics according to the clinical stage of hepatitis B virus or hepatitis B virus/hepatitis delta virus infection
Total, n = 24
Age, yr, median (IQR)

Chronic HBV infection, n = Chronic hepatitis B, n = Chronic hepatitis delta, n =
P value
7
8
9

36.5 (30.75-48)

40 (33.5-60.5)

35.5 (32.75-42)

38 (30-41)

ns

14 (58)

4 (57)

4 (50)

6 (67)

ns

Caucasian

17 (71)

5 (71)

5 (62)

7 (78)

ns

Sub-Saharan

7 (29)

2 (29)

3 (38)

2 (22)

43 (31.75-118.5)

27 (16-30.5)

60 (44.25-118.5)

80 (39-138)

0.0007

19 (79)

7 (100)

8 (100)

4 (44)

0.005

HBsAg, logIU/mL, median (IQR)

3.8 (3.5-4.1)

3.6 (2.6-3.9)

3.6 (3.4-3.7)

4.1 (3.8-4.5)

0.0152

HBV DNA, logIU/mL, median
(IQR)

3.5 (3.2-5.4)

3.2 (2.8-3.4)

5.4 (3.9-6.2)

3.4 (3.2-4)

0.0038

5.5 (4.3-5.5)

-

Male, n (%)
Ethnic group, n (%)

ALT, IU/L, median (IQR)
HBeAg-, n (%)

HDV RNA, logIU/mL, median
(IQR)

IQR: Interquartile range; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e-antigen; HBsAg: Hepatitis B virus surface antigen; HBV: Hepatitis B virus;
HDV: Hepatitis delta virus.

status had an effect on quasispecies complexity in the HBX 5’ region in CHD patients,
the six parameters used to assess this factor were compared between HBeAg-negative
and –positive CHD patients, but no statistically significant differences were found
(Table 2). Thus, the patients’ HBeAg status was not considered to be a potential
interfering factor. In addition, we compared these complexity indices between 5
patients with liver cirrhosis, including 2 CHD and 3 CHB, and 19 patients without
progression to severity. No significant differences were found (Table 3).
Comparison between HBV mono-infection (CHB and CI) vs. CHD (HBeAgnegative and HBeAg-positive) in two-group tests showed no significant differences in
the incidence, abundance, or functional indices related to quasispecies complexity.
However, significant differences were found between CHB and CI in incidence and
abundance-that is, median nHpl (IQR), CHB 31 (12-75, 34.75) vs CI 60 (47.5-65) (P =
0.011), nMuts, 39 (20.75-69.25) vs 105 (97.5-112.5) (P < 0.01), and Hill numbers of order
1, 6.70 (1.37-9.43) vs 21.54 (18.99-22.14) (P = 0.012), and 2, 2.81 (1.11-4.57) vs 9.86 (8.3711.22) (P = 0.027)-with the CI quasispecies showing greater complexity than that of
CHB (Figure 2). No statistically significant differences were observed for the
functional indices (Mf and Pi), which are sensitive to the number of differences
between the different haplotypes, although the results showed a trend towards
greater complexity in CI and CHD than in CHB patients (Figure 2C). Regarding the
effect of HDV on the HBV quasispecies, the most interesting finding was that the HBV
viral populations in CHD and CI showed a similar trend, with greater complexity
(higher incidence, abundance and functional values) than that of CHB patients,
although only Hill numbers of order 2 showed a statistically significant difference,
CHB 2.81 (1.11-4.57) vs CHD 8.87 (6.56-11.18) (P = 0.038) (Figure 2). There were no
significant differences in any HBV complexity indices between CHD and CI patients.

Types of nucleotide changes in HBV sequences
All types of nt changes were computed in the three patient groups. As the patterns of
nt changes varied between the different genotypes (data not shown), we only took
into account genotype A (Figure 3A) and D (Figure 3B) haplotypes, which were the
most abundant in our samples [genotype A 511/1065 haplotypes (47.98%) and
genotype D 264/1065 haplotypes (24.79%)], for the comparisons. In this analysis we
found that the pattern of nt changes in genotype A haplotypes (Figure 3A) differed
from those in genotype D (Figure 3B). The nt changes G-to-A and C-to-T, which are
characteristic of the modifications introduced by the A3G enzyme, were higher in
CHD and CI than in CHB patients in genotype A haplotypes (Figure 3A), but not in
genotype D (Figure 3B). We then compared the proportion of G-to-A vs A-to-G nt
changes and C-to-T vs T-to-C in genotype A and D haplotypes by group to investigate
bias in the nt change pattern, which could be associated with the effect of A3G. There
were no significant differences in these changes in either genotype A or genotype D in
CHD patients. The results in CHB and CI were dependent on HBV genotype. In
genotype A haplotypes, the proportion of C-to-T nt changes was higher than T-to-C in
the CI group (0.22 vs 0.07 respectively, P < 0.01), whereas in genotype D the
proportion of G-to-A nt changes was higher than A-to-G in the CHB group (0.20 vs
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Table 2 Comparison of hepatitis B virus quasispecies complexity indices between hepatitis B e-antigen-negative and hepatitis B eantigen-positive chronic hepatitis D patients
CHD HBeAg-negative (n = 4)

CHD HBeAg-positive (n = 5)

P value
1.0

nHpl, median (IQR)

42 (36-47)

42 (27-54)

nMuts, median (IQR)

97.5 (72.5-104)

100 (18-100)

1.0

Mf, median (IQR)

0.039 (0.027-0.045)

0.035 (0.002-0.041)

0.4127

Pi, median (IQR)

0.047 (0.033-0.052)

0.046 (0.004-0.049)

0.5556

Hill number (q = 1), median (IQR)

17.29 (14.46-20.49)

16.62 (10.06-20.96)

1.0

Hill number (q = 2), median (IQR)

10.03 (8.29-12.11)

8.15 (6.56-10.42)

0.5556

IQR: Interquartile range; CHD: Chronic hepatitis D patients; nHpl: Number of haplotypes; nMuts: Number of mutations; Mf: Mutation frequency; Pi:
Nucleotide diversity.

0.04 respectively, P = 0.025).

DISCUSSION
Clinical and experimental data support the existence of interference between HDV
and HBV. Although several hypothesis have been raised to define the interactions
between these viruses[37], the molecular mechanisms through which HDV affects HBV
remain elusive. In the clinical setting, most HBV/HDV co-infected patients show a
pattern of HDV dominance, with a significant decrease in HBV-DNA viral load when
compared to that of mono-infected patients[12,38,39]. In accordance with these data, our
results showed lower HBV-DNA levels in HDV-infected patients, with values similar
to those in the chronic HBV infection group.
The viral population analyses carried out found no significant differences in the
complexity of the HBV quasispecies between the total of patients with HBV monoinfection and patients with CHD. These results would seem to suggest that HBV
quasispecies complexity is unaffected by the presence of HDV. However, when the
clinical phases of the disease were taken into account, HBV quasispecies complexity
was found to be greater (significant in incidence and abundance-based indices and
non-significant in functional indices) in CI than in CHB patients. Surprisingly, the
viral population was more complex in the group with lower replication. This may
indicate that the higher incidence of mutations in the 5’ of HBX, distributed in
different haplotypes in CI patients could cause HBV replication to be closer to the
quasispecies error threshold, that is, the point beyond which the mutation rate is so
high that the genetic information carried by the replicating genome is lost[40]. In this
sense, it should be taken into account that HBx is essential for HBV replication. For
this reason, it seems logical to associate HBX variability with HBx functionality, which
would affect HBV replication and result in the low HBV replication levels observed in
the CI stage of HBV infection.
As to the interaction between HDV and HBV, it seems that CHD drives the HBV
quasispecies to a situation similar to that observed in CI patients: Lower replication
level and higher HBX quasispecies complexity than CHB patients. Two hypotheses
could explain the mechanism by which HDV enhances HBV quasispecies complexity.
The first is activation of the host innate immune response under the effect of HDV
stimulation[39,41,42]. A3G activity, which provides broad innate immunity[34,43], could
therefore be responsible for the hyper-mutation of HBV genomes. To investigate this
possibility, we analyzed nucleotide changes in the CHB, CI, and CHD groups to
determine whether there was some bias in favor of those produced by A3G. Although
HDV activates the immune system, we did not find a hyper-mutation pattern
associated with A3G. Nonetheless, this hypothesis should be more extensively
analyzed in further, more specific studies, and it could be extended to other innate
immunity enzymes.
The second hypothesis postulates a possible interaction between HDAg and RNA
pol II, which could affect the replicative capacity and functionality of this enzyme. As
Yamaguchi et al[14] reported, HDAg not only increases the elongation rate, it also
reduces transcriptional fidelity by interacting with and loosening the RNA pol II
clamp. This would increase the error rate, introduce a larger number of mutations,
and give rise to a more complex quasispecies. This mechanism has been suggested to
explain the extremely high mutation rate that occurs in HDV replication [22,44] . In
addition to HDV, this loss of fidelity would also affect HBV transcription. It is
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Table 3 Comparison of hepatitis B virus quasispecies complexity indices between patients with
and without liver cirrhosis
Cirrhotic (n = 5)

Non cirrhotic (n = 19)

P value

nHpl, median (IQR)

34 (28.5-44)

42 (27-60)

0.5456

nMuts, median (IQR)

28 (21-95.5)

100 (50-105)

0.2130

Mf, median (IQR)

0.035 (0.0019-0.0905)

0.03715 (0.0025-0.0440)

0.8311

Pi, median (IQR)

0.0223 (0.00347-0.0445)

0.0434 (0.0044-0.0481)

0.3937

Hill number (q = 1), median (IQR)

10.06 (6.7-18.69)

16.62 (7.02-22.02)

0.4994

Hill number (q = 2), median (IQR)

6.56 (2.81-10.23)

8.37 (3.05-10.42)

0.7223

IQR: Interquartile range; nHpl: Number of haplotypes; nMuts: Number of mutations; Mf: Mutation
frequency; Pi: Nucleotide diversity.

important to keep in mind that HBV cccDNA is the template for transcription of all
viral mRNA including pregenomic RNA, essential for progeny production, and that
pregenomic RNA transcription from both cccDNA and integrated HBV DNA is
mediated by the host RNA pol II[45,46]. This effect of HDV on RNA pol II could also
affect cellular mRNAs, thereby worsening cell homeostasis, and this could be linked
to the poorer prognosis of HDV hepatitis when compared to the other viral hepatitis.
To test this possibility, NGS studies investigating the complexity of cellular mRNAs in
CHD are needed.
Thus, hyper-mutation due to the innate immune system and loss of RNA pol II
fidelity by the effect of HDV could have an impact on HBV DNA synthesis, which,
along with the error rate of the HBV polymerase itself, could give rise to a situation
similar to that seen in CI patients, driving the HBV quasispecies closer to its error
threshold. However, we would expect to find significant differences between CHD
and CHB in other complexity indices in addition to Hill numbers (q = 2) in this
scenario. Hence, larger samples taken at different time points and other regions of the
genome should be analyzed in future studies to confirm these results.
In this line, 2 recent studies[47,48] investigated HBV sequence variation in the viral
genome surface (S) ORF (encoding HBsAg) in large patient cohorts. The authors
compared consensus sequences obtained from HBV/HDV infected vs HBV monoinfected patients. Both studies concluded that HDV can exert selective pressure over
some positions of the S ORF, constraining HBV evolution. In the light of these
findings, it would be interesting to assess the effect of HDV on the HBV quasispecies
in the S ORF and compare it with the effect in other regions of the viral genome, such
as that analyzed in the present study. These efforts illustrate the relevance of studies
investigating the HBV quasispecies in HDV superinfected or coinfected patients to
deepen current knowledge on the interference between HDV and HBV. In addition,
cellular and animal models of HBV/HDV infection[42,49] enable in vitro and in vivo
functional studies to test whether the presence of HDV has an effect on HBV
replication and genetic diversity.
Of note, the patients included in this study had to have HBV replication at high
enough levels for amplification by our PCR protocol. This obliged us to include
HBeAg-positive CHD patients (5/9), whose numbers are limited in HBV/HDV
infection. We believed it was necessary to determine whether HBeAg status may have
had an effect on quasispecies complexity, as we found a more complex viral
population in the preCore/Core region of the HBV genome in HBeAg-negative than
HBeAg-positive CHB patients in a previous analysis[36]. However, the present study,
focusing on the 5’ region of HBX (nt 1255-1611), showed that HBV quasispecies
complexity was similar in HBeAg-positive and -negative CHD. These differences may
be related to the regions studied: the 5’ region of HBX does not have a direct
relationship with HBeAg status; hence, it would not have a significant influence on
HBV quasispecies complexity in this region. Thus, as HBeAg status did not seem to
significantly affect HBV quasispecies complexity in the 5’ HBX region, we were able
to compare all CHD patients (both HBeAg-positive and HBeAg-negative) with CHB
and CI patients. Another factor that could be related to HBV quasispecies complexity
is liver disease progression to cirrhosis or HCC, which had occurred in 5 patients
(both CHB and CHD) included in this study. Comparison of quasispecies complexity
between these patients and the 19 who did not progress to severity showed no
statistically significant differences. Nonetheless, although HBeAg status and more
severe disease stage did not affect HBV quasispecies complexity in our sample,
analysis of larger patient groups is needed to define the actual role of these virological
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Figure 3

Figure 3 Nucleotide change patterns. A: Genotype A substitution rates by group; B: Genotype D substitution rates by group. aP < 0.05, bP < 0.01. CHD: Chronic
hepatitis delta; CHB: Chronic hepatitis B; CI: Hepatitis B virus chronic infection.

and clinical factors.
In summary, this study provides the first data on the influence of HDV on HBV
genetic diversity in the HBX gene, obtained using NGS. Our results showed that in
HBV stages with lower replication (CHD and CI), the HBV quasispecies in the 5’end
of HBX exhibited a trend toward higher complexity than in CHB. This was mainly
evident in terms of incidence and abundance, that is, a higher incidence of mutations,
distributed in different haplotypes. The mechanisms associated with this greater
complexity are unknown, but two hypotheses could explain them: involvement of the
innate immune response or HDAg interaction with RNA pol II, which should be
explored in greater depth.
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ARTICLE HIGHLIGHTS
Research background
Hepatitis delta virus (HDV) causes the most severe form of chronic viral hepatitis in persons
simultaneously infected with hepatitis B virus (HBV). In longitudinal clinical studies, HDV
infection has been associated with a considerable temporary or permanent reduction in HBV
viral load, whereas HBV surface antigen levels are usually high. Thus, beyond the interaction
with HBV envelope proteins, there are other mechanisms by which HDV inhibits HBV-DNA
replication.

Research motivation
To date, little information has emerged on the interaction between HDV and HBV. In this study,
we investigated whether HDV can affect the complexity of the HBV quasispecies, and proposed
possible mechanisms by which it may do so, to further characterize the interaction between these
two viruses.

Research objectives
Considering the essential role of the HBV X protein (HBx) on viral replication, the aim of this
study was to analyze the 5’ end of the hepatitis B X gene (HBX) coding region and its upstream
non-coding region (nt 1255-1611) by next-generation sequencing (NGS) to evaluate HBV
quasispecies complexity between chronic hepatitis delta (CHD)-infected patients and chronic
HBV mono-infected patients [HBV chronic infection (CI) and chronic hepatitis B (CHB)].

Research methods
The HBX 5’ end region, nucleotide (nt) 1255-1611, was PCR-amplified for subsequent NGS
(MiSeq, Illumina, United States) in 7 CI, 8 CHB, and 9 CHD patients. HBV quasispecies
complexity in the region analyzed was evaluated using incidence-based indices [number of
haplotypes (nHpl) and number of mutations (nMuts)], abundance-based indices (Hill numbers
of order, q = 1 and q = 2) and functional indices [mutation frequency (Mf) and nt diversity (Pi)].
The pattern of nt changes was evaluated to investigate the cause of HBV quasispecies
complexity.
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Research results
HBV quasispecies complexity was significantly higher in the CI group than in CHB for
abundance (Hill numbers q = 1 and q = 2) and incidence (nHpl and nMuts). In CHD, the HBV
quasispecies showed a trend towards higher complexity similar to that of CI patients. No
significant differences were observed in Mf or Pi between the groups, although CI and CHD
showed a trend towards greater quasispecies complexity than CHB patients. The proportion of
G-to-A vs. A-to-G and C-to-T vs. T-to-C nt changes in genotype A and D haplotypes by group
did not provide conclusive evidence of a hyper-mutation pattern associated with the innate
immune system enzyme APOBEC3G.

Research conclusions
The HBV quasispecies showed a trend to higher complexity in groups with lower viral
replication (CHD and CI) than in the higher-replicating CHB patients. This could indicate that
HDV has an effect on the 5’ HBX sequence, increasing HBV quasispecies complexity. Two
different mechanisms are proposed to explain how HDV can change the HBV quasispecies:
hypermutation by activation of the innate system through HDV stimulation or loss of RNA pol II
fidelity due to its interaction with hepatitis delta antigen. Further studies are needed to
determine the clinical impact of the increased HBV quasispecies complexity in CHD patients,
which may be of help to devise new therapy strategies.

Research perspectives
CHD drives the HBV quasispecies to a situation similar to that found in HBV CI: Lower
replication level and higher HBX quasispecies complexity than in CHB patients. Further studies
are needed to characterize the mechanisms by which HDV acts on the HBV quasispecies, which
may include the innate immune system or RNA pol II fidelity.
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Abstract
BACKGROUND
Early gastric cancer (EGC), compared with advanced gastric cancer (AGC), has a
higher 5-year survival rate. However, due to the lack of typical symptoms and
the difficulty in diagnosing EGC, no effective biomarkers exist for the detection of
EGC, and gastroscopy is the only detection method.
AIM
To provide new biomarkers with high specificity and sensitivity through
analyzed the differentially expressed microRNAs (miRNAs) in EGC and AGC
and compared them with those in benign gastritis (BG).
METHODS
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We examined the differentially expressed miRNAs in the plasma of 30 patients
with EGC, AGC, and BG by miRNA chip analysis. Then, we analyzed and
selected the significantly different miRNAs using bioinformatics. Reverse
transcription quantitative real-time polymerase chain reaction (RT-qPCR)
confirmed the relative transcription level of these miRNAs in another 122
patients, including patients with EGC, AGC, Helicobacter pylori (H. pylori)negative gastritis (Control-1), and H. pylori-positive atrophic gastritis (Control-2).
To establish a diagnostic model for the detection of plasma miRNA in EGC, we
chose miRNAs that can be used to determine EGC and AGC from Control-1 and
Control-2 and miRNAs in EGC from all other groups.
RESULTS
Among the expression profiles of the miRNA chips in the three groups in the
discovery set, of 117 aberrantly expressed miRNAs, 30 confirmed target
prediction, whereas 14 were included as potential miRNAs. The RT-qPCR results
showed that 14 potential miRNAs expression profiles in the two groups exhibited
no differences in terms of H. pylori-negative gastritis (Control-1) and H. pyloripositive atrophic gastritis (Control-2). Hence, these two groups were
incorporated into the Control group. A combination of four types of miRNAs,
miR-7641, miR-425-5p, miR-1180-3p and miR-122-5p, were used to effectively
distinguish the Cancer group (EGC + AGC) from the Control group [area under
the curve (AUC) = 0.799, 95% confidence interval (CI): 0.691-0.908, P < 0.001].
Additionally, miR-425-5p, miR-24-3p, miR-1180-3p and miR-122-5p were utilized
to distinguish EGC from the Control group (AUC = 0.829, 95%CI: 0.657-1.000, P =
0.001). Moreover, the miR-24-3p expression level in EGC was lower than that in
the AGC (AUC = 0.782, 95%CI: 0.571-0.993, P = 0.029), and the miR-4632-5p
expression level in EGC was significantly higher than that in AGC (AUC = 0.791,
95%CI: 0.574-1.000, P = 0.024).
CONCLUSION
The differentially expressed circulatory plasma miR-425-5p, miR-1180-3p, miR122-5p, miR-24-3p and miR-4632-5p can be regarded as a new potential
biomarker panel for the diagnosis of EGC. The prediction and early diagnosis of
EGC can be considerably facilitated by combining gastroscopy with the use of
these miRNA biomarkers, thereby optimizing the strategy for effective detection
of EGC. Nevertheless, larger-scale human experiments are still required to
confirm our findings.
Key words: Biomarker; MicroRNA; Plasma; Early gastric cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Early gastric cancer (EGC) has no typical symptoms and difficulty to diagnosis.
We filtrated the differentially expressed microRNAs (miRNAs) in the plasma of EGC,
advanced gastric cancer and benign gastritis by miRNA chip analysis. Then, reverse
transcription quantitative real-time polymerase chain reaction confirmed the relative
transcription level of target miRNAs. The 5 plasma miRNAs can be used as new
potential biomarkers for the diagnosis of EGC.
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INTRODUCTION
Gastric cancer (GC) is one of the most common upper digestive tract cancers, the
fourth most commonly diagnosed cancer, and the second leading cause of cancer-
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related deaths worldwide[1,2]. China is well known to have a high incidence of GC.
This incidence and mortality are the second and third highest, respectively, among all
cancers, and the incidence and mortality rates are more than two-fold higher than
world averages. Moreover, recent reports showed that the incidence rate of GC in
Gansu Province, China, is significantly higher than the national rate, which is
55.25/100000, and the mortality rate is 36.94/100000[3], This province ranks first in
terms of mortality caused by malignant tumors, accounting for 28.74% of all
malignant tumor mortalities, far higher than the national average (30.00/100000,
21.48/100000, 12.80%)[4]. The prognosis of GC is related to the clinical progress and the
early diagnosis, and its treatment is of critical significance to the prognosis. In early
GC (EGC), the gastric mucosal lesion and the development of invasion cancer do not
reach the submucosa, but their spread is limited to the mucous layer. This type of
cancer is called intramucosal carcinoma. Most EGC can be treated with radical
surgery with gastroscopy. The gastroscopy treatment using endoscopic submucosal
dissection (ESD) can completely remove the gastric mucosal lesion, eliminating the
pain of laparotomy and organ removal. The application of this approach can increase
the survival rate to 90% within five years, whereas the survival rate from advanced
GC (AGC) is less than 20%. However, the diagnosis of EGC is difficult due to the
absence of typical symptoms. Furthermore, no clinically effective biomarkers have
been established for EGC detection. Using simple methods to detect high-risk groups
of GC and improve the diagnostic rate of EGC are some of the crucial strategies for
prevention of GC. Currently, no reliable method or effective biomarkers for EGC that
have high sensitivity and specificity exist for detection of high-risk groups of GC. The
early detection and diagnosis of EGC at the subclinical stage would substantially
improve the prognosis of GC patients.
It is estimated that approximately two-thirds of the genes in the human body are
manipulated by specific microRNA (miRNA) or groups of miRNAs, and more than 60
percent of genes encoding human protein were manipulated by miRNAs. These small
miRNAs always target one mRNA or multiple mRNAs and degrade or block the
translation of mRNAs by base pairing RNA-induced silencing complex with the
target gene mRNA. Additionally, they adjust the expression of genes at the translation
level. Previous findings indicate that the results of the testing of the miRNA level in
tissues, cells, and body fluids can be used as biomarkers for early diagnosis,
treatment, and prognosis of tumors[5]. miRNAs can circulate in the blood in stable
extracellular forms. The tests for circulating miRNAs can be employed to establish
various disease statuses. Therefore, circulating miRNAs should be considered
potential blood-based biomarkers, which are new tools for early diagnosis of cancer[6].
The purpose of this research was to identify the differentially expressed miRNAs in
the plasma of patients with EGC, AGC, and benign gastritis (BG) through miRNAs
chips and to determine their transcription levels at different stages of the disease
through reverse transcription quantitative real-time polymerase chain reaction (RTqPCR). Finally, new specific biomarkers for detection of EGC were identified.

MATERIALS AND METHODS
Patients
The protocol for this study was approved by the Ethics Committee of the First
Hospital of Lanzhou University (Lanzhou, Gansu, China; ethic number:
LDYYLL2018-60), and all patients signed informed consent forms. The present study
is part of the project of “The Early Cancer Screening Program of the Upper
Gastrointestinal Tract of Gansu Province” conducted from July 2016 to December
2017. The patients diagnosed with EGC, AGC, BG, Helicobacter pylori (H. pylori)negative gastritis (Control-1), and H. pylori-positive atrophic gastritis (Control-2)
received a gastroscopy examination and treatment using the OLYMPUS EVIS 290
electronic endoscope system. The biopsy specimen was analyzed and diagnosed by
pathologists at the First Hospital of Lanzhou University using the Vienna
classification. H. pylori infection was detected by 14C-urea breath test. Blood specimens
were analyzed in the Key Laboratory of Biotherapy and Regenerative Medicine of
Gansu Province. Patients who were diagnosed for the first time were included,
whereas those with other types of previous malignant tumors were excluded (Figure
1).

Obtaining plasma and extracting total RNA
Samples of 5 mL of blood were collected into EDTA anticoagulant tubes after an
overnight fast. After in vitro placement from 30 min to 2 h, each specimen was
centrifuged at 3000 r/min for 10 min, followed by transfer of plasma into an EP tube
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Figure 1

Figure 1 Overview of the study design. EGC: Early gastric cancer; AGC: Advanced gastric cancer; BG: Benign
gastritis; Control-1: Helicobacter pylori-negative gastritis; Control-2: Helicobacter pylori-positive atrophic gastritis; RTqPCR: Reverse transcription quantitative real-time polymerase chain reaction.

in a liquid nitrogen canister and then transport into a -80 °C refrigerator. We extracted
total RNA using TRIzol, and the total RNA was analyzed by NanoDrop 2000 and
Agilent Bioanalyzer 2100.

miRNA chip expression profile
The Affymetrix GeneChip® miRNA 4.0 system (Affymetrix, CA, United States) was
used following the manufacturer’s protocol. FlashTagTM Biotin HSR Labeling Kit was
utilized for Poly(A) biotin labeling and hybridization. Next, a GeneChip
Hybridization Wash and Stain Kit was used to dye the array and pictures, and
original data were obtained by scanning.

Bioinformatic analysis
Differentially expressed miRNA were selected at logFC > 2. The microRNA target
prediction was performed with three databases, TargetScan, microRNA.ORG, and
miRDB, and the common target genes were obtained. We conducted pathway
analysis, followed by enrichment analysis in accordance with the gene information
from KEGG and BIOCARTA pathways and showing the results in order of P-value.

miRNA RT-qPCR verification
Total RNA was extracted from 200 μL plasma using TRIzol, and another 3 referential
plasma samples were used for comparison. Synthetic short sequences of reference
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spike-in 1 (ID3EAL Spike-in control for Isolation, MiRXES, Singapore) RNA were put
into lysis buffer. This process was considered quality control for the whole
experiment, including extracting RNA, reverse transcription, pre-amplification, and
the real-time fluorescent PCR. A target miRNAs sequence was obtained from
miRBase 21 to design SYBR Green reverse transcription primers, while reverse
transcription and miRNA pre-amplification were performed as described above.
SYBR Green real-time fluorescent PCR provided the relative transcription and two
technical duplications of every miRNAs in every specimen.

Statistical analysis
The Ct attenuation value of each type of miRNA in each of the samples was corrected
by the internal reference spike-in 1 and three housekeeping genes, miR-454-3p, miR423-3p, and miR-191-5p, which are stably expressed in humans. The normalized Ct
values of the miRNAs are expressed as the mean ± standard deviation. The Wilcoxon
rank sum test was used for comparison between the two groups. Receiver-operating
characteristics (ROC) curves were used to evaluate the diagnostic value of miRNAs,
and logistic regression was used to calculate the weighting coefficients of miRNAs. P
< 0.05 was considered to be statistically significant. The software uses SPSS 20.0.

RESULTS
Clinical characteristics of the patients
Experiments were conducted with the miRNA chip expression profiles of the plasma
of 30 patients with EGC, AGC, and BG. The validation set was based on the plasma
RT-qPCR test results of 20 EGC patients, 22 AGC patients, 40 H. pylori-negative
gastritis (Control-1) patients, and 40 H. pylori-positive atrophic gastritis (Control-2)
patients (Table 1).

Bioinformatics analysis of miRNA chip expression profiles
The logFC value of the chip expression profiles of the miRNAs from patients with
EGC, AGC, and BG had to be larger than 2 (logFC > 2). Differential expression was
found in 117 miRNAs of the three groups of miRNA chips. The miRNAs with the
biggest differential multiple were screened to identify the target gene predictions in
the three databases: TargetScan, microRNA.ORG, and miRDB. A total of 30 miRNAs
passed the target gene predictions. Based on previous findings reported in the
literature, 14 potential miRNAs were screened.

RT-qPCR verification results of the potential miRNAs
RT-qPCR tests were run for identification of 14 potential miRNAs, 3 housekeeping
genes (miR-454-3p, miR-423-3p, and miR-191-5p), and a spike-in 1 of the internal
references using the plasma of 20 EGC, 22 AGC, 40 H. pylori-negative gastritis
(Control-1), and 40 H. pylori-positive atrophic gastritis (Control-2) patients. Reverse
transcription and advanced amplification of 18 miRNAs mentioned above and the
relative expression of miRNAs was read by real-time fluorescence PCR. The results
indicated that no obvious differences were available between Control-1 and Control-2
in the relative expression of the 14 miRNAs with differential expression. The P-values
were larger than 0.05 on the average. Thus, they were classified as the Control group.
Four miRNAs distinguished the GC group (EGC + AGC) from the Control group,
whose P-values, sensitivity, and specificity were as follows, respectively: miR-7641 (P
= 0.006, 76.2%, 60.0%), miR-425-5p (P = 0.021, 66.7%, 65.0%), miR-1180-3p (P = 0.001,
81.0%, 60.0%) and miR-122-5p (P = 0.026, 71.4%, 60.0%). The equation was risk score
factor (RSF) = 1.569 × miR-7641 + 1.312 × miR-425-5p + 1.852 × miR-1180-3p + 1.322 ×
miR-122-5p (Figure 2), and the area under the curve (AUC) was 0.799 [95% confidence
interval (CI): 0.691-0.908, P < 0.001]. Additionally, four miRNAs distinguished EGC
from the Control group, whose P-values, sensitivity, and specificity were as follows,
respectively: miR-425-5p (P = 0.012, 80.0%, 67.5%), miR-24-3p (P = 0.031, 70.0%,
80.0%), miR-1180-3p (P = 0.007, 80.0%, 65.0%), miR-122-5p (P = 0.021, 80.0%, 60.0%).
The equation was RSF = 2.117 × miR-425-5p + 2.234 × miR-24-3p + 2.005 × miR-11803p + 1.792 × miR-122-5p (Figure 3), and the value of AUC was 0.829 (95%CI: 0.6571.000, P = 0.001). In addition, miR-24-3p and miR-4632-5p were used to distinguish
EGC and AGC (P = 0.029, 70.0%, 90.0% and P = 0.024, 81.8%, 70.0%) (Figure 4).
The relative expressions of miR-7641, miR-425-5p, miR-1180-3p and miR-122-5p in
the GC group (EGC + AGC) were lower than those in the Control (P < 0.05), with
miR-7641 (AUC = 0.714, 95%CI: 0.563-0.865, P = 0.006, sensitivity 76.2%, specificity
60.0%), miR-425-5p (AUC = 0.681, 95%CI: 0.534-0.828, P = 0.021, sensitivity 66.7%,
specificity 65.0%), miR-1180-3p (AUC = 0.767, 95%CI: 0.635-0.899, P = 0.001,
sensitivity 81.0%, specificity 60.0%) and miR-122-5p (AUC = 0.675, 95%CI: 0.515-0.835,

WJG

https://www.wjgnet.com

1584

April 7, 2019

Volume 25

Issue 13

Zhu XL et al. Five miRNAs as biomarker for EGC

Table 1 Characteristics of the subjects included in this study
Discovery set (n = 30)

Validation set (n = 122)

Characteristics
EGC
Number

AGC

BG

EGC

AGC

Control-1

Control-2

10

10

10

20

22

40

40

53.4 ± 2.6

57.0 ± 7.5

51.4 ± 10.0

63.3 ± 10.1

55.6 ± 13.9

50.2 ± 10.3

56.1 ± 11.3

Male

6

6

5

9

12

20

22

Female

4

4

5

11

10

20

18

-

+

Age (yr) (Mean ± SD)
Gender

H. pylori
Pathology
HGIN

4

13

Intramucosal cancer

6

7

HGIN

4

13

T1a

6

7

TNM

…
T4N2M0

2

2

T4N3M0

4

14

T4N3M1

4

6

EGC: Early gastric cancer; AGC: Advanced gastric cancer; BG: Benign gastritis; Control-1: Helicobacter pylori-negative gastritis; Control-2: Helicobacter pyloripositive atrophic gastritis; H. pylori: Helicobacter pylori; HGIN: High Grade Intraepithelial Neoplasia.

P = 0.026, sensitivity 71.4%, specificity 60.0%), The AUC was significantly increased
after combining the four miRNAs (AUC = 0.799, 95%CI: 0.691-0.908, P < 0.001), and
the equation was RSF = 1.569 × miR-7641 + 1.312 × miR-425-5p + 1.852 × miR-1180-3p
+ 1.322 × miR-122-5p. The relative expression levels of miR-425-5p, miR-24-3p, miR1180-3p and miR-122-5p in the EGC were lower than those in the Control Group, and
combining the miRNAs significantly improved the diagnostic value (AUC = 0.829,
95%CI: 0.657-1.000, P = 0.001). The equation was RSF = 2.117 × miR-425-5p + 2.234 ×
miR-24-3p + 2.005 × miR-1180-3p + 1.792 × miR-122-5p. The expression of miR-24-3p
in the EGC group was significantly lower than that in the AGC group (AUC = 0.782,
95%CI: 0.571-0.993, P = 0.029). The expression of miR-4632-5p in the EGC group was
significantly higher than that in the AGC (AUC = 0.791, 95%CI: 0.574-1.000, P = 0.024).

DISCUSSION
According to clinical data for Singapore, just one patient is diagnosed with GC out of
every 170 patients who are subjected to gastroscopy. Due to its large population and
unbalanced development of the medical career, China provides no universal
screening programs or early cancer screening activities in medical institutions at the
primary level. Liquid biopsy is used to identify related markers from blood and
various body fluid samples instead of invasive tests or biopsy[7]. The risk of gastric
mucosa lesion can be found through a test of small quantities of a few bodily fluids,
such as 2 mL of venous blood. No classical symptoms are evident in most EGC
patients. Thus, high-risk patients can be detected through liquid biopsy as early as
possible and then subjected to meticulous gastroscopy. Meticulous examinations such
as magnifying endoscopy and dye gastroscopy should be used. In addition to
comprehensive pathological examination, the diagnosis rate of EGC will be improved.
Therefore, the use of liquid biopsy in EGC screening is minimally invasive, safe,
economical, and convenient. In addition, it is suitable for the screening of a wide
range of people, which makes it valuable for the improvement of EGC diagnosis and
treatment.
In a previous study, Li et al[8] used a miRNA microarray chip analysis with GC
patients and discovered the simultaneous presence of upregulated and
downregulated miRNA expression profiles. In addition, Tsai et al[9] reported that miR196a/b was upregulated in both the plasma and tissue of GC patients. Moreover,
Fang et al[10] found that some carcinogenesis-related miRNAs (miR-10b, miR-21, miR223, and miR-338) and tumor suppressor miRNAs (miR-30a-5p, miR-126, and let-7a)
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Figure 2

Figure 2 Expression of the four identified microRNAs between the control (Control-1 + Control-2) and cancer (early gastric cancer + advanced gastric
cancer) groups. To assess the diagnostic utility of miR-7641, miR-425-5p, miR-1180-3p and miR-122-5p, a linear combination of the risk score of the four miRNAs
weighted by the regression coefficient was used to calculate a risk score factor (RSF) for the four-microRNA panel for each subject. The RSF was calculated as
follows: RSF = 1.569 × miR-7641 + 1.312 × miR-425-5p + 1.852 × miR-1180-3p + 1.322 × miR-122-5p. Area under curve = 0.799, 95% confidence interval: 0.6910.908, P < 0.001. AUC: Area under curve; CI: Confidence interval; miRNA: MicroRNA.

can be used as prognosis markers in GC patients. The findings from Zhou et al[11] show
that the differential expression of plasma miRNAs can be utilized as diagnostic
markers of GC. Furthermore, plasma miR-106b, miR-20a, and miR-221 can be
employed as new types of noninvasive markers for the early diagnosis of GC,
whereas miR-21 can be used as a maker of early (stage I) and advanced (stage IV) GC.
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Figure 3

Figure 3 Expression of the four identified microRNAs between the control (Control-1 + Control-2) and early
gastric cancer groups. To assess the diagnostic utility of miR-425-5p, miR-24-3p, miR-1180-3p and miR-122-5p, a
linear combination of the risk score of the four microRNAs (miRNAs) weighted by the regression coefficient was used
to calculate a risk score factor (RSF) for the four-miRNA panel for each subject. The RSF was calculated as follows:
RSF = 2.117 × miR-425-5p + 2.234 × miR-24-3p + 2.005 × miR-1180-3p + 1.792 × miR-122-5p. Area under curve =
0.829, 95% confidence interval: 0.657-1.000, P = 0.001. AUC: Area under curve; CI: Confidence interval; miRNA:
MicroRNA; EGC: Early gastric cancer.

Jiang detected high expression of miR-421 in EGC and suggested that it could serve as
a diagnostic marker[12]. Additionally, Fehmida et al[13] discovered that miR-200c-3p was
considerably downregulated in EGC tissue, which can be used for early diagnosis of
the disease. Racial differences exist in the expression of GC-related miRNAs. It is
noteworthy that Li discovered that the level of miRNA-199a-3p in the plasma of EGC
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Figure 4

Figure 4 Expression of the two microRNAs between the advanced and early gastric cancer groups. The
expression of miR-24-3p in the early gastric cancer (EGC) group was significantly lower than that in the advanced
gastric cancer (AGC) [area under curve (AUC) = 0.782, 95% confidence interval (CI): 0.571-0.993, P = 0.029] group.
The expression of miR-4632-5p in the EGC group was significantly higher than that in the AGC (AUC = 0.791,
95%CI: 0.574-1.000, P = 0.024) group. AUC: Area under curve; CI: Confidence interval; miRNA: MicroRNA.

patients changed with the treatment, but its expression level was not related to depth
of tumor infiltration [14] . In many studies, the use of combinations of circulating
miRNAs can lead to high diagnostic accuracy, which is indicated by an area under the
ROC curve larger than 0.8. Although, limited research has been conducted, similar
diagnostic accuracy was reported using long noncoding RNAs or proteins of
extracellular vesicles[15].
At present, a number of studies have been carried out on the use of miRNAs in GC
patients related to the occurrence, development, diagnosis, treatment, and prognosis
of the disease. Therefore, miRNAs can be used as early diagnostic markers of GC.
However, substantial discrepancies exist among the findings of those studies, and
there is no consistent conclusion. Relatively few studies have been conducted on the
application of miRNAs in the diagnosis and screening of EGC. In the present
investigation, we used “The Early Cancer Screening Program of the Upper
Gastrointestinal Tract of Gansu Province” biobank. The differences in the expression
profiles of the plasma miRNAs in EGC, AGC, and BG patients were established
through miRNA chip analysis, and 14 potential miRNAs were screened through
bioinformatics analysis. Since H. pylori infection is a well-known GC carcinogen, and
atrophic gastritis is an exceedingly common precancerous disease, EGC screening
should eliminate the negative influence of test sensitivity and specificity to which
precancerous diseases such as H. pylori infection, atrophic gastritis, and precancerous
lesion might contribute to. Thus, H. pylori-negative gastritis (Control-1) and H. pyloripositive atrophic gastritis (Control-2) groups should be available in the validation set
to replace the BG group in the discovery set to eliminate the influence that

WJG

https://www.wjgnet.com

1588

April 7, 2019

Volume 25

Issue 13

Zhu XL et al. Five miRNAs as biomarker for EGC

precancerous diseases such as H. pylori infection and atrophic gastritis might have on
miRNA metabolism.
Initially, this study found no statistically significant difference among the relative
expression levels of 14 potential miRNAs from the groups of H. pylori-negative
gastritis and H. pylori-positive atrophic gastritis patients. Hence, these patients were
combined and classified as a Control group. The combination of miR-7641, miR-4255p, miR-1180-3p and miR-122-5p distinguished the Cancer group, which included
EGC and AGC, from the Control group, whose AUC was 0.799 (95%CI: 0.691-0.908, P
< 0.001). On the other hand, the combination of miR-425-5p, miR-24-3p, miR-1180-3p
and miR-122-5p distinguished the EGC group from the Control group. The AUC was
0.829 (95%CI: 0.657-1.000, P = 0.001). Additionally, miR-24-3p and miR-4632-5p can be
used to distinguish EGC from AGC. Of note, screening strategies can be employed
during the statistical analysis of the relative expression and pathological results of RTqPCR testing of target miRNAs. First, miR-7641, miR-425-5p, miR-1180-3p and miR122-5p should be used to distinguish EGC and AGC from the Control group. In
addition, EGC can be compared to and distinguished from the Control group using
miR-425-5p, miR-24-3p, miR-1180-3p and miR-122-5p. Finally, miR-425-5p, miR-11803p and miR-122-5p are shared potential miRNAs, whereas miR-24-3p and miR-46325p can distinguish EGC from AGC. Thus, a joint testing mode that contains miR-4255p, miR-1180-3p, miR-122-5p, miR-24-3p and miR-4632-5p can be established and
used for predictive EGC diagnosis.
No relevant research is present in the existing literature on the value of miRNA as a
biomarker for screening and diagnosis of EGC. At present, the correlation between
hsa-miR-1180-3p and hsa-miR-4632-5p and GC, especially EGC, has not been
reported. miR-425-5p is upregulated in human GC and promotes its invasion and
metastasis in vitro and in vivo, which may serve as a predictor of poor prognosis[16,17].
Earlier studies found that miR-425-5p passed the mechanism of ubiquitinating
enzyme (CYLD) as an oncogene and promoted the progression of GC, whereas
competitive endogenous RNA (ceRNA) targeting miR-425-5p inhibited the
development of GC by p53[18,19]. Moreover, Xu et al[20] discovered that the expression of
miR-122-5p was downregulated in GC tissues and cells, whereas the overexpression
of miR-122-5p inhibited the migration and invasion of GC cells and the occurrence of
lung metastases by downregulating DUSP4. These findings indicate that miR-122-5p
inhibits GC cell proliferation and induces apoptosis by targeting MYC[21]. miR-24-3p
targets and negatively regulates Prdx-6, which significantly inhibits the growth,
migration, and invasion of GC cell lines and promotes apoptosis. Of note, H. pylori
infection may decrease the expression of miR-24-3p[22].
In the present investigation, we found that the abnormal expression levels of
plasma miR-425-5p, miR-1180-3p, miR-122-5p, miR-24-3p, and miR-4632-5p can be
used as a new combination of specific biomarkers for predictive diagnosis of EGC. In
addition, we established a predictive diagnosis mode for EGC circulating plasma
miRNAs markers, which can be used as a new specific combination of biomarkers for
predictive diagnosis of EGC. In such a way, more EGC patients will be diagnosed
after combining the application of this mode with gastroscopy, and the strategies for
EGC screening will be considerably improved. It has a working mode, in which liquid
biopsy can be used to identify high-risk groups and shrink the screening scope, while
using gastroscopy can be implemented for diagnosis of EGC patients. Moreover, the
screening efficiency should be improved, which requires verification of our findings
in a larger sample size of people. This replication will be our objective in the next
screening project of “The Early Cancer Screening Program of the Upper
Gastrointestinal Tract of Gansu Province”.
In summary, there are increasing demand on early diagnosis of GC, especially the
EGC for the more higher survival rate than AGC after radical treatment. The stability
of miRNAs makes it suitable biomarker in liquid biopsy, and previous and this study
showed the miRNAs pannel maybe have better sensitivity and specificity. We first
identified that five miRNAs can be used in early detection of EGC, the pannel will
useful to screening high risk population, nevertheless, larger-scale human
experiments are still required to confirm our findings.

ARTICLE HIGHLIGHTS
Research background
The early gastric cancer means the gastric mucosal lesion and the development of invasion
cancer do not reach the submucosa, but their spread is limited to the mucous layer. Compared
with advanced gastric cancer, it performs better in prognosis. Yet due to the lack of typical
symptoms and biomarkers, the early gastric cancer is hard to be diagnosed and the golden
standard is gastroscope. However, due to the patient's acceptance with certain risks and the
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difficulty in gastroscopic diagnosis, the detection rate of early gastric cancer in China is still low.
Some existed research suggests that microRNA (miRNA) in the peripheral blood can be used as
biomarkers in the diagnosis and prognosis of gastric cancer especially for advanced gastric
cancer, but few shows whether miRNA can be used as the biomarker for predictive diagnosis of
early gastric cancer.

Research motivation
MiRNA is relatively stable in the circulation system, and the detection technique is simple and
easy to popularize. The several combinations of miRNAs can improve the accuracy of diagnosis
which found in kinds of cancers. Through the predictive diagnosis model of the combination of
several miRNAs, screening out high-risk or suspect patients and then being confirmed by
gastroscopy combined with biopsy, will improve the accuracy and efficiency of gastroscopy, and
promote the detection of early gastric cancer and early diagnosis of advanced gastric cancer,
thereby improving the overall treatment effect and prognosis of gastric cancer.

Research objectives
The focus of the study is whether miRNA in peripheral blood can be used as sensitive and
specific biomarkers for predictive diagnosis of early gastric cancer. First of all, it is to be studied
that whether there is one or there are several miRNAs used to diagnose gastric cancer and noncancer. Furthermore, it is to be known that whether such miRNAs can be used to suggest the
occurrence of early gastric cancer. If there are indeed such miRNAs, it needs to be known that
whether it can be applied in the screening of early gastric cancer and the sensitivity and
specificity as well as influence factors. All these are possibly applied to clinical practice.

Research methods
First, in the discovery set, miRNA array was applied to detect the differential expressions of
plasma miRNA in the early and advanced gastric cancer patients as well as the control group.
Then through the bioinformatics, miRNAs possibly related to disease staging were screened out.
In the validation set, in order to rule out the effects of Helicobacter pylori (H. pylori) infection,
atrophic gastritis and other diseases on miRNA, the control group was divided into H. pylori
infection with atrophic gastritis and H. pylori-negative superficial gastritis. Then RT-qPCR was
used to verify target miRNAs selected in the last stage and miRNAs or combinations that may be
used for predictive diagnosis of early gastric cancer are selected.

Research results
Fourteen target miRNAs were screened from the miRNA array by bioinformatics and they show
differential expressions in early and advanced gastric cancer and control group. Subsequent
reverse transcription quantitative real-time polymerase chain reaction verification suggested that
five miRNAs combinations might be used for predictive diagnosis of early and advanced gastric
cancer while not being affected by diseases such as H. pylori infection and atrophic gastritis.

Research conclusions
In this article, we found that miRNAs in early and advanced gastric cancer as well as control
group show differential expressions. Through further confirmatory experiment, it is found that
combinations of several miRNAs may suggest the occurrence of early and advanced gastric
cancer. Gastroscopy combined with biopsy can be used to further confirm the diagnosis and then
this combination of miRNAs may be regarded as the biomarker of predictive diagnosis of early
gastric cancer.

Research perspectives
Currently, there is a lack of effective tumor biomarker in the diagnosis of gastric cancer, which is
related to the heterogeneity of tumors. Although gastroscopy and biopsy are the golden
standards for the diagnosis of gastric cancer, they are currently difficult to spread in China due
to the large population. This study hopes to find high-risk patients with early gastric cancer in
the population through simple and economical liquid biopsy of new miRNA biomarkers. Then
gastroscope and pathological examination can be used to confirm the diagnosis and treatment of
early gastric cancer, and early diagnosis and early treatment to advanced gastric cancer, so as to
improve the overall prognosis and curative effect of gastric cancer. Certainly, the new
combinations of these miRNAs biomarkers need to be further validated in a larger sample
population.
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Abstract
BACKGROUND
Gastrointestinal (GI) bleeding is a common indication for endoscopy. For
refractory cases, hemostatic powders (HP) represent “touch-free” agents.
AIM
To analyze short term (ST-within 72 h-) and long-term (LT-within 30 d-) success
for achieving hemostasis with HP and to directly compare the two agents
Hemospray (HS) and Endoclot (EC).
METHODS
HP was applied in 154 consecutive patients (mean age 67 years) with GI bleeding.
Patients were followed up for 1 mo (mean follow-up: 3.2 mo).
RESULTS
Majority of applications were in upper GI tract (89%) with following bleeding
sources: peptic ulcer disease (35%), esophageal varices (7%), tumor bleeding
(11.7%), reflux esophagitis (8.7%), diffuse bleeding and erosions (15.3%). Overall
ST success was achieved in 125 patients (81%) and LT success in 81 patients
(67%). Re-bleeding occurred in 27% of all patients. In 72 patients (47%), HP was
applied as a salvage hemostatic therapy, here ST and LT success were 81% and
64%, with re-bleeding in 32%. As a primary hemostatic therapy, ST and LT
success were 82% and 69%, with re-bleeding occurring in 22%. HS was more
frequently applied for upper GI bleeding (P = 0.04)
CONCLUSION
Both HP allow for effective hemostasis with no differences in ST, LT success and
re-bleeding.
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Core tip: Hemostatic powders represent “touch-free” hemostatic agents for the treatment
of gastrointestinal bleeding. Within this study, we analyzed the hemostatic efficacy of
hemostatic powders as first line or salvage therapy in several clinical scenarios in a large
cohort of prospectively included patients. As shown in our report, both hemostatic
powders allow for excellent short term bleeding control while at the same time, long
term efficacy over a period of 4 wk is maintained in a considerable amount of patients.
No differences were observed between Hemospray and Endoclot in their hemostatic
efficacy.
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INTRODUCTION
Gastrointestinal (GI) bleeding represents a major challenge for the GI endoscopist
both in term of frequency, which is estimated to be 150/100000 for upper and
33/100000 for lower GI bleeding with a mortality ranging between 2 and 10%[1-3], and
in terms of technical efforts to reach a stable hemostasis. As the administration of
direct oral anticoagulants [ 4 ] and the use of assistant devices in terminal
cardiomyopathy[5] is increasing, sufficient and effective treatment of GI bleeding is
mandatory while at the same time can be clinically challenging. In the last years,
endoscopists increasingly face emergency bleeding in a clinical scenario in which
coagulation parameters cannot always be corrected to normal range. Further, with
increasing development of advanced endoscopic therapeutic procedures, iatrogenic
bleeding after endoscopic resections represents another emerging problem [6] .
Conventional treatment approaches achieve hemostasis in more than 90% of cases[7],
however, depending on the bleeding site and source can be technically challenging,
and might not be optimal for diffuse oozing bleeding as frequently observed in
patients with impaired coagulation or cancer bleeding.
Hemostatic powders (HP) act as “touch-free” agents that can be easily
administrated for the treatment of GI bleeding, which are generally safe and well
tolerated[8-11]. Hemospray (HS, TC-325, Cook Medical, Bloomington, Indiana, United
States) is an inert mineral based compound, which, in contact with blood, absorbs
water and acts cohesively and adhesively, thereby forming a covering mechanical
tamponade. By fluid absorption, HS enhances clot formation by deforming and
packing erythrocytes, concentrates activated platelets with clotting factors and
interacts with the fibrin matrix[12] and within 24 to 72 h, the adherent coat sloughs off
into the GI lumen[10]. With his local hemostatic proprieties, first studies suggest that
HS is equally effective in both patients with and without systemic antithrombotic
therapy[9].
Endoclot (EC, Micro-Tech Europe, Düsseldorf, Germany) is a starch-derived agent
composed of absorbable hemostatic polysaccharides. Similar to HS, in contact with
blood, EC initiates a dehydration process leading to a concentration of clotting factors,
platelet and erythrocytes thereby accelerating the physiological clotting cascade and
the formation of a mechanical shell of gelled matrix which adheres to the bleeding
tissue[13]. Although data on the efficacy of EC are still limited, first clinical evidences
suggest that both HS and EC allow for effective bleeding control[8,11,14-20]. Further, no
direct comparison of the efficacy of these two HP is available to date. Against this
background we set off: (1) To analyze short and long term hemostatic effectiveness of
HP; and (2) to compare the efficacy between the agents HS and EC in achieving
hemostasis in a large cohort of patients treated for emergency GI bleeding in our
center.
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MATERIALS AND METHODS
Patients and methods
Prospective data collection was performed including patients who were treated with
HS and EC for endoscopic hemostasis during emergency endoscopy between
September 2013 and September 2017 in our university hospital. After application of
HP patients were followed-up for at least one mo. After completion of follow-up (FU)
of all patients data analysis was performed. The study was approved by the local
institutional review board and the ethics committee of the Friedrich-Alexander
University Erlangen Nueremberg (approval at 31 January 2018) and our study
protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Indications for treatment with HP were: refractory GI bleeding (e.g. due to difficult
anatomical location or diffuse oozing bleeding without definite source); application of
HP as salvage therapy after failure of other endoscopic methods; application of HP as
prophylactic means to avoid delayed bleeding in lesions with high re-bleeding risk,
application of HP as primary treatment means usage of HP as monotherapy. Primary
endpoints were short term (ST, hemostasis for 72 h) and long term (LT, hemostasis for
a period of 30 d) success in achieving hemostasis with HP as a primary or salvage
therapy.
Re-bleeding rate (RBR) was defined as the number of the patients who showed
recurrent bleeding among the patients who underwent FU. Recurrent bleeding was
defined if one of these criteria had been met: (1) Hematemesis or melena; (2) a drop in
hemoglobin > 2 mg/dL or transfusion of 4 or more blood packs; or (3) hemodynamic
instability as previously described[10,21]. Complete Rockall Score was utilized to stratify
high-risk patients. Secondary endpoint was the direct comparison of hemostatic
efficiency between EC and HS.

Statistical analyses
Descriptive statistics consisted of the mean, median, SD and range. The χ2 analysis
was used for discrete variables. The Fisher exact probability test was used for the 2 × 2
contingency tables, where suitable. A two-sided P < 0.05 was considered to be
significant. The statistics were processed using the SPSS statistical program (SPSS Inc,
Chicago, Ill, United States).

RESULTS
Clinical characteristics of the patient cohort
HP was applied a total of 239 times in 154 patients with a mean age of 67 years. The
majority of the patients were male (n = 101, 66%). One child treated with HS was also
included in the analysis. Clinical FU for at least one month was performed in 134
patients (87%) with a mean FU of 3.2 SD 5.5 mo (range 1-29). No patient was lost
during FU; however, in 20 patients FU was not completed as they died from other
causes than GI bleeding within 30 d after the first HP application. The mean complete
Rockall score[22] in the total patient cohort was 7.1 with 61 (40%) patients exhibiting a
Rockall score > 7 and 27 patients (18%) with a Rockall score > 8.
Therapeutic anticoagulation was present in 45 patients (29%). Of these, 17 (11%)
received heparin, low molecular weight heparin or argatroban in therapeutic dosages
while 17 patients (11%) and 11 patients (7%) were taking vitamin K antagonist and
direct oral anticoagulants, respectively. Antiplatelet drugs were administered in 34
(22%), 8 patients received dual antiplatelet therapy (5.2%). Among co-morbidities, 20
patients had localized (13%) and 21 patients metastasized cancer (14%) while 6
patients suffered from malignant lymphoproliferative disease (4%). 40 patients (26%)
suffered from liver cirrhosis and 74 patients (48%) exhibited renal insufficiency, of
which 35 patients (23%) had terminal kidney failure requiring hemodialysis. 13
patients had coronary heart disease (8%). 53 patients (35%) presented with
hemorrhagic shock at the time of application of HP. Vasopressors were administered
in 65 patients (42%). Clinical characteristics of the total patient cohort are summarized
in Table 1.

Overall Efficacy of HP in the management of GI bleeding
In patient cohort, HP exhibited an overall ST and LT success for achieving hemostasis
of 82% and 69% with a RBR of 21% when applied as primary therapy. As salvage
therapy, overall ST success, LT success and RBR rate were 83%, 68% and 29%,
respectively. In the cohort, no significant difference was observed for achieving
hemostasis between HS and EC under primary or salvage therapy (Table 1). Due to
refractory bleeding a total of 20 patients treated with HP had to undergo surgery or
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Table 1 Clinical characteristics of the total patient cohort treated with hemostatic powders for gastrointestinal bleeding n (%)
HS and EC n = 154

Hemospray n = 111

Endoclot n = 32

P value

101 (65.6)

76 (68.5)

17 (53.1)

ns

66.6 ± 14

67 ± 13.8

67.4 ± 15.1

ns

11-93

29-93

11-89

7.1 ± 1.7

7.1 ± 1.7

7.1 ± 1.8

2-10

2-10

2-10

Coagulopathy

48 (31.2)

36 (32.4)

6 (18.8)

ns

Renal insufficiency

74 (48.1)

53 (47.7)

15 (46.9)

ns

Hemodialysis

35 (22.7)

26 (23.4)

5 (15.6)

ns

Liver cirrhosis

40 (26)

32 (28.9)

5 (15.6)

ns

upper GI bleeding

137 (89)

102 (91.8)

25 (78.1)

0.04

lower GI bleeding

17 (11)

8 (8)

7 (21)

ns

Primary therapy

82 (53.2)

64 (57.7)

14 (43.8)

ns

Salvage therapy

72 (46.8)

47 (42)

18 (56)

ns

Multiple applications of HP

42 (27.3)

27 (24.3)

5 (15.6)

ns

13 (8.4)

11 (9.9)

1 (3.1)

ns

Sex (M)
Age, yr
mean ± SD
range
Rockall risk score
median ± SD
range

ns

Comorbidities

Bleeding locale

Application as

Definite hemostatic therapies after HP failure
Coiling
Surgery

9 (5.8)

7 (6.3)

1 (3.1)

ns

125 (81.2)

92 (82.9)

26 (81.2)

ns

Primary therapy

67/82 (81.7)

53/64 (82.8)

11/14 (78.6)

Salvage therapy

58/72 (80.6)

39/47 (82.9)

15/18 (83.3)

Long term success

81/121 (66.9)

59 (69.4)

18 (66.7)

Primary therapy

45/65 (69.2)

35/49 (71.4)

8/13 (61.5)

Salvage therapy

36/56 (64.3)

24/36 (66.7)

10/14 (71.4)

Short term success (total)

Re-bleeding rate

41 (26.6)

27 (24.3)

8 (25)

Primary therapy

18/82 (21.9)

13/64 (20.3)

3/14 (21.4)

Salvage therapy

23/72 (31.9)

14/47 (29.8)

5/18 (27.8)

ns

ns

HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; HS and EC: Including patients who received both Hemospray and Endoclot at different time
points; GI: Gastrointestinal.

interventional radiology for bleeding control after failure of HPs.

Efficacy of HP in the management of upper GI bleeding
The majority of patients exhibited upper GI bleeding (n = 137, 89%). Of these, 91
patients (66%) presented with Forrest Ib bleeding while 15 patients (11%) exhibited a
Forrest Ia bleeding source. Further, 4 patients (3%) had Forrest III lesions. Clinical
characteristics of the patients with upper GI bleeding are shown in Table 2.
Overall, ST success of HP within the upper GI tract was achieved in 113 patients
(82.5%) with LT success maintained in 71 patients (66%) and an overall RBR of 25%.
HP as salvage therapy was applied in 65 patients (47%) with upper GI bleeding. The
ST and LT success of HP as primary and salvage therapy is shown in Table 2. Within
the upper GI Tract, bleeding was derived from the following sources: peptic ulcer
disease (n = 49, gastric ulcer: n = 12; duodenal ulcer: n = 37), malignant tumor (n = 15),
esophagogastric varices (n = 13), reflux esophagitis (n = 12), angiodysplasias or
angioectasias (n = 8), Mallory Weiss lesions (n = 5) and diffuse oozing bleeding and
erosions (n = 21). We then performed subgroup analyses on the efficacy of HP
according to the bleeding location (Table 3). In peptic ulcer disease (Figures 1 and 2),
HP achieved hemostasis with a ST and LT success of 80% and 57% and a RBR of 34%.
When applied as a primary therapy in peptic ulcer disease, ST and LT success and
RBR were 79%, 67% and 21%, respectively; when applied as a salvage therapy ST and
LT were comparable (81% and 67%); however RBR was considerably higher under
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Table 2 Clinical characteristics of the patients with upper gastrointestinal bleeding and efficacy of hemostatic powders in the treatment
of upper gastrointestinal bleeding n (%)
HS and EC (n = 137)

Hemospray (n = 102)

Endoclot (n = 25)

P value

86 (62.8)

68 (66.7)

11 (44)

0.04

66.4 ± 14.2

66.4 ± 14.0

67.9 ± 16.5

ns

(11-93)

29-93

11-89

7.1 ±1.7

7.1 ± 1.7

7.1 ± 1.8

2-10

2 -10

2 - 10

Coagulopathy

45 (32.8)

34 (33)

5 (2)

Renal insufficiency

68 (49.6)

59 (49)

12 (48)

Hemodialysis

32 (23.4)

24 (23)

12 (48)

Liver cirrhosis

38 (27.7)

30 (29.4)

5 (20)

Therapeutic anticoagulation

35 (25.5)

28 (27.5)

6 (24)

Dual antiplatet therapy

7 (5.1)

5 (5)

2 (8)

Vitamin K antagonists

14 (10.2)

11 (11)

3 (12)

Sex (M)
Age, yr
mean ± SD
range
Rockall risk score

ns

median ± SD
range
Comorbidities

DOAC
Antiaggregation therapy

8 (5.8)

7 (7)

1 (4)

29 (21.2)

21 (20.6)

7 (28)

Application as

ns

Primary Therapy

72 (52.6)

59 (58)

10 (40)

Salvage Therapy

65 (47.4)

43 (42)

15 (60)

37 (27)

24 (23)

3 (0.12)

13 (9.5)

11 (11)

1 (4)

Multiple Applications of

ns

HS
Definite hemostatic therapies after HP failure
Coiling
Surgery

ns

8 (5.8)

7 (6.9)

0

113/137 (82.5)

68/102 (66.6)

21/25 (84)

Primary therapy

60/72 (83.3)

50/59 (84.7)

8/10 (80)

Salvage therapy

53/65 (81.5)

36/43 (83.7)

13/15 (86.6)

Long term success

71/108 (65.7)

53/78 (67.9)

15/22 (68.2)

Primary therapy

39/57 (68.4)

32/45 (71)

6/10 (60)

Salvage therapy

32/51 (62.7)

21/33(63.6)

9/12 (75)

Re-bleeding rate

34/137 (24.8)

24/102 (23.5)

4/25 (16)

Primary therapy

15/72 (20.8)

11/59 (18.6)

2/10 (20)

Salvage therapy

19/65 (29.2)

13/43 (30.2)

2/15 (13)

Short term success (total)

ns

ns

ns

DOAC: Direct acting oral anticoagulant; HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; HS and EC: Including patients who received both
Hemospray and Endoclot at different time points.

salvage therapy (46%). A total of 15 patients suffered from diffuse cancer bleeding,
here ST and LT success were 81% and 85%, re-bleeding occurring in only 1 patient.
For variceal bleeding, overall ST success was achieved in 91%. In oesophageal
bleeding HP was used as salvage therapy in 8 patients. LT success was achieved in
3/4 (75%) patients. Re-bleeding was present in 2/7 (28.5%). In 3 patients with fundic
varices bleeding, 1 LT success was achieved after applying HP as salvage therapy
(33.3%). HP as a primary therapy in fundic varices bleeding is in our experience not
suitable to achieve a stable hemostasis alone. In patients under therapeutic
anticoagulation ST and LT success of HP were 81% and 58%, re-bleeding in 33% of
patients. Regardless of whether they were applied as primary or salvage therapy or in
which bleeding location, no significant differences for achieving ST or LT hemostasis
and recurrence of bleeding were detected between HS and EC.

Efficacy of HP in the management of lower GI bleeding
HP was applied in 17 patients with lower GI bleeding (Table 4). Among these, 9
patients were treated with HS, 7 patients with EC while in 1 patient with lower GI
bleeding, both HS and EC were applied. Overall ST and LT success was 71% (12/17)
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Figure 1

Figure 1 Before (left side) and after application of Hemospray (right side) within the upper gastrointestinal tract (duodenal ulcer).

and 59% (9/13), respectively with a RBR of 41%. Clinical characteristics of patients
with lower GI bleeding are shown in Table 4.

DISCUSSION
Herein we report on our experience in the treatment of GI bleeding both with HS and
EC in a single tertiary university care center. To the best of our knowledge our work is
the first to directly compare two different HP for the treatment of GI bleeding in the
upper and lower GI tract. Our study confirms the findings of other investigators
where an excellent immediate control of the bleeding source was achieved with
HP[8,11,18,19,21]. HP exhibited an overall short-term success of 82% in our study. With this,
ST success was higher in our cohort compared to a previous report on a smaller
cohort by Chen and colleagues[8], although this study analyzed of success rates of HS
only.
According to the literature, hemostatic success of HP within 7 to 8 d range between
51% and 87.5%[14,15,19]. Within this study, we performed FU for at least one month in the
vast majority of patients (87%) and long-term success dropped to 67% in our study.
Hence, these data are consistent with results from GRAPHE registry in which LT
success rates of 66% were reported[19]. A graphic illustration (Figure 3) of the mean
incidence of re-bleeding after application of HP according our and past
studies[8-11,14-16,18,19,22] shows that RBR increase over time after HP application across
studies and with this, although allowing for excellent immediate bleeding control, HP
appears to be not suitable as a definitive long-term hemostasis tool in patients with a
high-risk profile of bleeding recurrence. On the other hand, the benefit of HP is the
high immediate hemostasis rate and that can be administered more than once without
risk of “overdosing” or induction of bleeding due to mechanical irritation.
When performing subgroup analyses according to bleeding etiology, overall ST and
LT success in peptic ulcer disease was 81% and 68% with a RBR of 19%. With this, our
results are consistent to those reported in the literature[11,13,14,17,18,23], with immediate
hemostasis ranging between 78 and 96% and RBR between 10.5 and 38%. However,
when analyzing peptic ulcer disease with Forrest Ia bleeding in our study, ST and LT
success were only 67% and 33% respectively. Together with results from other studies
that have reported a re-bleeding risk of Forrest Ia lesions under HP between 67% and
73%[10,11,13,14,17,18,24], our data show that HP are not effective as a first-line therapy in
Forrest Ia peptic ulcer bleeding. Nevertheless, HP but might still be useful in this
scenario as a bridging or rescue strategy until an alternative therapy as another
endoscopic procedure, a radiological embolization or surgical therapy can be
performed.
HP have also been reported to be effective as rescue therapy for variceal bleeding
when band ligation fails[25] and also in gastric varices and gastric bleeding derived
from portal hypertension[23]. Within our study, we observed an overall ST success of
85% and LT success of 56%. It is important to note that in the majority of applications
for variceal bleeding, the bleeding was serious with 70% of patients presenting with
hemorrhagic shock. Against this background, the overall ST success can be regarded
as high, and thus HP might represent a promising addition to arsenal of the
endoscopist for severe and refractory variceal bleeding.
Due to their touch-free application and large coverage, HP are also well suited for
the treatment of tumor bleeding. As shown in our study, HP provide immediate
hemostatic efficacy of 95%, a short-term success of 83% and a long-term success 87%
in patients with diffuse tumor bleeding. With this, our results are comparable to
previous studies, in which immediate efficacy of HP and RBR ranged between 93%100% and 20%-32%, respectively[10,14,18,21,26]. Since tumor bleeding is frequently diffuse
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Figure 2

Figure 2 Before (left side) and after application (right side) of Endoclot within the upper gastrointestinal tract
(duodenal ulcer).

and exhibits a large bleeding area, high RBR ranging up to 49% have been reported
with conventional hemostatic approaches[24,27]. Together, with data from the largest
multicenter retrospective study, in which an immediate hemostasis of HP for tumor
bleeding was achieved in almost 98% of patients, our data show that HP are allow for
effective control of tumor bleeding.
To date, no direct comparison between HS and EC is available. When looking
across studies rates for achieving primary hemostasis in the upper GI tract with EC
and HS have been reported to range between 82%-100%[13,16] and 85%-98%[8,9,11,14,15,18,19,21],
respectively. Our study is the first to directly compare the efficacy of HS and EC and
no significant different in their hemostatic efficacy and RBR were observed between
these two agents. Nevertheless some technical differences between the two HP should
be noted: first HS is sprayed at high pressure with a propellant CO2 cartridge. Such
feature might be an advantage in cases of high pressure bleeding or scenarios where a
large surface needs to be covered. On the other hand, high-pressure application can
potentially cause further tissue injury to the point of perforation especially in friable
or inflamed mucosa. Indeed, in two of the patients treated with HS (1.3%), perforation
occurred as major adverse events after application of HS in the current study.
Occurrence of intestinal perforation after HS application have been reported in other
series as well[15,18], therefore some caution of using HS might be necessary. In contrast,
with EC the pressure of spraying is much lower, allowing a more sectorial area of
targeting, making EC more suitable for localized bleeding lesions like a peptic ulcers
or a surface after resection. On the other hand, the area that can be covered with EC
might be lower with EC as compared to HS and also high pressure bleeding might be
less controlled. However, more systematic studies are clearly needed to investigate on
these aspects.
For lower GI bleeding ST and LT success of HP were 75% and 56.3% with a RBR of
37.5%. Data on the role of HP for lower GI bleeding are relatively scarce to date and
long-term FU data are completely lacking. In the largest series of low GI bleeding
treated with EC, hemostasis was achieved in 83% of the cases with a RBR of 11%[16].
Although limited by the number of patients included in the study, our results do
support the concept that HP represent valuable therapeutic options for lower GI
bleeding when conventional hemostatic approaches fail.
Limitations of the current study also need to be addressed. Although our study
included a large number of patients, its setting in a single high volume university
centre might have led to a certain bias in terms of patients characteristics. As shown
by the clinical data, a large percentage exhibited a variety of severe co-morbidities and
therefore most likely do not represent an average cohort. Further, we did not utilize a
randomized study protocol and the decision to apply HS or EC was at the discretion
of the endoscopist and therefore subjective.
In conclusion, our study demonstrates that both HPs HS and EC allow for bleeding
control with high short-term efficacy when used as primary or salvage therapy.
Further, both EC and HS exhibit high efficacy for achieving hemostasis in impaired
coagulation status or friable tissues. With these properties, HPs represent powerful
and effective additions to the armentarium of the endoscopist for treatment of GI
bleeding.
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Table 3 Etiology of upper gastrointestinal bleeding and success in bleeding management (short term, long term, re-bleeding rate)
HS and EC (n = 137)
Reflux esophagitis, n

Hemospray (n = 102)

Endoclot (n = 25)

17

16

1

Overall ST, LT, RBR (%)

92, 60, 0

100, 33, 0

100, 0, 0

Primary ST, LT, RR (%)

100, 100, 0

100, 100, 0

0

Salvage ST, LT, RR (%)

100, 100, 0

100, 100, 0

100, 0, 0

OG variceal disease, n

13

11

2

85, 56, 38

91, 50, 45

100, 100, 0

Primary ST, LT, RBR (%)

75, 25, 75

66, 66, 100

100, 100, 0

Salvage ST, LT, RBR (%)

100, 80, 22

100, 80, 25

100, 0, 0

49

34

12

Overall ST, LT, RBR (%)

80, 57, 34

80, 59, 29

84, 50, 31

Primary ST, LT, RBR (%)

79, 67, 21

81, 71, 18

75, 50, 25

Salvage ST, LT, RBR (%)

81, 67, 46

78, 40, 50

90, 62,3 0

8

6

1
100, 100,0

Overall ST, LT, RBR (%)

Peptic ulcer disease, n

Angiodysplasia, -ectasia, n
Overall ST, LT, RBR (%)

75, 85, 0

66, 80, 0

Primary ST, LT, RBR (%)

75, 100, 0

75, 100, 0

0

Salvage ST, LT, RBR (%)

75, 75, 0

50, 50, 0

100, 100, 0

Diffuse bleeding and erosions, n

22

16

4

Overall ST, LT, RBR (%)

77, 72, 36

87, 84, 25

66, 66, 33

Primary ST, LT, RBR (%)

78, 67, 33

100, 100, 0

75, 50, 25

Salvage ST, LT, RBR (%)

66, 70, 58

71, 66, 57

100, 50, 50

Cancer bleeding, n

15

12

1

Overall ST, LT, RBR (%)

81, 85, 10

85, 92, 10

100, 100, 0

Primary ST, LT, RBR (%)

100, 100, 0

100, 100, 0

100, 100, 0

Salvage ST, LT, RRB (%)

67, 50, 0

67, 75, 17

0

Other bleeding sources, n

13

7

4

Overall ST, LT, RBR (%)

70, 70, 40

75, 58, 58

86, 75, 28

Primary ST, LT, RBR (%)

62, 60, 50

50, 43, 62

80, 67, 20

Salvage ST, LT, RBR (%)

77, 69, 36

100, 100, 0

100, 75, 30

Other bleeding sources: Mallory Weiss lesions, aortoduodenal fistula, posttraumatic, bleeding after surgery, anastomosis bleeding. ST: Short term success;
LT: Long term success; RBR: Re-bleeding rate; OG: Oesophageal and gastric; HS and EC: Including patients who received both Hemospray and Endoclot at
different time points.

Table 4 Clinical characteristics of the patients treated with Hemospray and Endoclot for lower gastrointestinal bleeding n (%)

Sex (M)

HS and EC (n = 17)

Hemospray (n = 9)

Endoclot (n = 7)

15

8

6

P value
ns

Age, yr

0.007

mean ± SD

67.8 ± 12.2

72.9 ± 9.2

65.6 ± 9.2

37-81

51-81

37-76

Primary therapy

10 (59)

5 (55)

4 (57.1)

Salvage therapy

7 (41.2)

4 (44)

3 (56)

range
Application as

ns

Definite therapy after HP failure

ns

Coiling

0

0

0

Surgery

1 (5.9)

0

1 (14)

Coagulopathy

3 (17.6)

2 (22)

1 (14)

Renal insufficiency

6 (35.3)

3 (33)

3 (43)

Hemodialysis

3 (17.6)

2 (22)

1 (14)

Liver cirrhosis

2 (11.8)

2 (22)

0

Therapeutic anticoagulation

10 (59)

3 (33)

6 (86)

Comorbidities
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Dual antiplatet therapy

1 (5.9)

0

1 (43)

Vitamin K Antagonists

3 (17.6)

0

3 (43)

DOAC

3 (17.6)

0

2 (29)

Antiaggregation therapy

5 (29.4)

2 (22)

3 (43)

Short term success

12 (79.6)

6 (67)

5 (71)

Primary therapy

7 (70)

3/5 (60)

3/4 (75)

Salvage therapy

5 (71.4)

3/4 (75)

2/3 (67)

Long term success

10 (76.9)

6/7 (86)

3/5 (75)

Primary therapy

6 (75)

3/4(75)

2/3 (67)

Salvage therapy

4 (57.1)

3/3 (100)

1/2 (50)

Re-bleeding rate

7 (41.2)

3 (33)

4 (57)

Primary therapy

3 (30)

2/5 (40)

1/4 (25)

Salvage therapy

4 (57.1)

1/4 (25)

3/3 (100)

ns

ns

ns

DOAC: Direct acting oral anticoagulant; HS: Hemospray; EC: Endoclot; HP: Hemostatic powders; HS and EC: Including patients who received both
Hemospray and Endoclot at different time points.

Figure 3

Figure 3 Incidence (%) of re-bleeding after application of hemostatic powder according our data and past studies[8-11,14-16,18,19,21,26].

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal (GI) bleeding frequently leads to hospital admission and is associated with
relevant morbidity and mortality, particularly in the elderly. Due to the increasing
administration of direct oral anticoagulants in the last years and the emerging role of antiplatelet
agents, sufficient and effective treatment of GI bleeding is mandatory while at the same time can
be clinically challenging. In the last years, endoscopists increasingly face emergency bleeding in
a clinical scenario in which coagulation parameters cannot always be corrected to normal range.
Further, with increasing development of advanced endoscopic therapeutic procedures,
iatrogenic bleeding after endoscopic resections represents another emerging problem. For
refractory cases, hemostatic powders (HP) represent “touch-free” agents.

Research motivation
Although data on the efficacy of Endoclot (EC) are still limited, first clinical evidences suggest
that both Hemospray (HS) and EC allow for effective bleeding control. Further, no direct
comparison of the efficacy of these two HP is available to date.

Research objectives
Against this background we set off: (1) To analyze the short and long term success in achieving
hemostasis with HP; and (2) to directly compare the two agents HS and EC in their efficacy for
achieving hemostasis in a large cohort of patients treated for emergency GI bleeding in our
center.

Research methods
Data were prospectively collected on patients who were treated with HS and EC for endoscopic
hemostasis during emergency endoscopy between September 2013 and September 2017 in our
center. Patients were followed-up for at least one month after index endoscopy and data analysis
was performed after follow-up was completed
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Research results
HP was applied in 154 consecutive patients (mean age 67 years) with GI bleeding in our center.
Patients were followed up for at least 1 month (mean follow up: 3.2 mo). The majority of HP
applications were in the upper GI tract (89%) with the following bleeding sources: Peptic ulcer
disease (35%), esophageal varices (7%), tumor bleeding (11.7%), reflux esophagitis (8.7%), diffuse
oozing bleeding and erosions (15.3%). Overall short term (ST) success with HP was achieved in
125 patients (81%) and long term (LT) success in 81 patients (67%). Re-bleeding occurred in 27%
of all patients treated with HP. In 72 patients (47%), HP was applied as a salvage hemostatic
therapy, here ST and LT success were 81% and 64%, respectively, with re-bleeding in 32% of
patients. As a primary hemostatic therapy, ST and LT success were 82% and 69%, respectively,
with re-bleeding occurring in 22%. Subgroup analysis showed a ST and LT efficacy for cancer
bleeding of 83% and 87%, for peptic ulcer disease of 81% and 56% and in patients under
therapeutic anticoagulation of 80% and 60.5%. There was no statistical difference in the ST or LT
efficacy between EC and HS for the various indications; however, HS was more frequently
applied for upper GI bleeding (P = 0.04)

Research conclusions
Within this study, we retrospectively analyzed the hemostatic efficacy of HPs HS and EC as first
line or salvage therapy in several clinical scenarios in a large cohort of prospectively included
patients. As shown in our report, both HPs allow for excellent ST bleeding control when applied
as primary or salvage therapy. At the same time, LT efficacy over a period of 4 weeks is
maintained in a considerable amount of patients.

Research perspectives
Both EC and HS exhibit high efficacy for achieving hemostasis in impaired coagulation status or
friable tissues. With these properties, HPs represent powerful and effective additions to the
armentarium of the endoscopist for treatment of GI bleeding.
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Abstract
BACKGROUND
Acute severe ulcerative colitis unresponsive to systemic steroid treatment is a lifethreatening medical condition requiring hospitalization and often colectomy.
Despite the increasing choice of medical therapy options for ulcerative colitis, the
condition remains a great challenge in the field of inflammatory bowel diseases
(IBD). The performance of the calcineurin inhibitor tacrolimus in this clinical
setting is insufficiently elucidated.
AIM
To evaluate the short and long-term outcomes of tacrolimus therapy in adult
inpatients with steroid-refractory acute severe ulcerative colitis.
METHODS
We conducted a retrospective monocentric study enrolling 22 patients at a
tertiary care center for the treatment of IBD. All patients who were admitted to
one of the wards of the Department of Gastroenterology and Hepatology of the
Heidelberg University Hospital with acute severe ulcerative colitis between 2007
and 2018, and who received oral or intravenous tacrolimus for steroid-refractory
disease were included. Baseline characteristics and data on the disease courses
were retrieved from entirely computerized patient charts. The primary study
endpoint was clinical response to tacrolimus therapy, resulting in discharge from
the hospital. Secondary study endpoints were colectomy rate and time to
colectomy, achievement of clinical remission under tacrolimus therapy, and the
occurrence of side effects.
RESULTS
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In the majority of the 22 included patients (68.2%), tacrolimus therapy was
initiated intravenously and subsequently converted to oral administration. The
treatment duration was 128 ± 28.5 d (mean ± SEM), and the patients were
followed up for 705 ± 110 d after treatment initiation. Among all patients, 86.4%
were discharged from the hospital under continued oral tacrolimus therapy. In
36.4% of the patients, the administration of tacrolimus resulted in clinical
remission at some point during the treatment. Thirty-two percent of the patients
underwent colectomy between 5 and 194 d after the initiation of tacrolimus
treatment (mean: 97.4 ± 20.8 d). Colectomy-free survival rates at 1, 3, 6 and 12 mo
after the initiation of tacrolimus therapy were 90.9%, 86.4%, 77.3% and 68.2%,
respectively. The safety profile of tacrolimus was overall favorable. Only two
patients discontinued the treatment due to side effects.
CONCLUSION
The short-term outcome of tacrolimus in steroid-refractory acute severe
ulcerative colitis was beneficial, and side effects were rare. In all, tacrolimus
therapy appears to be a viable option for short-term treatment of steroidrefractory acute severe ulcerative colitis besides ciclosporin and anti-tumor
necrosis factor α treatment.
Key words: Acute severe ulcerative colitis; Steroid-refractory; Tacrolimus; Rescue
therapy; Calcineurin inhibitor; Inflammatory bowel disease; Hospitalized
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Steroid-refractory acute severe ulcerative colitis requires hospitalization and is
frequently a risky tightrope walk between surgery and medical treatment. Whereas
sufficient data has been provided over time to justify ciclosporin and infliximab as
salvage therapies in this clinical scenario, guideline recommendations are still more
reluctant towards tacrolimus due to the relative lack of data. However, tacrolimus may
have advantages over ciclosporin especially due to its different toxicity profile. Our
study provides more insight in the potential of tacrolimus in the strictly defined situation
of steroid-refractory acute severe ulcerative colitis in hospitalized patients.

Citation: Hoffmann P, Wehling C, Krisam J, Pfeiffenberger J, Belling N, Gauss A.
Performance of tacrolimus in hospitalized patients with steroid-refractory acute severe
ulcerative colitis. World J Gastroenterol 2019; 25(13): 1603-1617
URL: https://www.wjgnet.com/1007-9327/full/v25/i13/1603.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i13.1603

INTRODUCTION
The global incidence of ulcerative colitis is increasing[1]. Ten to 15% of the patients
with ulcerative colitis suffer from an episode of fulminant colitis during the course of
their disease[2]. Intravenous corticosteroids remain the first-line therapy for such
severe attacks [3] . However, approximately 30% of the patients with acute severe
ulcerative colitis respond insufficiently to corticosteroid treatment, which necessitates
some type of rescue therapy[4,5]. Conventional salvage therapies to avoid colectomy
comprise antibodies against tumor necrosis factor α (TNFα)—typically infliximab and
calcineurin inhibitors, i.e., ciclosporin or tacrolimus, both drug classes yielding
comparable results[3]. Ciclosporin and tacrolimus are efficient immuno-suppressants
widely used in clinical routine to prevent allograft rejection after organ transplantation[6]. Ciclosporin was the first calcineurin inhibitor to be successfully tested in the
clinical setting of steroid-refractory acute severe ulcerative colitis[7]. Tacrolimus is a
calcineurin inhibitor with a more potent inhibitory effect on activated T cells in
comparison with ciclosporin, as tacrolimus influences both ciclosporinsensitive and
ciclosporininsensitive T-cell activation pathways[6,8]. Ciclosporin and tacrolimus also
display different toxicity profiles[9].
Regarding the treatment of acute severe ulcerative colitis, less is known about
tacrolimus therapy than on ciclosporin therapy. To date, two randomized controlled
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trials (RCTs) have been published on tacrolimus therapy in steroid-refractory
ulcerative colitis: In one, two different serum trough concentrations of tacrolimus
were compared to each other (5-10 ng/mL vs 10-15 ng/mL)[10]. That trial revealed a
dose-dependent effect of tacrolimus; however, it was underpowered for the detection
of a significant difference between the two subgroups. Another Japanese trial
published by the same group examined oral tacrolimus in the management of
hospitalized patients with steroid-refractory ulcerative colitis and demonstrated a
clinical response rate of 50% in the tacrolimus group vs 13.3% in the placebo group
after only two weeks of treatment, while the rate of clinical remission was 9.4% vs
0%[11]. Furthermore, several small and heterogeneous retrospective studies have dealt
with the use of tacrolimus in severe steroid-resistant ulcerative colitis. For example, in
a recently published open-label trial including 100 patients with moderate-to-severe
ulcerative colitis, tacrolimus was compared to anti-TNFα treatment. Efficacy and
safety data were similar in both groups[12].
This is the basis on which national and international guidelines recommend both
ciclosporin or tacrolimus in steroid-refractory acute severe ulcerative colitis, even
though the recommendation for ciclosporin is stronger than the one for tacrolimus
due to the larger quantity of available data[3,13]. The aim of the present study is to
extend the knowledge on the suitability of tacrolimus in steroid-refractory acute
severe ulcerative, only considering critically ill patients on the verge of colectomy.

MATERIALS AND METHODS
Study design
This is a retrospective single-center observational study performed at the University
Hospital Heidelberg, a tertiary care center in Southwest Germany treating a large
number of patients with IBD. The study embraces a time span of 12 years (January
2007 to December 2018). The cut-off time point for data acquisition was 31 December
2018. The study protocol was reviewed and approved by the institutional Ethics
Committee (Alte Glockengießerei 11/1, 69115 Heidelberg, Germany; protocol
number: S-006/2019). It was performed in accordance with the ethical principles of
the 1975 Declaration of Helsinki, as revised in 2000. The requirement for informed
consent was waived due to the retrospective nature of the study.

Inclusion and exclusion criteria
The following inclusion criteria were defined: (1) Ascertained diagnosis of ulcerative
colitis according to ECCO criteria[3]; (2) endoscopic disease extent of at least Montreal
E2 (left-sided colitis)[14]; (3) age of at least 18 years at the time of the initiation of
tacrolimus therapy; (4) inpatient treatment at the Department of Gastroenterology and
Hepatology of the Heidelberg University Hospital between January 2007 and October
2018; (5) presentation with an acute severe flare of ulcerative colitis according to
Truelove and Witts criteria [15] ; (6) no or insufficient response to intravenous
prednisone or prednisolone according to national guideline recommendations[13]; (7)
treatment of the flare with tacrolimus (oral or intravenous application). Exclusion
criteria were: (1) Patients who were already scheduled for colectomy at start of
tacrolimus therapy; (2) patients in whom the diagnosis of ulcerative colitis was
changed to Crohn’s colitis in the follow-up after the initiation of tacrolimus therapy;
(3) patients with untreated intestinal infections, including Clostridium difficile (C.
difficile), Campylobacter spp., and Cytomegalovirus.

Definitions
Acute severe ulcerative colitis at admission to the hospital was defined according to
the Truelove and Witts criteria[15]. The Truelove and Witts[15] criteria include a stool
frequency of ≥ 6 per day, and at least one of the following: Pulse rate > 90 bpm,
temperature > 37.8 °C, hemoglobin concentration < 10.5 g/dL, and erythrocyte
sedimentation rate (ESR) > 30 mm/h. Steroid-refractoriness was defined as no
sufficient clinical response to intravenous treatment with prednisone or prednisolone
at a daily dose of 1 mg/kg body weight according to guideline recommendations[3,13].
Clinical response was defined as a significant decrease of stool frequency, rectal
bleeding, and plasma C reactive protein (CRP) concentration, as well as an
amelioration of general well-being as documented in the patient chart, resulting in the
possibility to discharge the patient from the hospital to continue the therapy on an
outpatient basis. Clinical remission was considered if a Partial Mayo Score of 0 or 1
was documented in the electronic patient chart by the treating physician[16]. Disease
extent was categorized according to the Montreal classification based on all available
endoscopy reports[14]. Loss to follow-up was considered when the last contact to the
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patient (counted from the cut-off time point for data acquisition) was more than two
years ago.

Treatment algorithm
Patients with a severe flare of ulcerative colitis were first treated with intravenous
corticosteroids according to guideline recommendations[3,13], in case that had not
already been performed at a different inpatient facility prior to the referral to our
department. Intestinal infections were excluded by sigmoidoscopy and biopsies for
Cytomegalovirus PCR or immunohistochemistry, and stool cultures for Salmonella,
Campylobacter, Yersinia and Shigella spp. as well as an assay for C. difficile toxin.
Antibiotics, mainly ciprofloxacin and metronidazole, were applied at the discretion of
the treating physician, even without proof of infection, e.g., if translocation of
intestinal bacteria was suspected. Intravenous nutritional support was administered
in malnourished patients. Intravenous fluid and electrolyte replacement as well as
blood transfusions were performed as required.
Steroid-refractoriness was considered if no sufficient clinical response occurred
under intravenous treatment with prednisone or prednisolone at a daily dose of 1
mg/kg for at least three d according to guideline recommendations[3,13]. In patients
with steroid-refractory disease, the treating physicians’ team (always including a
senior consultant in gastroenterology with experience in IBD therapy) decided on the
basis of disease severity, comorbidities, patient age, prior medications, and patients’
wishes which rescue therapy was most appropriate. In most cases, a visceral surgeon
was involved in the decision-making process. Tacrolimus has been used as the
standard first-line rescue medication of the department in patients with steroidrefractory acute severe ulcerative colitis over the last two decades. It was administered every 12 h, and dosage was adjusted to blood trough levels of 10-15 ng/mL.
Intravenous tacrolimus was consistently applied over six hours twice per day via a
rate-controlled syringe pump, and tacrolimus trough levels were determined shortly
before the morning application. The first trough level measurement was performed
one or two days after treatment initiation; thereafter, tacrolimus trough concentrations
were measured on a daily basis during the hospital stay. After at least four weeks of
tacrolimus treatment, the target trough level was decreased to 5-10 ng/mL at the
discretion of the treating physician. Where intravenous tacrolimus treatment resulted
in improvement of colitis symptoms and the medication was tolerated by the patient,
the treatment was continued orally at the discretion of the attending physician.
Patients with distinct amelioration of disease activity according to clinical
symptoms—including stool frequency, occurrence of bloody stools, abdominal
cramps, and fever—were released to outpatient treatment. After the decision to
initiate tacrolimus therapy was made, steroid therapy was completely discontinued or
tapered off depending on the total duration of steroid treatment. The decision on the
introduction of a second immunosuppressive agent during the hospital stay to
maintain remission was individualized mainly according to prior therapies and the
risk of opportunistic infections.

Study end points
The primary study end point was clinical response to tacrolimus salvage therapy, as
defined above. Secondary endpoints were clinical response under tacrolimus therapy,
colectomy rate, time to colectomy, and the occurrence of side effects.

Data collection
Names of suitable patients were retrieved from electronically available lists of
inpatients of all wards of the Department of Gastroenterology and Hepatology of the
Heidelberg University Hospital who were admitted between January 2007 and
October 2018. All data were available as entirely electronic patient records in the
Hospital Information System. The patient records were monitored until the cut-off
time point for data collection on 31 December 2018, or to loss to follow-up. The
following data were collected in an Excel spread sheet: Patient age, disease duration at
admission to the hospital, disease extent according to the Montreal classification[14],
medications for ulcerative colitis at admission and discharge from the hospital, prior
nonresponse to biological therapy, endoscopic findings, laboratory findings, number
of bowel movements per day, presence and amount of blood in stool, body
temperature, necessity of blood transfusions, performance of colectomy and time span
between initiation of tacrolimus therapy and colectomy, duration of hospital stay,
duration of steroid therapy until start of tacrolimus treatment, total duration of
tacrolimus therapy, results of stool cultures and rectal biopsies for Cytomegalovirus
PCR, suspected side effects of tacrolimus, doses and blood trough levels of tacrolimus
during the hospital stay, concomitant medications administered in the ward,
subsequent ulcerative colitis therapies, reasons for discontinuation of tacrolimus

WJG

https://www.wjgnet.com

1606

April 7, 2019

Volume 25

Issue 13

Hoffmann P et al. Tacrolimus in acute severe ulcerative colitis

therapy, and disease course after discharge from the hospital.

Statistical analysis
This is a descriptive study. Categorical variables are presented as frequencies and
percentages. For numerical variables, means ± standard errors of the mean (SEM)
were calculated. A Kaplan-Meier survival plot was applied to illustrate cumulative
colectomy-free survival. Statistical analyses were performed with Microsoft Excel
2010 and IBM SPSS Statistics 25 (IBM corporation, Armonk, New York, United States).

RESULTS
Patient characteristics
The present study included 22 patients (13 females) who were treated for acute severe
ulcerative colitis refractory to steroid treatment in one of the wards of the Department
of Gastroenterology and Hepatology of the Heidelberg University Hospital between
2007 and 2018. Figure 1 illustrates in a flowchart how many patients had to be
excluded and for which reasons. The demographic characteristics and disease-specific
baseline data of the included patients are presented in detail in Table 1. The mean age
at first diagnosis of ulcerative colitis was 25.5 ± 5.6 years, and the disease duration at
hospitalization was 6.2 ± 1.3 years. Disease extent according to the Montreal
classification[14] was mostly extensive colitis (E3). None of the patients had been
treated with tacrolimus prior to their hospitalization. Prior failure to anti-TNFα
therapy (but not during the hospital stay of interest) had occurred in five patients
(22.7%). At admission to the hospital, the patients’ mean plasma CRP concentration
was 87.5 ± 14.3 mg/L (normal: < 5 mg/L), the body temperature 38.0 ± 0.2 °C, the
heart rate 97.2 ± 2.9 bpm, and the number of bowel movements 13.5 ± 1.4 per 24 h.

Follow-up and loss to follow-up
The average time span between the first dose of tacrolimus and the last follow-up visit
was 705 ± 110 d (range: 63-1870 d). In total, six patients (27.3%) were lost to follow-up
at the cut-off time point for data acquisition. The time to loss to follow-up ranged
from 65 to 1557 d (mean: 107 ± 225 d). It was shorter than one year in only one patient.

Data obtained during hospitalization
The average duration of hospitalization was 22.8 ± 4.9 d. Further characteristics of the
study cohort during the hospital stay may be viewed in Table 2. Notably, all but one
of the patients received empirical systemic antibiotic treatment at admission, mostly
intravenous ciprofloxacin plus metronidazole, for suspected septic complications
without positive blood cultures. At that, parenteral nutritional support was
administered in nine patients (40.9%), and ten patients received at least one blood
transfusion during their hospital stay (45.5%).

Tacrolimus dosing and treatment duration
In 15 of the 22 included patients (68.2%), tacrolimus therapy was initiated
intravenously, while seven patients (31.8%) received oral tacrolimus from the start.
The initial dose for intravenous tacrolimus was 1.4 ± 0.4 mg/24 h, corresponding to 26
± 3 μg/kg body weight, while dosage was 5.3 ± 2.2 mg/24 h for oral treatment
initiation, corresponding to 95 ± 31 μg/kg body weight. Overall, the target trough
concentration of 10-15 ng/ml was reached after 3.1 ± 0.8 d. The time until
achievement of target trough concentration was longer for the oral than for the
intravenous treatment scheme (4.2 ± 1.2 vs 3.1 ± 0.4 d, n = 21, as one patient
discontinued the therapy due to side effects on day 2). The mean oral tacrolimus dose
per 24 h at the time of discharge from the hospital (n = 19) was 10.2 ± 1.1 mg (equaling
186 ± 23 μg/kg body weight). The mean duration of intravenous tacrolimus treatment
was 4.0 ± 0.9 d. The total duration of tacrolimus treatment during hospitalization was
15.9 ± 3.4 d. The mean total duration of tacrolimus therapy (duration of inpatient
treatment plus duration of outpatient treatment) was 128 ± 28.5 d.

Concomitant colitis-specific medications
At hospital admission, 15 patients (68.2%) were already undergoing oral systemic
steroid therapy with prednisone or prednisolone, one patient was on infliximab, and
one patient on azathioprine. In all, 12 patients (54.5%) received oral mesalamine and
three patients (13.6%) oral budesonide to treat IBD. As part of the therapeutic concept
of using tacrolimus as a bridge to a less toxic maintenance therapy, five patients
(22.7%) were started on vedolizumab while hospitalized, while thiopurine therapy
was introduced in five patients (22.7%). None of the patients was administered a
TNFα antibody during inpatient treatment.
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Table 1 Demographic and disease-specific baseline characteristics of the 22 included patients
Characteristic

n = 22

Gender, n (m/f)

9/13

Age at admission (yr, mean ± SEM)

33.2 ± 7.1 (range: 18-66)

Age at first diagnosis (yr, mean ± SEM)

25.5 ± 5.6 (n = 21, uk in 1) (range: 14-58)

Disease duration at admission (yr, mean ± SEM )

6.2 ± 1.3 (n = 21, uk in 1) (range: 0-19)

Disease extent according to Montreal classification at admission, n (E2:E3)

4:18

Previous anti-TNFα therapy failure, n (%)

5/22 (22.7)

Previous thiopurine therapy, n (%)

9/22 (40.9)

Systemic steroid therapy at admission, n (%)

15/22 (68.2)

Oral mesalamine at admission, n (%)

15/22 (68.2)

Anti-TNFα therapy at admission, n (%)

1/22 (4.5) (third infliximab infusion had been applied 23 d prior to admission)

Thiopurine therapy at admission, n (%)

1/22 (4.5) (on azathioprine for 32 mo prior to admission)

Body mass index (BMI) at admission (kg/m2, mean ± SEM)

20.3 ± 4.3 (range: 12.1-26.8)

Body temperature at admission (°C, mean ± SEM)

38.0 ± 0.2 (range: 36.6-39.6)

Heart rate at admission (beats per minute, mean ± SEM)

97.2 ± 2.9 (range: 80-135)

Number of bowel movements per 24 h at admission (mean ± SEM)

13.5 ± 1.4 (range: 7-30)

Presence of bloody stools at admission, n (%)

22/22 (100)

Plasma CRP concentration at hospital admission (mg/L, mean ± SEM)

87.5 ± 14.3 (range: 2.0-310.4)

WBC count at admission (/nL, mean ± SEM)

12.6 ± 1.0 (range: 4.4-22.8)

Platelet count at admission (/nL, mean ± SEM)

453 ± 29 (232-724)

Blood hemoglobin concentration at admission (g/dL, mean ± SEM)

10.8 ± 0.3 (7.7-14.5)

Endoscopic Mayo score at admission, n (Mayo 2:Mayo 3)
(sigmoidoscopy)

7:15

n: Number; m: Male; f: Female; SEM: Standard error of the mean; TNF: Tumor necrosis factor; CRP: C-reactive protein; uk: Unknown; WBC: White blood
cell.

Short-term efficacy of tacrolimus
All but three patients (86.4%) were discharged from the hospital under continued oral
tacrolimus treatment. Distinct primary treatment failure of tacrolimus despite
achievement of target trough levels was observed in two patients (9.1%), resulting in
their direct transfer to the surgery department for subtotal colectomy. In one patient,
tacrolimus was discontinued after two days due to severe vomiting. Clear clinical
response to tacrolimus indicated by a reduction of stool frequency and a reduction or
disappearance of blood in stool was documented in 18 patients (81.8%). One patient
was discharged from the hospital on her own urgent wish even though distinct
clinical response to tacrolimus had not occurred. In that patient, the therapy was
changed to adalimumab after discharge from the hospital, and she achieved clinical
remission under that therapy. Six patients (27.3%) achieved complete clinical
remission at some point during their tacrolimus therapy which was attributable to the
calcineurin inhibitor and not to any concomitant medication.
Directly prior to the first administration of tacrolimus, the mean plasma CRP
concentration was 87.5 ± 12.2 mg/L, and it decreased to 24.3 ± 10.5 mg/L at discharge
from the hospital (n = 20, the two patients who were transferred to the surgery
department were excluded). It was 51.5 ± 11.4 mg/L at day 5 of tacrolimus therapy
and 42.9 ± 11.8 mg/L at day 7 of tacrolimus therapy. The occurrence of blood in stool
was documented in 100% of the patients at admission to the hospital, while blood in
stool was documented in 11/20 (55%) patients at discharge from the hospital. The
mean stool frequency was 13.5 ± 1.4 at admission (n = 22) and decreased to 5.4 ± 0.6 at
discharge (n = 20). The mean body temperature at admission was 38.0 ± 0.2 °C at
admission, decreasing to 36.9 ± 0.1 °C at discharge from the hospital.

Reasons for discontinuation of tacrolimus therapy
The most prevalent event (36% of cases) resulting in discontinuation of tacrolimus
therapy in this study was medium-term treatment failure after discharge from the
hospital, including inadequate response and secondary treatment failure. In 27% of
the patients, tacrolimus was stopped after initial response and after introduction of an
overlapping immunosuppressive therapy with azathioprine or vedolizumab in order
to find out whether the immunosuppressant intended for maintenance therapy was
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Figure 1

Figure 1 Flow diagram for patient inclusion and exclusion. Finally, 22 patients who met the inclusion criteria
were enrolled in the study.

successful as monotherapy. The whole spectrum of reasons for tacrolimus discontinuation is presented in detail in Figure 2.

Colectomy-free survival
Seven among the 22 included patients (31.8%) underwent colectomy for treatmentrefractory ulcerative colitis during the follow-up after the initiation of rescue therapy
with tacrolimus. The mean time span from the initiation of tacrolimus therapy to
surgical intervention was 97.4 ± 20.8 d (range: 5-194 d) (Table 3 and Figure 3). Two
patients (9.1%) underwent colectomy within one month of the initiation of tacrolimus
therapy, three (13.6%) within three mo, five (22.7%) within six mo, and seven (31.8%)
within 12 mo. Vice versa, colectomy-free survival rates at 1, 3, 6 and 12 mo were
90.9%, 86.4%, 77.3% and 68.2%, respectively.

Long-term outcomes including other immunosuppressive medications
At the time of their last follow-up visits at the Department of Gastroenterology and
Hepatology of the Heidelberg University Hospital, only three patients were on
continued tacrolimus therapy. Two of them were in clinical remission at that time
point. In total (independent of whether tacrolimus therapy was ongoing), the outcome
of all included 22 patients at their respective last follow-up visits was as follows: 8/22
patients (36.4%) were in clinical remission, and 7/22 patients had undergone
colectomy (31.8%); ongoing disease activity was documented in 7/22 patients (31.8%).
Among the eight patients with documented clinical remission at their last followup visits, one was under therapy with tacrolimus and oral mesalamine, one under a
combination therapy with tacrolimus and vedolizumab (induction with vedolizumab
not yet finished), four under infliximab monotherapy, one under adalimumab
monotherapy, and one under azathioprine monotherapy.
Among the seven patients with documented disease activity at their last follow-up
visits, one was under therapy with tacrolimus and vedolizumab, one under therapy
with systemic steroids and vedolizumab, two under systemic steroid treatment alone,
one under adalimumab monotherapy, one under azathioprine monotherapy, and one
under mesalamine monotherapy.

Outcome of tacrolimus/thiopurine or tacrolimus/vedolizumab combination
Among the five patients in whom vedolizumab therapy was initiated after having
achieved clinical response to tacrolimus as a maintenance concept during the hospital
stay, three had to discontinue their vedolizumab therapy due to lack of response after
the induction had been completed, and all three patients underwent colectomy. Two
of these three patients had also failed on anti-TNFα treatment before. One of the
patients on tacrolimus and vedolizumab combination therapy had not undergone at
least 10 wk of vedolizumab at the cut-off time point for data acquisition, so that the
effect of vedolizumab could not be assessed in this patient. In none of the five
patients, the combination of tacrolimus and vedolizumab resulted in serious
infections. In our study, five patients received additional thiopurine therapy after
treatment initiation with tacrolimus: one of them underwent colectomy, three stopped
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Table 2 Clinical data obtained during the hospital stay
Variable

n = 22

Systemic antibiotic treatment during hospital stay, n (%)

21/22 (95.5)

Duration of IV steroid therapy prior to start of tacrolimus therapy (mean ± SEM)

6.7 ± 0.7

Use of parenteral nutrition during hospital stay, n (%)

9/22 (40.9)

Blood transfusion during hospital stay, n (%)

10/22 (45.5)

Oral mesalamine therapy during hospital stay, n (%)

17/22 (77.3)

Stay in intermediate care unit during part of the hospitalization, n (%)

4/22 (18.2)

Duration of hospital stay, d (mean ± SEM)

22.8 ± 4.9

Addition of a second immunosuppressive as a maintenance therapy during hospital stay, n (%)

10/22 (45.5)

Anti-integrin (vedolizumab)

5/22 (22.7)

Thiopurine (azathioprine or 6-mercaptopurine)

5/22 (22.7)

SEM: Standard error of the mean; IV: Intravenous.

azathioprine therapy for treatment failure and changed to a different regimen, and
one discontinued 6-mercaptopurine therapy because of side effects.

Safety of tacrolimus therapy
Only adverse events that were suspected to be caused by tacrolimus were considered.
In none of the cases was tacrolimus treatment discontinued because of an infectious
complication. No patients died during the follow-up period. The suspected side
effects of tacrolimus in our study cohort are listed in detail in Table 4. The most
frequently documented side effect was tremor of the limbs, especially of the hands. It
was dose-dependent and provoked therapy interruption in none of the cases. It was
completely reversible after tacrolimus had been stopped for other reasons. Two
patients discontinued tacrolimus therapy because of intolerable suspected side effects.
One male ended treatment because of severe nausea and vomiting after a treatment
duration of only two days; in that patient, ciclosporin was subsequently tried and
discontinued for the same reason. The other had to stop her intake of tacrolimus for
anemia and leukopenia after 50 d, when she presented as an outpatient for a followup of her disease course. That patient was on treatment with 6-mercaptopurine at the
same time, so the side effect cannot be definitely attributed to tacrolimus. We also
analyzed glomerular filtration rates determined directly prior to the start of
tacrolimus therapy and at discharge from the hospital: they were 114.9 ± 26.4 mL/min
vs 111.7 ± 25.6 mL/min, arguing against a short-term detrimental effect of tacrolimus
on renal function at the high doses that were administered.

DISCUSSION
We performed a retrospective analysis to explore both the short and long-term
outcomes of tacrolimus rescue therapy in hospitalized patients with steroid-refractory
acute severe ulcerative colitis. Non-response to steroid treatment in ulcerative colitis
represents a negative selection concerning other classes of immunosuppressive
medications. The key finding of our study is that in this critically ill group of patients,
tacrolimus had a very beneficial short-term effect and was able to prevent direct
referral to the surgery department for colectomy in the vast majority of cases.
However, in the long term, outcome results became more disappointing, as can be
best derived from a cumulative colectomy rate of 31.8% at a mean of 97.4 d after the
initiation of tacrolimus therapy.
Data on the long-term outcome of tacrolimus in steroid-refractory acute severe
ulcerative colitis are overall scarce. Cohort studies on the performance of tacrolimus
in the treatment of ulcerative colitis have been published by several other authors,
starting in 1998 by Fellermann et al[17], who presented a case series of six patients with
ulcerative colitis and five with Crohn’s disease or indeterminate colitis. The largest
published patient series covered 156 patients from five treatment facilities suffering
from moderate to severe courses of steroid-refractory ulcerative colitis[18]. In the
majority of these studies, tacrolimus was administered orally from the beginning, and
study populations were rather non-homogeneous. Also, many of the studies including the only two RCTs on this subject - originated from Japan, so the number of
published data in North America and Europe is limited. Our rationale for adding
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Figure 2

Figure 2 Detailed information on the reasons for which tacrolimus treatment was discontinued.

another study to the body of research on this subject was that published trials on the
use of tacrolimus in ulcerative colitis for the most part do not focus on the distinct
situation of acute severe ulcerative colitis in the hospital ward setting. However, it is
exactly that scenario where calcineurin inhibitors with their advantage of short
elimination half-life may have ongoing importance in the treatment algorithm of
ulcerative colitis, even if its long-term use is not recommended[13]; treatment options
must therefore take into consideration which other - possibly more slowly acting
medication - may supplement tacrolimus after its successful initiation[3,13].
The question may be raised why we used tacrolimus as the standard medical
salvage therapy in steroid-refractory acute severe ulcerative colitis. At our
department, tacrolimus is preferred over ciclosporin in patients who underwent liver
transplantation. This choice is made for the following reasons: Liver-transplant
patients treated with tacrolimus were less likely to experience acute rejection than
those receiving ciclosporin[19]; mortality and graft loss at one year were significantly
reduced in tacrolimus-treated liver-transplant recipients[20]; and finally, conversion
from ciclosporin to tacrolimus has been shown to improve the cardiovascular risk
profile in patients after liver transplantation [21] . Owing to our experience with
tacrolimus, which is based on the relatively large number of liver-transplant patients
followed up at our department, the administration of tacrolimus to patients with
steroid-refractory acute severe ulcerative colitis has become our standard approach
over the last one to two decades. The most important reason for the preference of
tacrolimus over anti-TNFα was its shorter elimination half-time. Thus, ciclosporin and
infliximab were used much less frequently than tacrolimus in steroid-refractory acute
severe ulcerative colitis.
The two most prominent features characterizing the present study are the strict
inclusion criteria, ensuring a very homogeneous study population, and the long
follow-up time with the maximal time span being 5.1 years. According to ECCO
guidelines[3], patients with bloody diarrhea ≥ 6/day and any signs of systemic toxicity
(pulse > 90/min, temperature > 37.8 °C, hemoglobin < 10.5 g/dL, ESR > 30 mm/h, or
CRP > 30 mg/L) have severe colitis and should be admitted to a hospital for intensive
treatment. Our study cohort consists exclusively of patients with considerable disease
activity, all meeting the criteria by Truelove and Witts[15] for the definition of acute
severe ulcerative colitis, necessitating in-ward treatment. The severity of disease in
our cohort is illustrated by the large percentages of patients receiving systemic
antibiotic treatment, intravenous nutrition support, and blood transfusions, and by
the fact that nearly 20% of the patients needed transient intermediate care treatment
during their hospitalization. Of note, this is a selection of critically ill patients in
whom perpetuating medical therapy may be life-threatening, and timely performed
colectomy may be the better alternative.
Despite the severity of disease, our study revealed very good short-term outcomes
of tacrolimus therapy in steroid-refractory acute severe ulcerative colitis: As many as
86.4% of the patients were discharged from the hospital with ongoing oral tacrolimus
therapy. Overall clinical response was documented in 81.1% of the patients (one
patient was released with only slight amelioration of her symptoms on her own
urgent request). Clinical remission under tacrolimus therapy not attributed to any
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Table 3 Characteristics and outcome of tacrolimus therapy
Variable

n = 22

Intravenous initiation of tacrolimus treatment, n (%)

15/22 (68.2)

Duration of intravenous tacrolimus therapy (d, mean ± SEM)

4.0 ± 0.9 (range: 2-13)

Duration of tacrolimus therapy until discharge from the hospital or transfer to surgery (d, mean ± SEM)

15.9 ± 3.4 (n = 20)

Initial dose of intravenous tacrolimus (mg/24 h, mean ± SEM)

1.4 ± 0.4 (n = 15)

Initial dose of intravenous tacrolimus per body weight (μg/kg/24 h, mean ± SEM)

26 ± 3 (n = 15)

Initial dose of oral tacrolimus (mg/24 h, mean ± SEM)

5.3 ± 2.2 (n = 7)

Initial dose of oral tacrolimus per body weight (μg/kg/24 h, mean ± SEM)

95 ± 31 (n = 7)

Time to achievement of target tacrolimus trough level after intravenous treatment initiation (d, mean ± SEM)
Time to achievement of target tacrolimus trough level after oral treatment initiation (d, mean ± SEM)

3.1 ± 0.4 (n = 14)
4.2 ± 1.2 (n = 7)

Total duration of tacrolimus therapy to end of therapy or last follow-up (d, mean ± SEM)

128 ± 28.5 (range: 2-266)

Patients discharged from the hospital under continued tacrolimus therapy, n (%)

19/22 (86.4)

Clinical response to tacrolimus therapy, including remission, n (%)

18/22 (81.8)

Clinical remission under tacrolimus therapy, n (%)

8/22 (36.4)

Colectomy during follow-up, n (%)

7/22 (31.8)

Direct transmission to the surgery department after primary failure of tacrolimus therapy, n (%)

2/22 (9.1)

Time from start of tacrolimus therapy to colectomy (d, mean ± SEM)

97.4 ± 20.8 (range: 5-194)

SEM: Standard error of the mean.

other medication occurred in 36.4% of patients. Two patients were already on
thiopurine or anti-TNFα (infliximab) therapy, respectively, when they were admitted
to the hospital. As they had been on their therapies for 9 wk (infliximab) and 32 mo
(azathioprine) when they were admitted to the hospital with acute severe ulcerative
colitis, we do not think that their prior therapies interfered with our results of
response to tacrolimus therapy.
A meaningful outcome parameter which is routinely used in many studies dealing
with the treatment of acute severe ulcerative colitis is the cumulative colectomy-free
survival over time after medical treatment initiation. That is why we explored
cumulative colectomy-free survival rates at 1, 3, 6 and 12 mo after the first
administration of tacrolimus; our data shows 90.9%, 86.4%, 77.3% and 68.2% survival
rates, respectively. Of critical note, however, is that the rate of colectomy in our study
may have been underestimated due to the loss to follow-up of some patients.
However, only one patient was lost to follow-up within one year of the initiation of
tacrolimus therapy. A recent meta-analysis on tacrolimus treatment of steroidrefractory acute severe ulcerative colitis revealed colectomy-free survival rates of 86%,
84%, 78% and 69% at 1, 3, 6 and 12 mo[22]. Thus, the colectomy-free survival rates were
fairly similar to those we identified in our relatively small study. A recent European
prospective randomized controlled multi-center study compared colectomy-free
survival rates of patients treated with ciclosporin or infliximab for steroid-refractory
acute severe ulcerative colitis[23]. The authors found colectomy-free survival rates after
one year of 70.9% for patients initially treated with ciclosporin and of 69.1% for
patients initially treated with infliximab. Both treatments thus showed similar
efficacy. The one-year colectomy-free survival rate of 68.2% identified for tacrolimus
treatment in our study is in the same range and argues against the inferiority of
tacrolimus to ciclosporin and infliximab for this indication. It is of note that the risk of
colectomy appears to be highest within the first year after initiation of medical salvage
therapy, independent of other therapies which may have been introduced
subsequently or additionally during the span of the year.
No systematically obtained results have been published on the question of how
tacrolimus should best be administered in steroid-refractory acute severe ulcerative
colitis. In nearly all published studies on tacrolimus in acute severe ulcerative colitis,
tacrolimus was administered orally from the beginning[24]. A potential advantage of
initial intravenous treatment is that the target trough level and thus efficacy may be
achieved more rapidly than by using oral tacrolimus, keeping in mind that acute
severe ulcerative colitis is a highly time-sensitive situation with impending
emergency colectomy. Food intake is known to reduce serum levels of tacrolimus due
to its low absorption rate[11,25]. In our study, the time until achievement of the target
tacrolimus trough level was indeed one day shorter in the intravenously treated
subgroup compared to the orally treated subgroup. As far as it can be assessed in the
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Figure 3

Figure 3 Kaplan-Meier plot of colectomy-free survival after initiation of tacrolimus therapy. Vertical lines in the
curve (“censored”) demonstrate the duration of follow-up and do not necessarily indicate loss to follow-up.

relatively small subgroups, the prevalence and intensity of side effects did not differ
between the intravenous and the oral administration route, so intravenous treatment
should be considered, especially if the patient tends to suffer from nausea and
vomiting, which may both be further provoked by the oral intake of more
medications. Yamamoto et al [12] started oral tacrolimus therapy at a dose of 0.1
mg/kg/day and reached the aspired tacrolimus trough concentration of 10-15 ng/mL
on day 5. In comparison, we used similar initiation doses and reached the target
concentration on day 4. On one hand, it may be favorable to start the therapy at a
higher dose, then quickly reduce it later on if the targeted range has been surpassed.
On the other hand, the small therapeutic index of tacrolimus may result in severe side
effects and possibly premature treatment discontinuation using such an approach.
As soon as patients with steroid-refractory acute severe ulcerative colitis respond to
a medical rescue therapy with a calcineurin inhibitor or TNFα antibody, the question
remains: how to maintain the response or, ideally–remission, as tacrolimus is not
recommended as a long-term maintenance therapy in ulcerative colitis due to its
expected long-term toxicity[13]. Indeed, we can unfortunately not add more data on
long-term side effects of tacrolimus in the cohort of young people suffering from
ulcerative colitis, as according to our standard operating procedure, tacrolimus was
only used as a bridging therapy. However, these data may differ from data obtained
in patients after organ transplantation who are usually older than the patients
described in our study and who are often treated with more than one immunosuppressant concurrently. As for the choice of an additional immunosuppressant for
maintenance therapy following successful treatment initiation with tacrolimus, there
have been two common options during our study phase: The use of a thiopurine like
azathioprine or 6-mercaptopurine, or, more recently, the anti-integrin antibody
vedolizumab. This choice has to be made on an individual base taking into
consideration patient age, prior therapies, concomitant diseases, potential intolerances
and access to outpatient intravenous therapies. Data have been published on both of
these two options. For example, Schmidt et al [18] conducted a multi-center study
examining the role of purine analogues in the long-term outcome of steroid-refractory
ulcerative colitis after tacrolimus treatment. In that study, colectomy was performed
in 29% (45/156) of patients after a median of 0.5 years from initiation of tacrolimus
treatment. One percent of the patients on tacrolimus plus a purine analogue had to
discontinue therapy due to adverse events, while 14% of the patients on tacrolimus
monotherapy discontinued treatment due to side effects. Among the five patients who
were started on azathioprine or 6-mercaptopurine shortly after the initiation of
tacrolimus therapy in our study, the concept proved to be successful in none, but no
serious infections were documented. The combination of a calcineurin inhibitor and
vedolizumab for remission induction and maintenance therapy in steroid-refractory
severe ulcerative colitis was addressed in a recent study from France [26] . After a
median follow-up period of 11 mo, 11 patients (28%) had undergone colectomy. At 12
mo, 68% of the patients survived without colectomy and 44% survived without
vedolizumab discontinuation. Analyzing our small subgroup of five patients
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Table 4 Documented suspected side effects of tacrolimus during intravenous and oral treatment
Suspected side effect

n = 22

None, n (%)

10/22 (45.5)

Treatment discontinuation due to side effects, n (%)

2/22 (9.1) (1 due to severe vomiting, 1 due to anemia and leukopenia)

Nausea ± vomiting, n (%)

3/22 (13.6)

Stomach pain, n (%)

1/22 (4.5)

Headache, n (%)

1/22 (4.5)

Tremor, n (%)

4/22 (18.2)

Paresthesias, n (%)

1/22 (4.5)

Photosensitivity, n (%)

1/22 (4.5)

Itching rash, n (%)

1/22 (4.5)

Joint or back pain, n (%)

1/22 (4.5)

Muscle pain or cramps, n (%)

2/22 (9.1)

Temperature intolerance, n (%)

3/22 (13.6)

Anemia, leukopenia, n (%)

1/22 (4.5)

Loss of hair, n (%)

1/22 (4.5)

receiving vedolizumab after tacrolimus initiation, three had to undergo surgery for
refractoriness to the anti-integrin antibody, and in two, the final outcome was not
clear when they visited the outpatient clinic for the last time.
The adverse events which occurred under the therapy with tacrolimus were mostly
mild or moderate. Only two patients stopped the therapy due to adverse events,
neither of those a life-threatening situation. These results largely conform to those of
other studies on tacrolimus in ulcerative colitis[22]. However, as according to our
standard operating procedure–tacrolimus was perceived as a bridging therapy to a
different immunosuppressive medication with fewer expected long-term side effects,
our study results do not allow for an assessment of long-term toxicity of tacrolimus.
There are several limitations to this study. The main drawbacks are its being
restricted to a single treatment center and its retrospective, uncontrolled design. Due
to the relatively small number of patients, this study was underpowered to perform
regression analyses and thus to identify risk factors for primary treatment failure of
tacrolimus in steroid-refractory acute severe ulcerative colitis. Also, we have not
treated a sufficient number of patients with infliximab or ciclosporin during the time
span of the study, so that a controlled comparison between different treatment groups
could not be incorporated in the study. Even though the follow-up rate of this study is
satisfactory, considering that the study spans over 12 years, some patients were lost to
follow-up, which may have influenced our results, especially those of colectomy rates.
Documentation of short-term outcomes was overall very thorough, as the patients
were treated in the hospital ward. However, disease scores were not calculated on a
routine basis, so they could not be incorporated in the study. Laboratory markers in
the blood were determined every day due to the severity of disease and impending
colectomy, but stool markers such as lactoferrin and calprotectin were not regularly
determined, especially in the first half of the study period, as those measurements had
not entered clinical routine at that time. Also, endoscopies were only performed
before the start of therapy and not repeated to assess the short-term efficacy of
tacrolimus. Due to the retrospective character of the study, the term of “clinical
response” was not clearly defined by quantitative parameters or cut-off values and
depended much on the assessment by the treating physicians. This is why we chose to
also incorporate the possibility to discharge the patient from the hospital into the
definition of “clinical response”, as this is a relatively “hard” clinical endpoint in the
“real world”.
Nearly all of the patients were on systemic antibiotic treatment, which was usually
started directly upon hospital admission. These interventions were not performed as
part of a standard operating procedure for the treatment of acute severe ulcerative
colitis, as the use of antibiotics for ulcerative colitis itself is contrversial[27]. Treatment
decisions were made at the discretion of the attending physicians’ team and reflect the
concern of septic complications in this critically ill patient group. However, there are
data from studies demonstrating some effects of antibiotics on disease activity in
acute severe ulcerative colitis, and these effects may have interfered with our efficacy
data of tacrolimus[28]. This potential confounder was probably minor in our study, as:
(1) Antibiotic treatment was started before tacrolimus therapy – together with steroid
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therapy – and did not obviate the need of tacrolimus use; (2) all but one of the
included patients received antibiotics, which ensures homogeneity of the study
population, and (3) plasma CRP concentrations were similar at admission and on the
day prior to the start of tacrolimus therapy, by which the argument could be made
against any significant therapeutic effects of not only the steroids, but also the
antibiotics in our cohort.
In conclusions, in a retrospective analysis including 22 inpatients suffering from
steroid-refractory acute severe colitis, we found that the vast majority of patients
could be discharged from the hospital after introduction of intravenous or oral
tacrolimus therapy, while only two patients had to undergo surgery after primary
failure of tacrolimus treatment. We conclude that the short-term efficacy of tacrolimus
in this situation is very good. However, long-term evaluations revealed that in spite of
initial response to tacrolimus therapy, the cumulative colectomy rate after one year
for inpatients in the described clinical scenario was as high as 31.8%. It remains to be
elucidated whether novel therapeutic options with a potential of rapid efficacy are
able to effect the relatively high short- to medium-term colectomy rates observed after
hospitalization of ulcerative colitis patients for acute steroid-refractory flares, and
how these novel treatment options compare to either calcineurin inhibitors or TNFα
antagonists as rescue medications. For future research projects, a direct prospective
comparison of ciclosporin and tacrolimus as has already been performed in
transplantation medicine would also be interesting in the setting of steroid-refractory
acute severe ulcerative colitis.

ARTICLE HIGHLIGHTS
Research background
Steroid-refractory acute severe ulcerative colitis is a life-threatening medical condition requiring
hospitalization and frequently emergency colectomy. Although there is a steadily growing
choice of medications for ulcerative colitis, the treatment of steroid-refractory acute severe
ulcerative colitis continues to be very challenging. Calcineurin inhibitors - mainly ciclosporin
and tumor necrosis factor α (TNFα) antagonists have been shown to be viable therapeutic
options to avoid colectomy in this scenario.

Research motivation
In contrast to that of ciclosporin, the performance of the calcineurin inhibitor tacrolimus in the
clinical setting of steroid-refractory ulcerative colitis is insufficiently elucidated, but nonetheless
recommended in national and international treatment guidelines for ulcerative colitis.

Research objectives
The objective of our study was to extend the current knowledge on the use of tacrolimus in
steroid-refractory ulcerative colitis by assessing the short- and long-term outcomes of tacrolimus
in adult inpatients suffering from steroid-refractory acute severe ulcerative colitis.

Research methods
We conducted a retrospective monocentric study enrolling 22 patients at a tertiary care center for
the treatment of inflammatory bowel diseases. All patients who were admitted to one of the
wards of the Department of Gastroenterology and Hepatology of the Heidelberg University
Hospital with acute severe ulcerative colitis between 2007 and 2018 and who received oral or
intravenous tacrolimus for steroid-refractory disease were included. Baseline characteristics and
data on the disease courses were obtained from entirely computerized patient charts. The key
study endpoints were clinical response to tacrolimus therapy, colectomy rate, time to colectomy
and the occurrence of side effects.

Research results
Our study revealed that intravenous or oral tacrolimus, as in previous studies by other authors
ciclosporin and infliximab, was able to prevent emergency colectomy in the majority of adult
inpatients with steroid-refractory acute severe ulcerative colitis. At the same time, the safety
profile of high-dose tacrolimus in this setting was acceptable. However, colectomy rates due to
therapy-refractory disease courses over the year following tacrolimus rescue therapy reached
nearly one-third of the patients. These results are also comparable to those of other studies
dealing with the use of ciclosporin or infliximab in steroid-refractory acute severe ulcerative
colitis.

Research conclusions
In all, tacrolimus appears to be a viable option for short-term treatment of steroid-refractory
acute severe ulcerative colitis besides ciclosporin and anti-TNFα treatment.

Research perspectives
Even though not recommended for long-term maintenance therapy in ulcerative colitis,
tacrolimus is a valuable tool for the short-term treatment of steroid-refractory severe ulcerative
colitis, where rapid induction of symptom relief is warranted to gain time for the introduction of
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other, more slowly acting substances, with more favorable long-term toxicity profiles.
Prospective trials are required to define its role among other medications, and to examine the
safety of an overlapping combined use with these medications.
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BACKGROUND
Chronic radiation proctitis (CRP) is a complication which occurs in 1%-5% of
patients who undergo radiotherapy for pelvic malignancies. Although a wide
range of therapeutic modalities are available, there is no literature to date
showing any particularly appropriate therapeutic modality for each disease
stage. Argon plasma coagulation (APC) is currently recommended as the firstchoice treatment for hemorrhagic CRP, however, its indication based on longterm follow-up is still unclear. On the hypothesis that the long-term efficacy and
safety of APC are not fully understood, we reviewed APC treatment for patients
with hemorrhagic CRP from a single center.
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AIM
To assess the long-term efficacy and safety of APC for hemorrhagic CRP.
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METHODS
This is a retrospective study of consecutive patients treated with APC for
hemorrhagic CRP from January 2013 to October 2017. Demographics, clinical
variables, and typical endoscopic features were recorded independently. Success
was defined as either cessation of bleeding or only occasional traces of bloody
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stools with no further treatments for at least 12 mo after the last APC treatment.
We performed univariate and multivariate analyses to identify factors associated
with success and risk factors for fistulas.
RESULTS
Forty-five patients with a median follow-up period of 24 mo (range: 12-67 mo)
were enrolled. Fifteen (33.3%) patients required blood transfusion before APC.
Successful treatment with APC was achieved in 31 (68.9%) patients. The mean
number of APC sessions was 1.3 (1-3). Multivariate analysis showed that APC
failure was independently associated with telangiectasias present on more than
50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI): 1.0939.19, P = 0.04] and ulcerated area greater than 1 cm2 (OR = 8.15, 95%CI: 1.6340.88, P = 0.01). Six (13.3%) patients had severe complications involving rectal
fistulation. The only factor significantly associated with severe complications was
ulcerated area greater than 1 cm2 (P = 0.035).
CONCLUSION
The long-term efficacy of APC for hemorrhagic CRP is uncertain in patients with
telangiectasias present on > 50% of the surface area and ulceration > 1 cm2.
Key words: Argon plasma coagulation; Chronic radiation proctitis; Radiation proctopathy;
Efficacy; Safety
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Argon plasma coagulation (APC) is currently recommended as the first-choice
treatment for hemorrhagic chronic radiation proctitis, however, its indication based on
long-term follow-up is still unclear. The purpose of this study was to review APC’s longterm efficacy and safety. Forty-five patients with a median follow-up period of 24 mo
were enrolled. Successful treatment was achieved in 31 (68.9%) patients. APC failure
was independently associated with telangiectasias present on > 50% of the surface area
and ulceration > 1 cm2. Six (13.3%) patients experienced severe complications involving
rectal fistulation. The only factor significantly associated with severe complications was
ulceration > 1 cm2.
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INTRODUCTION
Chronic radiation proctitis (CRP) is a complication that occurs in 1%-5% of patients
who undergo radiotherapy for pelvic malignancies [1] . Hemorrhagic CRP is a
syndrome characterized by rectal bleeding, tenesmus, mucus discharge, and fecal
incontinence[1,2]. It persists beyond three months after the completion of radiotherapy
or begins three months after the initiation of radiotherapy [3] . The underlying
pathological mechanisms of CRP are endarteritis obliterans and submucosal fibrosis,
which lead to ischemia[4]. Telangiectasias, typical endoscopic findings of hemorrhagic
CRP, are considered to be a compensatory mechanism for ischemia[5]. However, these
superficial vascular lesions may bleed occasionally or even cause severe rectal
bleeding requiring transfusion[6].
Current treatment modalities for hemorrhagic CRP include three main categories:
medical, interventional, and surgical. Medical treatments mainly include formalin
application[7,8] and sucralfate retention enemas[9,10]. Interventional treatments mainly
include endoscopic argon plasma coagulation (APC)[11,12] and hyperbaric oxygen
therapy[13,14]. Nonsurgical therapy is preferable to surgical treatment, as the latter may
cause high morbidity or mortality [15] . Surgery should be reserved for refractory
bleeding or cases complicated by fistulas, abscesses, or strictures. Although a wide
range of therapeutic modalities are available, there is no literature to date showing
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any particularly appropriate therapeutic modality for each disease stage. APC is
currently recommended as the first-choice treatment for hemorrhagic CRP, due to its
coagulation depth control, easy accessibility, relatively high effectiveness, and low
cost[16,17]. However, the indication of APC for hemorrhagic CRP is still unclear. The
purpose of our study was to review the long-term efficacy and safety of APC for
hemorrhagic CRP, and to evaluate the prognostic and risk factors.

MATERIALS AND METHODS
Patients
We retrospectively reviewed consecutive patients with hemorrhagic CRP treated with
APC between January 2013 and October 2017 at the Sixth Affiliated Hospital of Sun
Yat-sen University. The indications for APC were persistent rectal bleeding despite
several treatment attempts with various topical agents including sucralfate, almagate,
corticosteroids, and 5-aminosalicylic acid enemas. The exclusion criteria for the
present study included the following: (1) patients had received treatments other than
medical therapy prior to APC, such as APC, formalin irrigation, fecal diversion, and
proctectomy; (2) primary tumor residue/relapse or large bowel cancer occurring
during follow-up; and (3) patients had causes of rectal bleeding other than CRP.
Patients agreed to undergo treatment by written consent. Informed consent for this
study was waived due to its retrospective nature, and the study was approved by the
Institutional Review Board of the Sixth Affiliated Hospital of Sun Yat-sen University.

APC technique
Patients maintained a clear fluid diet for 24 h before the APC procedure and
underwent standard bowel preparation with 2-L polyethylene glycol. Preparation
with enemas was performed in a few patients: 8.9% (4/45) for the first APC procedure
and 29.4% (5/17) for the latter procedures. Patients received sedation with individual
doses of midazolam, pethidine, or propofol if required. A total large bowel evaluation
was not essential for patients who had received a complete evaluation previously or
who could not tolerate a complete colonoscopy. A front-firing APC probe with a
diameter of 2.3 mm was inserted through the working channel of a therapeutic
colonoscope (PCF-Q260J, Olympus). If blood or other contaminating material was
present, a volume of water was used to rinse the mucosal surface of the affected
colorectum to prepare the surface for APC application. An argon flow of 1.0-3.0
L/min at a power of 40-60 W was applied to the lesions in 1-2 s pulses by the
endoscopist, while an argon flow of 1.8 L/min at a power of 50 W was routinely
adopted. The endoscopist aimed to ablate all the visible telangiectasia that might
require multiple endoscopic procedures. During the APC procedure, adequate
endoscopic aspiration was required to avoid overdistension with argon gas. Patients
received a low or no residue diet for at least one week after the APC procedure.
Repeat procedures, if necessary, were often performed at intervals of 3-4 wk.

Definition and follow-up
Follow-up was scheduled through outpatient clinic or by telephone at 6 and 12 mo
after the procedure and thereafter at 12-mo intervals. Patients were advised to contact
our departments in the event of recurrence of hemorrhage or anemia. Medical records
were reviewed retrospectively. Endoscopic severity of CRP was derived from the
highly-detailed endoscopic images in combination with the description on the
endoscopic reports. CRP was endoscopically characterized according to the system
advocated by Zinicola et al [18] . In addition, ulceration was an important feature
according to the Vienna grading system[19]. Four factors were recorded independently:
telangiectasia distribution, the surface area involved, the presence of fresh blood and
ulceration (Figure 1).
Success was defined either as cessation of bleeding or only occasional traces of
bloody stools with no further treatment for at least 12 mo after the last APC
treatment[20].

Statistical analysis
Categorical variables were compared using the χ2 test or Fisher's exact test. A twosided P-value < 0.05 was considered significant. We performed univariate and
multivariate analyses to identify factors associated with success and risk factors for
fistulas. Multivariate models were developed using the enter stepwise method with a
removal cutoff of P = 0.10. All statistical analyses were performed with SPSS version
20 (SPSS, Inc., Chicago, IL, United States).

WJG

https://www.wjgnet.com

1620

April 7, 2019

Volume 25

Issue 13

Zhong QH et al. Long-term outcomes of APC for CRP
Figure 1

Figure 1 Endoscopic characteristics of hemorrhagic chronic radiation proctitis. A: Telangiectasias present on
less than 50% of the surface area; B: Telangiectasias present on more than 50% of the surface area; C: Presence of
fresh blood; D: Ulceration < 1 cm2; E and F: Ulceration > 1 cm2.

RESULTS
Demographics
Between January 2013 and October 2017, 52 consecutive patients had not received
treatments other than medical therapy before undergoing APC treatment for
hemorrhagic CRP. After exclusion, a cohort of 45 patients were enrolled in this study.
Reasons for exclusion were: (1) the patient was lost to follow-up (n = 6), and (2) the
patient had a tumor relapse (n = 1). Approximately 88.9% of patients were treated
with radiotherapy for gynecological malignancies, including cervical (n = 39) and
vaginal (n = 1) cancers. The remaining five patients had prostate cancer. The median
age at the time of the first APC treatment was 60 years (range: 43-88 years). The
median duration between cessation of radiotherapy and onset of radiation proctitis
was 8 mo (range: 0-78 mo). The median follow-up time from the most recent APC
procedure was 24 mo (range: 12-67 mo). The median hemoglobin level at the time of
first APC treatment was 10.1 g/dL (2.8-13.1 g/dL), and 15 (33.3%) patients required
blood transfusion.

Efficacy of APC
At the time of first APC treatment, 14 (31.1%) patients had extensive telangiectasia
distributed more than 10 cm from the anal verge, 26 (57.8%) had more than 50% of the
surface area covered by telangiectasias, 29 (64.4%) had fresh blood in the lumen, and
12 (26.7%) had ulceration greater than 1 cm2 (Table 1).
Successful treatment with APC was achieved in 31 (68.9%) patients. The mean
number of APC sessions was 1.3 (1-3). Bleeding was not successfully controlled by
APC treatment in the remaining 14 (31.1%) patients. The univariate analysis of clinical
and endoscopic variables showed statistically significant associations between APC
failure and telangiectasias present on more than 50% of the surface area (P = 0.011)
and ulceration greater than 1 cm2 (P = 0.006). Further multivariate analysis showed
that APC failure was independently associated with telangiectasias present on more
than 50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI):
1.09-39.19, P = 0.04] and ulceration greater than 1 cm2 (OR = 8.15, 95%CI: 1.63-40.88, P
= 0.01) .
For all 14 patients for whom APC was unsuccessful, bleeding was successfully
controlled after fecal diversion.

Complications
Six (13.3%) patients had severe complications involving rectal fistula formation
(including rectovaginal fistula and rectourethral fistula) at 1, 1, 2, 4, 9, and 9 mo after
the first treatment session. They were treated with surgical interventions, including
fecal diversion (n = 5) and restorative resection with pull-through coloanal
anastomosis (n = 1). In the univariate analysis, the only factor significantly associated
with severe complications was ulceration greater than 1 cm2 (P = 0.035) (Table 2).
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Table 1 Univariate analysis of factors associated with argon plasma coagulation treatment failure for hemorrhagic chronic radiation
proctitis.
Variable

No. of failure/total patients

P-value

Distal rectum (within 10 cm from anal verge)

7/31

0.1361

Entire rectum +/− sigmoid (more than 10 cm from anal verge)

7/14

Distribution of telangiectasias

Surface area covered by telangiectasias
Less than 50%

2/19

More than 50%

12/26

0.0112

Presence of fresh blood
No

3/16

Yes

11/29

0.3201

Ulceration
< 1 cm2

6/33

2

8/12

> 1 cm

0.0061

Gender
Female

0.3053

14/40

Male

0/5

Hypertensive
No

11/39

Yes

3/6

0.3563

Diabetic
No

11/40

Yes

3/5

0.1663

Abdominal surgery
No

11/33

Yes

3/12

0.8651

Acute radiation injury
No

14/39

Yes

0/6

0.1563

Requiring blood transfusions
No

7/30

Yes

7/15

0.2101

Number of APC
1

11/33

≥2

3/12

0.8651

Age, yr
< 60

8/22

≥ 60

6/23

0.4572

BMI at the first treatment of APC, kg/m2
< 21

7/21

≥ 21

7/24

0.7632

Time from the end of radiotherapy to bleeding, mo
<8

6/17

≥8

8/28

0.6372

Time from the end of radiotherapy to the first time of APC, mo
< 14

8/23

≥ 14

6/22

0.5862

1

Data were calculated using continuity correction;
Data were calculated using the χ2 test;
3
Data were calculated using the Fisher exact test.
APC: Argon plasma coagulation; CRP: Chronic radiation proctitis; BMI: Body mass index.
2

DISCUSSION
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Table 2 Univariate analysis of factors associated with argon plasma coagulation treatment complications for hemorrhagic chronic
radiation proctitis
Variable

No. of complication/total patients

P-value

Distal rectum (within 10 cm from anal verge)

4/31

1.0002

Entire rectum +/− sigmoid (more than 10 cm from anal verge)

2/14

Distribution of telangiectasias

Surface area covered by telangiectasias
Less than 50%

2/19

More than 50%

4/26

1.0002

Presence of fresh blood
No

1/16

Yes

5/29

0.3992

Ulceration
< 1 cm2

2/33

2

4/12

> 1 cm

0.0352

Gender
Female

5/40

Male

1/5

0.5292

Hypertensive
No

4/39

Yes

2/6

0.3671

Diabetic
No

4/40

Yes

2/5

0.1252

Abdominal surgery
No

6/33

Yes

0/12

0.1712

Acute radiation injury
No

6/39

Yes

0/6

0.6991

Requiring blood transfusions
No

3/30

Yes

3/15

0.3842

Number of APC
1

5/33

≥2

1/12

1.0002

Age, yr
< 60

1/22

≥ 60

5/23

0.1872

BMI at the first treatment of APC, kg/m2
< 21

3/21

≥ 21

3/24

1.0002

Time from the end of radiotherapy to bleeding, mo
<8

2/17

≥8

4/28

1.0002

Time from the end of radiotherapy to the first time of APC, mo
< 14

4/23

≥ 14

2/22

0.6652

1

Data were calculated using continuity correction;
Data were calculated using the Fisher exact test.
APC: Argon plasma coagulation; CRP: Chronic radiation proctitis; BMI: Body mass index.
2

Radiation therapy is widely used for pelvic cancer. Although radiation techniques
have made substantial advances in delivering more targeted radiation to tumors, as
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many as 5% of patients treated with radiotherapy for pelvic cancer will suffer from
hemorrhagic CRP. Several treatment modalities, including APC, are strongly
recommended by the American Society of Colon and Rectal Surgeons (ASCRS);
however, none of them are based on high-quality evidence[17]. APC has been widely
reported as an effective and safe modality for the treatment of hemorrhagic CRP;
however, reported effectivity and complication rates vary across studies, with
effectivity rates from 50% to 100% and complication rates from 0% to 63.6%[21]. Few
studies have investigated the prognostic factors and risk factors of APC for the
treatment of hemorrhagic CRP. Based on the strict definition of success, which states
that the follow-up time should be at least 12 mo from the last treatment of APC, our
study confirmed that APC was an effective modality with the complete control of
bleeding in 68.9% of all patients. The independent prognostic factors were both
endoscopic features prior to APC, including telangiectasias present on more than 50%
of surface area and ulceration greater than 1 cm2. Our study also showed that APC
was not a risk-free procedure, with 13.3% of patients developing rectal fistulas. The
only risk factor identified was ulceration greater than 1 cm2.
The efficacy of APC in our study seemed to be less than that observed in some prior
studies[22-24]. Two main reasons may contribute to this. First, we defined treatment
success on the basis of the long-term effect (at least 12 mo of follow-up from the last
treatment of APC). A study in Japan analyzed 64 patients who developed
hemorrhagic CRP, with a median follow-up period of 35 mo (range: 12-69 mo) to
assess treatment efficacy[25]. In this study, 12 patients received APC therapy, and 5 of
them (42%) successfully had their bleeding stopped. Second, 24 (53.3%) patients in our
study were categorized as having severe radiation proctitis prior to APC therapy
according to the endoscopic severity of hemorrhagic CRP developed by Zinicola et
al[18]. Half of the patients were treated successfully by APC. The results of this study
were consistent with Zinicola et al[18], in which only one of the three patients with
severe radiation proctitis was treated successfully by APC. The authors concluded
that success was not certain for patients with severe hemorrhagic CRP.
Whether endoscopic severity has predictive value in the treatment of hemorrhagic
CRP with APC remains controversial. In a series of 50 patients, Swan et al[26] found
that the endoscopic grade did not predict the likelihood of treatment success. A study
by Siow et al[22] also suggested that endoscopic grading was not a predictor of the
number of APC sessions needed to achieve hemostasis. However, Zinicola et al[18]
suggested that endoscopic severity could predict the success of APC. The endoscopic
score they developed was based on the telangiectasia distribution, surface area
covered by telangiectasias, and presence of fresh blood. APC failed in 2 of 14 patients,
both of whom had more than 50% of the surface area covered by telangiectasias and
fresh blood in the rectum. The authors considered these two factors to be significant in
predicting the treatment success of APC. Karamanolis et al [20] also confirmed a
statistically significant correlation between endoscopic severity and the treatment
success of APC. They used a modified 2-grade scale instead of the 3 grades proposed
by Zinicola et al[18] to assess the endoscopic severity. The modified scale included
telangiectasia distribution and surface area covered by telangiectasias. Our study also
confirmed that telangiectasias present on more than 50% of surface area was an
independent prognostic factor for treatment failure of APC. We did not find a
significant correlation between the presence of fresh blood and the treatment failure
of APC. Some authors argued that luminal blood might result in an unclear view and
prevent adequate telangiectasia ablation, which could reduce the efficacy of APC.
During the APC procedure, we used a water pump (OFP-2; Olympus) to rinse away
blood or other contaminating material, which might have minimized the adverse
impact of the blood. According to the Vienna grading system, ulceration represents a
severity feature of radiation proctitis. Goldner et al[27] thought that patients who had
received high doses at a certain volume could develop histopathological changes such
as ulcers in addition to congested mucosa or telangiectasia. Our study found that
ulceration greater than 1 cm 2 was another independent prognostic factor. The
explanation for this is still unclear. One possible explanation is that ulceration greater
than 1 cm2 indicates more severe disease; another is that the endososcopist might
restrict the application of APC in terms of argon flow, power, and time in the case of a
large ulceration.
Some gastroenterologists consider APC to be a safe and "risk-free" treatment
modality. The major complications reported are mucus discharge, rectal pain, and
rectal ulcerations, which are most likely self-limiting and rarely require
intervention[24]. Severe complications, including fistulation and stricture formation,
were reported to affect approximately 3% of patients in several studies[22]. However,
Andreyev et al suggested that APC should be used with caution in patients with CRP.
They warned that the severe complication rate of APC could reach as high as 26%
when used in patients with severe ischemia in the rectum[28]. Weiner et al[29] reported
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the long-term results of 35 patients who received APC treatment for hemorrhagic
CRP, with a median follow-up time of 56 mo (range: 3-112 mo). In their study, two
(5.7%) patients developed fistulation, with one mortality. In our study, six (13.3%)
patients developed severe complications involving rectal fistulation; however, all of
them survived. We further identified ulceration greater than 1 cm2 as the only risk
factor for severe complications. APC is a noncontact thermal coagulation technique, in
which the thermal energy is delivered to the superficial blood vessels by ionized gas.
The depth of coagulation is limited to approximately 0.5-3 mm; thus, the risk of
perforation is generally considered to be low. Rectums with ulcers developing after
pelvic radiation could be considered as having fragile, ischemic, and poor healing
tissue. This may partly explain why patients with large ulceration have a higher risk
of developing fistulation.
There is no consensus on the optimal APC settings for hemorrhagic CRP. A recent
systematic review summarized different APC settings in 32 trials, with the electric
power ranging from 25 W to 80 W (median 50 W), and the argon flow ranging from
0.6 L/min to 3.0 L/min (median 1.5 L/min)[21]. In one study, the optimal APC settings
were determined by using a swine rectum at an argon flow of 1.2 L/min and a power
of 40 W with application to the lesions in 2-s pulse. Sato et al[30] concluded that this
setting was sufficient to ablate telangiectasia but did not damage the muscle layer.
However, the review showed that there was no difference in the corresponding
complications rates (0%-63.6% vs 0%-58.1%) between two electric power settings (5080 W vs 30-50 W, respectively). In addition, four studies using a current of 60 W and
an argon flow of > 1.5 L/min reported complications rates of 0%, 0%, 13.3%, and
35.7%. Peng et al [21] noted that APC settings seemed to have no correlation with
complication rates. In our study, an argon flow of 1.0-3.0 L/min at a power of 40-60 W
with application to the lesions in 1-2 -s pulses was determined by the endoscopist,
while an argon flow of 1.8 L/min at a power of 50 W was routinely adopted. This is
consistent with the guidelines advocated by ASCRS.
The present study was limited by its retrospective design and a relatively small
number of cases. Further large-cohort prospective studies are therefore required to
confirm our findings.
In conclusion, the long-term efficacy of APC for hemorrhagic CRP is uncertain in
patients with telangiectasias present on more than 50% of the surface area and
ulcerated area greater than 1 cm2. Ulcerated area greater than 1 cm2 is also a risk factor
for severe complications.

ARTICLE HIGHLIGHTS
Research background
Radiotherapy is widely used in the treatment of pelvic malignancies. Hemorrhagic chronic
radiation proctitis (CRP) is one of the most concerning complication that occurs in 1%-5% of
patients who received pelvic radiotherapy for cancer. Current treatment modalities for
hemorrhagic CRP include three main categories: medical, interventional, and surgical. Although
a wide range of therapeutic modalities are available, there is no literature to date showing any
particularly appropriate therapeutic modality for each disease stage.

Research motivation
Argon plasma coagulation (APC) is currently recommended as the first-choice treatment for
hemorrhagic CRP, due to its coagulation depth control, easy accessibility, relatively high
effectiveness, and low cost. However, its indication based on long-term follow-up is still unclear.

Research objectives
This study aimed to review the long-term efficacy and safety of APC for hemorrhagic CRP, and
to evaluate the prognostic and risk factors.

Research methods
We retrospectively analyzed demographics, clinical and endoscopic characteristics, and longterm outcomes of consecutive patients who had received APC treatment for hemorrhagic CRP
from January 2013 to October 2017. Success was defined as either cessation of bleeding or only
occasional traces of bloody stools with no further treatments for at least 12 mo after the last APC
treatment.

Research results
This study enrolled 45 patients with a median 24-mo follow-up period (range: 12-67 mo), 33.3%
of whom required blood transfusion before APC. The success rate was 68.9%, with the mean
number of APC sessions being 1.3 (1-3). This study showed that telangiectasias present on more
than 50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI): 1.09-39.19, P =
0.04] and ulcerated area greater than 1 cm2 (OR = 8.15, 95%CI: 1.63-40.88, P = 0.01) were poor
prognostic indicators for APC treatment of hemorrhagic CRP. Six (13.3%) patients had severe
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complications involving rectal fistulation. The only risk factor for severe complications was
ulcerated area greater than 1 cm2 (P = 0.035). Further large-cohort prospective studies are
required to confirm our findings.

Research conclusions
Endoscopic severity could predict the success of APC. The long-term efficacy of APC for
hemorrhagic CRP is uncertain in patients with telangiectasias present on more than 50% of the
surface area and ulcerated area greater than 1 cm2. APC is not a "risk-free" treatment modality.
Ulcerated area greater than 1 cm2 is also a risk factor for severe complications.

Research perspectives
Although APC is currently recommended as the first-choice treatment for hemorrhagic CRP, its
long-term efficacy and safety are still not well understood. Our study showed that endoscopic
characteristics could predict the success and severe complications of APC. Prospective,
multicenter, large-scale studies involving different APC settings ought to be conducted in the
follow-up research.
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Abstract
BACKGROUND
Alcohol-related liver disease (ALD) is a leading cause of liver failure and
indication for liver transplantation that arises in the setting of alcohol use
disorder (AUD). Previous reviews of transplantation for ALD are limited in scope
of outcomes and type of ALD studied. A comprehensive systematic review could
improve use of transplantation in ALD and improve future research. We
hypothesize that while transplanting ALD may improve mortality and relapse,
findings will be limited by pre-specified causes of heterogeneity - assessment and
treatment of AUD, definition of ALD, spectrum of ALD studied, assessment and
rates of relapse, and study quality and bias.
AIM
To optimize liver transplantation for ALD, understanding existing research to
guide future research, we conducted a systematic review with meta-analysis.
METHODS
We conducted a systematic review, comparing liver transplant to no-transplant in
patients with ALD, with a primary outcome of both short- and long-term
mortality and relapse. We performed a comprehensive search of MEDLINE,
EMBASE, Web of Science, and The Cochrane Library databases for peer-reviewed
journal articles comparing use of liver transplant in ALD to no-transplant. Two
reviewers independently conducted screening, full text review, and data
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extraction according to the PRISMA guidelines. We report the quality of the
evidence according to the GRADE criteria.
RESULTS
We analyzed data from 10 studies. Of 1332 participants, 34.2% (456/1332) had
undergone liver transplantation, while 65.8% (876/1332) had not. While random
effects meta-analysis suggested transplant in comparison to no-transplant had an
association of reduced mortality that did not reach statistical significance, relative
risk (RR) = 0.51 (0.25-1.05), but not relapse risk, RR = 0.52 (0.18-1.53), significant
heterogeneity limited these findings. When restricted to prospective data,
transplant compared to no-transplant significantly reduced mortality, RR = 0.25
(0.13-0.46, P < 0.01), and relapse, RR = 0.25 (0.14-0.45, P < 0.01), with insignificant
heterogeneity but persistent small-study effects. The overall quality of the
evidence was Very Low. Heterogeneity analysis suggested that AUD assessment
and treatment was often not reported while ALD, relapse assessment and rate,
and data collection were institutionally rather than standardly defined.
CONCLUSION
Systematic review of liver transplantation for ALD suggests reduced mortality
and relapse in heterogeneous, institution-specific populations with inherent bias.
To understand efficacy of transplanting ALD, our research approach must
change.
Key words: Alcohol-related hepatitis; Alcohol-related cirrhosis; Alcohol use disorder;
Liver transplantation; Standardization
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our findings suggest the dearth of well-published literature on transplantation
in alcohol-related liver disease (ALD) and the urgent need for rigorous standardization in
studying ALD. Such standardization would enable global scale assessment on the
efficacy of transplanting ALD. Standardization should include addressing the presence
and treatment of alcohol use disorder, the clinical definition of ALD, reporting the
spectrum of the population studied (acute, chronic, acute on chronic, hepatocellular
carcinoma in the setting of ALD), data collection, and definition and detection of relapse.

Citation: Shen NT, Londono C, Gold S, Wu A, Mages KC, Brown RSJ. Systematic review
with meta-analysis on transplantation for alcohol-related liver disease: Very low evidence of
improved outcomes. World J Gastroenterol 2019; 25(13): 1628-1639
URL: https://www.wjgnet.com/1007-9327/full/v25/i13/1628.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i13.1628

INTRODUCTION
Alcohol-related liver disease (ALD) is a leading cause of liver failure in the United
States that arises in the setting of alcohol use disorder (AUD)[1-3]. Recent studies report
a rising prevalence on the transplant waiting list and among privately insured
persons[1,2]. Additionally, population studies suggest rising ALD death rates, and most
recently, ALD was found to have the greatest risk for death among gastrointestinal
diseases with a rate of 6.8 per 100000[4-6]. Treatment options for ALD are limited and at
the minimum involve treating the underlying AUD, possibly in combination with
liver transplantation. Given the increasing burden of disease and mortality in the
setting of a profound shortage of donor organs, it is imperative to understand our
current use of transplantation in the ALD population in order to optimize care and
future research.
ALD occurs on a pathological spectrum and assessment of transplant use within
ALD is limited. ALD ranges from asymptomatic steatosis to symptomatic cirrhosis
and its complications[7], and this process can be categorized into acute alcohol-related
hepatitis (AH), severe alcohol-related hepatitis (SAH), chronic ALD, acute-on-chronic
ALD, and hepatocellular carcinoma due to ALD[7]. While a prior published systematic
review with meta-analysis investigated alcohol relapse as primary outcome and 6-mo
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mortality as a secondary outcome, this review has significant limitations that restrict
clinical applicability [8] . The limitations include the narrow inclusion criteria of
observational studies focused in AH, the inclusion of studies with a lack of
comparator (potentially biasing the results in favor transplantation), the failure to
extract or comment on AUD, the focus on short-term 6-mo mortality outcome,
ambiguity if the PRISMA guidelines were followed, failure to report the overall
quality of the evidence using GRADE (which is different than bias assessment), and
limiting assessment of heterogeneity to removal of studies without “stringent criteria
for selecting candidates for liver transplantation”[8]. Moreover, the review did not
include data extraction of factors associated with abstinence, which were reported in a
prior systematic review published by McCallum et al[9] - social stability, no nuclear
family history of alcohol disease, older age, no prior rehabilitation treatment failure,
no co-existing psychiatric problem[8,9]. Exploration of heterogeneity causes and use of
pre-specified control for heterogeneity is necessary to accurately study clinical efficacy
of liver transplantation.
Overall, a more comprehensive systematic review of the literature, thoroughly
assessing both long-term outcomes and pre-specified causes of heterogeneity to
identify best practices, was needed to improve care, establish future research
priorities, in particular related to the use of transplant, in the context of underlying
AUD and in the broader ALD population, and inform clinical practice guidance
documents. We hypothesized that the literature would be limited by a lack of
standardization of terminology, and that the use of transplantation in the ALD
population would also be highly variable. To assess this, we systematically reviewed
the use of transplantation in all forms of ALD, including all studies comparing
transplant to no-transplant and investigating short- and long-term outcomes. All ALD
populations were included without restriction. Placement of the cohort on the ALD
disease spectrum, assessment of underlying AUD and treatment, definition of ALD
and relapse, assessment of relapse, reporting of data associated with abstinence, and
study quality and bias were collected. By systematically reviewing the published
literature, in particular the definitions used to assess the ALD population and
outcomes, we aimed to fully characterize any heterogeneity, with the goal of assessing
and combating bias to optimize and standardize care when considering patients with
ALD for transplant, allowing best use of a limited resource.

MATERIALS AND METHODS
This study was constructed using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines[10]. Accordingly, a protocol was
registered in PROSPERO, an international prospective register of systematic reviews
(Registration #: CRD42017016195; URL: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=16195), and the PRISMA checklist was submitted with
our manuscript.

Data sources and searches
Electronic searches: A comprehensive literature search identifying studies
investigating transplant compared to no-transplant for ALD was conducted. The
initial search was performed on February 3, 2017 via Ovid MEDLINE® and Epub
Ahead of Print, In-Process & Other Non-Indexed Citations, and Daily and Versions®.
Follow-up searches via Ovid EMBASE (1974 to present); Web of Science (Core
Collection); and The Cochrane Library (Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology
Register, Technology Assessments (HTA)) were run on February 22, 2017. Search
terms included all subject headings and/or keywords associated with “Alcoholic
Liver Disease”, “Liver Transplantation”, “Survival Rate”, “Mortality”, “Treatment
Outcome”, “Prognosis”, “Recurrence”, “Recidivism”, “Alcohol Drinking”, “Patient
Compliance”, “Temperance”, “Alcohol Abstinence”, and “Alcohol Cessation”. There
were no language, publication date, or article-type restrictions implemented. These
searches were re-run on February 28, 2018 to capture potentially relevant articles
published after our initial search. The full OVID Medline Search strategy is available
in the supporting information.

Study selection
Types of studies: Randomized controlled trials, observational, and case-control
studies investigating adults with ALD comparing those with and without transplant.
Types of participants: Adults aged ≥ 18 years with ALD.
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Types of interventions: Use of liver transplant (intervention) in comparison to notransplant (control).
Types of outcome measures: Primary outcomes assessed short-term (≤ 6 mo) and
long-term (> 6 mo) mortality and rate of alcohol relapse. Secondary outcomes
included adverse events such as graft dysfunction and/or failure, bacterial infection
(ascites, pulmonary, urinary, bacteremia, other), hepatorenal syndrome,
gastrointestinal bleeding, and mechanical ventilation.

Data extraction and quality assessment
Selection of studies: After excluding duplicates, two researchers (Londono C and
Gold S) independently screened titles and abstracts. An independent, third
investigator (NTS) resolved any conflicts. All articles were reviewed against predefined inclusion criteria. Employing the same process, articles underwent full-text
review, and those meeting inclusion criteria moved on to data extraction.
Data extraction and management: Two investigators (Londono C and Gold S)
independently extracted data using a standardized form separating the cohorts into
transplant and no-transplant. Patients on the waitlist at time of data reporting were
excluded from the analysis in order to not bias the results. Extracted data included
trial design and methodology (assessment and treatment of AUD, definition of the
diagnosis of ALD, required period of abstinence prior to transplant, definition of
relapse, recognition of the presence of AH or SAH), patient demographics (age, sex,
ethnicity, Child-Turcotte-Pugh (CTP) score, model for end-stage liver disease (MELD)
score, history of prior alcohol-related decompensating events, medical management
(pentoxifylline or steroids), Maddrey’s discriminant function, labs on presentation
(bilirubin, prothrombin time), Lille score at 7 d, length of abstinence in months (pretransplant where applicable), time to transplant listing, loss to follow-up, and length
of follow-up), and primary and secondary outcomes. Where data was missing or
unclear, the manuscript corresponding authors were contacted for further
information.
Risk of bias and quality assessment: Two investigators (Londono C and Gold S)
independently assessed trial risk for bias using the Newcastle-Ottawa Scale for cohort
and case-control studies and the Cochrane Risk of Bias tool for randomized controlled
trials[11,12]. The Newcastle Ottawa Scale assesses for bias using a star system across 3
categories - selection, comparability, and exposure[11]. The Cochrane Risk of Bias tool
assesses for bias, categorizing the risk as high, low, or unclear across the following
components: selection (randomization, allocation concealment), performance
(blinding of participants and personnel), detection (blinding of outcome assessment),
attrition (incomplete outcome data), reporting (selective reporting), and other
(funding, etc)[12]. Studies lacking the maximum stars available across categories using
the Newcastle Ottawa Scale or with low or unclear risk of bias according to the
Cochrane Risk of Bias tool were considered to be at risk for bias. A third investigator
(NTS) resolved disagreements. The overall quality of the evidence was evaluated
using the GRADE system[13], downgrading based on study design, study limitations,
inconsistency of results, indirectness of evidence, imprecision, and reporting bias.

Data synthesis and analysis
Statistical analysis: Studies meeting the inclusion criteria were tabulated. Using
random effects meta-analysis method of DerSimonian and Laird, statistically and
clinically appropriate studies were combined to calculate a summary relative risk
(RR) and 95% confidence interval (CI). Pre-specified subgroup analyses were
undertaken to evaluate whether the estimated effect was modified by study design.
Using the statistical software Stata, version 14 (StataCorp LP, College Station, TX,
United States), data analysis was conducted.
Assessment of heterogeneity: To assess heterogeneity, the I2 statistic and the chisquared test were computed[14]. Pre-specified explanations for heterogeneity included:
study design, definition of ALD, definition and assessment of relapse, and inclusion
criteria.
Assessment of publication bias: Funnel plots and Egger’s regression were used to
evaluate for publication bias[15-17].

RESULTS
Description of studies
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Included studies: Of the 4010 articles screened, 125 underwent full text review and 10
studies (6 prospective, 4 retrospective) met inclusion criteria (Figure 1). These 10
studies included a total of 1332 participants, of which 34.2% (456/1332) underwent
liver transplantation and 65.8% (876/1332) did not. Table 1 shows details of the
included studies and their transplant and no-transplant groups baseline
characteristics, with weighted averages where applicable reported in Table 2.
Included studies were performed between 1993 to 2017, with high representation of a
French population, 40% (4/10), with later studies more likely to report findings
restricted to SAH populations[18,19]. The majority of both transplant and no-transplant
populations were men, 80.1% and 64.1%, respectively and had mean weighted ages of
46.7 and 49.6. Data reporting CTP and MELD broken down into transplant and notransplant cohorts was limited (Tables 1 and 2); the study populations appeared to be
CTP class B/C with lower MELD scores in studies not restricted to SAH
populations[20,21] in comparison to those restricted to patients with SAH[18,19]. Most
studies did not report ethnicity, history of prior alcohol-related decompensating
events, use of medications, Maddrey’s discriminant function, labs on presentation, or
Lille score (data not shown).
Gaps in reporting: Supplementary Table 1 shows individual trial details, highlighting
gaps in reporting regarding assessment and treatment of underlying AUD, diagnosis
of ALD, requirement of a period of abstinence prior to transplant, details of relapse
(definition and assessment), and accounting for or restricting to the presence of AH
and or SAH. Two of the studies did not report how ALD was diagnosed[22,23], and the
remaining 8 studies used a range of diagnostic criteria - some studies included mixed
liver etiology (alcohol and other causes of liver disease)[24]; others defined ALD by
alcohol consumption ranging from 50 g/d for both men and women[25], greater than 3
units per day for men or 2 units per day for women[26], or greater than 80 g/d for men
or 60 g/d for women[21]; and the most recent studies did not specifically quantify the
amount[18,19,27]. The majority of studies did not require pathological diagnosis, specify a
required period of abstinence, or differentiate where patients were classified on the
spectrum of ALD. Relapse was rarely defined, mostly assessed for by interviews at
non-standardized intervals, and only three studies accounted for quantity of alcohol
consumed among those with relapse[18,19,26].
Risk of bias in the included studies: Supplementary Table 2 shows the study quality
and risk of bias assessment. The randomized control trial[23], the only abstract included
in the analysis, had an unclear risk of bias across the different categories. Four of the
later studies appeared at substantial risk of bias - the two case-control studies had a
higher risk of selection and outcome bias[18,19] while the other two were at risk of
comparability bias[21,27]. Two earlier studies were additionally at risk of outcome
bias[24,25]. Of the three studies that appeared to have low risk of bias[20,22,26], only one was
prospectively conducted[26].

Effects of liver transplantation
Mortality: Random effects meta-analysis suggested a trend toward transplantation
reducing mortality risk in comparison to no-transplant (RR = 0.51; 95%CI: 0.25-1.05; P
= 0.07), but heterogeneity (I2 = 86.7%; P < 0.01) was significant (Figure 2A). This
heterogeneity was no longer significant (I2 = 4.1%; P = 0.35) and a statistically
significant reduction in mortality (RR = 0.25; 95%CI: 0.13-0.46; P < 0.01) was observed
when restricting the study population to prospectively collected data (Figure
2B)[18,19,24]. When restricting to studies reporting early mortality, the remaining two
studies included prospectively collected data in steroid non-responsive SAH
populations[18,19], suggesting significantly reduced 6-mo mortality (RR = 0.30; 95%CI:
0.15-0.58; P < 0.01) with insignificant heterogeneity (I2 = 0.0%; P = 0.35). All six studies
with mortality data reported presence of AH patients, with three specifying presence
of SAH[18,19,25], of which two studied only steroid non-responsive SAH[18,19]. The lack of
details of the AH patients within the other studies prevented further meta-analyses.
Graphical evidence of publication bias was observed when including all studies
(Supplementary Figure 1A) and when restricted to prospectively collected studies
(Supplementary Figure 1B), with suggestion of the presence of small-study effects, P =
0.14 and P = 0.07, respectively.
Relapse: Relapse risk in both the transplant and no-transplant cohorts was reported in
4 of the studies[20,22-24], and random effects meta-analysis was not significantly different
(RR = 0.52; 95%CI: 0.18-1.53; P = 0.24) with significant heterogeneity (I2 = 82.3; P <
0.01) (Figure 3A). None of these studies differentiated between short or long-term
relapse. When restricting the analysis to prospectively collected data[23,24], relapse risk
significantly decreased for transplant patients (RR = 0.25; 95%CI: 0.14-0.45; P < 0.01)
with insignificant heterogeneity (I2 = 0.0%; P = 0.61) (Figure 3B). Funnel plot
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Table 1 Details of included studies and cohort baseline characteristics
Transplant
Study

Study
design

Place

No-transplant

Age1 (SD Male sex CTP1 (SD
or range) n (%) or range)

n (%)

MELD
(SD or
range)

Age1 (SD Male sex CTP1 (SD
or range) n (%) or range)

n (%)

MELD
(SD or
range)

United
States

P, C

29 (62)

472

30 (64)2

12 (9-15)2

14 (30)

472

30 (64)2

13 (9-15)2

Anand et
al[22]

United
Kingdom

R, C

39 (28)

48 (37-69)

34 (87)

113

94 (69)

51 (30-71)3

67 (74)

113

Poynard
et al[25]

France

R, CC

169 (50)

47 (39-55)

NS

9 (5-15)3

169 (50)

47 (39-54)

NS

9 (5-15)3

Veldt et
al[26]

France

P, C

2 (3)

59 (37-82)2

47 (64)2

11 (10-15)2

72 (97)

59 (37-82)2

47 (64)2

11 (10-15)2

DiMartin
o et al[23]

France

P, RCT

60 (50)

502

92 (77)2

8.22

60 (50)

502

92 (77)2

8.22

Immordi
no et
al[20]

Germany

R, C

110 (45)

53 (30-68)

95 (86)

10 (6-13)

14 (4-35)

113 (46)

50 (33-64)

64 (57)

6.5 (5-13)

12 (6-40)

Alvarez
et al[21]

Spain

P, C

5 (3)

< 65

NS

>8

14 (13-15)2

156 (95)

56 (54-58)2

135 (82)2

9 (8-9)2

14 (13-15)2

Mathurin
et al[18]

France

P, CC

26 (27)

47 (35-61)

15 (58)

NS

30 (22-47)

69 (73)

52 (47-54)

41 (59)

NS

NS

Im et
al[19]

United
States

P, CC

9 (10)

41 (30-60)

5 (55)

NS

39 (27-42)

79 (84)

48 (26-68)2

54 (57)2

NS

31 (16-52)2

Onishi et
al[27]

Japan

R,

7 (7)

44 (28-51)

4 (57)

10.1(2)2

NS4

50 (75)

52 (31-69)

37 (74)

10.1 (2)2

NS4

Gish et
al[24]

1

Median values used if both mean and median were reported;
Value is for the entire study population (both transplant and no-transplant);
3
Calculated as the weighted average;
4
Mean model for end-stage liver disease reported as 1.9 for the entire study population was omitted given concern for publication error.
P: Prospective; R: Retrospective; C: Cohort; CC: Case-control; RCT: Randomized controlled trial; CTP: Child-Turcotte-Pugh score; MELD: Model for endstage liver disease; NS: Not specified.
2

suggested publication bias when including all studies (Supplementary Figure 2A) and
when restricted to prospectively collected data (Supplementary Figure 2B). Of the 4
studies, 3 included a mixed population of AH that did not specify SAH and lacked
details to allow additional meta-analyses (Supplementary Table 1)[20,22,24].
Adverse events: Four studies specified the occurrence of graft dysfunction and retransplantation[18,19,25,27]. Of these four, the study with the longest follow-up observed
graft dysfunction in two of their 31 transplant patients with relapse (6%), of which one
(50%) underwent re-transplant, the other which died (Supplementary Table 3)[25].
Other adverse events including bacterial infection (ascites, pulmonary, urinary,
bacteremia, other), hepatorenal syndrome, gastrointestinal bleeding, and mechanical
ventilation were only reported in two studies (data not shown).
Quality of the evidence: Using the GRADE system, the quality of the evidence across
studies was classified as Very Low for use of transplantation in ALD and relapse risk,
with downgrading for study design, risk of bias, inconsistency, imprecision, and
publication bias.

DISCUSSION
ALD is a leading indication for liver transplantation[28,29], with increasing prevalence[1]
and incidence[30] on the liver transplant waiting list, but our understanding of the
utility and application of transplant in this population compared to no-transplant is
limited with no prior comprehensive systematic review. Random effects metaanalysis of the currently reported literature supports that transplantation for ALD
reduced mortality, but not relapse risk, and significant heterogeneity limited these
findings. The overall quality of evidence for both outcomes by GRADE criteria was
very low. When analyzing prospectively collected data, transplant in comparison to
no-transplant significantly reduced mortality and relapse with insignificant
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Figure 1

Figure 1 The flow diagram shows search results, studies screened, excluded, and reasons for exclusion or
inclusion.

heterogeneity, but the suggestion of small-study effects driving these results
persisted. Similar to our findings, significant heterogeneity observed in a prior
systematic review focused on transplanted AH patients[8] corrected with restricting
analysis to studies with strict candidate selection criteria and SAH. The prior
systematic review failed to explore the causes for heterogeneity beyond this corrective
maneuver, but in order to improve our study of ALD so that future studies report
clear findings that allow larger scale compilation of data, a detailed understanding of
prior causes of heterogeneity to allow successful future standardization is necessary.
None of the studies explicitly comment on the severity or treatment of AUD
present in their study cohorts, which would impact outcomes of interest, in particular
relapse. AUD when diagnosed according to the Diagnostic and Statistical Manual
(DSM) 5th edition put forth by the American Psychiatric Association is defined by
meeting two of eleven possible criteria over a 12-mo period and further categorized
into mild (presence of 2-3 symptoms), moderate (presence of 4-5 symptoms) or severe
(presence of 6 or more symptoms) AUD[31]. Characterization of underlying AUD is
imperative as prior research suggests that patients with less severe AUD are less
likely to relapse[32]. Additionally, effective treatments for AUD include medications
and behavioral therapies, and a recent systematic review found that interventions
increase abstinence[33]. Overall, this failure of studies to provide detailed information
pertaining to underlying AUD severity and treatment likely contributed to
heterogeneity, reducing the reproducibility of prior publications.
Furthermore, all of the studies included defined ALD inconsistently. The majority
of published research studies rely on clinical history rather than pathology, even
when transplant makes explant liver pathology easily available. Additionally, studies
use varying alcohol consumption cut-offs, vague terminology such as “alcoholism”
without elaboration, and include mixed disease processes (alcohol in combination
with another cause of liver disease, e.g., hepatitis C). Similar to findings reported by
McCallum et al[9], we report that this persistently vague definition of ALD inevitably
leads to greater heterogeneity and prevents comparability among studies. Studies also
fail to consistently characterize the clinical spectrum of ALD studied lie - acute,
chronic, acute on chronic, hepatocellular carcinoma due to ALD - though this
spectrum is commonly used in clinical practice [ 7 ] . This reduces the clinical
applicability and external validity of the reported literature. The current literature
investigating the use of transplantation in ALD defines ALD in a manner that not only
introduces selection bias into the patients studied to date, but also may affect the
study outcomes and raises the question of the presence of country and or transplant
center bias in access to transplantation for patients with ALD.
In addition to heterogeneous disease definitions, the current reporting of pretransplant abstinence and relapse rates in ALD allows significant under-reporting and
variability[7,9]. Pre-transplant abstinence in the transplant population was not reported
in the majority of studies (Table 3), and though detailed breakdown of relapse
appears more clinically useful[34], only 4 of the studies defined relapse, varying from
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Table 2 Weighted average of baseline characteristics
n (%)

Male n (%)

Age

CTP

MELD

Transplant

456 (34.2)

153 (80.1)

46.7

9.8

18.4

No-transplant

876 (65.8)

183 (64.1)

49.6

8.7

15.21

1

Used data from 26 matched controls of Mathurin et al[18] trial to calculate weighted average as data for all 69
of the entire cohort was not available. CTP: Child-Turcotte-Pugh score; MELD: Model for end-stage liver
disease.

“any consumption” to “slips.” Additionally, though patient self-report, interviewing,
and biochemical tests of blood, urine, or hair all present with limitations in terms of
sensitivity, specificity, cost, and feasibility for monitoring for relapse[35], the reported
studies likely suffered from underreporting; the majority of studies used “short” or
“random” intervals and relied only on interviews to detect relapse. A standardized
protocol for defining and detecting relapse pre- and post-transplant in general
practice and in clinical trials is needed.
There appears to be a critical need for standardized data collection tools to capture
underlying AUD severity and treatment, spectrum of ALD studied, patient
demographics (e.g., race, ethnicity, socioeconomics) and adverse events that may
influence mortality and relapse outcomes. While the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) made recommendations to help with
standardization of the study of AH[36], the focus on AH and lack of incorporation of
underlying AUD definitions and diagnoses limit the recommendations. This suggests
the need for newer, more comprehensive recommendations, which were recently put
forth by Shen et al[37], proposing a standardized flow chart approach to patients with
ALD and a comprehensive data collection tool.

Limitations and strengths
Not only does the heterogeneity due to lack of standardization limit our ability to
fully assess transplantation in ALD, but this systematic review also suggests that the
published data is of poor and limited quality - small studies with suggestion of small
study effects in analysis, mostly observational or case-control cohort study design
with only a single randomized controlled trial in abstract form, under-representation
of many countries, and lack of long-term follow-up. Once definitions and data
collection are standardized, within the spectrum of AUD and ALD, future multicenter prospective consortia and preferably controlled randomized clinical trials with
long-term follow-up should be organized to capture and optimize the use of
transplantation in the ALD population.
Our systematic review explores the extensiveness of study heterogeneity, even
affecting the definition of ALD and lack of accounting for AUD. Additionally the
majority of studies failed to report our pre-specified outcome of adverse events and
lacked long-term follow-up to capture graft dysfunction or failure. Similarly, the
definition of relapse, monitoring of it, and presence of social support or underlying
demographics that might influence it were inconsistently reported. Despite the
limitations, our analyses do suggest a short-term mortality benefit for transplantation
in at least a subgroup of the ALD population, patients with steroid non-responsive
SAH. Overall, the review highlights the need for more detailed studies in the ALD
population, particularly the non-SAH.

Implications for clinical practice and research
Overall prior literature to date has focused on requirements of pre-transplant
abstinence prior to listing and transplanting AH patients, but our systematic review
suggests that this focus may be premature. Our findings suggest the urgent need for
rigorous standardization in studying ALD, including the presence and treatment of
AUD, the clinical definition of ALD, reporting the spectrum of the ALD population
studied, data collection, and definition and detection of relapse. Only with such
standardization can the needed international, large-scale, randomized controlled trials
with long-term follow-up be conducted in a clinically useful manner.
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Table 3 Outcomes of included studies
Transplant

No-transplant

Abstinence
Loss to
Follow-up Abstinence
Loss to
Follow-up
Relapse n Mortality n
Relapse n Mortality n
length (SD
follow-up n length (SD length (SD
follow-up n length (SD
(%)
(%)
(%)
(%)
or range)1
(%)
or range)1 or range)1
(%)
or range)1

Study

Gish et al[24]
Anand et
al[22]

21

6 (21)

2 (7)

0 (0)

24 (12-41)2

5
3

13 (93)

8 (57)

5 (36)

24 (12-41)2

18 (6-130)

5 (13)

9 (23)

0 (0)

25 (7-63)

11 (2-86)

27 (37)

48 (51)

11 (12)

24 (6-90)

Poynard et
al[25]

≥ 64

31 (18)

56 (33)

0 (0)

28 (21-37)

NS

NS

71 (42)

NS

NS

Veldt et
al[26]

≥6

NS

NS

NS

NS

NS

NS

NS

NS

NS

DiMartino
et al[23]

NS

4 (6)

NS

NS

422

NS

13 (21)

NS

NS

422

Immordino
et al[20]

NS

13 (12)5

40 (36)

NS

120

NS

5 (6)

18 (18)

14 (12)

120

Alvarez et
al[21]

NS

NS

116 (70)2

9 (5)2

54 (19-96)2

NS

NS

116 (70)2

9 (5)2

54 (19-96)2

Mathurin et
al[18]

NS

3 (12)

6 (23)

NS

24

NS

NS

48 (70)

NS

24

Im et al[19]

NS

2 (22)

1 (11)

NS

25 (6-39)

NS

NS

65 (76)6

NS

NS

Onishi et
al[27]

21.2 (17.4)7

1 (14)

NS

NS

61.2

8.8 (13.6)

NS

NS

NS

NS

1

Median values used if both mean and median were reported and length was reported in months;
Value is for the entire study population (both transplant and no-transplant);
3
Calculated as the weighted average;
4
All of the patients were abstinent for greater than 6 mo prior to transplant with the exception of one patient;
5
Only 1 patient of the 8 with acute alcohol-related hepatitis relapsed;
6
Includes 6 patients on the transplant waiting list;
7
Includes transplant and waitlist patients. SD: Standard deviation; NS: Not specified.
2

Figure 2
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Figure 2 Meta-analysis of overall mortality in patients with alcohol-related liver disease transplant vs no-transplant including all studies (A) and only
prospective trials (B). CI: Confidence interval.
Figure 3

Figure 3 Meta-analysis of relapse in patients with alcohol-related liver disease transplant vs no-transplant including all studies (A) and only prospective
trials (B). CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Alcohol-related liver disease (ALD) is a leading cause of liver failure and indication for liver
transplantation, thus optimizing use of liver transplantation in this patient population is
imperative. Systematically reviewing the literature, comparing transplanting ALD to not
transplanting ALD is necessary to understand how to optimize use of liver transplantation in
ALD and to direct future research.

Research motivation
Systematically reviewing the existing literature on the use of liver transplant compared to notransplant in patients with ALD could help guide clinical care and future directions of research.

Research objectives
To help inform optimal use of liver transplantation in ALD and understand limitations of
existing research to guide future research, we conducted a comprehensive systematic review.

Research methods
We systematically reviewed the existing literature for studies comparing liver transplant to notransplant with a primary outcome of both short- and long-term mortality and relapse. Prespecified causes of heterogeneity included assessment and treatment of alcohol use disorder
(AUD), definition of ALD, spectrum of ALD studied, assessment and rates of relapse, and study
quality and bias.

Research results
We analyzed data from 10 studies including 1332 participants. While meta-analysis comparing
liver transplant to no-transplant suggested improved mortality, relapse was found to be
insignificant and both meta-analyses were limited by significant heterogeneity. Outcomes and
heterogeneity improved with restriction to prospectively collected data; liver transplant in
comparison to no-transplant had significantly reduced mortality and relapse with insignificant
heterogeneity, though results remained limited by small-study effects. Overall, the quality of the
evidence was very low.
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Research conclusions
Current systematic review with meta-analysis comparing liver transplant to no-transplant
suggests a mortality and relapse benefit in heterogeneous, institution-specific populations with
inherent bias.

Research perspectives
To understand efficacy of liver transplantation for ALD on a global scale, formal recognition of
the dearth of well-published literature on transplantation in this population is necessary, and
there is an urgent need to standardize our approach to studying ALD. Such standardization
should include assessment of the presence and treatment of AUD, the clinical definition of ALD,
reporting the spectrum of the ALD population studied, data collection, and definition and
detection of relapse.
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Abstract
The gravest prognostic factor in early gastric cancer is lymph-node metastasis,
with an incidence of about 10% overall. About two-thirds of early gastric cancer
patients can be diagnosed as node-negative prior to treatment based on clinicpathological data. Thus, the tumor can be resected by endoscopic submucosal
dissection. In the remaining third, surgical resection is necessary because of the
possibility of nodal metastasis. Nevertheless, almost all patients can be cured by
gastrectomy with D1+ lymph-node dissection. Laparoscopic or robotic
gastrectomy has become widespread in East Asia because perioperative and
oncological safety are similar to open surgery. However, after D1+ gastrectomy,
functional symptoms may still result. Physicians must strive to minimize postgastrectomy symptoms and optimize long-term quality of life after this operation.
Depending on the location and size of the primary lesion, preservation of the
pylorus or cardia should be considered. In addition, the extent of lymph-node
dissection can be individualized, and significant gastric-volume preservation can
be achieved if sentinel node biopsy is used to distinguish node-negative patients.
Though the surgical treatment for early gastric cancer may be less radical than in
the past, the operative method itself seems to be still in transition.
Key words: Stomach neoplasms surgery; Gastrectomy methods; Recovery of function;
Sentinel lymph node surgery; Gastric cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The surgical treatment for early gastric cancer seems to be appropriately radical,
because almost all patients can be cured by gastrectomy with lymph-node dissection up
to D1+. However, after D1+ gastrectomy, multiple functional symptoms are caused by
the loss of the stomach. Physicians must strive to reduce post-gastrectomy symptoms and
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optimize quality of life. About two-thirds of early gastric cancers are node-negative and
can be resected by endoscopic submucosal dissection. The extent of lymph-node
dissection can be individualized, and significant gastric preservation can be achieved,
with sentinel-node biopsy. The operative method itself is still in transition.
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INTRODUCTION
Gastric cancer is a public health concern worldwide, and especially in Asia [1,2] .
Therefore, Japanese and South Korean physicians have focused on early detection of
gastric cancer[3]. For decades, half of the gastric cancers detected in Japan and Korea
have been early-stage cancer[4]. The outcome of surgical resection for early gastric
cancer is excellent, and most clinicians recognize that early gastric cancer is curable.
The focus of recent topical discussion of early gastric cancer is minimally invasive
treatment. Many early gastric cancers have been resected endoscopically [5] . Less
invasive approaches such as laparoscopic gastrectomy and robotic gastrectomy have
also been widely carried out[6-8]. On the other hand, standard surgery for early gastric
cancer is distal partial gastrectomy (DG) or total gastrectomy (TG), with lymph-node
dissection[9], so, even with a laparoscopic approach, post-gastrectomy symptoms and
functional effects cannot be ignored[10]. In this article, we reconsider surgical treatment
options for early gastric cancer and discuss the most appropriate treatment.

THE CHARACTERISTICS OF EARLY GASTRIC CANCER
Early gastric cancer is defined as carcinoma in which depth of invasion is restricted to
the mucosal layer or submucosa[11]. The presence or absence of lymph-node metastasis
is irrelevant to the classification[11]. Most early gastric cancers are asymptomatic. Early
gastric cancer is often detected with gastroscopy or barium meal during a healthscreening checkup [12] . Advanced gastric cancer is frequently associated with
hematogenous or peritoneal metastases, while in contrast, early gastric cancer has few
such distant metastases. On the other hand, early gastric cancer is rarely associated
with lymph-node metastasis. The frequency of lymph-node metastasis is 2%-3% in
mucosal cancer and 15%-20% in submucosal cancer[13-21]. Numerous previous studies
have examined the location of these lymph node metastases. In the classification of
gastric carcinoma of the Japanese Gastric Cancer Association[22], the regional lymph
nodes of the stomach are classified in detail and numbered. Currently, the extent of
lymph-node metastasis has been evaluated in terms of the number of metastases, but
in the past, regional nodes were grouped according to the location of the cancer, and
the degree of lymph-node metastasis was evaluated based on which group of nodes
the metastasis had reached. The precise data of nodal metastasis of early gastric
cancer described in a representative literature are summarized in Table 1[23-26]. Most
nodal metastasis in early gastric cancer was found to be limited to perigastric nodes
and nodes number 7, 8a, and 9. Based on these results, the Japanese Gastric Cancer
Association established D1+[27], the extent of lymph-node dissection for submucosal
cancer (Figure 1). The disease-specific survival of D1+ gastrectomy for early gastric
cancer is often given as 96%-98% in articles investigating the outcome of laparoscopic
gastrectomy[28-30].
In summary, the characteristics of early gastric cancer are as follows: there are few
hematogenous and peritoneal metastases; the determining prognostic factor is lymph
node metastasis; the incidence of nodal metastasis is about 10% overall; and even with
nodal metastases, almost all patients can be cured by gastrectomy with D1+ lymphnode dissection.
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Table 1 Summary of representative literature on the precise incidence of nodal metastasis in early gastric cancer

Nodal location

Total cases

Station NO

1

2

3

Kitamura et al[23]

634

Tanaka et al[24]

2368

0.97

0.08

4.6

Nakajima et al

3630

0.90

0.11

5.9

Yoshikawa et al[26]1

7151

[25]

aLGA
(%)

Perigastric nodes (%)

4

5

6

8.2
3.2

0.51

2.4

3.9

0.47

3.4

19.01

Suprapancreatic nodes (%)

SpH
(%)

aPH
PAN
A
(%)
(%)

7

8a

9

11p

11d

10

12a

16

1.6

0.94

0.31

0.31

0.00

0.00

0.16

0.16

1.4

0.63

0.72

0.42

0.00

0.00

0.00

0.00
0.25

1.1

1.1

1.1

0.36

0.03

0.08

0.06

2.01

1.81

0.131

0.131

0.001

0.001

0.001 0.001

1

Study of submucosal cancer. Percentages represent proportion of patients with metastasis in lymph nodes of given station. All articles but Yoshikawa
include both mucosal cancer and submucosal cancer; Yoshikawa includes only submucosal cancer cases. aLGA: Nodes along left gastric artery; SpH:
Nodes at the hilum of spleen; aPHA: Nodes along hepatic artery proper; PAN: Paraaortic nodes.

However, after D1+ gastrectomy, several functional symptoms are caused by the loss
of the stomach. Reduction of gastric acid secretion impairs food digestive capacity.
The amount of food intake decreases, nutritional status worsens, and body weight
decreases. In addition, patients suffer from various postgastrectomy symptoms (PGS).
They include reflux esophagitis, dumping syndrome, defecation abnormalities,
anorexia, and abdominal pain. These symptoms are thought to compromise patients’
quality of life (QOL). In addition, several long-term aftereffects may occur, such as
iron deficiency anemia, pernicious anemia, bone metabolic disorders, gastric stump
cancer, cholelithiasis, and ileus[31-37]. Taking these disadvantages into consideration, if
there is another therapeutic option, we would like to adopt it to avoid gastrectomy.
There are endoscopic treatments. The endoscopic treatments are alternatives to
surgery using gastrofibroscopy. Gastroscopy was developed in Japan, and endoscopic
treatments for gastric tumor were also invented and developed in Japan. The
beginning of endoscopic treatment is endoscopic mucosal resection (EMR). EMR is a
method of injecting physiological saline into the submucosal layer to lift the lesion,
narrowing the mucosa with a snare, and removing the mucosa by applying a high
frequency current[38]. During the same period, endoscopic treatments using lesion
cauterization with laser, heating probe, argon plasma discharge, etc., had been
attempted. These therapies have some advantages and serious disadvantages, and
they have not attained therapeutic value sufficient to replace surgical treatment[39,40].
However, this situation has changed with the advent of endoscopic submucosal
dissection (ESD) technique[40]. ESD is the method of dissecting and removing the
specimen after incision of the mucosa around the entire circumference using a
dedicated device. In ESD, the specimen is removed in one piece, which secures a
safety margin, the treatment outcome is equal to prior surgical treatments, and it is
possible for the patient to enjoy the same QOL as before the treatment. The greatest
disadvantage of ESD was its technical difficulty, though this difficulty was decreased
by the development of electrocautery equipment and advancements in the dedicated
device. Nowadays, ESD is not just an alternative to surgery, it is becoming a complete
replacement for certain types of surgery[40]. The indication for ESD is a case in which
the clinic-pathological data available prior to treatment is presumed to be negative for
nodal metastasis. The frequency of nodal metastasis is 2%-3% in mucosal cancer and
15%-20% in submucosal cancer. Therefore, ESD is indicated in most mucosal cancers.
Gotoda et al[41] proposed an indication for ESD from a study of surgical cases of two
Japanese high-volume centers. Since the probability of nodal metastasis was set not to
exceed the mortality rate after surgical resection, these criteria includes cases with a
very low, but not zero, percentage probability of nodal metastasis. Recently, the longterm prognosis of the cases who underwent ESD according to this indication has been
reported, and it has been confirmed that it is equal to the prognosis of the surgical
resection[42-44]. Current indications for ESD are shown in Tables 2 and 3. These are new
recommendations, stated in Japanese gastric cancer treatment guidelines for 2018[9]. In
the table of indications (Table 2), Zone A is a former absolute indication. Zone B is
newly added absolute indication proven by prospective observational trial JCOG
0607. Zone C is the expanded indication. Although this area is considered to be
sufficiently curable, caution is necessary because the proof of the prospective
observational trial JCOG1009/1010 has not been completed yet. Zone D is labeled
“relative indication”. This zone comprises an alternative treatment to surgery,
reserved only for patients unable to endure surgical treatment. The guideline also
defines the evaluation of curability after resection (Table 3). If the specimen is
diagnosed as eCuraA or eCureB, the cancer is considered completely resected and no
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Figure 1

Figure 1 Standard surgery for early gastric cancer. A: Distal partial gastrectomy D1+; B: Total gastrectomy D1+.

additional treatment is required. On the other hand, for eCuraC it is considered that
the cancer has not been completely resected, and additional treatment is necessary.
The lesion of eCuraC-1 needs additional local treatment, and in the case of cCuraC-2
surgical treatment with lymph-node dissection should be added.

LESS INVASIVE SURGICAL TREATMENT
In cases where ESD is not indicated, surgical resection is necessary because of the
possibility of nodal metastasis[20,41]. In East Asia, most surgical treatment for early
gastric cancer is laparoscopic D1+ gastrectomy. Laparoscopic gastrectomy was
introduced in Japan in 1991[45]. At the time, the quality of laparoscopic views was
poor, and the instruments were inadequate to the task. Therefore, lymph-node
dissection was extremely difficult. Laparoscopic surgeries for early gastric cancer at
that time consisted of local resection (LR) without lymphadenectomy[46], and intragastric surgery dissecting the mucosa [47] . Though the pioneers also attempted
laparoscopic DG, the extent of nodal dissection was confined to peri-gastric nodes[45].
The indication for these treatments were cases in which lymph-node metastasis was
presumed to be absent based on clinico-pathological features[45-47]. These approaches
gradually disappeared with the advent of ESD. Subsequently, the invention of
ultrasonic activated devices and technological advancements by surgeons have
enabled laparoscopic lymph-node dissection comparable to conventional open
surgery. Therefore, laparoscopic DG or TG with D1+ or D2 came to be performed as
daily practice, and gradually replaced conventional open surgery.
There are many articles comparing laparoscopic gastrectomy and conventional
open gastrectomy for patients with early gastric cancer[48,49], and a meta-analysis of
prospective trials has also been conducted [49] . Perioperative surgical safety and
oncological safety are considered similar [48,49] . The advantages of laparoscopic
gastrectomy over conventional open surgery are as follows: the smaller size of the
incision; lower number of times analgesic is required; lesser amount of intraoperative
hemorrhage; and fewer occurrences of wound dehiscence and respiratory complications. On the other hand, the drawbacks are high cost and longer operation time[49].
Although it is difficult to conclusively establish the minimal invasiveness of
laparoscopic gastrectomy, it is suggested by the shorter time to first flatus and shorter
hospital stays.

THE PGS AND QOL AFTER GASTRECTOMY
Because the size of the wound is clearly visible, laparoscopic surgery is an attractive
option for hospitals. The high degree of difficulty of the laparoscopic gastrectomy is
an attractive challenge for young surgeons. Thus, laparoscopic gastrectomy has
become widespread in East Asia. However, the benefits of laparoscopic gastrectomy
in the long term have not yet been sufficiently examined.
Various PGS occur after gastrectomy[34-37], and, these symptoms seem to worsen
QOL [35] . The severity of these PGS and the deterioration of QOL are subjective
measures, and objective evaluations are difficult. These items are patient-reported
outcomes whose scientific validation must be performed using definitive questionnaires that have already been validated psychometrically. DAUGS[50] and PGSAS-
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Table 2 Updated preoperative indications for endoscopic submucosal dissection in Japanese
gastric cancer treatment guidelines 2018
Depth of invasion (preoperative)

Clinical mucosal cancer

Intra-tumoral ulcer of ulcer scar
Tumor size (Long axis)

UL 0

UL 1

2 cm

> 2 cm

3 cm

> 3 cm

Differentiated

A

B

B

D

Undifferentiated

C

D

D

D

A: Absolute indication for both endoscopic mucosal resection and endoscopic submucosal dissection; B:
Absolute indication for endoscopic submucosal dissection; C: Expanded indication for endoscopic
submucosal dissection; D: Relative indication (Alternative).

45[34] have been reported as questionnaires specifically for post-gastrectomy patients.
Of these, PGSAS-45 seems to be the de-facto standard to verify PGS and QOL, because
it covers items that are considered important by gastrectomy specialists, it includes a
short-form 8 (SF-8) for the assessment of generic QOL, and the standard values of
Japanese patients are known based on data from more than 2500 cases[34].
Kinami et al[51] evaluated the superiority in PGS and QOL at least 1 year after
surgery of patients who underwent laparoscopic gastrectomy, using data from the
PGSAS study for additional analysis. The outcome measures included in the PGSAS45 are classified into three domains: the symptom domain, the living status domain,
and the QOL domain[34]. A few main outcome measures of PGSAS-45 were superior
after laparoscopic, compared to conventional open, DG surgery. These measures
were: The need of additional food; dissatisfaction with symptoms; and the mental
component summary of SF-8. These items were of the living status or QOL domain,
not the symptom domain. In contrast, for TG, there was no difference in the scores of
main outcome measures between laparoscopic surgery and conventional open
surgery. From this large-scale analysis, it was concluded that there is no advantage for
laparoscopic TG from the viewpoint of the PGS[51]. Generally, the only difference
between laparoscopic surgery and conventional open surgery is the length of the
incision. Therefore, a large difference in PGS between laparoscopic and open surgery
would not be expected.

LIMITED SURGERY FOR EARLY GASTRIC CANCER
Even if the advantages are small, such as the size of the incision, the number of times
analgesic is used, and a slight improvement in QOL, it is reasonable to apply
laparoscopic gastrectomy to the early gastric cancer, if the surgical and oncological
safety are equivalent. However, if other approaches can be used to prevent PGS,
palliation of PGS should be prioritized to benefit patients in the long term, rather than
focusing on the small incision size afforded by laparoscopic surgery. Limited surgery
is a method expected to palliate PGS. Limited surgical approaches consist of reduced
resection area of the stomach and smaller extent of nodal dissection. These include
pylorus-preserving gastrectomy (PPG), proximal gastrectomy (PG), and LR. In
performing LR, the unconventional decision to omit lymph-node dissection is
necessary. Therefore, LR is rarely done today, while ESD is routinely performed[52].
In comparison with DG, PPG is a pylorus-preserving procedure[53]. Generally, the
right gastric artery and pyloric branch of the vagus nerve are preserved to secure an
antral cuff of about 3 cm. It is expected to be effective for preventing dumping
symptoms, regurgitation of duodenal juice into the stomach, and gallstone formation
after gastrectomy[54,55]. This procedure is indicated in cases in which right gastricartery lymph-node dissection can be omitted. Practically speaking, these patients will
have tumors located at the middle part of the stomach with distal margins more than
4 cm from the pylorus[9]. Even if PPG is adopted, lymph-node dissection at nodes
other than those located at the right gastric artery area is possible, and D1+ for PPG is
included in the Japanese gastric cancer treatment guidelines[9] (Figure 2). The survival
outcome of PPG is considered equal to that of DG[54,55]. In the PGSAS study, it was
confirmed that, in comparison with Billroth I cases, diarrhea and dumping symptoms
and the necessity of additional food was lower in PPG cases[56].
PG is an alternative to TG for early gastric cancer located in the stomach’s upper
third. Compared with TG, PG preserves over one-half of the distal stomach and is
considered to be superior in improving nutritional status and preventing anemia
because of higher dietary intake and preserved secretion of gastric acid, Castle

WJG

https://www.wjgnet.com

1644

April 14, 2019

Volume 25

Issue 14

Kinami S et al. Precision early gastric cancer surgery

Table 3 Updated evaluation of curability after endoscopic submucosal dissection in Japanese gastric cancer treatment guidelines 2018
Updated evaluation of curability after endoscopic submucosal dissection
eCuraA

En-bloc resection, predominantly differentiated adenocarcinoma,
pathological mucosal cancer (pT1a), HM0, VM0, Ly0, V0
UL0 (regardless of size)
UL1, under 3 cm in diameter
If size of undifferentiated component is > 2 cm, tumor is diagnosed as
eCuraC-2

eCuraB

En-bloc resection, HM0, VM0, Ly0, V0
UL0, under 2 cm in diameter, predominantly undifferentiated
adenocarcinoma, pathological mucosal cancer (pT1a)
UL1, under 3 cm in diameter, predominantly differentiated adenocarcinoma,
pathological submucosal cancer within 500 µm (pT1b1)
If there is an undifferentiated component in the submucosal layer, tumor is
diagnosed as eCuraC-2

eCuraC-1

Lesion meeting criteria of eCuraA or eCuraB except with positive lateral
margin or non–en-bloc resection.

eCuraC-2

The lesion meets none of eCuraA, eCuraB, or eCuraC-1

intrinsic factor, and gastrin. It is reported that if the cancer lesion is limited to the
upper-third of the stomach, dissection of the lymph nodes along the right gastric
artery and right gastroepiploic artery can be omitted without compromising
radicality[57-60]. In the Japanese gastric cancer treatment guideline, D1+ for PG is set[9]
(Figure 3). In the PGSAS study, PG prevented diarrhea and dumping symptoms,
slightly diminished weight loss, and lowered the necessity of additional food than
TG[36].
Though these limited surgeries are superior in terms of preserving some functions
lost by gastrectomy, it is known that some patient dissatisfaction may result from
PGS. PPG occasionally creates cases where the hospitalization period is extended due
to either delayed gastric emptying or small-stomach symptoms[61]. There are also
many cases in which reflux esophagitis or gastric stasis are generated after PG[62,63].
Due to these facts, such limited surgeries are sometimes considered difficult
procedures. In a questionnaire survey conducted by gastric cancer specialists in Japan
by the Japanese Society for Gastro-surgical Pathophysiology, only 30% of surgeons
had adopted PPG and 70% of surgeons had adopted PG. Several attempts to reduce
the aforementioned postoperative difficulties have been reported. In PPG,
preservation of the infra-pyloric arteries and veins has been reported to be beneficial
in preventing delayed gastric emptying[64-66]. The PGSAS study also concluded that
size of proximal remnant stomach, gastro-gastric anastomoses with hand sewing, and
adequate size of the antral cuff were helpful in reducing postoperative disability[67]. In
PG, the reconstruction method is considered to be useful for the prevention of reflux
esophagitis, and pyloroplasty and preservation of the hepatic and pyloric branches of
vagus are considered to be useful for the reduction of gastric stasis. Reconstruction is
particularly important, and various method to prevent reflux have been devised
(Figure 4), but every method has its own advantages and disadvantages, and there is
still no definitive operative method[68-76]. Methods to reduce postoperative damage of
PG were also studied in the PGSAS study, and it has been concluded that a large
distal remnant stomach and a pyloric bougie were effective[77].
Though PPG and PG are complicated procedures, reports of laparoscopic PPG and
laparoscopic PG have increased recently[78-82]. However, the results of PPG and PG
performed laparoscopically are equivalent to conventional open surgery in terms of
safety and radicality, while preservation of function is not yet fully proven. Regarding
function preservation, a retrospective study comparing laparoscopic PPG with
laparoscopic DG was reported, again with fewer cases presenting with diarrhea and
dumping symptoms[80]. However, reports comparing PPG or PG in conventional open
surgery and laparoscopic surgery are not impressive[82]. Kinami et al[51] analyzed the
data of the PGSAS study and found that laparoscopic PPG had better physicalcomponent scores on SF-8 than open PPG, whereas there was no difference in the
scores for main outcome measures between laparoscopic PG and open PG. From these
results, it is concluded that the function preserved in PPG and PG in laparoscopic
surgeries are equivalent to those in the conventional open surgeries. Thus, it appears
that there is little long-term advantage in laparoscopic surgery.
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Figure 2

Figure 2 Pylorus-preserving gastrectomy D1+.

FUNCTION PRESERVING RADICAL GASTRECTOMY
As described above, studies of large cohorts using the PGSAS demonstrated that PPG
and PG are superior in the occurrence rate of dumping symptoms and diarrhea, and
the maintenance of eating habits. Nevertheless, comparing PPG and DG, or PG and
TG, other functional outcomes were found to be similar[36,56]. Therefore, more extensive
gastric preservation is required to prevent more PGS outbreaks and improve QOL.
The extent of resection of the stomach is inseparable from that of lymph-node
dissection. Therefore, in order to carry out better function-preserving procedures, it is
necessary to boldly omit the lymph-node dissection in order to preserve blood
circulation to the stomach.
What is the lymph-node metastasis rate of surgical cases for early gastric cancer
today, when ESD has become standard? In the latest version of the Japanese gastriccancer treatment guideline (5 th edition, in Japanese), the results of research on
equalization and actual conditions of gastric-cancer medical treatment in Japan as of
fiscal 2013 is reported[9]. This study investigated the course of gastric-cancer treatment
in 297 cancer hospitals in Japan. The total number of patients with gastric cancer was
44879, and the endoscopic treatment rate for pretreatment T1N0 gastric cancer was
64.1%. Therefore, at standard cancer treatment facilities in Japan, the number of
primary surgical cases for T1N0 gastric cancer may be estimated to be approximately
one-third. This is considering that 90% of early gastric cancers are negative for
metastases. If all endoscopically treated cases are assumed to be node negative, 70% of
surgical cases are calculated to be negative for metastasis. Therefore, only 30% of cases
require D1+ (i.e., are those in which the possibility of lymph-node metastasis cannot
be ruled out). D1+ may be unnecessary in 70% of cases.
Currently, however, it is difficult to reduce the extent of dissection below D1+. The
frequency of metastasis in group 2 lymph nodes is low. There are two opinions: one is
that there is no large benefit from the prophylactic dissection[16]; and the other is that
there is a significant difference in the prognosis for D1 and D2[17]. The general view of
specialists is that the extent of lymph-node dissection should not be indiscriminately
reduced. In addition, there is no large difference in gastrectomy extent between D1+
and D1. Reduction of nodal dissection from D1+ to D1 is of little value in terms of
PGS prevention. To prevent PGS, intraoperative diagnosis of node-negative patients
should be required to establish the appropriateness of omitting peri-gastric nodal
dissection, with its benefits of preservation of gastric blood flow and reduction in the
resection area of stomach.

SENTINEL NODE BIOPSY AND BASIN DISSECTION
Currently, the best reliable method of intraoperative nodal diagnosis is the sentinelnode biopsy[83]. A sentinel node (SN) is defined as the node that receives lymphatic
flow directly from a primary tumor. SN biopsy has been attempted most for gastric
cancer among all gastrointestinal cancers[84-88]. In a multicenter prospective clinical trial
in Japan, the SN concept was proved valid in early gastric cancer[85]. It is believed that
the extent of lymph-node dissection can be reduced without compromising the
radicality, if the node-negative patient is able to be diagnosed by SN biopsy [89] .
Unfortunately, unlike breast cancer, in gastric cancer there is no room for additional
nodal dissection after initial surgery, the prognosis of micro-metastasis is unknown,
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Figure 3

Figure 3 Proximal gastrectomy D1+.

and a method for predicting non-SN metastases in patients with positive SN
metastases has not been established. Rapid intraoperative diagnostic methods for
nodal metastasis which can diagnose to the micro-metastasis level has not been
established either. Therefore, it is considered premature to omit all lymphadenectomy
by utilizing SN biopsy in gastric cancer. Lymphatic-basin dissection has been
proposed as a realistic solution for omitting the nodal dissection[84-89]. This is a method
for gastric SN biopsy, in which the lymphatic basin identified by dye mapping is
removed en-bloc, and the SNs are identified ex-vivo after basin dissection, and is sent
for intraoperative rapid diagnosis[88]. After SN biopsy, D2 gastrectomy is added if the
patient is diagnosed as node-positive, but if the patient is diagnosed as node negative,
additional dissection is omitted, the gastric feeding artery outside the basin is
preserved, and the resection area of stomach is minimized. Thus, by adopting the SN
biopsy, a large-area stomach-sparing function-preserving radical gastrectomy, as
shown in Figure 5, can be performed. Kinami et al[88] reported that there was no
recurrence in 174 cases in which nodal dissection outside the basin was omitted.
Isozaki et al[90] reported that PGS in cases involving function-preserving procedures
according to this protocol were clearly better than standard procedures.
A large-scale prospective study is currently ongoing in Korea to verify survival
prognoses after gastric-cancer SN biopsy[91]. Additionally, a prospective trial to verify
both prognosis and function-preservation effects of the function-preserving radical
gastrectomy accompanied by basin dissection is on-going in Japan[89]. In addition,
attempts to reproduce this function-preserving radical gastrectomy using
laparoscopic surgery have also been reported[84,89,92]. If the two prospective studies
described above show evidence supporting SN biopsy in gastric cancer, the surgery
for early gastric cancer will eventually shift from the current laparoscopic D1+
gastrectomy to a laparoscopic, tailor-made, function-preserving radical gastrectomy,
in which patients may be diagnosed as node-negative intraoperatively.
However, there are many problems to be solved in SN-directed, tailor-made
function-preserving gastrectomy techniques. Solutions for the following issues are
necessary: setting the proper range for lymphatic basin dissection; establishment of
quick, convenient, universally-applicable intraoperative diagnosis method; and
strategies for preventing dysfunction after surgery. Physicians should also pay
attention to the risk of metachronous multiple gastric cancers when the remnant
stomach area is large.

SUMMARY: OPTIMAL SURGICAL TREATMENT, NOW AND
IN THE FUTURE
Early gastric cancer can be cured by surgical treatment, and physicians must be
mindful of reduction of PGS and improvement of QOL over the long term after the
operation. The authors intention in this article is to provide a roadmap for developing
precision surgery for early gastric cancer from these three perspectives: Lymph-node
dissection, function preservation, and a less invasive approach.
Lymph-node dissection: D1+ is an appropriate and standardized extent of
dissection for early gastric cancer in view of radicality and safety. However, D1+ is
not essential in all cases. The extent of lymph-node dissection can be individualized if
SN biopsy is used to distinguish node-negative patients.
Function preserving: Depending on the location and size of the primary lesion,
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Figure 4

Figure 4 Reconstruction after proximal gastrectomy. A: Additional anti-reflux procedures for esophagogastric anastomosis; B: Gastric tube reconstruction; C:
Double-flap technique (Kamikawa method); D: Double tract reconstruction; E: Jejunal interposition; F: Jejunal pouch interposition.

preservation of the pylorus or cardia should be considered. If the patient is diagnosed
as node-negative by SN biopsy, significant, large-volume gastric preservation can be
achieved.
Less invasive approach: There seems to be no problem with the use of laparoscopic
surgery because the perioperative and oncological safety are similar to open surgery,
but the physician should be aware that laparoscopic surgery is technically difficult.
Prioritizing completion of laparoscopic surgery and forgoing conversion to limited or
function-preserving open surgery is undesirable in terms of PGS reduction. However,
if advances in surgical devices or technological innovations in robotic-assisted surgery
are made, all operations will eventually be undertaken using a less invasive approach.
Though the surgical treatment for early gastric cancer is currently radical, the
operative method itself seems to be still in a transitional stage. Evidence-based gastriccancer SN biopsy and technological innovations in robotic-assisted surgery are sure to
bring a new era of minimally invasive, significantly function-preserving surgery.
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Figure 5

Figure 5 Function-preserving radical gastrectomy derived by sentinel node biopsy. A: Mini-proximal gastrectomy; B: High segmental gastrectomy; C:
Segmental gastrectomy; D: Mini-distal gastrectomy; E: Local resection of stomach.
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Abstract
Histopathologic diversity and several distinct histologic subtypes of
hepatocellular carcinoma (HCC) are well-recognized. Recent advances in
molecular pathology and growing knowledge about the biology associated with
distinct histologic features and immuno-profile in HCC allowed pathologists to
update classifications. Improving sub-classification will allow for more clinically
relevant diagnoses and may allow for stratification into biologically meaningful
subgroups. Therefore, immuno-histochemical and molecular testing are not only
diagnostically useful, but also are being incorporated as crucial components in
predicting prognosis of the patients with HCC. Possibilities of targeted therapy
are being explored in HCC, and it will be important for pathologists to provide
any data that may be valuable from a theranostic perspective. Herein, we review
and provide updates regarding the pathologic sub-classification of HCC.
Pathologic diagnostic approach and the role of biomarkers as prognosticators are
reviewed. Further, the histopathology of four particular subtypes of HCC:
Steatohepatitic, clear cell, fibrolamellar and scirrhous - and their clinical
relevance, and the recent consensus on combined HCC-cholangiocarcinoma is
summarized. Finally, emerging novel biomarkers and new approaches to HCC
stratification are reviewed.
Key words: Hepatocellular carcinoma; Subtype; Classification; Review; Update
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Manuscript source: Invited
manuscript

Received: February 12, 2019
Peer-review started: February 14,
2019

First decision: March 5, 2019

WJG

Core tip: We summarize the updated classifications of hepatocellular carcinoma.
Immunohistochemistry and molecular pathology are becoming crucial components of
prognostication and theranostics. Pathologic and molecular features of clinically relevant
subtypes to include steatohepatitic, clear cell, fibrolamellar and scirrhous hepatocellular
carcinomas are reviewed. Recent consensus on the combined hepatocellular carcinoma-
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INTRODUCTION
Hepatocellular neoplasms constitute a heterogeneous group of disorders that
encompasses benign, dysplastic and malignant lesions. These lesions demonstrate a
wide morphologic spectrum and include newly identified morphologic subtypes.
Knowledge about molecular signatures, provisional classifications, and clinical
correlates continues to evolve. A careful synthesis of all clinical, radiologic and
pathologic data is essential to establish a proper diagnosis and devise a treatment
plan.
This review aims to address the most common questions brought to our
(pathologists’) attention by our clinical colleagues. Firstly, the current classification of
hepatocellular carcinoma (HCC) will be reviewed. Secondly, the utility of ancillary
tests to include immunohistochemistry (IHC) including prognostic biomarkers, and
molecular testing will be reviewed. Next, a few subtypes of non-conventional HCC
that are deemed clinically relevant will be briefly reviewed. Further, we will
summarize the recent consensus on combined HCC-cholangiocarcinoma (cHCCCCA). Finally, novel diagnostic and/or prognostic biomarkers and comprehensive
genomic and epigenomic stratification of HCC are briefly reviewed.

EVOLUTION OF THE HISTOLOGIC (MORPHOLOGIC)
CLASSIFICATION OF HEPATOCELLULAR CARCINOMA
The 4th edition of WHO classification of the tumors of the digestive system was
published in 2010. In this edition, in addition to the conventional HCC, the WHO
recognized 5 morphological subtypes of HCC: Fibrolamellar HCC (FL-HCC),
scirrhous HCC (S-HCC), undifferentiated carcinoma, lymphoepithelioma-like
carcinoma and sarcomatoid HCC. Several architectural growth patterns and
cytological variation of HCC were also described to aid in establishing a diagnosis.
These architectural and cytologic variations were not recognized as individual
subtypes. The following architectural patterns were described: trabecular (plate-like)
pattern, pseudoglandular (acinar) pattern and compact pattern. The cytological
variations included pleomorphic cells (bizarre multinucleated, mononuclear giant
cells or osteoclast-like giant cells), clear cells, fatty change, bile production, hyaline
bodies (Mallory-Denk bodies), pale bodies and ground glass inclusions[1].
Since the publication of the 4th edition WHO classification of the tumors of the
digestive system, additional morphologic variations of HCC have been reported in
the literature, some with characteristic molecular signature. It was suggested that for a
tumor with specific morphologic variation to qualify for a subtype, the following
criteria should be met: the tumor should have reproducible microscopic pattern,
immuno-histochemical and molecular tests that help in the subcategorization of the
tumor should be available, and there should be a particular clinical correlate
regarding the proposed subtype.
This approach has led to 12 proposed subtypes and 6 provisional entities,
constituting approximately 35% of HCC. In a decreasing order of frequency, these
morphologic subtypes are: Steatohepatitic, clear cell, scirrhous, cirrhotomimetic,
fibrolamellar carcinoma, combined hepatocellular-cholangiocarcinoma, combined
hepatocellular and neuroendocrine, granulocyte colony-stimulating factor producing,
sarcomatoid, carcinosarcoma, carcinosarcoma with osteoclast-like giant cells and
lymphocyte rich. Out of the 6 provisional entities, chromophobe subtype is the most
common. The remaining 5 provisions are of equal frequency: Combined hepatocellular-cholangiocarcinoma with stem cell features, lipid rich, myxoid, syncytial giant
cell and transitional cell[2,3]. A subset of the proposed subtypes and provisional entities
is likely to be endorsed in the 5th edition WHO classification of the tumors of the
digestive system, which is to be released in 2019.
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ROLE OF IMMUNOHISTOCHEMISTRY IN
HEPATOCELLULAR CARCINOMA DIAGNOSIS
Both well differentiated and poorly differentiated hepatocellular neoplastic lesions
pose diagnostic challenge. “Well differentiated” implies that the histomorphology of
the tumor closely resembles the native tissue the tumor originates from. Therefore, a
well differentiated HCC recapitulates benign liver tissue, mimicking the following
benign and pre-neoplastic entities: hepatocellular adenoma, focal nodular hyperplasia
(FNH), regenerative nodule, and dysplastic nodule in cirrhotic liver. In order to
demonstrate malignancy in a well-differentiated HCC that morphologically resembles
benign hepatocytic lesions, IHC such as CD34 (showing diffuse sinusoidal capillarization), and a panel of glutamine synthetase (GS), glypican-3 (GPC-3) and heat
shock protein 70 (HSP-70) may be helpful[4,5]. Reticulin special stain remains a very
useful test, as the aforementioned benign and pre-neoplastic entities generally retain a
reticulin network, whereas HCC does not.
However, these stains are neither 100% specific nor 100% sensitive[6]. Thus, careful
review of histomorphology and stringent application of cytomorphologic criteria of
malignancy, and clinical and imaging correlation is essential to establish a firm
diagnosis of well-differentiated HCC. For example, when immuno-histochemical
stains are not helpful in demonstrating malignancy, focal loss of reticulin framework
in conjunction with cytomorphologic features of malignancy may be the only
adjunctive in arriving at the diagnosis. Yet, differentiating between high grade
dysplastic nodule and small, early well-differentiated HCC may be extremely
challenging in a biopsy specimen[7].
At the other end of the spectrum, “poor differentiation” implies that a tumor lacks
resemblance to the native tissue that the tumor originates from. Consequently, a
poorly differentiated HCC would morphologically resemble poorly differentiated
carcinomas (malignancy of epithelial origin) from any other site, including metastasis
to the liver and poorly differentiated intrahepatic cholangiocarcinoma. While it would
be relatively straightforward to document malignancy based on histomorphology,
documenting that the tumor demonstrates immuno-histochemical evidence of
hepatocellular phenotype, and excluding other lines of differentiation are necessary in
arriving at the correct diagnosis of HCC. Several immuno-histochemical markers
including hepatocyte in paraffin 1 (HepPar1), Arginase-1, CD10, polyclonal
carcinoembryonic antigen, bile salt export pump and GPC-3 have been utilized in this
setting with variable sensitivities and specificities depending on the degree of
differentiation of HCC[3,4,7,8]. One study suggested that a combination of Arginase 1
and GPC-3 has the highest sensitivity in determining a hepatocellular origin of a
poorly differentiated carcinoma[9].
Some HCCs aberrantly express non-hepatocellular immuno-histochemical markers
of origin and further confound the diagnosis. Shah et al reported that CDX2, an
immuno-histochemical marker indicative of intestinal origin, is expressed in 5.2% of
HCCs. In their cohort, the aberrant CDX2 expression was common in poorly
differentiated HCC[10]. Also, aberrant CK20 expression has been described in 14% of
HCCs[11]. Furthermore, a case of poorly differentiated HCC co-expressing CDX2 and
CK20 has been recently reported[12]. This would pose a diagnostic pitfall especially
when metastatic colorectal carcinoma is a clinical and radiologic differential diagnosis
for a liver mass.
Likewise, CK7 expression in HCC is not uncommon. Ward et al compared the
immuno-histochemical profile of 22 cases of FL-HCC and 50 non-FL type HCC using
tissue microarrays. When “positive” was defined as > 15% of tumor cells staining and
“focal positive” as < 15%, 28% and 32% of non-FL type HCC were positive and focal
positive for CK7, respectively. All FL-HCCs were positive for CK7[13]. Albumin in situ
hybridization (Albumin-ISH) is another promising test. Albumin-ISH is positive in
tumors of liver origin such as HCC and intrahepatic cholangiocarcinoma with > 95%
and 80%-95% sensitivity, respectively, and is negative in metastatic tumors to the
liver[3,8,14].

MOLECULAR BASIS OF HEPATOCELLULAR CARCINOMA
AND TARGETED THERAPY
Identification of molecular alterations and signaling pathways that are involved in
tumorigenesis is critical for personalized medicine. In HCC, however, it is challenging
to identify genetic alterations that are directly related to tumorigenesis, as HCC
usually arises in a background of chronic liver disease of many years. The ongoing
inflammation and injury lead to the accumulation of a multitude of genetic alterations
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prior to the development of HCC. The alterations differ between patients with
different underlying liver diseases, and between tumor foci within a same patient.
This phenomenon is known as “field effect”, and is considered an obstacle in
developing a therapy targeting a single mutation[15].
Several studies attempted to classify HCCs according to their molecular signature,
but the attempts have not been successfully adopted in the clinical practice [16-19] .
However, these attempts are making a significant progress in identifying distinct
morphologic subtypes corresponding to specific molecular profiles and clinical
correlates. For example, scirrhous subtype, one of the histologic subtypes that were
recognized in 2010 WHO, is associated with TSC1/TSC2 mutations. Also, the authors
recognized new morphological subtype, “macrotrabecular-massive” subtype,
associated with TP53 mutations, FGF19 amplifications and with poor survival and
high serum alpha-fetoprotein (AFP) level[20].
The Cancer Genome Atlas Research Network analyzed a total of 559 cases of HCC,
and identified 26 genes with significant alterations including some that are promising
therapy targets. This study also showed that the promotor region of TERT (regulating
cell survival), TP53 (a gene that is frequently involved in carcinogenesis), or CTNNB1
(regulating cell growth and differentiation) is altered in 77% of HCC. However, the
authors recognized that it is unlikely to have one therapeutic agent that would
effectively target most HCC, given the variety of mutations identified in a given
patient (requiring a combination of treatments to target different mutations)[21].
Sorafenib is one of the first generation fms-like tyrosine kinase 3 inhibitors
approved for the first-line treatment of advanced HCC. Several protocols and clinical
trials reported modest results with survival benefit, especially in patients with
hepatitis C[22-24]. Other multikinase inhibitors, regorafenib and cabozantinib, also
showed survival benefit as a second-line treatment compared to placebo group in
phase 3 clinical trials [23,25,26] . Recent phase 1/2 trial of nivolumab, an immune
checkpoint inhibitor, in patients with advanced HCC with or without chronic viral
hepatitis reported promising responses[27].

PATHOLOGIC PROGNOSTIC BIOMARKERS
Variable parameters such as serum AFP level, des-gamma-carboxy prothrombin level,
tumor size and number, margin status, major vessel invasion, tumor stage,
Edmonson-Steiner grade, Child-Pugh score, portal hypertension and cirrhosis, are
considered clinical prognosticators of HCC, depending on the treatment modalities
and underling liver diseases[28-32]. Pathologically, the overall poor outcome of HCCs
expressing stem cell markers such as keratin 19 (K19), epithelial cell adhesion
molecule (EpCAM), and CD133 has been reported, potentially via hypoxia-induced
epithelial to mesenchymal transition[33-36]. For example, the expression of K19 was
associated with high rate of recurrence following radiofrequency ablation, and the
HCCs expressing K19, EpCAM or carbonic anhydrase-IX (marker of hypoxia) showed
incomplete response to transarterial chemoembolization. The overexpression of
CD133 and CD90 in HCCs predicted poor response to sorafenib[37-39]. Histologic grade
of HCC is useful in predicting long-term survival. In HCCs with different grades of
tumor foci within a same lesion, the worst grade within the tumor appears to dictate
its biologic behavior. Therefore, careful approach is warranted when dealing with
limited biopsy sample[40].

SELECTED SUBTYPES OF HEPATOCELLULAR CARCINOMA
Steatohepatitic HCC
A possible correlation between non-alcoholic fatty liver disease (NAFLD) and the
development of HCC has long been recognized[41]. Moreover, it has been documented
that HCC arising in association with non-alcoholic steatohepatitis or metabolic
syndrome can develop in non-cirrhotic livers[42,43].
A steatohepatitic variant of HCC was described in 2010. In this study, the authors
described multiple histologic features that can be seen in steatohepatitis including
macrovesicular steatosis, ballooning, Mallory-Denk Bodies, inflammation and
pericellular fibrosis in 35.5% (22 of 62) of HCC arising in HCV induced cirrhosis.
63.6% of patients with steatohepatitic HCC had risk factors of NAFLD (Figure 1).
Furthermore, 63.6% of steatohepatitic HCC was associated with background NAFLD,
suggesting a link between this variant of HCC and NAFLD[44]. Subsequently the same
group established a correlation between the steatohepatitic variant HCC and an
underlying steatohepatitis or metabolic risk factors, and suggested a role of
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steatohepatitis in human hepatocarcinogenesis[45]. A minor subset of steatohepatitic
HCC may arise in the absence of background fatty liver disease or metabolic
syndrome[46]. This histologic entity and the reports of HCC arising in non-cirrhotic
steatohepatitis gained the attention of hepatologists and oncologists. With the
increasing incidence of metabolic risk factors and NAFLD especially in the western
world, recognition of steatohepatitis without cirrhosis as an additional risk factor for
HCC could have significant bearing on HCC screening programs[41,47].
The molecular profile and the pathway involved in the carcinogenesis of
steatohepatitic subtype are different from conventional HCC. For example, CTNNB1
mutation (beta catenin pathway alterations) are less frequent in steatohepatitic HCC
compared to conventional HCC [48] . The immune-histochemical profile of steatohepatitic HCC has been compared to the conventional type. While no significant
differences in staining pattern with HNF-1α, β-catenin, GS, GPC-3 and HSP-70 were
seen between the two, the degree of staining with C-reactive protein and serum
amyloid A was higher in steatohepatitic HCC[49].
FNH arising in a background of steatotic liver may demonstrate at least focal,
steatohepatitis-like features and mimic steatohepatitic HCC. Careful identification of
the typical histologic features of FNH including thick walled blood vessels, ductular
reaction and thick fibrous septa, will be helpful in ruling out a steatohepatitic HCC[50].
A study conducted on a Japanese population showed that steatohepatitic HCC has a
similar prognosis to conventional type[51].

Clear cell HCC
Cytoplasmic clearing is a defining feature of the broad category of neoplasms so
called “clear cell tumors”. It may be a consequence of accumulation of glycogen,
cytoplasmic vesicles, lipopolysaccharides or mucopolysaccharides, or simply
represent a processing artifact[52]. Clear cell HCC is a well differentiated variant of
HCC. Its cytoplasmic clearing is a result of glycogen and less frequently, fat storing in
the cytoplasm[53]. The minimum amount of neoplastic cells with clear cytoplasm
required for the diagnosis of clear cell HCC varies in the literature; however a cut-off
of minimum 50% has been advocated in the recent AFIP fascicle[3].
Rarely, clear cells may be seen in other types of HCC, i.e., clear cell variant of
fibrolamellar HCC or lipid-rich HCC secondary to cytoplasmic lipid accumulation.
Thus, assigning the right subtype for the tumor in question may be necessary but
challenging, particularly when there is a difference in the outcome[54]. Most studies
comparing the prognosis of clear cell HCC versus conventional HCC showed a better
prognosis of the former[55,56], or at least similar outcomes for both[57,58]. Interestingly,
Lee et al[59] reported the presence of IDH1 mutation in 25% of clear cell HCC. These
IDH1 mutated clear cell HCCs showed a statistically significant worse prognosis
compared to IDH1 wild-type clear cell HCCs. Of note, IDH1 mutations are not
uncommon in intrahepatic cholangiocarcinoma, a tumor with a significantly worse
prognosis than HCC[60,61].
Cases of clear cell HCC in non-cirrhotic liver or liver without hepatitis are rarely
reported in the literature[62,63]. Therefore, when a liver tumor with clear cell features in
an otherwise unremarkable background liver is encountered, a metastasis from
another primary with clear cell components needs to be excluded. Most common
scenario would be a metastatic clear cell renal cell carcinoma or a clear cell carcinoma
from the ovaries mimicking clear cell HCC. While a panel of IHC will aid in
establishing the diagnosis of a primary vs a metastatic process in the vast majority of
cases[64-66], some ovarian clear cell carcinomas may stain with HepPar-1, posing a
diagnostic pitfall[65].

Fibrolamellar HCC
FL-HCC is a clinically, histologically and molecularly distinct subtype of HCC when
compared to other subtypes of HCC. It frequently occurs in adolescents and young
adults, and the mean age at the diagnosis is 25[67-69]. The background liver typically
lacks features of chronic hepatitis, inflammation, fibrosis, or preneoplastic lesions.
Primarily due to the absence of cirrhosis in the background, the outcome of FL-HCC
is usually better than the remaining subtypes. When non FL-HCCs arising in noncirrhotic liver are compared, both show a similar outcome[70].
The unique histology of FL-HCC was first described in 1956. FL-HCC consists of
large, polygonal eosinophilic cells with abundant cytoplasm resembling hepatocytes.
There are prominent nucleoli and pale inclusion bodies and pink bodies (hyaline
bodies/globules) within the neoplastic cells, and the extensive intratumoral fibrosis is
a characteristic feature. The thick collagenous bands within the tumor are often
parallel and “lamellar”, but may be irregular and haphazard[71] (Figure 2). Patchy
areas of solid growth with little fibrosis may be noted within FL-HCC[3]. Intratumoral
cholestasis is common, and pseudoglandular growth with mucin production may be
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Figure 1

Figure 1 Steatohepatitic hepatocellular carcinoma. Tumoral cells show features of steatohepatitis including
steatosis, ballooning and Mallory-Denk bodies (Hematoxylin and eosin stain, × 200).

seen, mimicking combined cholangiocarcinoma component[3].
The immuno-profile of FL-HCC is also unique, and shows positivity for the biliary
marker CK7[13] and histiocytic marker CD68[72]. Histologic differential diagnosis is SHCC. Both are characterized by extensive intratumoral fibrosis. Kim et al[73] studied
the nature of the fibrous stroma in FL-HCC and S-HCC. The authors showed that the
fibrous stroma in FL-HCC is composed of dense lamellated collagen whereas in SHCC, the fibrous stroma represents aggressive and complex tumoral microenvironment enriched by cancer-associated fibroblasts and tumor-infiltrating macrophages.
At the molecular level, FL-HCC harbors a characteristic fusion of DNAJB1 and
PRKACA on chromosome 19, secondary to chromosomal deletion in between these
two genes[74]. This fusion has been proven to be 100% specific for FL-HCC in the
context of hepatic malignancy[75].

Scirrhous HCC
S-HCC is another rare subtype of HCC. The histomorphology of S-HCC is somewhat
similar to FL-HCC with striking intratumoral fibrosis and oftentimes non-cirrhotic
background liver. While the biologic behavior of S-HCC may be more aggressive than
usual HCC with more portal vein invasion in the former, the long term outcome and
prognosis of S-HCC is similar to, or better than those of usual HCC[3,76].
The fibrosis involves at least 50% of the tumor and separates small nests of tumor
cells[2] (Figure 3). Due to the abundance of intratumoral fibrous stroma associated with
thin trabecular pattern growth, S-HCC may, radiologically and pathologically, closely
mimic cholangiocarcinoma[3,76,77]. S-HCC is positive for CK7 similarly to FL-HCC[78].
However, the distinction between these two can be made by co-expression of CD68[72]
and the fusion of DNAJB1-PRKACA genes in FL-HCC [74] . On the other hand,
TSC1/TSC2 mutations and the overexpression of TGF-beta signaling have been
identified in S-HCC[20,79]. While S-HCC is a subtype of HCC, immuno-markers that are
associated with adenocarcinoma such as CK7 and EpCAM are commonly expressed
whereas HepPar1 expression is less common in S-HCC. A combination of GPC-3 and
Arginase 1 was useful in distinguishing S-HCC from cholangiocarcinoma with 100%
sensitivity for S-HCC[80].

COMBINED HEPATOCELLULAR CARCINOMACHOLANGIOCARCINOMA
cHCC-CCA is primary liver cancer demonstrating morphologic and immunohistochemical features of both HCC and CCA (Figure 4). Collision tumor or two
separate primaries of HCC and CCA in the same liver do not qualify for cHCC-CCA
diagnosis. Variable terminologies have been used in the literature for this entity,
including hepatocholangiocarcinoma, biphenotypic HCC-CCA, mixed HCC-CCA,
mixed hepatobiliary carcinoma, combined liver cell and bile duct carcinoma, HCC
with dual phenotype, HCC with stem/progenitor cell immunophenotype,
cholangiolocarcinoma, cholangiolocellular carcinoma (CLC), intermediate HCC and
stem cell tumor, making it difficult to collect meaningful data[3,81].
In 2010 WHO, cHCC-CCA was largely divided into two types: Classical type and a
subtype with stem-cell features, wherein the latter was further subdivided into
typical, intermediate, and cholangiocellular subtypes[1]. However, subsequent studies
showed that stem cell features are seen in many other types of HCC and CCA and the
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Figure 2

Figure 2 Fibrolamellar hepatocellular carcinoma. Multiple fibrous septa composed of parallel collagen fibers
separate tumoral trabeculae (Hematoxylin and eosin stain, × 100).

WHO criteria for stem cell subtypes are difficult to apply in practice. This observation
has led to collaborative efforts and the publication of a consensus paper on working
terminology and diagnostic criteria of cHCC-CCA in 2018 by international experts in
the field consisting of pathologists, radiologists and clinicians[81].
The consensus paper formally endorsed the terminology cHCC-CCA and
recommended that the diagnosis of cHCC-CCA has to be primarily based on
morphology on hematoxylin and eosin stain and immuno-histochemical stains are to
be used as a supplemental purpose only. In addition, the panel recommended the
term "intermediate cell carcinoma" for previous cHCC-CCA with "intermediate cell"
stem cell features (primary liver cancer consisting purely of intermediate cells), as a
separate entity. "CLC" was recommended as another separate entity with a cut off of
80% required for the diagnosis of pure CLC without mixed components. It was
recommended that the morphologic and immuno-histochemical stem/progenitor cell
features/phenotypes are to be noted in a comment, but not in the diagnostic line.
Further, when more than one morphologic component is present within the same
tumor, it was recommended that each component to be listed in the diagnostic line.
Therefore, previous cHCC-CCA with "typical" and "cholangiolocellular" stem cell
features are termed as cHCC-CCA and cHCC-CCA-CLC, respectively, and the
percentage of each component is to be reported[81].
Studies suggest that cHCC-CCA is likely a clonal lesion of stem/progenitor cell
origin[33,82,83]. The molecular phenotype of cHCC-CCA is heterogeneous[84]; however,
molecular features indicative of stem cell features have been documented [85] .
According to the current 8th edition American Joint Committee on Cancer cancer
staging manual, cHCC-CCA is staged as intrahepatic CCA[86]. Given the differing
treatment options for HCC and CCA, biopsy sample of a large mass lesion needs to be
interpreted with great caution and a resection specimen needs to be thoroughly
sampled.

EMERGING BIOMARKERS AND COMPREHENSIVE
STRATIFICATION OF HEPATOCELLULAR CARCINOMA
Novel diagnostic and/or prognostic biomarkers are emerging as key players in the
field of HCC research. For example, annexin A2 is significantly increased in the serum
of patients with HCC when compared to patients with chronic liver disease, thus may
be diagnostically useful especially when combined with AFP [87,88] . Additional
biomarkers, such as osteopontin, Golgi protein-73, squamous cell carcinoma antigen,
soluble urokinase plasminogen activator receptor, midkine, AXL, thioredoxins[88],
multifucosylated α-1-acid glycoprotein [89] , vascular endothelial growth factor,
angiopoietin [90] , survivin [91] and alpha-1 antitrypsin [92] , have shown potential for
diagnostic and/or prognostic utility. Some of these are recognized by a major
international hepatology society[90].
Likewise, comprehensive genomic and epigenomic approaches are emerging as
promising tools to stratify HCCs into clinically relevant subgroups. Bidkhori et al[93]
stratified HCCs into three subtypes: Altered kynurenine metabolism, WNT/βcatenin–associated lipid metabolism and PI3K/AKT/mTOR signaling subtype based
on the metabolic and signalling pathways and showed differences in survival.
Shimada et al[94] stratified HCCs into three major subtypes: Mitogenic and stem cell-
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Figure 3

Figure 3 Scirrhous hepatocellular carcinoma. Bands of dense fibrosis separate cords and nests of tumoral cells
(Hematoxyin and eosin stain, × 200).

like tumors with chromosomal instability (the proliferative subtype), CTNNB1mutated tumors displaying immune suppression and metabolic disease-associated
tumors by multi-platform analysis including transcriptome, exome and methylome
profiles and public omics data, and showed a favorable prognosis in the "immunogenic" subset of the metabolic disease-associated tumors.

CONCLUSION
Our understanding of the pathogenesis of HCC and diagnostic approach is evolving
along with rapid advancement of diagnostic tools including molecular pathology.
Updated pathologic classification of HCC is a reflection of the accrued knowledge and
an effort to facilitate effective communication and collaborative studies. We hope that
the effort further advances our understanding of the disease and ultimately improve
patient care.
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Figure 4

Figure 4 Combined hepatocellular carcinoma-cholangiocarcinoma. Areas of conventional hepatocellular carcinoma (lower mid to right) are admixed with areas of
discrete glands formation (upper left) (Hematoxylin and eosin stain, × 40).
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Abstract

manuscript

Artificial intelligence (AI) using deep-learning (DL) has emerged as a
breakthrough computer technology. By the era of big data, the accumulation of
an enormous number of digital images and medical records drove the need for
the utilization of AI to efficiently deal with these data, which have become
fundamental resources for a machine to learn by itself. Among several DL
models, the convolutional neural network showed outstanding performance in
image analysis. In the field of gastroenterology, physicians handle large amounts
of clinical data and various kinds of image devices such as endoscopy and
ultrasound. AI has been applied in gastroenterology in terms of diagnosis,
prognosis, and image analysis. However, potential inherent selection bias cannot
be excluded in the form of retrospective study. Because overfitting and spectrum
bias (class imbalance) have the possibility of overestimating the accuracy,
external validation using unused datasets for model development, collected in a
way that minimizes the spectrum bias, is mandatory. For robust verification,
prospective studies with adequate inclusion/exclusion criteria, which represent
the target populations, are needed. DL has its own lack of interpretability.
Because interpretability is important in that it can provide safety measures, help
to detect bias, and create social acceptance, further investigations should be
performed.
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Core tip: Artificial intelligence (AI) using deep-learning (DL) has emerged as a
breakthrough computer technology. The convolutional neural network exhibited
outstanding performance in image analysis. AI has been applied in the field of
gastroenterology in terms of diagnosis, prognosis, and image analysis. However,
potential inherent pitfalls of selection bias, overfitting, and spectrum bias (class
imbalance) have the possibility of overestimating the accuracy and generalizing the
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result. Therefore, external validation using unused datasets for model development,
collected in a way that minimizes the spectrum bias, is mandatory. DL has its own lack
of interpretability, and further investigations should be performed on this issue.
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INTRODUCTION
Recently, artificial intelligence (AI) using deep-learning (DL) has emerged as a
breakthrough computer technology, and numerous research studies, using AI
applications to identify or differentiate images in various medical fields including
radiology, neurology, orthopedics, pathology, ophthalmology, and gastroenterology,
have been published [ 1 ] . However, AI, the display of intelligent behavior
indistinguishable from that of a human being, was already mentioned in the 1950s[2].
Although AI has waxed and waned over the past six decades with seemingly little
improvement, it was constantly applied to the medical field using various models of
machine learning (ML) including Bayesian inferences, decision trees, linear
discriminants, support vector machines (SVM), logistic regression, and artificial
neural networks (ANNs).
By the era of big data, the accumulation of enormous digital images and medical
records drove a need for the utilization of AI to efficiently deal with these data, which
also become fundamental resources for the machine to learn by itself. Furthermore,
the evolution of computing power with graphic processing units can overcome the
limitations of traditional ML, particularly overtraining for input data (overfitting).
This led to a revival of AI, especially when using DL technology, a new form of ML.
Among several DL methods, the convolutional neural network (CNN), which consists
of multilayers of ANN with step-by-step minimal processing, showed outstanding
performance in image analysis and has received attention in AI (Figure 1 and Table 1).
In the field of gastroenterology, physicians handle large amounts of clinical data
and various kinds of image devices such as esophagogastroduodenoscopy (EGD),
colonoscopy, capsule endoscopy (CE), and ultrasound equipment. AI has been
applied in the field of gastroenterology when making a diagnosis, predicting a
prognosis, and analyzing images. Previous studies reported remarkable results of AI
in gastroenterology. The rapid progression of AI demands that gastroenterologists
learn the utility, strengths, and pitfalls of AI. In addition, physicians should prepare
for the changes and effects of AI on real clinical practice in the near future. Hence, in
this review, we aim to (1) briefly introduce an ML technology; (2) summarize an AI
application in the field of gastroenterology, which is divided into two categories
(statistical analysis for recognition of diagnosis or prediction of prognosis, and
analyze images for patient applications excluding animal studies); and (3) discuss the
challenges for the application and future directions of AI.

ML TECHNOLOGY
Generally, AI is considered as a machine intelligence that has cognitive functions
similar to those of humans including “learning” and “problem solving[3]”. Currently,
ML is the most common approach of AI. It automatically builds mathematical
algorithms from given data (known as input training data) and predicts or makes
decisions in uncertain conditions without human instructions (Figure 1A)[4]. In the
medical field, ML methods such as Bayesian networks, linear discriminants, SVMs,
and ANNs have been used[5]. A naïve Bayes classifier that represents the probabilistic
relationship between input and output data is a typical classification model[6]. The
SVM, which was invented by Vladimir N Vapnik and Alexey Ya Chervonenkis in
1963 [7] , is a discriminative model that uses a dividing hyperplane. Before DL
development, SVM showed the best performance for classification and regression,
which were achieved by optimizing a hyperplane with the largest functional margin
(distance from the hyperplane in a high- or infinite-dimensional space to the nearest
training data point of any class)[8].
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Table 1 Artificial intelligence terminology
Artificial intelligence

Machine intelligence that has cognitive functions similar to those of humans
such as “learning” and “problem solving.”

Machine learning

Mathematical algorithms which is automatically built from given data
(known as input training data) and predicts or makes decisions in uncertain
conditions without being explicitly programmed

Support vector machines

Discriminative classifier formally defined by an optimizing hyperplane with
the largest functional margin

Artificial neural networks

Multilayered interconnected network which consists of an input, hidden
connection (between the input and output layer), and output layer

Deep learning

Subset of machine learning technique that composed of multiple-layered
neural network algorithms

Convolutional neural networks

Specific class of artificial neural networks that consists of (1) convolutional
and pooling layers, which are the two main components to extract distinct
features; and (2) fully connected layers to make an overall classification

Overfitting

Modelling error which occurs when a certain learning model tailors itself too
much on the training dataset and predictions are not well generalized to new
datasets

Spectrum bias

Systematic error occurs when the dataset used for model development does
not adequately represent or reflect the range of patients who will be applied
in clinical practice (target population)

An ANN is a multilayered interconnected network inspired by the neuronal
connections of the human brain. Although the ANN was introduced by McCulloch
and Walter in 1943[9], it was studied in 1957 by Frank Rosenblatt using the concept of
the perceptron[10]. The ANN as a hierarchical structure consists of an input, hidden
connection (between the input and output layer), and output layer. The connection in
the hidden layer has a strength (known as weight) that is used for the learning process
of the network (Figure 1B). Through an appropriate training process (learning
process), the network can adjust the value of the connection weight to optimize the
best result (Figure 1C).
In the 1980s, an ANN with several hidden layers between the input and output
layer was introduced. This was known as a DL (or a deep neural network). Although
the ANN showed remarkable performance in managing nonlinear datasets regarding
diagnosis and prognostic prediction in the medical field, the ANN revealed several
weaknesses as well: a vanishing gradient, overfitting, insufficient computing capacity,
and lack of training data. These weaknesses hampered the advancement of the ANN.
Finally, the recent availability of big data provided sufficient input data for training,
and the rapid progression of computing power allowed researchers to overcome prior
limitations. Among several AI methods, DL received the attention of the public and
has shown excellent performance in the computer vision area using CNNs.
A CNN consists of (1) convolutional and pooling layers, which are the two main
components to extract distinct features; and (2) fully connected layers to make an
overall classification. The input images were filtered to extract specialized features
using numerous specific filters, and to create multiple feature maps. This
preprocessing operation for filtering is called convolution. A learning process for the
convolution filter to make the best feature maps is essential for success in a CNN.
These feature maps are compressed to smaller sizes by pooling the pixels to capture a
larger field of the image, and these convolutional and pooling layers are iterated
many times. Finally, fully connected layers combine all features and produce the final
outcomes (Figure 1B).
The rapid growth of the CNN was demonstrated at the ImageNet Large Scale
Visual Recognition Competition (ILSVRC) in 2012 by Geoffrey Hinton, and several
CNNs such as Inception from google and ResNet from Microsoft have shown
excellent performance. A graphical summary of AI, ML, and DL development is
shown in Figure 1.

APPLICATION OF AI IN GASTROENTEROLOGY
Recognition of diagnosis and prediction of prognosis
Although AI in the field of gastroenterology recently focused on image analysis,
several ML models have shown promising results in the recognition of diagnosis and
prediction of prognosis. The ANN is appropriate for dealing with complex datasets to
overcome the drawbacks of traditional linear statistics. In addition, the ANN can
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Figure 1

Figure 1 Schematic graphical summary for artificial intelligence, machine learning and deep learning development. A: Definition of artificial intelligence,
machine learning (ML) and deep learning (DL). B: Comparison of process between classic ML and DL. C: Modes of learning and examples of ML.

stand for the sophisticated interactions between demographic, environmental, and
clinical characteristics.
In terms of diagnosis, Pace et al[11] demonstrated an ANN model in 2005 that made a
diagnosis of gastroesophageal reflux disease using only 45 clinical variables in 159
cases with an accuracy of 100%. Lahner et al[12] performed a similar pilot study to
recognize atrophic gastritis solely by using clinical and biochemical variables from 350
outpatients by using ANNs and linear discriminant analysis. This study showed great
accuracy.
Regarding the prediction of prognosis, in 1998, Pofahl et al[13] compared an ANN
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model to the Ranson criteria and the Acute Physiologic and Chronic Health
Evaluation (APACHE II) scoring system to predict the length of stay for patients with
acute pancreatitis. The authors used a backpropagation neural network that was
trained using 156 patients. Although the highest specificity (94%) was observed in the
Ranson criteria, the ANN model showed the highest sensitivity (75%) when
predicting a length of stay more than 7 d. Similar accuracy was observed for the
Ranson criteria and APACHE II scoring system[13]. In 2003, Das et al[14] used an ANN to
predict the outcomes of acute lower gastrointestinal bleeding using 190 patients. The
authors compared the performance of ANNs to a previously validated scoring system
(BLEED), which revealed a significantly better predictive accuracy of mortality (87%
vs 21%), recurrent bleeding (89% vs 41%), and the need for therapeutic intervention
(96% vs 46%) in the ANN model.
Sato et al[15] presented an ANN model in 2005 to predict 1-year and 5-year survival
using 418 esophageal cancer patients. This ANN model showed improved accuracy
compared to the conventional linear discriminant analysis model.
Recently, the number of input training data items for ANNs was increased from
hundreds to thousands of patients. Rotondano et al[16] compared the Rockall score to a
supervised ANN model to predict the mortality of nonvariceal upper gastrointestinal
bleeding using 2380 patients. This approach showed superior sensitivity (83.8% vs
71.4%), specificity (97.5% vs 52.0%), accuracy (96.8% vs 52.9%), and area under
receiver operating characteristic (AUROC) of the predictive performance (0.95 vs 0.67)
in the ANN model to those in the complete Rockall score.
Takayama et al[17] established an ANN model for the prediction of prognosis in
patients with ulcerative colitis after cytoapheresis therapy and achieved a sensitivity
and specificity for the need of an operation of 96% and 97%, respectively. Hardalaç et
al[18] established an ANN model to predict mucosal healing by azathioprine therapy in
patients with inflammatory bowel disease (IBD) and achieved 79.1% correct
classifications. Peng et al[19] used an ANN model to predict the frequency of the onset,
relapse, and severity of IBD. The researchers achieved an average accuracy to predict
the frequency of onset and severity of IBD but a high accuracy in predicting the
frequency of relapse of IBD (mean square error = 0.009, mean absolute percentage
error = 17.1%).
SVMs have been used to analyze data and recognize patterns in classification
analyses. Recently, Ichimasa et al[20] analyzed 45 clinicopathological factors in 690
endoscopically resected T1 colorectal cancer patients to predict lymph node
metastasis using a SVM. This approach showed superior performance (sensitivity
100%, specificity 66%, accuracy 69%) compared to those of American (sensitivity
100%, specificity 44%, accuracy 49%), European (sensitivity 100%, specificity 0%,
accuracy 9%), and Japanese (sensitivity 100%, specificity 0%, accuracy 9%) guidelines.
A prediction model using a SVM model reduced the amount of unnecessary
additional surgery (77%) when misdiagnosing lymph node metastasis than those of a
prediction model using American (85%), European (91%), and Japanese guidelines
(91%). Yang et al [21] constructed an SVM-based model using clinicopathological
features and 23 immunologic markers from 483 patients who underwent curative
surgery for esophageal squamous cell carcinoma. This study revealed reasonable
performance in identifying high-risk patients with postoperative distant metastasis
[sensitivity 56.6%, specificity 97.7%, positive predictive value (PPV) 95.6%, negative
predictive value (NPV) 72.3%, and overall accuracy 78.7%] (Table 2).

Analysis of images
Although endoscopic screening programs have reduced the mortality from
gastrointestinal malignancies, they are still the leading cause of death worldwide and
remain a global economic burden. To enhance the detection rate of gastrointestinal
neoplasms and optimize the treatment strategies, a high-quality endoscopic
examination for the recognition of gastrointestinal neoplasms and classifications
between benign and malignant lesions are essential for the gastroenterologist. Thus,
gastroenterologists are interested in the applications of AI, especially when using
CNNs and SVMs for image analysis. Furthermore, AI has been increasingly adopted
in terms of non-neoplastic gastrointestinal diseases including infection, inflammation,
or hemorrhage.
Upper gastrointestinal field: Takiyama et al[22] constructed a CNN model that could
recognize the anatomical location of EGD images with AUROCs of 1.00 for the larynx
and esophagus, and 0.99 for the stomach and duodenum. This CNN model could also
recognize specific anatomical locations within the stomach, with AUROCs of 0.99 for
the upper, middle, and lower stomach.
To assist in the discrimination of early neoplastic lesions in Barrett’s esophagus,
van der Sommen et al [23] developed an automated algorithm to include specific
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Table 2 Summary of clinical studies using artificial intelligence for recognition of diagnosis and prediction of prognosis
Type of AI

Input variables
(number/type)

159 patients (10
times cross
validation)

“backpropagation
” ANN

101/clinical
variables

Accuracy: 100%

Retrospective

350 patients
(subdivided
several times into
training and test
set equally)

ANN

37 to 3 /clinical
and biochemical
variables
(experiment 1 to
5)

Accuracy: 96.6%,
98.8%, 98.4%,
91.3% and 97.7%
(experiment 1-5,
respectively)

Prediction of
length of stay for
patients with
acute pancreatitis

Retrospective

195 patients
“backpropagation
(training set: 156,
” ANN
test set: 39)

71/clinical
variables

Sensitivity: 75 %
(for prediction of
a length of stay
more than 7 d)

2003

Prediction of
outcomes in acute
lower
gastrointestinal
bleeding

Prospective

190 patients
(training set: 120,
internal
validation set: 70,
external
validation set:
142)

ANN

26/clinical
variables

Accuracy
(external
validation set):
97% for death,
93% for, recurrent
bleeding, 94% for
need for
intervention

Sato et al[15]

2005

Prediction of 1year and 5-year
survival of
esophageal cancer

Retrospective

418 patients
(training-:
validation-: test
set = 53%: 27%:
20%)

ANN

199/
clinicopathologic,
biologic, and
genetic variables

AUROC for 1
year- and 5 year
survival
prediction: 0.883
and 0.884,
respectively

Rotondano et
al[16]

2011

Prediction of
mortality in
nonvariceal
upper
gastrointestinal
bleeding

Prospective,
multicenter

2380 patients (5 ×
2 crossvalidation)

ANN

68/clinical
variables

Accuracy: 96.8%,
AUROC: 0.95,
sensitivity: 83.8%,
specificity: 97.5%,

Takayama et
al[17]

2015

Prediction of
prognosis in
ulcerative colitis
after
cytoapheresis
therapy

Retrospective

90 patients
(training set: 54,
test set: 36)

ANN

13/clinical
variables

Sensitivity: 96.0%,
specificity: 97.0%

Hardalaç et al[18]

2015

Prediction of
mucosal healing
by azathioprine
therapy in IBD

Retrospective

129 patients
“feed-forward
(training set: 103,
backvalidation set: 13, propagation” and
test set: 13)
“cascadeforward” ANN

6/clinical
variables

Total correct
classification rate:
79.1%

Peng et al[19]

2015

Prediction of
frequency of
onset, relapse,
and severity of
IBD

Retrospective

569 UC and 332
CD patients
(training set: data
from 2003-2010,
validation set:
data in 2011)

ANN

5/meteorological
data

Accuracy in
predicting the
frequency of
relapse of IBD
(mean square
error = 0.009,
mean absolute
percentage error
= 17.1%)

Ichimasa et al[20]

2018

Prediction of
lymph node
metastasis, thus
minimizing the
need for
additional
surgery in T1
colorectal cancer

Retrospective

690 patients
(training set: 590,
validation set:
100)

SVM

45/
Accuracy: 69%,
Clinicopathologic sensitivity: 100%,
al variables
specificity: 66%

Yang et al[21]

2013

Prediction of
postoperative
distant metastasis
in esophageal
squamous cell
carcinoma

Retrospective

483 patients
(training set: 319,
validation set:
164)

SVM

30/7
Accuracy: 78.7%
clinicopathologica sensitivity: 56.6%,
l variables and 23 specificity: 97.7%,
immunomarkers PPV: 95.6%, NPV:
72.3%

Ref.

Published year

Aim of study

Design of study

Pace et al[11]

2005

Diagnosis of
gastroesophageal
reflux disease

Retrospective

Lahner et al[12]

2005

Recognition of
atrophic corpus
gastritis

Pofahl et al[13]

1998

Das et al[14]

Number of
subjects

Outcomes

AI: Artificial intelligence; ANN: Artificial neural network; AUROC: Area under receiver operating characteristic; IBD: Inflammatory bowel disease; UC:
Ulcerative colitis; CD: Crohn’s disease; SVM: Support vector machine; PPV: Positive predictive value; NPV: Negative predictive value.

WJG

https://www.wjgnet.com

1671

April 14, 2019

Volume 25

Issue 14

Yang YJ et al. AI in gastroenterology

textures, color filters, and ML from 100 endoscopic images. This algorithm reasonably
detected early neoplastic lesions in a per-image analysis with a sensitivity and
specificity of 83%. In 2017, the same group investigated a model to improve the
detection rate of early neoplastic lesions in Barrett’s esophagus by using 60 ex vivo
volumetric laser endomicroscopy images. This novel computer model showed
optimal performance compared with a clinical volumetric laser endomicroscopy
prediction score with a sensitivity of 90% and specificity of 93%[24].
Several studies evaluated the ML model using specialized endoscopy to
differentiate neoplastic/dysplastic and non-neoplastic lesions. Kodashima et al[25]
showed that computer-based analysis can easily identify malignant tissue at the
cellular level using endocytoscopic images, which enables the microscopic
visualization of the mucosal surface. In 2015, Shin et al [26] reported on an image
analysis model to detect esophageal squamous dysplasia using high-resolution
microendoscopy (HRME). The sensitivity and specificity of this model were 87% and
97%, respectively. During the following year, Quang et al[27] from the same study
group evolved this model, which was incorporated in tablet-interfaced HRME with
full automation for real-time analysis. As a result, the model reduced the costs
compared to previous laptop-interfaced HRME and showed good diagnostic yields of
esophageal squamous cell carcinoma with a sensitivity and specificity of 95% and
91%, respectively. However, there was a limitation for the application of this model
owing to the unavailability of specialized endoscopy.
Finally, Horie et al [28] demonstrated the utility of AI using CNNs to make a
diagnosis of esophageal cancer. This was trained with 8428 conventional endoscopic
images including white-light images (WLIs) and narrow-band images (NBIs). This
CNN model detected esophageal cancer with a sensitivity of 95% and could identify
all small cancers of < 10 mm. This model also distinguished superficial esophageal
cancer from advanced cancer with an accuracy of 98%.
Helicobacter pylori (H. pylori) infection is the most important risk factor of peptic
ulcers and gastric cancer. Several researchers challenged AI to aid the endoscopic
diagnosis of H. pylori infections. In 2004, Huang et al[29] investigated the predictability
of H. pylori infection by refined feature selection with a neural network using related
gastric histologic features in endoscopic images. This model was trained and analyzed
with 84 image parameters from 30 patients. The sensitivity and specificity for the
detection of H. pylori infection were 85.4% and 90.9%, respectively. In addition, the
accuracy of this model for identifying gastric atrophy, intestinal metaplasia, and
predicting the severity of H. pylori-related gastric inflammation was higher than 80%.
Recently, two Japanese researchers reported on the application of a CNN to make a
diagnosis of H. pylori infection[30,31]. Itoh et al[31] developed a CNN model to recognize
H. pylori infections by using 596 endoscopic images after the data augmentation of a
prior set of 149 images. This CNN model showed promising results with a sensitivity
and specificity of 86.7% and 86.7%, respectively. Shichijo et al [30] compared the
performance of a CNN to that of 23 endoscopists for the diagnosis of H. pylori
infection by using endoscopic images. The CNN model showed superior sensitivity
(88.9% vs 79.0%), specificity (87.4% vs 83.2%), accuracy (87.7% vs 82.4%), and
diagnostic time (194 s vs 230 s).
In 2018, a prospective pilot study was conducted for automated diagnosis of H.
pylori infections using image-enhanced endoscopy such as blue laser imaging-bright
and linked color imaging. The performance of the developed AI model was
significantly higher with blue laser imaging-bright and linked color imaging training
(AUROCs of 0.96 and 0.95) than WLI imaging training (0.66)[32].
The utility of AI in the diagnosis of gastrointestinal neoplasms was classified into
two main categories: detection and characterization. In 2012, Kubota et al[33] first
evaluated a computer-aided pattern recognition system to identify the depth of the
wall invasion of gastric cancer using endoscopic images. They used 902 endoscopic
images and created a backpropagation model after a 10-time cross validation. As a
result, the diagnostic accuracy was 77.2%, 49.1%, 51.0%, and 55.3% for T1-4 staging,
respectively. In particular, the accuracy of T1a (mucosal invasion) and T1b staging
(submucosal invasion) was 68.9% and 63.6%, respectively. Hirasawa et al[34] reported
on the good performance of a CNN-based diagnostic system to detect gastric cancers
in endoscopic images. The authors trained the CNN model using 13584 endoscopic
images and tested it with 2296 images. The overall sensitivity was 92.2%. In addition,
the detection rate with a diameter of 6 mm or more was 98.6%, and all invasive
cancers were identified [34] . All missed lesions were superficially depressed and
differentiated-type intramucosal cancers that were difficult to distinguish from
gastritis even for experienced endoscopists. However, 69.4% of the lesions that the
CNN diagnosed as gastric cancer were benign, and the most common reasons for
misdiagnosis were gastritis with redness, atrophy, and intestinal metaplasia[34].
Zhu et al[35] further applied a CNN system to discriminate the invasion depth of
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gastric cancer (M/SM1 vs deeper than SM1) using conventional endoscopic images.
They trained a CNN model with 790 images and tested it with another 203 images.
The CNN model showed high accuracy (89.2%) and specificity (95.6%) when
determining the invasion depth of gastric cancer. This result was significantly
superior to that of experienced endoscopists. Kanesaka et al[36] studied a computeraided diagnosis system using a SVM to facilitate the use of magnifying NBI to
distinguish early gastric cancer. The study reported on remarkable potential in terms
of diagnostic performance (accuracy 96.3%, PPV 98.3%, sensitivity 96.7%, and
specificity 95%) and the performance of area concordance (accuracy 73.8%, PPV
75.3%, sensitivity 65.5%, and specificity 80.8%).
In terms of hepatology, the ultrasound has been challenged for the application of
AI. Gatos et al[37] established a SVM diagnostic model of chronic liver disease using
ultrasound shear wave elastography (70 patients with chronic liver disease and 56
healthy controls). The performance was promising, with an accuracy of 87.3%,
sensitivity of 93.5%, and specificity of 81.2%, although the prospective validation was
not conducted. Kuppili et al[38] established a fatty liver detection and characterization
model using a single-layer feed-forward neural network, and validated this model
with a higher accuracy than the previous SVM-based model. These researchers used
ultrasound images of 63 patients, and the gold standard for labeling for each patient
was the pathologic results of a liver biopsy.
The determination of liver cirrhosis was also challenged with ML technology. Liu et
al[39] developed a CNN model with ultrasound liver capsule images (44 images from
controls and 47 images from patients with cirrhosis), and classified these images using
a SVM. The AUROC for the classification was 0.951, although the prospective
validation was not conducted.
Lower gastrointestinal field: Among various gastrointestinal fields, the development
of an AI model using colonoscopy has been the most promising area because polyp
detection during colonoscopies is frequent. This provides sufficient sources for AI
training, and a missed colorectal polyp is directly associated with interval colorectal
cancer development.
In terms of polyp detection, Fernandez-Esparrach et al[40] established an automated
computer-vision method using an energy map to detect colonic polyps in 2016. They
used 24 videos containing 31 polyps and showed acceptable performance with a
sensitivity of 70.4% and a specificity of 72.4% for polyp detection (Table 3). Recently,
this performance was improved with a DL application for polyp detection [41,42] .
Misawa et al[41] designed a CNN model using 546 short videos from 73 full-length
videos, which were divided into two groups of training data (105 polyp-positive
videos and 306 polyp-negative videos) and test data (50 polyp-positive videos and 85
polyp-negative videos). The researchers showed the possibility of the automated
detection of colonic polyps in real time, and the sensitivity and specificity were 90.0%
and 63.3%, respectively. Urban et al[42] also used a CNN system to identify colonic
polyps. They used 8641 hand-labeled images and 20 colonoscopy videos in various
combinations as training and test data. The CNN model detected polyps in real time
with an AUROC of 0.991 and an accuracy of 96.4%. Moreover, it assisted in the
identification of an additional nine polyps compared with expert endoscopists in the
application of test colonoscopy videos.
Although there were many promising performances of the automated polyp
detection models, a prospective validation was not conducted[43-45]. However, Klare et
al[46] performed a prototype software validation under real-time conditions (55 routine
colonoscopies), and the results were comparable between those of endoscopists and
the established software. The endoscopists’ polyp detection rates and adenoma
detection rates were 56.4% and 30.9%, respectively, and these rates were 50.9% and
29.1% for the software, respectively). Wang et al[47] established a DL algorithm by
using data from 1290 patients, and validated this model with 27113 newly collected
colonoscopy images from 1138 patients. This model showed remarkable performance
with a sensitivity of 94.38%, specificity of 95.2%, and AUROC of 0.984 for at least one
polyp detection[47].
For AI applications of polyp characterization, magnifying endoscopic images,
which is useful when discriminating pit or vascular patterns, was first adopted to
enhance the performance of AI. Tischendort et al [48] developed an automated
classification model of colorectal polyps by magnifying NBI images to evaluate
vascular patterns in 2010. They reported that the overall accurate classification rates
were 91.9% for a consensus decision between the human observers and 90.9% for a
safe decision (classifying polyps as neoplastic in cases when there was an
interobserver discrepancy)[48]. In 2011, Gross et al[49] compared the performances of a
computer-based model for the differentiation of small colonic polyps of < 10 mm
using NBI images. The expert endoscopists and computer-based model showed
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Table 3 Summary of clinical studies using artificial intelligence in the upper gastrointestinal field

Ref.

Number of
subjects

Aim of study

Design of study

Takiyama et al[22]

2018

Recognition of
anatomical
locations of EGD
images

Retrospective

Training set:
27335 images
from 1750
patients.
Validation set:
17081 images
from 435 patients

CNN

White-light
endoscopy

AUROCs: 1.00 for
the larynx and
esophagus, and
0.99 for the
stomach and
duodenum
recognition

van der Sommen
et al[23]

2016

Discrimination of
early neoplastic
lesions in
Barrett’s
esophagus

Retrospective

100 endoscopic
images from 44
patients (leaveone-out crossvalidation on a
per-patient basis)

SVM

White-light
endoscopy

Sensitivity: 83%,
specificity: 83%
(per-image
analysis)

Swager et al[24]

2017

Identification of
early Barrett’s
esophagus
neoplasia on ex
vivo volumetric
laser
endomicroscopy
images.

Retrospective

60 volumetric
laser
endomicroscopy
images

Combination of
several methods
(SVM,
discriminant
analysis,
AdaBoost,
random forest,
etc)

Ex vivo
volumetric laser
endomicroscopy

Sensitivity: 90%,
specificity: 93%

Kodashima et
al[25]

2007

Discrimination
between normal
and malignant
tissue at the
cellular level in
the esophagus

Prospective ex
vivo pilot

10 patients

ImageJ program

Endocytoscopy

Difference in the
mean ratio of
total nuclei to the
entire selected
field, 6.4 ± 1.9% in
normal tissues
and 25.3 ± 3.8% in
malignant
samples

Shin et al[26]

2015

Diagnosis of
esophageal
squamous
dysplasia

Prospective,
multicenter

375 sites from 177
patients (training
set: 104 sites, test
set: 104 sites,
validation set: 167
sites)

Linear
discriminant
analysis

HRME

Sensitivity: 87%,
specificity: 97%

Quang et al[27]

2016

Diagnosis of
esophageal
squamous cell
neoplasia

Retrospective,
multicenter

Same data from
reference number
26

Linear
discriminant
analysis

Tablet-interfaced
HRME

Sensitivity: 95%,
specificity: 91%

Horie et al[28]

2019

Diagnosis of
esophageal cancer

Retrospective

Training set: 8428
images from 384
patients. Test set:
1118 images from
97 patients

CNN

White-light
endoscopy with
NBI

Sensitivity 98%

Huang et al[29]

2004

Diagnosis of H.
pylori infection

Prospective

Training set: 30
patients. Test set:
74 patients

Refined feature
selection with
neural network

White-light
endoscopy

Sensitivity: 85.4%,
specificity: 90.9%

Shichijo et al[30]

2017

Diagnosis of H.
pylori Infection

Retrospective

Training set:
CNN1: 32208
images; CNN2:
images classified
according to 8
different locations
in the stomach.
Test set: 11481
images from 397
patients

CNN

White-light
endoscopy

Accuracy: 87.7%,
sensitivity: 88.9%,
specificity: 87.4%,
diagnostic time:
194 s.

Itoh et al[31]

2018

Diagnosis of H.
pylori infection

Prospective

Training set: 149
images (596
images through
data
augmentation.
Test set: 30
images

CNN

White-light
endoscopy

AUROC: 0.956,
sensitivity: 86.7%,
specificity: 86.7%,
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Nakashima et
al[32]

2018

Diagnosis of H.
pylori infection

Prospective pilot

222 patients
(training set: 162,
test set: 60)

CNN

White-light
endoscopy and
image-enhanced
endoscopy, such
as blue laser
imaging-bright
and linked color
imaging

AUROC: 0.96
(blue laser
imaging-bright),
0.95 (linked color
imaging)

Kubota et al[33]

2012

Diagnosis of
depth of invasion
in gastric cancer

Retrospective

902 images (10
times cross
validation)

“backpropagation
” ANN

White-light
endoscopy

Accuracy: 77.2%,
49.1%, 51.0%, and
55.3% for T1-4
staging,
respectively

Hirasawa et al[34]

2018

Detection of
gastric cancers

Retrospective

Training set:
13584 images.
Test set: 2296
images.

CNN

Zhu et al[35]

2018

Diagnosis of
depth of invasion
in gastric cancer
(mucosa/SM1/de
eper than SM1)

Retrospective

Training set: 790
images. Test set:
203 images

CNN

White-light
endoscopy

Accuracy: 89.2%,
AUROC: 0.94,
sensitivity: 74.5%,
specificity: 95.6%

Kanesakaet al[36]

2018

Diagnosis of early
gastric cancer
using magnifying
NBI images

Retrospective

Training set: 126
images. Test set:
81 images

SVM

Magnifying NBI

Accuracy: 96.3%,
sensitivity: 96.7%,
specificity: 95%,
PPV: 98.3%,

Gatos et al[37]

2017

Diagnosis of
chronic liver
disease

Retrospective

126 patients (56
healthy controls,
70 with chronic
liver disease

SVM

AUROC: 0.87,
Ultrasound shear
wave
highest accuracy:
elastography
87.3%, sensitivity:
imaging with a 93.5%, specificity:
81.2%
stiffness valueclustering

Kuppili et al[38]

2017

Detection and
characterization
of fatty liver

Prospective

63 patients who
underwent liver
biopsy (10 times
cross validation)

Extreme Learning
Machine to train
single-layer feedforward neural
network

Ultrasound liver Accuracy: 96.75%,
images
AUROC: 0.97
(validation
performance)

Liu et al[39]

2017

Diagnosis of liver
cirrhosis

Retrospective

44 images from
controls and 47
images from
patients with
cirrhosis

SVM

Sensitivity: 92.2%,
White-light
detection rate
endoscopy,
chromoendoscopy, with a diameter
NBI
of 6 mm or more:
98.6%

Ultrasound liver
capsule images

AUROC: 0.951

AI: Artificial intelligence; EGD: Esophagogastroduodenoscopy; CNN: Convolutional neural network; AUROC: Area under receiver operating
characteristic; SVM: Support vector machine; HRME: High-resolution microendoscopy; NBI: Narrow band image; H. pylori: Helicobacter pylori; ANN:
Artificial neural network; PPV: Positive predictive value.

comparable diagnostic performance in sensitivity (93.4% vs 95.0%), specificity (91.8%
vs 90.3%), and accuracy (92.7% vs 93.1%)[49].
Takemura et al[50] retrospectively compared the identification of pit patterns of a
computer-based model with shape descriptors such as area, perimeter, fit ellipse, or
circularity in reference to endoscopic diagnosis by using magnified endoscopic
images with crystal violet staining in 2010. The accuracies of the type I, II, IIIL, and IV
pit patterns of colorectal lesions were 100%, 100%, 96.6%, and 96.7%, respectively. In
2012, the authors applied an upgraded version of a computer system via SVM to
distinguish neoplastic and non-neoplastic lesions by using endoscopic NBI images,
which showed a detection accuracy of 97.8% [51] . They further demonstrated the
availability of a real-time image recognition system in 2016, and the accuracy between
the pathologic results of diminutive polyps and diagnosis by a real-time image
recognition model was 93.2%[52].
Byrne et al [53] developed a CNN model for the real-time differentiation of
diminutive colorectal polyps by using only NBI video frames in 2017. This model
discriminated adenomas from hyperplastic polyps with an accuracy of 94%, and
identified the adenoma with a sensitivity of 98% and a specificity of 83%[53]. Likewise,
Chen et al[54] made a CNN model trained with 2157 images to identify neoplastic or
hyperplastic polyps of < 5 mm with a PPV and NPV of 89.6% and 91.5%, respectively.
In 2017, Komeda et al [55] reported on the preliminary data of a CNN model to
distinguish adenomas from non-adenomatous polyps. The CNN model was trained
with 1800 conventional endoscopic images with WLI, NBI, and chromoendoscopy,
and the accuracy of a 10-hold cross-validation was 75.1%.
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To enhance the differentiation of polyps, a Japanese study group reported several
articles for AI application with endocytoscopy images, which enables the observation
of nuclei on site, and showed comparable diagnostic results to those of pathologic
examinations. In 2015, these researchers first developed a computer-aided diagnosis
system using endocytoscopy for the discrimination of neoplastic changes in small
polyps. This approach showed a comparable sensitivity (92.0%) and accuracy (89.2%)
with those of expert endoscopists[56]. In 2016, this research team developed a secondgeneration model that could (1) evaluate both nuclei and ductal lumens, (2) use an
SVM instead of multivariate analysis, (3) provide the confidence levels of the
decisions, and (4) provide a more rapid process of discriminating neoplastic changes
from 0.3 s to 0.2 s. The endocytoscopic microvascular patterns could be effectively
evaluated by staining with dye[57]. These researchers also developed endocytoscopy
with NBI without staining to evaluate microvascular findings. This approach showed
an overall accuracy of 90%[57]. The same group performed a prospective validation of a
real-time computer-aided diagnosis system using endocytoscopy with NBI or stained
images to identify neoplastic diminutive polyps. The researchers reported a
pathologic prediction rate of 98.1%, and the time required to assess one diminutive
polyp was about 35 to 47 s[59].
The application of a computer-aided ultrahigh (approximately 400 ×) magnification
endocytoscopy system for the diagnosis of invasive colorectal cancers was
investigated by Takeda et al[60]. This system was trained with 5543 endocytoscopic
images from 238 lesions and reported a sensitivity of 89.4%, specificity of 98.9%, and
accuracy of 94.1% using 200 test images[60].
For the application of AI in IBD, Maeda et al[61] developed a diagnosis system using
a SVM after refining previous computer-aided endocytoscopy systems[56-58]. They
evaluated the diagnostic performance of this model for the prediction of persistent
histologic inflammation in ulcerative colitis patients. This model showed good
performance with a sensitivity of 74%, specificity of 97%, and an accuracy of 91%[61].
Currently, the resolution of images is relatively low in capsule endoscopy
compared to other digestive endoscopies. Moreover, the interpretation and diagnosis
of capsule endoscopy images highly depends on the reviewer’s ability and effort. It is
also a time-consuming process. Therefore, several conditions were attempted for the
automated diagnosis of capsule endoscopy images including angioectasia, celiac
disease, or intestinal hookworms, or for small intestinal motility characterization[62-65].
Leenhardt et al[62] developed a gastrointestinal angiectasia detection model using
semantic segmentation images with a CNN. They used 600 control images and 600
typical angiectasia images to form 4166 small bowel capsule endoscopy videos, which
were divided equally into training and test data sets. The CNN-based model revealed
a high diagnostic performance with a sensitivity of 100%, specificity of 96%, PPV of
96%, and NPV of 100%[62] (Table 4). Zhou et al[63] established a CNN model for the
classification of celiac disease from control with capsule endoscopy clips from six
celiac disease patients and five controls. The researchers achieved 100% sensitivity
and specificity for the test data set. Moreover, the evaluation confidence was related
to the severity level of small bowel mucosal lesions, reflecting the potential for the
quantitative measurement of the existence and degree of pathology throughout the
small intestine[63]. Intestinal hookworms are difficult to find with direct visualization
because they have small tubular structures with a whitish color and semitransparent
features similar to background intestinal mucosa. Moreover, the presence of intestinal
secretory materials makes them difficult to detect. He et al[64] established a CNN model
for the detection of hookworms in capsule endoscopy images. The CNN-based model
showed a reasonable performance with a sensitivity of 84.6%, specificity of 88.6% and
only 15% hookworm images and 11% non-hookworm image were falsely detected.
The interpretation of wireless motility capsule endoscopy is a complex task. Seguí
et al[65] established a CNN model for small-intestine motility characterization and
achieved a mean classification accuracy of 96% for six intestinal motility events
(“turbid”, “bubbles”, “clear blob”, “wrinkles”, “wall”, and, “undefined”). This
outperformed the other classifiers by a large margin (a 14% relative performance
increase).

CHALLENGES AND FUTURE DIRECTIONS FOR
APPLICATION OF AI
Although many researchers have investigated the utility of AI and have shown
promising results, most studies were designed in retrospective manner: as a casecontrol study from a single center, or by using endoscopic images that were chosen
from specific endoscopic modalities unavailable from many institutions. Potential
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Table 4 Summary of clinical studies using artificial intelligence in the lower gastrointestinal field
Endoscopic
modality

Outcomes

Window Median
Depth of Valleys
Accumulation
maps

White-light
colonoscopy

Sensitivity: 70.4%.
Specificity: 72.4%

546 short videos
(training set: 105
polyp-positive
videos and 306
polyp-negative
videos, test set: 50
polyp-positive
videos and 85
polyp-negative
videos) from 73
full length videos

CNN

White-light
colonoscopy

Accuracy: 76.5%.
Sensitivity: 90.0%.
Specificity: 63.3%.

Retrospective

8641 images with
20 colonoscopy
videos

CNN

White-light
colonoscopy with
NBI

Accuracy: 96.4%.
AUROC: 0.991

Detection of
colonic polyps

Prospective

55 patients

Automated polyp
detection
software

White-light
colonoscopy

Polyp detection
rate: 50.9%.
Adenoma
detection rate:
29.1%

2018

Detection of
colonic polyps

Retrospective

Training set: 5545
images from 1290
patients.
Validation set A:
27113 images
from 1138
patients.
Validation set B:
612 images.
Validation set C:
138 video clips
from 110 patients.
Validation set D:
54 videos from 54
patients

CNN

White-light
colonoscopy

Dataset A:
AUROC: 0.98 for
at least one polyp
detection, perimage sensitivity:
94.4%, per-image
specificity: 95.2%.
Dataset B: perimage sensitivity:
88.2%. Dataset C:
per-image
sensitivity: 91.6%,
per-polyp
sensitivity: 100%.
Dataset D: perimage specificity:
95.4%

Tischendort et
al[48]

2010

Classification of
colorectal polyps
on the basis of
vascularization
features.

Prospective pilot

209 polyps from
128 patients

SVM

Magnifying NBI
images

Accurate
classification rate:
91.9%

Gross et al[49]

2011

Differentiation of
small colonic
polyps of < 10
mm

Prospective

434 polyps from
214 patients

SVM

Magnifying NBI
images

Accuracy: 93.1%.
Sensitivity: 95.0%.
Specificity: 90.3%.

Takemura et
al[50]

2010

Classification of
pit patterns

Retrospective

Training set: 72
images.
Validation set:
134 images

HuPAS software
version 1.3

Magnifying
endoscopic
images with
crystal violet
staining

Accuracies of the
type I, II, IIIL, and
IV pit patterns of
colorectal lesions:
100%, 100%,
96.6%, and 96.7%,
respectively

Takemura et
al[51]

2012

Classification of
histology of
colorectal tumors

Retrospective

Training set: 1519
images.
Validation set:
371 images

HuPAS software
version 3.1 using
SVM

Magnifying NBI
images

Accuracy: 97.8%

Kominami et
al[52]

2016

Classification of
histology of
colorectal polyps

Prospective

Training set: 2247 SVM with logistic
images from 1262
regression
colorectal lesion.
Validation: 118
colorectal lesions

Magnifying NBI
images

Accuracy: 93.2%,
Sensitivity: 93.0%,
Specificity: 93.3%,
PPV: 93%, NPV:
93.3%

Byrne et al[53]

2017

Differentiation of
histology of
diminutive
colorectal polyps

Retrospective

NBI video frames

Accuracy: 94%,
Sensitivity: 98%,
Specificity: 83%

Ref.

Number of
subjects

Published year

Aim of study

Design of study

FernandezEsparrach et
al[40]

2016

Detection of
colonic polyps

Retrospective

24 videos
containing 31
polyps

Misawa et al[41]

2018

Detection of
colonic polyps

Retrospective

Urban et al[42]

2018

Detection of
colonic polyps

Klare et al[46]

2019

Wang et al[47]
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Training set: 223
videos, Validation
set: 40 videos.
Test set: 125
videos
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Chen et al[54]

2018

Identification of
neoplastic or
hyperplastic
polyps of < 5 mm

Retrospective

Training set: 2157
images. Test set:
284 images

CNN

Magnifying NBI
images

Komeda et al[55]

2017

Discrimination
adenomas from
non-adenomatous
polyps

Retrospective

1200 images from
the endoscopic
videos (10 times
cross validation)

CNN

White-light
Accuracy in
colonoscopy with validation: 75.1%
NBI and
chromoendoscopy

Mori et al[56]

2015

Discrimination of
neoplastic
changes in small
polyps

Retrospective

Test set: 176
polyps form 152
patients

Multivariate
regression
analysis

Endocytoscopy

Accuracy: 89.2%,
Sensitivity: 92.0%

Mori et al[57]

2016

Development of
2nd generation
model, which was
mentioned in
reference number
56

Retrospective

Test set: 205 small
colorectal polyps
(≤ 10 mm) from
123 patients

SVM

Endocytoscopy

Accuracy: 89% for
both
diminutive(< 5
mm) and small (<
10 mm) polyps

Misawa et al[58]

2016

Diagnosis of
colorectal lesions
using
microvascular
findings

Retrospective

Training set: 979
images,
validation set: 100
images

SVM

Endocytoscopy
with NBI

Accuracy: 90%

Mori et al[59]

2018

Diagnosis of
neoplastic
diminutive polyp

Prospective

466 diminutive
polyps from 325
patients

SVM

Endocytoscopy
with NBI and
stained images

Prediction rate:
98.1%

Takeda et al[60]

2017

Diagnosis of
invasive
colorectal cancer

Retrospective

Training set: 5543
images from 238
lesions. Test set:
200 images

SVM

Endocytoscopy
with NBI and
stained images

Accuracy: 94.1%
Sensitivity: 89.4%,
Specificity: 98.9%,
PPV: 98.8%, NPV:
90.1%

Maeda et al[61]

2018

Prediction of
persistent
histologic
inflammation in
ulcerative colitis
patients

Retrospective

Training set:
12900 images.Test
set: 9935 images

SVM

Endocytoscopy
with NBI

Accuracy: 91%,
Sensitivity: 74%,
Specificity: 97%

Sensitivity: 96.3%,
specificity: 78.1%,
PPV: 89.6%, NPV:
91.5%

AI: Artificial intelligence; CNN: Convolutional neural network; NBI: Narrow band image; AUROC: Area under receiver operating characteristic; SVM:
Support vector machine; PPV: Positive predictive value; NPV: Negative predictive value.

inherent bias such as selection bias cannot be excluded in this situation. Therefore, it is
crucial to meticulously validate the performance of AI before the application of AI in
real clinical practice. To properly verify the accuracy of AI, physicians should
understand the effects of overfitting and spectrum bias (class imbalance) on the
performance of AI, and try to evaluate the performance by avoiding these biases.
Overfitting occurs when a learning model tailors itself too much on the training
dataset and predictions are not well generalized to new datasets[66] (Table 5). Although
several methods were used to reduce overfitting in the development of DL models,
they did not guarantee the resolution of this problem. In addition, datasets that were
collected by case-control design are particularly vulnerable to spectrum bias.
Spectrum bias occurs when the dataset used for model development does not
adequately represent the range of patients who will be applied in clinical practice
(target population)[67].
Because overfitting and spectrum bias may lead to overestimation of the accuracy
and generalization, external validation using unused datasets for model development,
collected in a way that minimizes the spectrum bias, is mandatory. For more robust
clinical verification, well-designed multicenter prospective studies with adequate
inclusion/exclusion criteria that represent the target population are needed.
Furthermore, DL technology has its own “black box” nature (lack of interpretability or
explainability), which means the decision mechanism of AI is not clearly
demonstrated (Figure 2). Because interpretability is important in that it can provide
safety measures, help to detect bias, and establish social acceptance, further
investigation to solve this issue should be performed. However, there have been some
methods to complement “black box” characteristics, such as the attention map and
saliency region[68].
It is obvious that the efficiency and accuracy of ML increases as the amount of data
increases; however, it is challenging to develop an efficient ML model owing to the
paucity of human labeled data given the issue of privacy with regard to private
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Table 5 Summary of clinical studies using artificial intelligence in the capsule endoscopy
Ref.

Published year

Aim of study

Design of study

Leenhardt et al[62]

2019

Detection of
gastrointestinal
angiectasia

Retrospective

Zhou et al[63]

2017

Classification of
celiac disease

He et al[64]

2018

Seguí et al[65]

2016

Number of
subjects

Type of AI

Outcomes

600 control images
and 600 typical
angiectasia images
(divided equally into
training and test
datasets)

CNN

Sensitivity: 100%,
specificity: 96%,
PPV: 96%, NPV:
100%.

Retrospective

Training set: 6 celiac
disease patients, 5
controls. Test set:
additional 5 celiac
disease patients, 5
controls

CNN

Sensitivity: 100%,
specificity: 100% (for
test dataset)

Detection of
intestinal
hookworms

Retrospective

440000 images

CNN

Sensitivity: 84.6%,
specificity: 88.6%

Characterization of
small intestinal
motility

Retrospective

120000 images

CNN

Mean classification
accuracy: 96%

(training set: 100000,
test set: 20000)

AI: Artificial intelligence; CNN: Convolutional neural network; PPV: Positive predictive value; NPV: Negative predictive value.

medical records. To overcome this issue, data augmentation strategies (with
synthetically modified data) have been proposed[69]. Spiking neural networks, which
more closely mimic the real mechanisms of neurons, can potentially replace current
ANN models with more powerful computing ability, although no effective
supervised learning method currently exists[70].
The precision of diagnosis or classification using AI does not always mean efficacy
in real clinical practice. The actual benefit of the clinical outcome, the satisfaction of
physicians, and the cost effectiveness beyond the academic performance must be
proven by sophisticated investigation. Finally, the acquisition of reasonable
regulations from responsible authorities and a reimbursement policy are essential for
integrating AI technology in the current healthcare environment. Moreover, AI is not
perfect. That’s why “Augmented Intelligence” emerged emphasizing the fact that AI
is designed to improve or enhance human intelligence rather than replace it.
Although the aim of applying AI in medical practice is to improve the workflow with
enhanced precision and to reduce the number of unintentional errors, established
models with inaccuracy or exaggerated performance are likely to cause ethical issues
owing to misdiagnosis or misclassification. Moreover, we do not know the impact of
AI application on the doctor-patient relationship, which is an essential part of
healthcare utilization and the practice of medicine. Therefore, ethical principles
relevant to AI model development should be established in the current period when
AI research begins to increase.

CONCLUSION
Since AI was introduced in the 1950s, it has been persistently challenged in terms of
statistical or image analyses in the field of gastroenterology. Recent evaluation of big
data and computer science enabled the dramatic development of AI technology,
particularly DL, which showed promising potential. Now, there is no doubt that the
implementation of AI in the gastroenterology field will progress in various healthcare
services. To utilize AI wisely, physicians should make great effort to understand its
feasibility and ameliorate the drawbacks through further investigation.
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Figure 2

Figure 2 Interpretability-accuracy tradeoff in classification algorithms of machine learning.
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Abstract
BACKGROUND
Recently, more and more studies have demonstrated the pivotal role of
programmed death 1/programmed death ligand 1 (PD-1/PD-L1) pathway in the
immune evasion of tumors from the host immune system. However, the role of
PD-1/PD-L1 pathway in gastric neuroendocrine carcinomas (G-NECs) remains
unknown.
AIM
To investigate the expression of PD-1/PD-L1 and role of PD-1/PD-L1 pathway in
G-NECs, which occur rarely but are highly malignant and clinically defiant.
METHODS
We investigated the expression of PD-L1 on tumor cells and PD-1+, CD8+, and
FOXP3+ T cell infiltration by immunohistochemistry in 43 resected G-NEC tissue
specimens. The copy number alterations of PD-L1 were assessed by qRT-PCR.
RESULTS
Most of the G-NECs tumor cells exhibited a near-uniform expression pattern of
PD-L1, while some showed a tumor-stromal interface enhanced pattern. Of the 43
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G-NECs, 21 (48.8%) were classified as a high PD-L1 expression group, and the
high expression of PD-L1 was associated with poor overall survival (OS). The
high expression of PD-L1 was correlated with abundant PD-1+ tumor infiltrating
lymphocytes (TILs) instead of CD8+ TILs and FOXP3+ regulatory T cells (Tregs).
Our analysis also suggested that the infiltration of CD8+ TILs tended to be a
favorable factor for OS, although the difference did not reach the statistical
significance (P = 0.065). Meanwhile, PD-L1 was significantly overexpressed in
cases with copy number gain as compared with those without.
CONCLUSION
Our data demonstrated for the first time that high expression of PD-L1 in GNECs is associated with a poor prognosis, while the high expression may be due
to the copy number variation of PD-L1 gene or stimulation of TILs. These results
provide a basis for the immunotherapy targeting PD-1/PD-L1 pathway in GNECs.
Key words: Programmed death 1; Programmed death ligand 1; Gastric neuroendocrine
carcinomas; Prognosis; Tumor infiltrating lymphocytes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study for the first time demonstrated that programmed death ligand 1 (PDL1) can be expressed by gastric neuroendocrine carcinoma (G-NEC) cancer cells and the
high PD-L1 expression was associated with a poor prognosis. And the high expression of
PD-L1 may be due to the copy number variation of PD-L1 gene or stimulation of tumor
infiltrating lymphocytes. These findings provide important implications for the potential
use of antibody therapies targeting the PD-1/PD-L1 signaling pathway in G-NECs.
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INTRODUCTION
Neuroendocrine neoplasms (NENs), which used to be called neuroendocrine tumors,
are benign or high-grade malignant. Meanwhile, they are pathologically and clinically
heterogeneous rare tumors. In the past several years, the incidence of NENs has
gradually increased over time[1,2], from 1.09/100000 in 1973 to 5.25/100000 in 2004 in
the United States[3]. However, there was no improvement in outcomes because of the
limited awareness of this disease[4,5]. As the most malignant subgroup, neuroendocrine
carcinomas (NECs) are characterized by high-grade cytological atypia, apparent
pleomorphism, extensive necrosis, and prominent mitotic activity[6]. As one of the
most common type of NECs, gastric NECs (G-NECs) are poorly differentiated and
high-grade malignant and might be either small-cell carcinomas or large-cell NECs in
histology. Since the limited knowledge of the epidemiological and clinical characters
for G-NECs, this disease deserves more attention.
Programmed death 1 (PD-1), first discovered in 1992 when searching genes
responsible for programmed cell death by Ishida et al[7], is an immunoinhibitory
receptor expressed by activated T cells, B cells, myeloid cells, and other antigenpresenting cells. Programmed death ligand 1 (PD-L1), a member of the B7 gene
family, originally called B7H1 by Dong et al[8], was reported in 2000 by Freeman et al[9].
It is an immunomodulatory glycoprotein, which cannot be detected in normal liver
parenchyma, breast, colon, kidney, uterus, muscle, pancreas, or gastric tissue[10,11], but
could be selectively expressed in various malignancies, such as esophageal cancer[12],
gastric cancer[11], pancreatic cancer[13], colorectal cancer[14], breast cancer[15], thymoma[16],
and thymic cancer[17].
The host immune functions play an important role in inhibiting the development of
malignant tumors. And the induction of anti-tumor immune responses needs the host
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immune system to identify the tumor antigen efficiently and to activate various T
cells. Binding of PD-1 and PD-L1 inhibits phosphatidylinositol 3-kinase/Akt,
suppresses T-cell IL2 production, and then reduces T-cell proliferation and survival[18].
Therefore, some malignant tumors can escape from immune-surveillance mechanisms
by the expression of PD-L1[18]. Then, the blockade of the PD-1/PD-L1 pathway has
become an attractive target in cancer therapy. The success of immunotherapy in
various malignancies such as advanced melanoma, non–small cell lung cancer, and
renal cell carcinoma have suggested that immunotherapy can be a promising
alternative by blocking PD-1/PD-L1 signaling[19,20]. Until now, no study has evaluated
the role of PD-1/PD-L1 in G-NECs.
CD8 + tumor infiltrating lymphocytes (TILs) are the key effector in antitumor
immune response, and its presence has been reported to be a favorable prognostic
factor in some malignancies, such as colorectal cancer[21], esophageal cancer[22,23], and
breast cancer[24]. Meanwhile, it has been reported that the upregulation of PD-L1 on
tumour cells may be driven by the stimulation of CD8+ T cells in melanoma[25,26].
FOXP3, as a forkhead-family transcription factor, controls regulatory T cell (Treg)
development and function[27]. Tregs are a subset of T lymphocytes possessing the
immunoregulatory capacity to suppress the proliferation and cytokine secretion of
effector T lymphocytes. And previous studies have reported that the infiltration of
FOXP3+ Tregs is correlated with the upregulation of PD-L1 in gastric cancer[28], breast
cancer[29], and colorectal cancer[14].
In this study, we first detected PD-L1 expression in 43 G-NECs and analyzed the
relationship between PD-L1 expression and patients’ prognosis. Then, we
investigated PD-1+ T cells, CD8+ T cells, and FOXP3+ Treg cells in NECs and their
associations with clinicopathological parameters and PD-L1 expression. PD-L1 gene
copy number alterations and its relationship to PD-L1 expression were also examined.

MATERIALS AND METHODS
Patients
This study examined 43 formalin-fixed, paraffin-embedded (FFPE) tissue samples
from patients with G-NECs treated at Ren Ji Hospital, School of Medicine, Shanghai
Jiao Tong University, from 2007 to 2014. We diagnosed, graded, and staged G-NECs
by the 2010 WHO classification[30]. Cases with mixed tumors were excluded. TNM
staging was done according to the 7th Edition of the AJCC Cancer TNM Classification[31]. None of these patients had received tumor-related treatment before. For all
cases enrolled in this study, information on age, gender, tumor size, tumor location, T
classification, lymph node metastasis, liver metastasis, pathological stage, pathology,
treatment, and outcome was reviewed.
The overall survival (OS) time was calculated from the date of surgery to death, or
August 30, 2016, the ultimate follow-up deadline. Research Ethics Committee of Ren Ji
Hospital approved this study and all participants signed informed consent forms.

Immunohistochemistry
Deparaffinage and rehydration of G-NEC tissues were first performed with xylene
and graded alcohol, respectively. Activity of endogenous peroxidase was quenched
with 3% hydrogen peroxide at room temperature for 15 min. Antigen retrieval was
achieved at high temperature and high pressure. Blocking was done with 10% bull
serum albumin for 30 min, then slides were incubated with antibodies against CD8
(1:200, 17335-1-AP, ProteinTech, United States), FOXP3 (1:200, 22228-1-AP,
ProteinTech), PD-1 (1:25, ab140950, Abcam, United Kindom), and PD-L1 (1:500,
ab205921, Abcam) at 4 ˚C overnight. The next day, the slides were incubated with a
corresponding peroxidase-labeled secondary antibody for 30 min at room temperature. Finally, positive staining was visualized with diaminobenzidine tetrahydrochloride (Maixin Biotech, China) and counterstained with hematoxylin.
The final score of PD-L1 expression was assessed according to the percent of
positive cell score × staining intensity score as follows: 0, 0-5%; 1, 6%-35%; 2, 36%70%; 3, 71%-100%; 0, no staining; 1, weak staining; 2, moderate staining; 3, strong
staining. The tissues with a final score < 4 were defined as PD-L1 low expression and
those with a final score ≥ 4 were classified as PD-L1 high expression. The densities of
PD-1+, CD8+, and FOXP3+ cells were measured in four high power fields from each
tumor by an experienced pathologist and the average density was calculated. Low
infiltration of PD-1+, CD8+, and FOXP3+ cells was defined as less than the median
value.

Copy number assay of PD-L1
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Tissue DNA was extracted from FFPE tissue using QIAamp DNA FFPE Tissue Kit
(QIAGEN, 56404, Germany). Copy number assay of PD-L1 was performed by qRTPCR, CD274 TaqMan Copy Number Assays (Hs03704252_cn, Applied Biosystems,
United States) was used to evaluate PD-L1 copy number while TaqMan Copy
Number Reference Assay RNase P (Applied Biosystems 4403328, United States) was
used to normalize the results. TaqMan Genotyping Master Mix (Applied Biosystems
4381656, United States) was used to perform the qRT-PCR on a 7500 real-time PCR
system (Applied Biosystems, United States). Results were analyzed with CopyCaller
Software (Applied Biosystems, United States).

Statistical analysis
Data are presented as the mean ± SD. Statistical analyses and graphical representations were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, United
States) and GraphPad Prism 6 (San Diego, CA, United States) software, respectively.
χ2 test and Fisher’s exact test were used to evaluate the correlation of PD-L1, PD-1,
FOXP3, and CD8 with clinic-pathologic parameters in patients with G-NECs. Survival
curves were evaluated using the Kaplan-Meier method and differences were analyzed
by the log-rank test. Identification of factors that had a significant inﬂuence on
survival was performed by univariate and multivariate Cox regression analyses.
Comparison between two groups was performed by the student’s t-test or
Mann–Whitney U test. P-values (two-sided) < 0.05 were considered statistically
significant.

RESULTS
Clinicopathologic features of G-NECs
A total of 43 patients diagnosed with G-NECs were enrolled in this study and the
clinicopathologic features are described in detail in Table 1. The cases included 35
males (81.4%) and 8 females (18.6%) with a median age of 62 years (range, 33-82
years). Nearly half of the tumors were located in cardia, while the others were
distributed evenly in the corpus and the antrum of the stomach, with two cases
located in the residual stomach anastomosis. The majority of patients were diagnosed
with stage III disease (81.4%), two cases with stage II (4.65%), and six cases with stage
IV (13.95%). For the patients with liver metastases, one of six received resection of
both primary and metastatic tumors, while the others received palliative resection of
primary tumor. None of the patients received neoadjuvant therapy prior to the
surgical resection. The median OS was 31 mo (range, 1-90 mo).

Immunohistochemical characteristics of PD-L1, PD-1, CD8, and FOXP3 expression
PD-L1 was mainly expressed on both the membrane and cytoplasm of tumor cells
(Figure 1C and F). Most of the G-NEC tissues demonstrated a near-uniform
expression pattern of PD-L1 (Figure 1E and F), while five specimens showed a tumorstromal interface enhanced pattern (Figure 1B). The expression score of PD-L1 was
evaluated based on the product of ratio of positive cells (range, 0-3) and staining
intensity (range, 0-3), as shown in Figure 1. We predefined the expression score less
than 4 as low expression group while the others were high expression group, and 21
(48.8%) of 43 cases were classified as high PD-L1 expression.
The expression of PD-1 was almost on the surface of immune cells in the stroma
among tumor nests (Figure 2A), and the expression of CD8 and FOXP3 was mainly on
both membrane and cytoplasm of immune cells in the stroma among tumor nests
(Figure 2B and C). We defined the expression of PD-1, CD8, and FOXP3 by the
number of positive immune cells. The median value of PD-1+ cells in a high power
field was 12, and the median values of CD8+ and FOXP3+ cells were 22 and 102.

Association of immune marker staining and clinical parameters
Table 2 shows the correlation between immune markers and clinicopathologic
characteristics. We found that the FOXP3+ Treg cell infiltration was significantly
associated with age (P = 0.019), gender (P = 0.015), and tumor location (P = 0.018). It
demonstrated that female patients, patients with elder age, and patients with G-NECs
at the corpus were more likely to have a high infiltration of Treg cells. Importantly,
we also found that patients with high infiltration of PD-1 positive immune cells
tended to have higher expression of PD-L1 (P = 0.009). The infiltration of CD8+ cells
was not associated with any clinical parameters or other immune markers. And all the
five specimens with a tumor-stromal interface enhanced pattern of PD-L1 had high
CD8+ T cell infiltration.

Survival analysis of patients with G-NECs
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Table 1 Clinical characteristics of 43 patients with gastric neuroendocrine carcinomas
Clinicopathological feature

n (%)

Age (yr)
< 60/≥ 60

15 (34.88)/28 (65.12)

mean ± SD

62.26 ± 10.46

Gender
Male/female

35 (81.40)/8 (18.60)

Tumor location
Cardia

21 (48.84)

Corpus

10 (23.26)

Antrum

10 (23.26)

Residual stomach anastomosis

2 (4.65)

Tumor size (max diameter, cm)
≤ 5/> 5

20 (46.51)/23 (53.49)

mean ± SD

5.47 ± 3.18

T classification
T1/T2/T3/T4

0 (0)/4 (9.30)/0 (0)/39 (90.70)

Lymph node metastasis
N0/N1

12 (27.91)/31 (72.09)

Liver metastasis
Absent/present

37 (86.05)/6 (13.95)

Pathological stage
I/II/III/IV

0 (0)/2 (4.65)/35 (81.40)/6 (13.95)

Pathology
Small cell carcinomas

39 (90.70)

Large cell carcinomas

4 (9.30)

Operation
Curative resection

38 (88.37)

Palliative resection

5 (11.63)

Neoadjuvant therapy
No/present

100 (100)/0 (0)

Follow-up
Median OS (mo)

31.0

Patients were staged in accordance with the 7th Edition of the AJCC Cancer TNM Classification. OS: Overall
survival.

For Kaplan-Meier analysis, the OS of patients with high expression of PD-L1 was
significantly shorter compared with patients with low PD-L1 expression (P = 0.016).
We also found that patients with high CD8+ T cell infiltration may have a better
clinical prognosis, however, due to the limited patient cohort, the P-value did not
reach the statistical significance (P = 0.065). Univariate and multivariate analyses were
performed to assess the impact of potential prognostic factors on OS. As shown in
Table 3, corpus tumor [hazard ratio (HR) = 3.034, P = 0.032], liver metastasis (HR =
3.515, P = 0.016), and PD-L1 expression (HR = 2.846, P = 0.021) were significantly
associated with OS in univariate analysis, while multivariate analysis demonstrated
that only liver metastasis (HR = 4.045, P = 0.031) and PD-L1 expression (HR = 3.646, P
= 0.009) were independent prognostic factors. Based on the theory that PD-L1 played
a role in immune evasion by suppressing the function of PD-1 positive immune cells,
we divided the patients into two groups depending on the infiltration of PD-1
positive cells and performed the Kaplan-Meier analysis to explore the influence of
PD-L1 expression on patients’ survival. The results suggested that in the low PD-1+
cell infiltration group, patients’ survival was not associated with PD-L1 expression
statistically (Figure 3C, P = 0.242); while in the high PD-1+ cells infiltration group,
patients with high expression of PD-L1 had a significantly shorter survival (Figure
3D, P = 0.013).

Expression of PD-L1 is correlated with PD-L1 copy number in G-NECs
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Figure 1

Figure 1 Immunohistochemical staining for programmed death ligand 1 in human gastric neuroendocrine carcinomas. A: Representative case of negative
programmed death ligand 1 (PD-L1) expression; B: Tumor-stromal interface enhanced expression of PD-L1; C: Membrane expression of PD-L1; D: Weak staining; E:
Moderate staining; F: Strong staining. PD-L1: Programmed death ligand 1.

The G-NEC tissues demonstrated broad PD-L1 expression. Given the near-uniform
expression pattern, we considered that genetic alteration may contribute to the PD-L1
expression. To address this issue, we analyzed the copy number variation in the tissue
of G-NEC patients. In a cohort of 19 G-NEC patients, we found that 6/19
demonstrated a copy number gain of PD-L1 compared to normal human tissue.
Furthermore, we found that the copy number of PD-L1 was positively correlated with
the expression of PD-L1 at the protein level (Figure 4). However, we found no
correlation between copy number gain and OS of patients (data not shown).

DISCUSSION
In this study, our data showed that more than half of G-NECs were diagnosed at an
advanced stage (regional lymph node metastasis 72.09%, and liver metastasis 13.95%).
And the median OS was only 31 mo. Meanwhile, as a rare group of poorly differentiated tumors with high-grade malignancy, novel therapeutic approaches are lack
because of its rarity, complexity, and heterogeneity. Now, cancer immunotherapy is
considered to be a major treatment backbone in the following decade[32]. Overexpression of PD-L1 and PD-1 in tumor and tumor stromal cells has been reported in
various types of cancers, and antibodies targeting either PD-1 or PD-L1 have
produced significant anti-tumor activity in several malignancies, such as non–smallcell lung cancer, melanoma, renal-cell cancer, bladder cancer, and head and neck
cancer[20,33,34]. Therefore, there is an urgent need to define the significance of PD-1/PDL1 pathway in G-NECs, with the potential to provide a new promising therapeutic
approach.
In a recent study, Kim et al[35] evaluated the expression of PD-L1 in 32 metastatic
GEP-NENs including one gastric NEN. Meanwhile, Cavalcanti et al[36] detected the
expression of PD-L1 in 57 GEP-NENs including ten gastric NENs. They found that the
expression of PD-L1 was associated with higher WHO tumor grade (grade 3) and it
can be used as a predictive and prognostic marker for survival. So far, these are the
only reports about PD-1/PD-L1 in GEP-NENs, and there is no research about PD1/PD-L1 in G-NECs.
In our study, we first investigated the expression of PD-L1 in 43 G-NECs and the
relationship between PD-L1 expression and clinical data. We found that 21 (48.8%) of
43 patients can be classified as high PD-L1 expression, and these people had a
significant worse prognosis. This result is consistent with many previous studies
focusing on gastric cancer[11], esophageal cancer[12], pancreatic cancer[13], and breast
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Figure 2

Figure 2 Immunohistochemical staining for programmed death 1, CD8, and FOXP3 in human gastric neuroendocrine carcinomas. A: The programmed death
1 positive infiltrating lymphocytes; B: CD8 positive lymphocytes; C: FOXP3 positive Treg cells.

cancer [29] . And we also found that the expression of PD-L1 was an independent
prognostic factor in G-NECs independent of tumor size and N classification.
PD-1, the ligand of PD-L1, expressed by activated T cells, B cells, myeloid cells, and
other antigen-presenting cells, was also investigated in this research. According to
previous studies, PD-1 expression in TILs is associated with PD-L1 expression in
tumor cells [17,37] , and increased number of PD-1 + TILs was also reported to be a
significant predictor of poor survival[17,38,39]. In this study, we confirmed the positive
association between PD-1+ TIL number and tumor cell PD-L1 expression. Then, the
subgroup analysis indicated that PD-L1 had a role in predicting the prognosis only in
PD-1+ group. These results supported that PD-L1 expressed by tumor cells interacts
with PD-1+ TILs to suppress antitumor activity. However, in this study, we found no
significant correlation between PD-1+ TILs and survival.
In our study, PD-L1 copy number analysis was performed to investigate the
mechanisms underlying PD-L1 overexpression in G-NECs. We found that a large
number of patients demonstrated a copy number alteration and PD-L1 expression
was significantly higher in cases with PD-L1 copy number gain, implying that PD-L1
gene alteration is a mechanism of PD-L1 overexpression, similar to a study in thymic
cancer[17]. Meanwhile, we noticed that survival analyses based on PD-L1 expression
were inconsistent. Some recent research indicated that PD-L1 expression was
associated with favorable OS in several malignancies, such as colorectal cancer,
thymic cancer, breast cancer, and non-small cell lung cancer[14,17,40,41]. And in these
studies, the authors detected a significant positive correlation between PD-L1
expression and increased TILs, especially CD8+ TILs, the key effector in antitumor
immune response. Moreover, in melanoma, it was revaled that the up-regulation of
immunosuppressive molecules PD-L1 and FOXP3+ Tregs is driven by CD8+ T cells[25],
which means that the upregulated expression of PD-L1, PD-1, and FOXP3 might be a
negative feedback mechanism following CD8+ T cell infiltration, to against activation
of host antitumor immunity. Although the discrepancy between PD-L1 expression
and prognosis can be attributed to a difference in experiment method and tumor
heterogeneity, we determined CD8+ TILs and FOXP3+ Tregs in G-NECs.
As a glycoprotein, CD8 plays an important role in cell-mediated immunity by
binding to the major histocompatibility complex class I molecule together with the Tcell receptor to stimulate the cytotoxic effect of TILs on cancer cells[42,43]. And it has
been reported as a favorable prognostic factor in many malignancies [21-24] . In
accordance with the previous research, we found that patients with high CD8+ T cell
infiltration may have a better clinical prognosis, although it did not reach the
statistical significance(P = 0.065). We found no association between PD-L1 expression
and CD8+ TILs, however, we noticed that five specimens with high CD8+ T cell
infiltration exhibited a tumor-stromal interface enhanced expression pattern of PD-L1.
And this might support the correlation between tumor cell PD-L1 expression and
CD8+ T cell infiltration in the stroma. And there was also no correlation between
FOXP3+ Tregs, CD8+ TILs infiltration, and PD-L1 expression.
Finally, as a retrospective study, there are selection bias and some other limitations
in our results. The small sample size of this research might result in some bias in the
multivariable prognosis analysis, so larger sample studies are needed. In this research,
we used IHC to investigate the expression of PD-L1, and our data might be limited by
the lack of standardization of IHC, for example specificity and reproducibility of
antibodies, definition of optimal positivity cut-off, and interpretative subjectivity.
In conclusion, this study for the first time demonstrated that the high PD-L1
expression by tumor cells was associated with a poor prognosis in G-NECs, especially
in the PD-1+ subgroup. Although we did not find a significant correlation between
CD8+ TILs and PD-L1 expression, we partly demonstrated the role of CD8+ TILs as a
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Table 2 Relationship between clinical characteristics and immune markers
Low
CD8 n
(%)

High
CD8 n
(%)

P-value

0.835

Low
FOXP3
n (%)

High
FOXP3
n (%)

P-value

0.019

High
PD-1 n
(%)

P-value

9

6

0.284

12

16

Low PD-1 n (%)

High
Low PDPD-L1 n P-value
L1 n (%)
(%)

Age (yr)
< 60

7

8

≥ 60

14

14

Male

17

18

Female

4

4

11

4

10

18

14

21

7

1

7

8

15

13

19

16

3

5

0.666

Gender
0.942

0.015

16

19

5

3

0.391

0.391

Tumor location
Cardia

9

12

11

10

10

11

11

10

Corpus

7

3

0.492

1

9

0.018

5

5

0.999

5

5

Antrum

4

6

7

3

5

5

4

6

Residual
stomach
anastomosis

1

1

2

0

1

1

2

0

10

10

12

11

0.489

Tumor size
≤ 5 cm

12

8

> 5 cm

9

14

0.172

11

9

10

13

0.451

11

9

10

13

0.451

0.887

T classification
T1/2

3

1

T3/4

18

21

0.272

2

2

19

20

3

9

18

13

18

19

3

3

0.961

2

2

19

20

5

7

16

15

16

21

5

1

0.961

1

3

21

18

6

6

16

15

19

18

3

3

0.272

Lymph node metastasis
≤7

5

7

>7

16

15

0.558

0.052

0.558

0.924

Liver metastasis
Absent

17

20

Present

4

2

Low

9

12

Hight

12

10

0.346

0.951

0.068

0.951

CD8
High
Low
FOXP3
0.443

PD-1
Low

13

8

High

8

14

Low

9

13

High

12

9

0.094

12

9

9

13

0.287

PD-L1
0.287

12

10

9

12

0.443

15

7

6

15

0.009

PD-L1: Programmed death ligand 1; PD-1: Programmed death 1.

favorable prognostic biomarker for G-NEC patients. Due to the coinstantaneous
impact of copy number variation and TILs’ stimulation on the expression of PD-L1,
the mechanism of high expression of PD-L1 in G-NECs remains complicated. Most
importantly, our findings provide important implications for the potential use of
antibody therapies targeting the PD-1/PD-L1 signaling pathway in G-NECs.
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Table 3 Univariate and multivariate analyses of prognostic parameters for survival in the cohort patients with gastric neuroendocrine
carcinomas
Univariate

Multivariate

Prognostic parameter
HR

95%CI

P-value

0.921-8.023

0.07

0.308-2.718

0.873

HR

95%CI

P-value

Age (yr)
< 60

1.0 (Reference)

≥ 60

2.718

Gender
Male

1.0 (Reference)

Female

0.915

Tumor location
Cardia

1.0 (Reference)

Corpus

3.034

1.100-8.374

0.032

2.878

0.971-8.529

0.057

Antrum

2.331

0.817-6.648

0.114

2.51

0.285-22.125

0.407

Residual stomach anastomosis

1.401

0.176-11.159

0.75

1.373

0.399-4.718

0.615

0.693-3.717

0.269

0.407-1.420

0.39

0.731-5.342

0.179

1.269-9.731

0.016

4.045

1.140-14.351

0.031

0.197-1.074

0.073

0.593-3.186

0.458

0.420-2.167

0.91

1.170-6.922

0.021

3.646

1.372-9.688

0.009

Tumor size
≤ 5 cm

1.0 (Reference)

> 5 cm

1.605

T classification
T1/2

1.0 (Reference)

T3/4

0.76

Lymph node metastasis
Absent

1.0 (Reference)

Present

1.976

Liver metastasis
Absent

1.0 (Reference)

Present

3.515

CD8
Low

1.0 (Reference)

High

0.46

FOXP3
Low

1.0 (Reference)

High

1.375

PD-1
Low

1.0 (Reference)

High

0.954

PD-L1
Low

1.0 (Reference)

High

2.846

PD-L1: Programmed death ligand 1; PD-1: Programmed death 1. HR: Hazard ratio; CI: Confidence interval.
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Figure 3

Figure 3 Kaplan–Meier survival analysis of the gastric neuroendocrine carcinomas patients. A: Patients with high infiltration of CD8+ lymphocytes tended to
have a relative longer survival, but the difference was not statistically significant; B: Kaplan-Meier overall survival curves in patients with high and low expression of
programmed death ligand 1 (PD-L1) in the whole population; C: Low PD-1+ cell infiltration group; D: High PD-1+ cell infiltration group. PD-L1: Programmed death
ligand 1.
Figure 4

Figure 4 Programmed death ligand 1 copy number is associated with programmed death ligand 1 expression in gastric neuroendocrine carcinomas. A:
Programmed death ligand 1 (PD-L1) copy number status varied in 19 gastric neuroendocrine carcinoma samples. The cases with copy number gain are shown in
black; B: Cases with copy number gain showed significantly higher PD-L1 expression than those without. PD-L1: Programmed death ligand 1.

ARTICLE HIGHLIGHTS
Research background
Recently, more and more studies have demonstrated the pivotal role of programmed death
1/programmed death ligand 1 (PD-1/PD-L1) pathway in the immune evasion of tumors from
the host immune system. However, the role of PD-1/PD-L1 pathway in gastric neuroendocrine
carcinomas (G-NECs) remains unknown.

Research motivation
G-NECs are highly malignant, clinically defiant, and lack of effective treatment. Recent research
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has proved the role of treatment targeting PD-1/PD-L1 pathway in several other advanced
cancers. This study for the first time demonstrated that PD-L1 can be expressed by G-NEC
cancer cells and the high PD-L1 expression was associated with a poor prognosis. These findings
provide important implications for the potential use of antibody therapies targeting the PD1/PD-L1 signaling pathway in G-NECs.

Research objectives
We performed this research to investigate the expression of PD-1/PD-L1 and role of PD-1/PDL1 pathway in G-NECs.

Research methods
We investigated the expression of PD-L1 on tumor cells and PD-1+, CD8+, and FOXP3+ T cell
infiltration by immunohistochemistry in 43 resected G-NECs tissue specimens, while the copy
number alterations of PD-L1 were assessed by qRT-PCR. Statistical analyses and graphical
representations were performed using SPSS 22.0 software and GraphPad Prism 6 software,
respectively. χ2 test and Fisher’s exact test were used to evaluate the correlation of PD-L1, PD-1,
FOXP3, and CD8 with clinicopathologic parameters in patients with G-NECs. Survival curves
were evaluated using the Kaplan-Meier method and differences were analyzed by the log-rank
test. Identification of factors that had a significant inﬂuence on survival was performed by
univariate and multivariate Cox regression analyses. Comparison between two groups was
performed by the Student’s t-test or Mann–Whitney U test.

Research results
We found that most of the G-NECs tumor cells exhibited a near-uniform expression pattern of
PD-L1, while some showed a tumor-stromal interface enhanced pattern. Of the 43 G-NECs, 21
(48.8%) were classified as a high PD-L1 expression group, and the high expression of PD-L1 was
associated with poor overall survival (OS). The high expression of PD-L1 was correlated with
abundant PD-1 + tumor infiltrating lymphocytes (TILs) instead of CD8 + TILs and FOXP3 +
regulatory T cells (Tregs). Our analysis also suggested that the infiltration of CD8+ TILs tended to
be a favorable factor for OS, although the difference did not reach the statistical significance (P =
0.065). Meanwhile, PD-L1 was significantly overexpressed in cases with copy number gain as
compared with those without. However, as a retrospective study, the small sample size of this
research might result in some bias in the multivariable prognosis analysis, so larger sample
studies are needed.

Research conclusions
Our data demonstrated for the first time that the high expression of PD-L1 in G-NECs was
associated with a poor prognosis, while the high expression may be due to the copy number
variation of PD-L1 gene or stimulation of TILs. These results provide a basis for the
immunotherapy targeting PD-1/PD-L1 pathway in G-NECs.

Research perspectives
By this study, we found that PD-1/PD-L1 pathway is involved in G-NECs. In the following, in
vitro cell experiments and in vivo animal experiments are needed.
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Abstract
BACKGROUND
Long non-coding RNAs (lncRNAs) are widely involved in tumor regulation.
Nevertheless, the role of the lncRNA cancer susceptibility 19 (CASC19) in
colorectal cancer (CRC) has yet to be fully clarified.
AIM
To explore the effect of CASC19 on proliferation and metastasizing ability of CRC
cells.
METHODS
CASC19 expression in human CRC tissues, pair-matched adjacent normal colon
tissues, and CRC cells was detected using quantitative real-time PCR (qRT-PCR).
CASC19 expression, as well as its relation to overall survival, was extrapolated by
Kaplan-Meier survival analysis together with multivariable Cox regression assay.
In vitro experiments were performed to confirm whether CASC19 regulates CRC
cell invasion, migration, proliferation, and apoptosis.
RESULTS
CASC19 expression was markedly upregulated in CRC tissues and CRC cell lines
(P < 0.05). qRT-PCR revealed that CASC19 expression was higher in 25 tissue
samples from patients with aggressive CRC compared with the 27 tissue samples
from patients with nonaggressive CRC (P < 0.05). Higher CASC19 expression was
associated with poorer patient prognoses. Furthermore, in vitro experiments
demonstrated that CASC19 overexpression enhanced CRC cell invasion,
migration, and proliferation. CASC19 overexpression enhanced the expression of
cell migration inducing hyaluronidase 1 (CEMIP) and epithelial-mesenchymal
transition markers. MiR-140-5p was found to be able to bind directly to CASC19
and CEMIP. Overexpression of miR-140-5p reversed the effect of CASC19 on cell
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proliferation and tumor migration, as well as suppressed CASC19-induced
CEMIP expression.
CONCLUSION
CASC19 positively regulates CEMIP expression through targeting miR-140-5p.
CASC19 may possess an oncogenic function in CRC progression, highlighting its
potential as an essential biomarker in CRC diagnosis and therapy.
Key words: Colorectal cancer; Long non-coding RNA; MicroRNA; Proliferation;
Metastasis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The long non-coding RNA cancer susceptibility 19 is highly expressed in
colorectal cancer tissues. In vitro studies have shown that the long non-coding RNA
cancer susceptibility 19 may regulate the proliferation, epithelial-mesenchymal
transition, and metastasizing ability of colorectal cancer cells by regulating microRNA140-5p, as well as cell migration by inducing hyaluronidase 1.
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INTRODUCTION
Colorectal cancer (CRC) is a tumor that is increasingly common in the modern
world[1]. Tumor metastasis is one of the most important causes of poor prognosis for
patients with CRC. At the time of diagnosis, approximately 20%-25% of patients with
CRC are found to have liver metastasis. At the same time, liver metastasis occurs in
up to 40%-50% of patients after resection of primary CRC [2] . Although current
methods for the diagnosis and therapy of CRC have achieved remarkable progress,
tumor metastasis remains an important factor affecting the survival of patients[3]. In
recent years, gene therapy has become an intense focus of research. Transporting
tumor suppressor genes or non-coding RNAs via nanocarriers may be a new option
for cancer therapeutics[4]. Therefore, a thorough understanding of the molecular
pathophysiological pathways underlying CRC is crucial to developing an effective
therapeutic strategy.
Non-coding RNAs include microRNAs (miRNAs) and long non-coding RNAs
(lncRNAs). MiRNAs bind to the 3’-untranslated regions (3’-UTR) of the message RNA
(mRNA) of the target genes, resulting in mRNA degradation and inhibition of the
translation process. LncRNAs are RNAs that are longer than 200 nucleotides. The
existing literature primarily investigates the regulatory roles of lncRNAs in several
biological processes[5,6]. Dysregulation of lncRNAs is observed in various types of
cancers, including breast cancer[7], oesophageal cancer[8], hepatocellular carcinoma[9-11],
lung cancer [12] , gastric cancer [13] , and CRC [14-18] . LncRNA dysregulation has been
discovered to be closely related to cancer progression. For example, overexpression of
the lncRNA n335586 contributes to cell migration and invasion in hepatocellular
carcinoma[19], while the lncRNA CASP5 facilitates the migration and invasion of
human glioblastoma cells[20]. The regulatory mechanism of lncRNAs is still not clearly
understood, and its possible role in cancer has been hypothesized to be as a
competing endogenous RNA (ceRNA) for sponge miRNAs. For instance, the lncRNA
UCA1 may adsorb microRNA (miRNA/miR)-182, thereby affecting the expression of
its downstream target gene PFKFB2 and promoting glioma metastasis[21]. The lncRNA
PVT1 enhances colon cancer metastasis by altering the miR-30d-5p/RUNX2 axis[22].
CRC progression has recently been discovered to be associated with endogenous
lncRNA sponges. The cancer susceptibility 19 (CASC19) is a 324 bp lncRNA that is
located on chromosome 8q24.21. Several lines of evidence suggest that the expression
of CASC19 is overregulated in CRC, and this may play an oncogenic role in CRC
progression [23-25] . However, the mechanism by which CASC19 regulates CRC

WJG

https://www.wjgnet.com

1698

April 14, 2019

Volume 25

Issue 14

Wang XD et al. Role of CASC19 in CRC

progression is not fully understood.
The cell migration inducing hyaluronidase 1 (CEMIP) gene is located on
chromosome 15q25 and encodes a 150 kDa protein. CEMIP is originally described as
an inner ear protein and its mutation leads to hearing loss[26]. CEMIP has traditionally
been linked to hyaluronic acid depolymerization[27]. Recent findings indicate that
CEMIP may be involved in tumor development and may promote tumor cell
proliferation and metastasis. For instance, the high expression of CEMIP is associated
with a poor prognosis of prostate cancer[28], gastric cancer[29], and CRC[28,30-34]. These
reports suggest that CEMIP contributes to cancer heterogeneity and may be a
potential therapeutic target.
Our present study demonstrated that CRC possesses a characteristic alteration in
CASC19 expression profile that is related to CRC progression. Overexpression of
CASC19 promotes CRC progression. In addition, mechanism analysis showed that
CASC19 positively regulates CEMIP expression via sponge miR-140-5p, thereby
exerting a carcinogenic effect in CRC progression. Future therapies targeting the
CASC19/miR-140-5p/CEMIP axis may be beneficial in CRC.

MATERIALS AND METHODS
Patients and tissue specimens
This study included 52 patients who were pathologically diagnosed as having CRC
and received surgical treatment between January 2015 and December 2016 at Tianjin
Medical University General Hospital. Dissected tumor and adjacent normal colonic
mucosal tissues (as samples taken from areas well close to the section margin) were
immediately frozen in liquid nitrogen and stored at -80 °C. All the patients did not
receive neoadjuvant therapy. All patients provided written informed consent. This
study was approved by the Medical Ethics Committee of Tianjin Medical University
General Hospital (Ethical No. IRB2015-YX-018) and was conducted in strict
compliance with the Declaration of Helsinki.

Cell culture and transfection
Healthy colon epithelial cell line (FHC) and CRC cell lines (HCT-116, SW480, Lovo,
and SW620) were purchased from the Chinese Academy of Sciences (Shanghai,
China). All cells were maintained in DMEM medium supplemented with 10% FBS in
a controlled environment of 5% CO2 at 37 °C. Cell medium was replaced every 2 d.
Before transfection, a total of 2.5 × 104 cells per well were seeded onto 6-well plates
and incubated for 24 h, then the culture medium was discarded and 100 nmol/L of
CASC19 overexpressing plasmid (CASC19-p; Genechem, Shanghai, China), 200
nmol/L of siRNA mixture, 100 nmol/L of miR-140-5p mimic (Ribobio, Guangzhou,
China), or 200 nmol/L of miR-140-5p inhibitor (Ribobio, Guangzhou, China) was
used for cell transfection. The pcDNA 3.1 negative control (CASC19-p NC),
pcNDA3.1-CASC19 (CASC19-p), CASC19 siRNAs (siCASC19), CEMIP siRNAs
(siCEMIP), and pcNDA3.1-CEMIP (CEMIP-p) were purchased from Genechem
(Shanghai, China). MiR-140-5p mimic, miR-140-5p inhibitor, mimic NC, and inhibitor
NC were obtained from Ribobio (Guangzhou, China).

Luciferase reporter system
The luciferase reporter system was constructed by Genechem (Shanghai, China) as
previously described[35]. Briefly, site-directed mutations were introduced into the
CASC19 or CEMIP binding site of miR-140-5p (QuikChange Lightning Site-Directed
Mutagenesis Kit, Stratagene, United States). The 3’-UTR fragment of wild-type (Wt)
and mutant (Mut) CASC19 or CEMIP was then sub-cloned into the pGL3 luciferase
vector (Promega, United States) by PCR, respectively. The miR-140-5p mimic was cotransfected with the vector into 293T cell lines for 12 h in 96-well plates using an
enhanced infection solution (containing 5 μg/mL polybrene) (Genechem, Shanghai,
China). The 293T cells were then cultured for 24 h and lysed to analyze the luciferase
activity. Renilla (Promega, United States) activity was used as the internal control.

Cell cycle assay
A flow cytometric technique was used to perform cell cycle analysis as detailed in a
prior study[36]. In brief, HCT-116 and SW480 cells were harvested after transfection,
and cell fixation was done with 70% pre-cooled ethanol at -20 °C overnight.
Subsequently, cell staining was carried out using propidium iodide (PI, 50 μg/mL;
Solarbio, Tianjin, China) and RNase A (0.1 mg/mL, Sigma, United States) at room
temperature for 30 min. Then, the cells were analyzed with a flow cytometer (BD
FACSCato II Flow Cytometer, BD Biosciences, Franklin Lakes, United States). All data
pertaining to cell cycle studies are described in terms of the percentage of cell
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distributions in different phases (G0/G1, S, and G2/M).

Cell proliferation assay
The cell counting kit-8 (CCK-8) assay was used to assess the ability of SW480 and
HCT-116 cells to proliferate. Cells (2 × 103) were added to each well of a 96-well plate
with 100 μL of culture medium. CCK-8 solution (10 μL; Dojindo Laboratories, Japan)
was applied into each well from day 0 to day 5. The cells were left to incubate for 3 h
at 37 °C. A microplate luminometer (Bio-Rad Laboratories, United States) was then
used to quantify absorbance values at 450 nm.

Wound-healing and transwell assays
The abilities of cells to migrate and invade were assessed by wound-healing assay and
Transwell assay with Matrigel (BD Bioscience, United States). Briefly, for the woundhealing assay, transfected cells were allowed to proliferate in 6-well plates until a
confluent monolayer was achieved. The cell layer was gently scratched with a 200 μL
pipette tip to inflict a wound. PBS was used to rinse the cells to remove debris and
wound healing was allowed to take place for the next 24 h. The area of open wound
covered by cells was described in terms of “percent wound closure (%)” [(Scratch
distance 0h - Scratch distance 24h )/Scratch distance 0h × 100%, the distances were
measured with Image J]. For the transwell assay, 200 μL of medium without serum
containing 1 × 105 cells was applied onto the upper chamber, while 600 μL of medium
with 10% fetal bovine serum (FBS) was added to the bottom chamber. The cells were
left to incubate for 24 h at 37 °C. The membranes were then removed and cells were
fixated with 4% paraformaldehyde before undergoing a 10-min staining period with
0.1% crystal violet. An inverted microscope was used to count the total cell number.

Apoptosis assay
For the apoptosis assay, 200 μL of PBS was used to suspend cells. PI and fluorescein
isothiocyanate (FITC) conjugated Annexin V (BD Biosciences, Franklin Lakes, NJ,
United States) were then added into the suspension and left to incubate for 20 minutes
at room temperature. A flow cytometer (FACSVerse, BD Biosciences, San Diego, CA,
United States) was used to analyze cells.

RNA extraction and quantitative real-time PCR (qRT-PCR)
Total RNA was extracted with an RNA extraction kit (QIAGEN, Shanghai, China) and
1 μg of total RNA was added to a 20 μL system. The GoScript Reverse Transcription
system (Promega, United States) was used for reverse transcription of CASC19 and
CEMIP, and miR-140-5p was reverse transcribed by the stem-loop method (QIAGEN,
Shanghai, China). GAPDH and U6 served as internal controls. The primer sequences
are as follows: forward, 5'-GAGGAAGGCAGCACAATGATG-3' and reverse, 5'-CTTG
CCAGTGTCTTCTCCTGA-3' for CASC19; forward, 5'-GCTCTGGGATTTAAGG
CAGC-3' and reverse, 5'-ATTGGAGCCATGGACTGTGA-3' for CEMIP; forward, 5'CAGTGGTTTTACCCTATGGTAG-3' and universal primer, 5’-TGGTGTCGTGGA
GTCG-3’ for miR-140-5p; forward, 5'-TGCACCACCAACTGCTTAGC-3' and reverse
5'-GGCATGGACTGTGGTCATGAG-3' for GAPDH; forward, 5'CTCGCTTCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAATTTGCGT-3' for
U6. All PCR reactions lasted 40 cycles, and the relative fold change of gene expression
was derived using the 2-ΔΔCt method.

Subcellular fractionation
Cellular localization of CASC19 was determined by subcellular fractionation using the
PARIS Kit (Thermo Fisher Scientific, United States). Briefly, cytoplasmic and nuclear
RNA were first extracted. The expression of CASC19 in the cytoplasmic and nuclear
fractions was determined by qRT-PCR. GAPDH and U6 served as the cytoplasmic
and nuclear controls, respectively.

RNA immunoprecipitation (RIP) assay
RIP assay (Magna RIPTM RNA Binding Protein Immunoprecipitation Kit, Millipore,
United States) was utilized to verify the binding association between miR-140-5p and
endogenous CASC19 in CRC cells. Briefly, harvested HCT-116 and SW480 cells were
resuspended in cell RIP lysis buffer and kept on ice for 20 min. The RIP lysate was
then centrifuged and 100 μL of the supernatant was removed and added to each beadantibody [anti-Argonaute 2 (Ago2) or negative control IgG] complex in RIP
immunoprecipitation buffer. All tubes were left to incubate overnight in a rotator at 4
°C. The next day, immunoprecipitation tubes were centrifuged briefly and placed on a
magnetic separator to collect the bead-antibody-RNA complexes. Protein K was used
to purify the RNA. Purified RNA was then analyzed by RT-PCR.
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Western blot analysis
Specimens and CRC cells were lysed in RIPA to obtain total protein, and 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate
40 μg of each protein sample with the proteins subsequently reapplied to
polyvinylidene fluoride membranes (Millipore, United States). These membranes
containing blotted proteins were exposed to 0.5% bovine serum albumin to block
endogenous reactions, followed by overnight probing at 4 °C with anti-CEMIP
(1:1500, Novus, United States), anti-Vimentin (1:1500, CST, United States), anti-Ncadherin (1:1500, CST, United States), anti-E-cadherin [1:1500, Cell Signaling
Technology (CST), United States], anti-poly AD-ribose polymerase (PARP) (1:2000,
CST, United States), anti-caspase 3 (1:2000, CST, United States), anti-caspase 7 (1:2000,
CST, United States), and anti-β-actin (1:3000, CST, United States) antibodies. The next
day, membranes were rinsed and subjected to 2-h room temperature incubation with
diluted secondary horseradish peroxidase (HRP)-marked antibodies (1:2500, CST,
United States). An enhanced chemiluminescence detection kit (Millipore, United
States) was used to detect immunoreactive protein bands. Images were acquired with
a G-Box system (Syngene, United States) and analyzed with Image J (National
Institute of Mental Health, United States).

Immunohistochemistry assay
Immunohistochemistry assay was used to determine CEMIP expression in CRC
tissues and adjacent normal colonic mucosal tissues as described in our previous
study[37]. Briefly, tissue samples were fixed in 4% paraformaldehyde, embedded in
paraffin, and sliced into 4 μm sections. Dehydration was carried out with xylene and a
gradient of ethanol solution before endogenous peroxidase blocking was carried out
with a 3% H2O2 solution. Antigen retrieval was performed with heated sodium citrate
solution (92 °C-95 °C, 10 nmol/L, pH 6.0) for 5 min and 1% goat serum was added to
the sections at room temperature for 2 min to block the sections. Rabbit anti-human
CEMIP antibody (1:150; CST, United States) was applied onto the sections and left
overnight to incubate at 4 °C. After incubation with the secondary antibody for 1 h at
RT, freshly prepared diaminobenzidine was then added to the sections that were then
stained with hematoxylin. A light microscope (Leica Microsystems, Wetzlar,
Germany) was used to visualize slides and brown particles in the cytoplasm or
cytomembranes were taken to indicate positive staining.

Statistical analysis
All data are expressed in terms of the mean ± SD. Continuous data were analyzed
using the t-test or the one-way analysis of variance (ANOVA). The relationship
between CASC19 expression and clinicopathological features was determined by oneway analysis of variance, the Chi-squared test, or the Fisher’s exact test. The
prognostic value of CASC19 in CRC patients was explored by Cox regression analysis.
Kaplan-Meier methods and log-rank tests were used to carry out survival analyses.
The correlations between CASC19, miR-140-5p, and CEMIP were analyzed using
Spearman or Pearson correlation analysis. All statistical analyses were carried out
with the use of GraphPad Prism (GraphPad Software, Version 5.0, United States) and
SigmaPlot software (SPSS 22.0, United States). P-values < 0.05 were considered
statistically significant. All results are representative of three repeated experiments.

RESULTS
CASC19 is upregulated in CRC tissues and CRC cell lines, and high expression of
CASC19 indicates a poor prognosis
CASC19 expression was analyzed in 52 pairs of CRC tissues and adjacent normal
colonic mucosal tissues using qRT-PCR. CASC19 exhibited significantly increased
expression in CRC tissues in contrast to adjacent healthy colonic mucosal tissues (P <
0.05) (Figure 1A). Consistently, the CASC19 expression in CRC cell lines was
markedly elevated in comparison to FHC cells (P < 0.05) (Figure 1B). For further in
vitro studies, HCT-116 and SW480 cell lines were used.
We also focused on determining the association between expression of CASC19 and
clinical phenotypes of patients with CRC. Participants were stratified into an
aggressive tumor group (n = 25) and a non-aggressive tumor group (n = 27) based on
whether the patient had or not lymph node or liver metastasis. Results showed that
aggressive CRC tumors had higher CASC19 expression (P < 0.05) (Figure 1C). Next,
we calculated the average of relative CASC19 expression levels in tumor tissues, and
the average value (2.9310) was determined to be the cutoff point between “High
CASC19” and “Low CASC19”. Results showed that 22 samples were included in the
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Figure 1

Figure 1 Differential expression of cancer susceptibility 19 in colorectal cancer tissues and cell lines. A: Differential cancer susceptibility 19 (CASC19)
expression in CRC tissues and adjacent normal colon mucosa tissues. B: Differential CASC19 expression in colorectal cancer (CRC) cell lines and FHC cells. C:
Differential CASC19 expression in aggressive tumor tissue samples and nonaggressive tumor tissue samples. D: Kaplan-Meier analyses of the correlations between
CASC19 and overall survival of 52 patients with CRC. E: Cellular localization of CASC19 in CRC cells. Data are reported as the mean ± SD. aP < 0.05. CASC19:
Cancer susceptibility 19; CRC: Colorectal cancer.

high CASC19 group while another 30 were included in the low CASC19 group.
Subsequent correlation analysis revealed that CASC19 expression was associated with
liver metastasis (P < 0.01), lymphatic metastasis (P < 0.01), and TNM stage (P < 0.05)
(Table 1) (Supplementary Figure 1). Significant associations were not present between
CASC19 expression and other clinical parameters such as tumor size, local invasion,
age, and gender (P > 0.05) (Table 1). Kaplan-Meier survival curves demonstrated that
patients who possessed raised expression of CASC19 experienced shorter survival
durations in contrast to those who had lower CASC19 expression (log-rank P < 0.001)
(Figure 1D). We then carried out multivariable Cox regression analysis to further
determine the impact of clinicopathological features and expression of CASC19 on the
overall survival times of patients with CRC. The findings indicated that CASC19
expression [the exponent of B (Exp (B) = 8.893, 95% confidence interval (CI): 2.59630.464, P = 0.001] was an independent prognostic factor for CRC (Table 2).
Moreover, the results of subcellular fractionation confirmed that CASC19 was
predominantly localized in the cell plasma (Figure 1E). Taken together, our findings
demonstrated that CASC19 was a highly expressed lncRNA in CRC and is highly
involved in CRC metastasis.

CASC19 promotes proliferation and inhibits apoptosis of CRC cells in vitro
To explore the role of CASC19 in CRC cells, SW480 and HCT-116 cells were
transfected with CASC19-p or siCASC19. CASC19 was increased significantly in the
CASC19-p group (CASC19 overexpression) in contrast to the control group (P < 0.05)
and was substantially attenuated in the siCASC19 group (CASC19 knockdown) (P <
0.05) (Figure 2A). CASC19-p NC or siCASC19 NC did not alter CASC19 expression in
CRC cells (Figure 2A).
Additionally, the CCK-8 assay was used to assess the impact of CASC19 on the
proliferation of SW480 and HCT-116 cells. Figure 2B demonstrates that HCT-116 and
SW480 cells experienced augmented proliferation in the presence of CASC19
overexpression (P < 0.05). Conversely, knockdown of CASC19 inhibited HCT-116 and
SW480 cell proliferation (P < 0.05).
Interestingly, high CASC19 expression in CRC cells led to markedly decreased
caspase-3, caspase-7, and PARP (P < 0.05 for all) (Figure 2C). Overexpression of
CASC19 decreased the apoptotic rate of CRC cells (P < 0.05) (Figure 2D), while
CASC19 knockdown enhanced caspase-7, caspase-3, and PARA protein levels.
Furthermore, CASC19 knockdown markedly elevated the percentage of apoptotic
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Table 1 Associations of cancer susceptibility 19 expression with clinicopathologic features of
patients with colorectal cancer
CASC19 expression
Feature

Total (n = 52)

P-value
High

Low

Gender
Male

25

10

15

Female

27

12

15

0.483

Age, yr
≤ 60

13

5

8

> 60

39

17

22

0.503

≤ 5 cm

22

9

13

> 5 cm

30

13

17

I-II

23

6

17

III-IV

29

16

13

Tumor size
0.379

TNM stage
0.019a

Local invasion
T1 + T2

9

4

5

T3 + T4

43

18

25

0.585

Yes

22

14

8

No

30

8

22

Yes

18

13

5

No

34

9

25

Lymphatic metastasis
0.008b

Liver metastasis
0.002b

a

P < 0.05.
P < 0.01.
CASC19: Cancer susceptibility 19; CRC: Colorectal cancer.
b

cells (P < 0.05 for all) (Figure 2D). Cell cycle assay revealed that CASC19
overexpression led to a higher proportion of SW480 and HCT-116 cells that were in
the S phase. This proportion was significantly reduced in cells that had suppressed
CASC19 levels. It can be concluded that CASC19 promoted CRC cell growth, while
knockdown of CASC19 expression could impede CRC cell growth.

CASC19 promotes CRC cell migration and invasion in vitro
The wound-healing and transwell assays were used to determine the impact of
CASC19 expression on CRC cell migration and invasion, respectively. Cells
transfected with CASC19-p completed wound healing at a faster rate in comparison to
cells that were transfected with CASC19-p NC (P < 0.05) (Figure 3A). HCT-116 and
SW480 cells that were induced to overexpress CASC19 were observed to undergo
higher invasion rates (Figure 3B). Whereas, the migration and invasion abilities were
inhibited in cells that had CASC19 knockdown (Figure 3A and B) (P < 0.05).
Given the crucial function of epithelial-mesenchymal transition (EMT) in the
malignant transformation and invasive properties of cancer cells, we sought to clarify
the impact of CASC19 on EMT marker expression in CRC cell lines. E-cadherin was
downregulated (P < 0.05), while Vimentin and N-cadherin were upregulated (P < 0.05
for all) in HCT-116 and SW480 cell lines that had upregulated CASC19 (Figure 3C). In
contrast, E-cadherin expression was increased (P < 0.05), and the expression of
Vimentin and N-cadherin was decreased (P < 0.05 for all) in HCT-16 and SW480 cells
that had suppressed CASC19 levels (Figure 3C). Together, these data indicate that
CASC19 promotes CRC cell metastasis.

CASC19 promotes CEMIP expression by targeting miR-140-5p
To understand how CASC19 affects the CRC cell migration and proliferation, a
ceRNA network analysis was carried out using starBase v 2.0
(http://starbase.sysu.edu.cn/index.php)[38,39]. Interestingly, CASC19 was positively
correlated with CEMIT expression. We examined the protein and mRNA levels of
CEMIP in CRC cell lines and tissues. CEMIP expression was augmented in CRC
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Table 2 Univariate and multivariate analyses of variables influencing survival of 52 patients with
colorectal cancer
Univariate analysis

Multivariate analysis

Variable
P-value

Exp(B)

95%CI

P-value

CASC19

< 0.001b

8.893

2.596-30.464

0.001a

Age, yr

0.202

-

-

-

Gender

0.719

-

-

-

Tumor size

0.376

-

-

-

TNM stage

0.025

a

-

-

0.407

Local invasion

0.011a

-

-

0.322

Lymphatic metastasis

< 0.001b

11.395

3.201-40.565

< 0.001b

Local invasion and liver metastasis

< 0.001b

7.274

2.382-22.211

< 0.001b

a

P < 0.05.
P < 0.01.
CASC19: Cancer susceptibility 19; CRC: Colorectal cancer; Exp(B): The exponent of B; CI: Confidence interval.
b

tissues in contrast to healthy normal colonic mucosa at both the mRNA and protein
levels (P < 0.05 for all) (Figure 4A and B). Similarly, the mRNA levels of CEMIP in
CRC cells lines was upregulated in contrast to levels found in FHC cells (P < 0.05)
(Figure 4C). Furthermore, Spearman’s correlation analysis revealed CASC19
expression was positively correlated CEMIT mRNA expression in CRC tissues
(Pearson r = 0.809, P < 0.001) (Figure 4D). Additionally, we examined the effect of
CASC19 on CEMIP expression in SW480 and HCT-116 cell lines. The mRNA and
protein levels of CEMIP were upregulated after CASC19 overexpression in both cell
lines, while suppression of CASC19 expression decreased CEMIP protein and mRNA
levels in the two cell lines (P < 0.05 for all).
It has been demonstrated that lncRNAs are able to bind directly to miRNA and
function as ceRNAs[40]. We next predicted miR-140-5p to be a potential target of
CASC19 by using starBase v 2.0 program (http://starbase.sysu.edu.cn/index.php)[38,39]
(Figure 4F). We went on to examine the expression of miR-140-5p in CRC cell lines
and tissues. CRC tissue samples were found to possess a much lower miR-140-5p
level in contrast to adjacent healthy colonic mucosal tissues (P < 0.05) (Figure 4G).
Besides, miR-140-5p was suppressed in CRC cell lines in contrast to FHC cells (P <
0.05) (Figure 4G). CASC19 and miR-140-5p expression appeared to negatively
correlate in CRC tissues, based on Spearman’s correlation analysis (Pearson r = -0.660,
P < 0.001) (Figure 4H). The anti-Ago2 RIP assay was performed to verify the presence
of direct binding between CASC19 and miR-140-5p. Endogenous CASC19 was
specifically enriched in miR-140-5p mimic transfected CRC cells in contrast to the NC
mimic group (P < 0.05) (Figure 4I). A luciferase reporter assay was carried out to
determine if CASC19 could directly target miR-140-5p. The luciferase activity was
reduced in wild-type CASC19 3’-UTR and miR-140-5p mimic co-transfected 293T cells
in comparison to wild-type CASC19 3’-UTR and miR-140-5p mimic NC co-transfected
293T cells (P < 0.05) (Figure 4J).
Interestingly, CEMIP is a potential target gene of miR-140-5p [predicted by
TargetScan (http://www.targetscan.org/vert_71/) and miRBase
(http://www.mirbase.org/)] (Figure 4K). Spearman’s correlation analysis showed
that CEMIP correlated negatively with miR-140-5p in CRC tissues (Pearson r = -0.657,
P < 0.001) (Figure 4L). CEMIP is a direct target of miR-140-5p, as revealed by
luciferase reporter assays (Figure 4M).
Furthermore, it was suggested that the CEMIP protein expression was
downregulated in siCASC19 and NC inhibitor co-transfected CRC cells, a
phenomenon which could be reversed with the addition of miR-140-5p inhibitor (P <
0.05) (Figure 4N). CEMIP expression was markedly raised after transfecting CRC cells
with CASC19-p and NC mimic. Moreover, the effects of CASC19 were reversed by the
addition of miR-140-5p mimic to CRC cell lines (P < 0.05) (Figure 4O). Collectively,
these finding indicate that CASC19 is able to function as a ceRNA and indirectly
regulate CEMIP expression by sponging miR-140-5p.

MiR-140-5p reverses the promoting effect of CASC19 on the proliferation and
metastasizing ability of CRC cells
To confirm whether CASC19 exerts its function through sponging miR-140-5p in CRC
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Figure 2

Figure 2 Role of cancer susceptibility 19 in the proliferation and migration of colorectal cancer cells. A: Expression of cancer susceptibility 19 (CASC19) in
colorectal cancer (CRC) cells transfected with siCASC19 or CASC19-p and their NCs was quantified by quantitative real-time PCR. B: Growth curves of HCT-116 and
SW480 cell lines that were transfected with CASC19-p or siCASC19 were analyzed using the Cell Counting Kit-8 assay. C: Western blot was used to determine the
expression of caspase 3, caspase 7, and PARP in HCT-116 and SW480 cells that were transfected with either CASC19-p or siCASC19. The grayscale value of
proteins was measured with Image J. D: Cell apoptosis rate was detected by flow cytometry after transfection with CASC19-p or siCASC19. E: The proportion of cells
in each cell cycle phase was detected using flow cytometry after cells were transfected with CASC19-p or siCASC19. Data are reported as the mean ± SD. aP < 0.05.
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CASC19: Cancer susceptibility 19; CRC: Colorectal cancer.

tissues, CCK-8 and transwell assays were performed. Results demonstrated that
knockdown of CASC19 or CEMIP expression significantly inhibited the proliferation
and invasion of HCT-116 and SW480 cells (P < 0.05) (Figure 5A-D). The addition of
miR-140-5p inhibitor reversed this effect. Moreover, miR-140-5p inhibitor was able to
promote the proliferation and invasion abilities of cells. Conversely, overexpression of
CASC19 or CEMIP in the cell lines promoted the proliferative and invasive capacities
of HCT-116 and SW480 cells, with this effect reversed by miR-140-5p mimic.
Furthermore, miR-140-5p alone significantly inhibited the proliferative and invasive
capacities of both cell lines (P < 0.05) (Figure 5A-D). Lastly, the expression of Ecadherin and vimentin in transfected CRC cells was analyzed. Consistent with the
previous results, the effect of knockdown or overexpression of CASC19 on the
expression of the markers was reversed by miR-140-5p inhibitor or miR-140-5p mimic
(Figure 5E and F). These data suggested that miR-140-5p is able to counteract the
effect of CASC19 on the growth and metastasizing abilities of CRC cells in vitro.

DISCUSSION
Studies have confirmed that dysregulation of lncRNAs is closely related to the
occurrence and development of various tumors. LncRNAs may become potential
targets for the development of future chemotherapeutic medications[41,42]. Therefore,
studying the clinical significance and function of lncRNA along with its possible
mechanisms of action may contribute towards the gene therapy in cancer. Recently,
researchers have demonstrated that lncRNAs are involved in the progression of CRC.
For instance, the lncRNA SUMO1P3 drives CRC growth and metastasis[16,43,44]. Lymph
node metastasis and poor CRC prognosis have been linked to the upregulation of the
lncRNA BANCR[43]. The lncRNA HAND2-AS1 sponging miR-1275 suppresses CRC
progression by upregulating KLF14[44]. Previous studies demonstrate that the lncRNA
CASC19 may promote the progression of several cancers, and it has been suggested
that CASC19 may function as a biomarker for CRC poor prognosis[24,45]. Therefore, it is
necessary to study the function of CASC19 in CRC. In our study, it was observed that
the expression of CASC19 was greatly raised in both CRC cell lines and tissue
samples. This result is consistent with previous results, which suggests that CASC19
may be an important lncRNA that regulates CRC heterogeneity. Given that the
cellular location of CASC19 was related to lncRNA function, we examined the
subcellular distribution of CASC19 using cellular fractionation. Cellular localization
showed that CASC19 was mostly located in the cellular plasma, indicating that
CASC19 may function to sponge miRNA.
Heterogeneity is a key property that is responsible for malignant processes such as
initiation, migration, and metastasis of cancer. One example is the lncRNA HOTAIR
that may promote the progression of a variety of cancers by affecting the proliferation,
migration, and invasion of various cancer cells[46]. Knockdown of the lncRNA LCPAT1
inhibits autophagy in lung cancer[47]. The lncRNA PVT1 may promote ovarian cancer
progression [48] . These data suggest that lncRNAs are emerging as crucial cancer
regulators. Correlation analysis showed that high expression of CASC19 was
associated with CRC metastasis. Thus, we speculated that CASC19 may be correlated
with CRC progression. As we expected, in vitro experiments showed that CASC19
promoted CRC progression.
It has been demonstrated that lncRNAs may function as ceRNAs by sponging
miRNAs[49]. For example, HOTAIR promotes renal cell carcinoma progression via
absorbing miR-138[50]. The lncRNA SNHG7 sponges miR-216b to upregulate GALNT1,
leading ultimately to the promotion of CRC cell proliferation and liver metastasis[51].
Previously, miR-140-5p was observed to be expressed abnormally in several
malignancies including CRC[52], breast cancer[53], ovarian cancer[54], glioma[55], and
gastric cancer[56]. Similar to previous studies, our study revealed that CASC19 may
promote CRC by targeting miR-140-5p. The current investigations revealed that
CASC19 directly targets miR-140-5p. Importantly, there was an endogenous
interaction between these two molecules in CRC cells. Moreover, inhibiting
proliferation and invasion and promoting apoptosis of cancer cells are known to
involve miR-140-5p[55,57]. These studies suggest that miR-140-5p may play a tumor
suppressive role in different tumors. However, literature is scarce regarding its role in
CRC. Our results demonstrated that miR-140-5p was markedly reduced in CRC cell
lines and tissue samples. In addition, miR-140-5p reversed the function of CASC19 in
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Figure 3

Figure 3 Role of cancer susceptibility 19 in the cell migration, invasion, and epithelial-mesenchymal transition in colorectal cancer cells. A: The migration
abilities of SW480 and HCT-116 cells were analyzed by wound-healing assay after the cells were transfected with CASC19-p or siCASC19. Scale bars = 100 μm. B:
The invasion abilities of SW480 and HCT-116 were determined by transwell assay after the cells were transfected with CASC19-p or siCASC19. Scale bars = 20 μm.
C: The expression of vimentin, N-cadherin, and E-cadherin in HCT-116 and SW480 cells was detected by Western blot after transfection with CASC19-p or
siCASC19. The grayscale value of protein was measured with Image J. Data are reported as the mean ± SD. aP < 0.05. CASC19: Cancer susceptibility 19.
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Figure 4

Figure 4 Cancer susceptibility 19 acts as a competing endogenous RNA by sponging miR-140-5p to regulate cell migration inducing hyaluronidase 1
expression. A: Differential mRNA expression of cell migration inducing hyaluronidase 1 (CEMIP) in colorectal cancer (CRC) tissues and adjacent healthy colonic
mucosa tissues was determined by quantitative real-time PCR (qRT-PCR). B: Differential protein expression of CEMIP in CRC tissues and adjacent healthy colonic
mucosa tissues was analyzed using Western blot and immunochemistry. C: Differential mRNA expression of CEMIP in CRC cell lines and FHC cells was determined
by qRT-PCR. D: Cancer susceptibility 19 (CASC19) and CEMIP correlated positively in CRC tissues, based on Pearson’s correlation curve. E: Protein expression of
CEMIP in SW480 and HCT-116 cells was determined by Western blot after transfection with CASC19-p or siCASC19. The grayscale value of protein was measured
with Image J. F: Predicted binding sites of miR-140-5p in the CASC19 sequence. G: Differential expression of miR-140-5p in CRC tissues and adjacent healthy
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colonic mucosa tissues, CRC cell lines, and FHC cells was determined by qRT-PCR. H: CASC19 and miR-140-5p correlated negatively in CRC tissues, as
determined by Pearson’s correlation curve. I: RNA-IP was performed in SW480 and HCT-116 cells and CASC19 expression was determined by qRT-PCR. J:
Luciferase reporter assay verified miR-140-5p to be a direct target of CASC19. K: Predicted binding sites of miR-140-5p in the CEMIP mRNA sequence. L: CEMIP
and miR-140-5p correlated negatively in CRC tissues, based on Pearson’s correlation curve. M: Luciferase reporter assay verified CEMIP to be a direct target of miR140-5p. N: CEMIP expression in SW480 and HCT-116 cells transfected with miR-140-5p mimic or siCASC19 was determined by Western blot and qRT-PCR. O: The
expression of CEMIP in SW480 and HCT-116 cells transfected with miR-140-5p inhibitor or CASC19-p was determined by Western blot and qRT-PCR. Data are
reported as the mean ± SD. aP < 0.05. CASC19: Cancer susceptibility 19; CRC: Colorectal cancer; CEMIP: Cell migration inducing hyaluronidase 1.

CRC cell lines. These results suggest that CASC19 sponging of miR-140-5p may be a
mechanism regulating the heterogeneity of CRC. Given that miRNAs are known to
simultaneously control the expression of a broad range of genes, our working
hypothesis was that miR-140-5p may target different genes in different cell lines,
resulting in varying phenotypes. Therefore, we examined the target genes predicted
and found out that CEMIP may be a target gene of miR-140-5p in CRC.
Tumor malignancy is driven by its almost limitless capability for proliferation and
metastasis. CEMIP was initially known as an enzyme to depolymerize hyaluronic
acid. Further studies reveal CEMIP overexpression to be a common phenomenon in
several tumors. For instance, CEMIP drives breast cancer progression and predicts
poor prognosis in pancreatic ductal adenocarcinoma[31,32]. In CRC, tumor metastasis
and invasion are able to be suppressed through the miR-216a-mediated attenuation of
CEMIP[58]. CEMIP therefore may be associated with the progression of CRC. Previous
studies have demonstrated that CEMIP may interact with the glycogen phosphorylase
kinase β-subunit (PHKB) to promote cancer cell survival by breakdown of glycogen[59].
In CRC tissues, the tumor cells are exposed to a nutrient deprivation and hypoxia
environment[60]. Energy deprivation is one of the main courses of cell death. It has
been demonstrated that glycogen accumulation contributes to cell survival when
cancer cells expose to hypoxia[61-63]. At the same time, glycogen lysis is an important
process for cell survival. CEMIP overexpressing tumor cells have relatively low
glycogen content, while the survival rate of these cells is relatively high. CEMIP may
play a vital role in CRC survival and metastasis. Many differing miR-140-5p targets,
such as YES1[56], Wnt1[64], and VEGFA[65], have been documented to be associated with
cell invasion and migration. In our study, we observed that CASC19 functions as a
ceRNA, controlling the availability of miR-140-5p that can be acted on by the CEMIP
gene. The current investigations focused on CEMIP, which was found to have strong
associations with CASC19 and cancer cell survival. Our results strongly suggest that
CASC19 may regulate CEMIP expression via sponging of miR-140-5p.
In conclusion, CASC19 overexpression augmented CRC cell proliferation and
metastasizing abilities in vitro. Our study is the first to report a novel mechanism for
CASC19 in CRC. CASC19 exerted its effects partially through the CASC19/miR-1405p/CEMIP axis. Investigation of this CASC19/miR-140-5p/CEMIP pathway allows a
deeper understanding of the pathogenesis of CRC, with the members of this pathway
serving as useful targets for future preventive and therapeutic innovations in the
management of CRC.
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Figure 5

Figure 5 MiR-140-5p suppresses cancer susceptibility 19-induced enhancement of colorectal cancer cell proliferation and metastasis. A: Growth curves of
SW480 and HCT-116 cell lines after being transfected by either miR-140-5p inhibitor or siCASC19 were determined by the Cell Counting Kit-8 (CCK-8) assay. B:
Growth curves of SW480 and HCT-116 cell lines after being transfected by either miR-140-5p mimic or CASC19-p were analyzed by the CCK-8 assay. C: The number
of invading HCT-116 and SW480 cells was determined by transwell assay after being transfected by either miR-140-5p inhibitor or siCASC19. Scale bars = 20 μm. D:
The number of invading HCT-116 and SW480 cells was determined by transwell assay after being transfected with either miR-140-5p mimic or CASC19-p. Scale bars
= 20 μm. E: The expression of E-cadherin and vimentin in CRC cells was determined by Western blot after being transfected by either miR-140-5p inhibitor or
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siCASC19. F: The expression of E-cadherin and vimentin in CRC cells was determined by Western blot after being transfected with either miR-140-5p mimic or
CASC19-p. Data are reported as the mean ± SD. aP < 0.05. CASC19: Cancer susceptibility; CRC: Colorectal cancer; CEMIP: Cell migration inducing hyaluronidase 1.

ARTICLE HIGHLIGHTS
Research background
There is increasing evidence that long non-coding RNAs (lncRNAs) play an important role in
tumor progression. The lncRNA cancer susceptibility 19 (CASC19) is highly expressed in
colorectal cancer (CRC) tissues, and may be associated with colon cancer progression. However,
there has been no experimental evidence regarding the function of CASC19 in CRC.

Research motivation
Investigation of the functions of the lncRNA CASC19 may suggest potential molecular
mechanisms of CRC carcinogenesis and progression, and may further offer the potential for
future preventive and therapeutic innovations in the management of CRC.

Research objectives
We measured the lncRNA CASC19 expression in CRC tissues and pair-matched adjacent nontumor tissues, and investigated biological functions and the possible molecular mechanisms of
CASC19 in CRC.

Research methods
We detected CASC19 expression in CRC tissues and pair-matched adjacent non-tumor tissues
using quantitative real-time PCR. The biological behavior of CASC19 in vitro was then assessed
by overexpression and knockdown of the expression of CASC19. In further molecular
mechanism studies, we confirmed the possible molecular mechanisms by which CASC19 plays a
role by overexpression and knockdown of the expression of downstream molecules of CASC19.

Research results
The lncRNA CASC19 was upregulated in CRC tissue, which was related to tumor stage and
metastasis. The lncRNA CASC19 had a role of promoting proliferation, metastasizing ability,
and epithelial-mesenchymal transition, and inhibiting apoptosis by regulating microRNA 1405p/cell migration inducing hyaluronidase 1 (miR-140-5p/CEMIP) expression in CRC cells.

Research conclusions
The lncRNA CASC 19 is overexpressed in CRC tissues and cell lines, which could promote CRC
progression through regulating miR-140-5p/CEMIP.

Research perspectives
Members of the CASC19/miR-140-5p/CEMIP axis may serve as useful targets for future
preventive and therapeutic innovations in the management of CRC.
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Abstract
BACKGROUND
Cellular senescence is a recognized barrier for progression of chronic liver
diseases to hepatocellular carcinoma (HCC). The expression of a cluster of genes
is altered in response to environmental factors during senescence. However, it is
questionable whether these genes could serve as biomarkers for HCC patients.
AIM
To develop a signature of senescence-associated genes (SAGs) that predicts
patients’ overall survival (OS) to improve prognosis prediction of HCC.
METHODS
SAGs were identified using two senescent cell models. Univariate COX
regression analysis was performed to screen the candidate genes significantly
associated with OS of HCC in a discovery cohort (GSE14520) for the least
absolute shrinkage and selection operator modelling. Prognostic value of this
seven-gene signature was evaluated using two independent cohorts retrieved
from the GEO (GSE14520) and the Cancer Genome Atlas datasets, respectively.
Time-dependent receiver operating characteristic (ROC) curve analysis was
conducted to compare the predictive accuracy of the seven-SAG signature and
serum α-fetoprotein (AFP).
RESULTS
A total of 42 SAGs were screened and seven of them, including KIF18B, CEP55,
CIT, MCM7, CDC45, EZH2, and MCM5, were used to construct a prognostic
formula. All seven genes were significantly downregulated in senescent cells and
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upregulated in HCC tissues. Survival analysis indicated that our seven-SAG
signature was strongly associated with OS, especially in Asian populations, both
in discovery and validation cohorts. Moreover, time-dependent ROC curve
analysis suggested the seven-gene signature had a better predictive accuracy than
serum AFP in predicting HCC patients’ 1-, 3-, and 5-year OS.
CONCLUSION
We developed a seven-SAG signature, which could predict OS of Asian HCC
patients. This risk model provides new clinical evidence for the accurate
diagnosis and targeted treatment of HCC.
Key words: Senescence-associated genes; Hepatocellular carcinoma; Overall survival;
Risk model; Asian patients
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In the present study, we identified a total of 42 senescence-associated genes
(SAGs) and found seven of them were significantly downregulated in senescent cells and
upregulated in HCC tissues. By using the least absolute shrinkage and selection operator,
we constructed a seven-SAG signature that could predict the overall survival (OS) of
hepatocellular carcinoma. This seven-SAG signature was further validated and
developed in another independent dataset from The Cancer Genome Atlas project.
Moreover, our risk score system showed better utility in predicting the OS than classic
serum biomarker α-fetoprotein.

Citation: Xiang XH, Yang L, Zhang X, Ma XH, Miao RC, Gu JX, Fu YN, Yao Q, Zhang JY,
Liu C, Lin T, Qu K. Seven-senescence-associated gene signature predicts overall survival for
Asian patients with hepatocellular carcinoma. World J Gastroenterol 2019; 25(14): 17151728
URL: https://www.wjgnet.com/1007-9327/full/v25/i14/1715.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i14.1715

INTRODUCTION
Hepatocellular carcinoma (HCC) becomes the third leading cause of cancer deaths
worldwide, with approximately 80% of mortalities occurring within 5 years[1,2]. During
the past decades, great effects have been made to improve the management of HCC.
As more and more HCCs are diagnosed at an early stage, treatment efficacy is greatly
improved[3]. Whereas, deaths caused by HCC always occur when patients undergo
treatment and the clinical outcome of HCC patients is still poor[4]. Moreover, HCC is
an extremely heterogeneous disease, which must be monitored for high-risk patients
with poor clinical outcomes and adopt effective treatments to improve patient
survival[5]. Traditional serum markers, especially alpha-fetoprotein (AFP), have been
the most common prognostic indicators in clinic. However, they significantly depend
on tumor burden, which limits their value in diagnosing early stage tumors.
Therefore, identifying novel prognostic biomarkers contributes to early diagnosis and
reducing HCC mortality.
Cellular senescence is considered to be a response of a proliferating somatic cell to
stress and damage derived from both exogenous and endogenous sources, and
persistent DNA damage is the most common cause [6] . It is characterized as a
permanent cell cycle arrest[7]. Cellular senescence has been deemed as a mechanism of
limited cell division due to progressive telomere shortening[8]. In cancer cells, there
exists telomere-independent senescence due to their activation of telomerase. For
instance, numerous studies found that RAS activation could induce cellular
senescence in many cancer cell types. Both telomere-dependent and -independent
pathways induced senescence by inducing a DNA damage response. Recently, it has
been demonstrated that hepatocytes escaping from senescence played a key role in
hepatic carcinogenesis and HCC progression[9,10]. During the senescence process, a
large number of genes are expressed differentially. Hence, it is reliable to focus on
senescence associated genes (SAGs) as a novel approach in cancer diagnosis and
monitor.
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Bearing this in mind, we first identified the SAGs by analyzing the genome
profiling data derived from two types of senescent cells, replicative senescence (RS)
and oncogene-induced senescence (OIS). Next, we investigated the prognostic value
of several candidate SAGs in predicting survival of HCC by multistep comparisons.
Finally, we validated that the candidate SAGs were superior to classic serum
biomarker AFP in predicting the OS in HCC cohort retrieved from the Cancer
Genome Atlas (TCGA). As far as we know, the study is the first to investigate the
expression patterns of SAGs between senescence and HCC and their association with
clinical prognosis of Asian patients with HCC.

MATERIALS AND METHODS
Data sources and processing
Two genomic profiling datasets of RS cells (GSE19018 and GSE36640), three datasets
of OIS cells (GSE19864, GSE40349, and GSE60652), and one HCC dataset (GSE14520)
were obtained from the Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo/). RMA algorithm was performed to normalize
and transform all the selected data from GEO to expression values in the R
environment (v3.5.1). Among them, GSE14520 (based on GPL3921 platform) enrolled
209 HCC patients with survival data. An independent HCC cohort derived from
TCGA database (TCGA-LIHC) was used as a validation group. The level 3 RNAseqv2
data and clinical data were derived from the TCGA data portal. A total of 370 HCC
samples were included.

Differential gene expression analysis
Differentlly expressed genes (DEGs) were calculated in RS and OIS cell models,
respectively. Only fold change (FC) ≥ 1.5 and q-value < 0.05 were considered
statistically significant. Then, we picked up the overlapped significantly expressed
genes in the two senescent models. Venn diagram was carried out using Venny 2.1.0.
Moreover, the expression levels of candidate genes were plotted and analyzed by the
t-test in GSE14520 and TCGA-LIHC cohorts.

Prognostic model development
A prognostic model was created by the seven-SAG signature according to least
absolute shrinkage and selection operator (LASSO) analysis. LASSO is one of the most
popular approaches for sparse linear regression[11]. “Almnet” package was carried out
based on a series of λ in the R environment (v3.5.1)[12] and the coefficients of each gene
in the risk score system were generated. We got a risk score for every patient based on
their own expression levels of the seven genes after the LASSO regression analysis.

Survival analysis
Univariate and multivariate survival analyses were carried out and further
multivariate COX regression analysis only included variables with P < 0.05. All tests
were carried out using SPSS (version 24.0; Chicago, United States). Kaplan-Meier
curves were generated using GraphPad Prism 7.0. Comparisons between different
subgroups were performed by the Log-Rank test. Patients are divided into high- and
low- risk groups by the median.

Time-dependent receiver operating characteristic curve (ROC) analysis
ROC curve is extended to evaluate biomarker’s accuracy of discriminating binary
outcomes[13]. Individuals with a high risk of developing the disease later may be
disease-free in earlier life and their markers’ value may change from baseline during
follow-up. Therefore, time-dependent ROC curve analysis is more appropriate and
outperforms the conventional method adopted for handling censored biomarker data.
In this study, the time-dependent ROC curve analysis was performed with “survival
ROC” package (R version 3.5.1). The prognostic performance was evaluated at 1, 3,
and 5 years to compare the predictive accuracy and sensitivity of different prognostic
models.

Statistical analysis
The chi-square test was carried out to discover the relationship between gene
expression and clinical parameters. Unpaired student’s t-test was used to analyze the
difference of gene expression in HCC patients of different features. P < 0.05 was
considered statistically different. Statistical analyses were performed using IBM SPSS
Statistics software program version 24.0 (IBM Corp, NY, United States).
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RESULTS
Identification of SAGs using different senescent models
The overall workflow of the data processing is presented in Figure 1A. To identify
SAGs, we first integrated five different microarray profiles (GSE19018, GSE36640,
GSE19864, GSE40349, and GSE60652). All datasets used in the present study were
normalized before analysis. The relative expression of all samples pre- and postnormalization is shown in Figure 1B. Next, we screened the DEGs, which were
identified as FC ≥ 1.5 and q-value < 0.05 (senescent vs proliferating cells), in RS and
OIS models, respectively. A total of 781 up-regulated and 739 down-regulated genes
were selected in the RS model, and 103 up-regulated and 288 down-regulated genes
in the OIS model (Figure 2A). By overlapping the two DEG lists, 42 common
differentially expressed genes (35 downregulated and only 7 upregulated genes) were
selected as SAGs (Figure 2B) and the expression levels of these genes in RS and OIS
models are presented as a heat map in Figure 2C.

Construction of a risk score system
To obtain a prognostic SAG signature for HCC survival prediction, we first performed
univariate COX regression analysis to evaluate the prognostic value of each candidate
gene. And we found that all seven genes (CEP55, MCM7, CDC45, MCM5, KIF18B, CIT,
and EZH2) were proved to be risk factors for HCC patients. Next, we screened the
expression pattern of the above 7 candidate genes in HCC cohorts. Intriguingly, seven
downregulated genes in senescent cells, were significantly upregulated in HCC
tissues in both discovery and validation groups, with a P-value < 0.0001 (Figure 3).
We then developed a risk score formula based on these seven SAGs using the LASSO
method: Risk score = (0.243 × relative expression value of KIF18B) + (0.274 × relative
expression value of CEP55) + (0.282 × relative expression value of CIT) + (0.266 ×
relative expression value of MCM7) + (0.678 × relative expression value of CDC45) +
(0.175 × relative expression value of EZH2) + (0.536 × relative expression value of
MCM5). In this risk score system, the contribution of every gene to the risk score
model was weighted by absolute value of coefficients. Every patient would get a risk
score based on the expression of the seven SAGs of themselves.

Validation of the seven-SAG signature for prognosis
To confirm the potentiality of the seven-SAG prognostic model, Kaplan-Meier curve
was carried out to evaluate the association between the overall survival (OS) and our
gene signature in discovery (GSE14520) and validation (TCGA-LIHC) cohorts. The
whole group was divided into the high- and low-risk subgroups according to the
median of all patients’ risk scores. In the discovery cohort, with the increase in the risk
score, the expression of all the seven genes was increasing, and the death events
accumulated (Figure 4A). The patients in the high-risk subgroup had a 1.92-fold
higher death risk than the low subgroup [hazard ratio (HR), 95% confidence interval
(CI) = 1.92, 1.16-3.19; log-rank P value = 0.011] (Figure 4B). We then tempted to test
these findings in the validation cohort (TCGA-LIHC) (Figure 4C). Similar to the
findings obtained from the discovery cohort, patients in the high-risk group [median
survival time (MST) = 46.6 m] had significantly shorter OS time than patients with a
low-risk score (MST = 70.5 m) [HR (95%CI) = 1.80 (1.27-2.54), log-rank P value = 0.001]
(Figure 4D). Interestingly, when we analyzed the data in the Asian population, we
observed a highly significant association between the seven-SAG signature and OS.
The majority of death events occurred in the high-risk group (Figure 4E). Asian HCC
patients with a high-risk score were shown to have a > 5-fold increased death risk
than low-risk patients [HR (95%CI) = 5.81 (3.20-10.54), log-rank P value < 0.0001]. The
MST of the high-risk subgroup was only 60% of that of the low-risk group (MST =
21.6 m vs 91.7 m) (Figure 4F). In order to investigate the prognostic value of the risk
score system in different patient groups with different characteristics, we performed
univariate/multivariate Cox regression analysis of clinicopathologic factors
associated with OS in the discovery and validation cohorts. From the Cox regression
results, both the seven-SAG signature and serum AFP level were confirmed to be
independent risk factors of OS in the two cohorts (Table 1).

Comparison of the seven-SAG signature and serum AFP in predicting OS
To assess the prognostic accuracy of the seven-SAG signature, we performed timedependent ROC analysis of 1-, 3-, and 5-year OS of the validation cohort. The area
under the curve (AUC) of the seven-SAG signature model indicated an acceptable
predictive accuracy, which is superior to AFP, a widely used traditional serum
marker, at 1 year (our seven-gene model AUC = 0.708, serum AFP level AUC = 0.606)
(Figure 5A), 3 years (our seven-gene model AUC = 0.699, serum AFP level AUC =
0.568) (Figure 5B) as well as 5 years (our seven-gene model AUC = 0.678, serum AFP
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Figure 1

Figure 1 Data sources and processing. A: Flowchart describing the process used to generate differentially expressed senescence-associated genes; B: The
relative expression in all samples pre- and post-normalization.

level AUC = 0.604) (Figure 5C). These results indicated the validation of the
prognostic signature.

Stratified analysis of the seven-SAG signature for prognosis prediction
Stratified analyses based on the clinical characteristics were carried out to identify the
suitable Asian patient groups for the seven-SAG signature (Table 2). In the elderly
population, patients with a high-risk score had a more than 3-fold increased risk of
death than the low-risk group (Figure 6A-C). These results suggested that our sevenSAG signature was more applicable to the HCC patients with older age in predicting
OS.

DISCUSSION
In this study, we first identified 42 overlapped DEGs using the RS and OIS models.
Among them, seven downregulated genes in senescent cells, KIF18B, CEP55, CIT,
MCM7, CDC45, EZH2, and MCM5, were shown to be upregulated in HCC tissues and
selected to construct a prognostic model. The seven-SAG signature was shown to be
associated with OS in both discovery and validation cohorts. Stratified analysis
showed that our seven-SAG signature was significantly associated with OS in elderly
Asian patients. Moreover, time-dependent ROC analysis showed a favorable
prognostic value of our seven-SAG signature when compared with serum AFP.
The cellular senescence is considered an aging hallmark. With the increase in age,
the number of senescent cells is increasing. Cellular senescence is widely considered
to be an anti-tumor mechanism. Studies have shown that a source of stress that
triggers liver senescence is chronic inflammation, which causes damage to liver cell
regeneration. Importantly, abrogation of senescence leads to aggressive HCC
development[14]. In the present study, we found that the HCC patients carrying high
expression of seven SAGs had a shorter OS time. Stratified results further suggested
the seven-SAG signature was more applicable to the elderly HCC patients. The
potential explanation might be that due to the increasing number of senescent cells,
the expression of the seven-SAG signature is decreased, while its high expression
indicates a higher proliferation rate and poorer OS.
It has been widely accepted that senescence pathways are collectively at the level of
activation of CDKIs, which play pivotal roles in regulating the cell cycle progression.
Of the seven genes, KIF18B, a member of the kinesin-8 subfamily, is involved in cell
cycle process[15] and acts as an oncogene in cervical cancer[16]. CEP55, also known as
c10orf3 and FLJ10540, promotes tumorigenesis and regulates stemness in various
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Figure 2

Figure 2 Expression of differentially expressed genes in senescent cells. A: The differentially expressed genes
were identified in replicative senescence (RS) and oncogene-induced senescence (OIS) models. There were 781 upregulated and 739 down-regulated genes selected using the RS model, and 103 up-regulated and 288 downregulated genes selected using the OIS model; B: Overlapping the two lists, 42 common differentially expressed
genes were selected as senescence associated genes; C: The expression levels of 42 genes are presented as a heat
map in RS and OIS models. DEGs: Differentially expressed genes; RS: Replicative senescence; OIS: Oncogeneinduced senescence; SAGs: Senescence associated genes; FC: Fold change; LASSO: Least absolute shrinkage and
selection operator.

cancers, such as lung adenocarcinoma[17-19]. CIT (Serine/threonine kinase 21) encoding
a serine/threonine protein kinase, is a downstream effector of Rho family GTPases
and participates in cell cycle regulation. Liu et al[20] and Xu et al[21] have demonstrated
that CIT is up-regulated in HCC and regulates the G2/M transition in rat hepatocytes.
EZH2 is a subunit of polycomb repressive complex 2 (PRC2), a protein complex that
induces epigenetically silencing of genes[22]. And it has been reported that several
lncRNAs are able to regulate gene transcription by binding to PRC2[23,24].
In most eukaryotes, the MCM complex consists of six highly conserved MCM
proteins, namely MCM2–7, which functions as a replicative DNA helicase to unwind
the DNA duplex template during DNA replication [ 2 5 ] . Recent evidence has
demonstrated that several MCM proteins are tightly associated with
tumorigenesis[26-28]. The MCM2-7 hexamer complexes with CDC45 and the heterotetrameric GINS complex, the Cdc45-Mcm2-7-GINS (CMG) complex, function as a
potential target for cancer treatment and CDC45 interacts with MCM2 [ 2 9 ] .
Furthermore, our previous study showed that MCM7 promotes cancer progression
through cyclin D1-dependent signaling in HCC[30]. Three members of CMG complex,
MCM5, MCM7, and CDC45, were included in the risk formula. This evidence
indicated that more attention should be focused on the pro-oncogenic mechanisms of
senescence escape of HCC cells.
Our study showed that AFP was an independent risk factor for HCC patients. AFP
is often expressed at high levels in most HCC patients and is considered a reliable
clinical tumor biomarker. As a classic serum biomarker, AFP was found to be
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Figure 3

Figure 3 Expression of the seven candidate genes in hepatocellular carcinoma and normal liver tissues. A: MCM5; B: MCM7; C: EZH2; D: CDC45; E: CIT; F:
KIF18B; G: CEP55. Seven senescence associated genes, which were downregulated in senescent cells, were shown to be upregulated in hepatocellular carcinoma
tissues in both discovery and validation cohorts. P < 0.0001 for all.

associated with prognosis in HCC patients [31,32] . Park et al [33] reported that AFP
combined with PIVKA-II were useful in predicting survival in the radiological
treatment of locally advanced HCC. Jiang et al[34] also found that preoperative AFP
and fibrinogen showed a predictive power for recurrence of HCC after liver
transplantation. Here, our study demonstrated that the seven-SAG signature model
was superior to serum AFP level and more applicable in predicting OS of HCC
patients with older age. The above findings suggested a potential clinical application
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Table 1 Univariate/multivariate Cox regression analysis of clinicopathologic factors associated with overall survival in GSE14520 and
The Cancer Genome Atlas cohorts
Discovery cohort
Variable

Univariate analysis

Validation cohort-Asian only

Multivariate analysis

Univariate analysis

Multivariate analysis

HR (95%CI)

P-value

HR (95%CI)

P-value

HR (95%CI)

P-value

HR (95%CI)

P-value

1.36 (0.55-3.40)

0.507

-

-

0.89 (0.43-1.86)

0.755

-

-

Age (> 60/≤ 60 yr)

1.06 (0.57-2.00)

0.851

-

-

1.21 (0.66-2.24)

0.541

-

-

Cirrhosis (yes/no)

3.09 (0.76-12.65)

0.117

-

-

2.44 (1.56-3.85)

< 0.001a

1.67 (1.04-2.70)

0.034a

AFP (> 300/≤ 300
ng/mL)

2.30 (1.37-3.86)

0.002a

2.26 (1.38-3.69)

0.001a

3.70 (2.13-6.25)

< 0.001a

2.13 (1.30-3.57)

0.003a

Risk score (high/low)

1.93 (1.15-3.23)

0.012a

1.99 (1.19-3.34)

0.009a

5.91 (2.74-12.76)

< 0.001a

4.22 (1.89-9.41)

< 0.001a

Gender (male/female)

a

Statistically significant. HR: Hazard ratio; CI: Confidence interval; AFP: Alpha-fetoprotein.

of the seven-SAG signature in HCC patients.
However, there are some limitations in our study. First, the samples for screening
SAG were small, which might cause false positive results. Second, we constructed the
risk score system merely based on the gene expression levels, rather than the other
genetic events that probably have an effect on the initiation and progression of cancer.
Third, patients in the discovery cohort were from Asia, thus, the risk score system was
established based on an Asian background. And further stratified analysis in the
validation cohort also showed that this model was more suitable for Asian patients.
Hence, our HCC prognostic signature still needs to be validated in a larger group of
patients from various populations.
In conclusion, we constructed and confirmed a prognostic risk score system
comprised of seven SAGs. The seven-SAG signature could be a potential predictor for
OS, particularly in elderly Asian HCC patients. Our data provide new promising
evidence on prediction biomarkers and targeted therapy for HCC.

WJG

https://www.wjgnet.com

1722

April 14, 2019

Volume 25

Issue 14

Xiang XH et al. Seven-gene signature predicts HCC patients’ OS

Table 2 Stratified analysis of overall survival in GSE14520 and The Cancer Genome Atlas cohorts
Discovery cohort

Validation cohort-Asian only

Variable
High-risk/low-risk
Overall

HR (95%CI)

P-value

High-risk/low-risk

HR (95%CI)

P-value

a

76/75

1.92 (1.16-3.19)

0.011

79/78

5.81 (3.20-10.54)

< 0.001a

69/67

2.15 (1.27-3.64)

0.004a

62/61

5.18 (2.66-10.10)

< 0.001a

7/8

0.60 (0.10-3.47)

0.569

17/17

9.63 (2.59-35.77)

0.009a

64/60

1.70 (0.97-2.98)

0.064

53/52

5.22 (2.49-10.97)

< 0.001a

a

Gender
Male
Female
Age (yr)
≤ 60

12/15

3.19 (1.00-10.20)

0.045

26/26

6.47 (2.38-17.59)

< 0.001a

Yes

70/69

1.93 (1.15-3.22)

0.012a

17/24

3.50 (0.66-18.47)

0.122

No

6/6

1.73 (0.10-30.65)

0.695

11/28

0.98 (0.19-5.00)

0.979

≤ 300

40/39

1.73 (0.77-3.87)

0.179

34/55

2.94 (1.01-8.57)

0.036a

> 300

34/34

2.11 (1.09-4.08)

0.025a

16/16

2.65 (0.60-11.66)

0.226

> 60
Cirrhosis

AFP (ng/mL)

a

Statistically significant. HR: Hazard ratio; CI: Confidence interval; AFP: Alpha-fetoprotein.
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Figure 4

Figure 4 The seven-senescence associated gene signature is associated with overall survival in the discovery and validation cohorts. A: The heat map of
the expression of seven genes and patients’ death status in the discovery cohort; B: Kaplan-Meier survival curves plotted to estimate the overall survival probabilities
for the low-risk vs high-risk group in the discovery cohort; C: The heat map of the expression of seven genes and patients’ death status in the validation cohort; D:
Kaplan-Meier survival curves plotted to estimate the overall survival probabilities for the low-risk vs high-risk group in the validation cohort; E: The heat map of the
expression of seven genes and patients’ death status in the validation cohort-Asian only subgroup; F: Kaplan-Meier survival curves plotted to estimate the overall
survival probabilities for the low-risk vs high-risk group in the validation cohort-Asian only subgroup. HR: Hazard ratio; CI: Confidence interval.
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Figure 5

Figure 5 Comparison of the seven-senescence associated gene signature and α-fetoprotein in predicting overall survival of hepatocellular carcinoma
patients. To assess the prognostic accuracy of the seven-senescence associated gene signature and serumα-fetoprotein level, time-dependent receiver operating
characteristic curve analysis was conducted for 1-, 3-, and 5-year overall survival (OS). A: 1-year OS; B: 3-year OS; C: 5-year OS. AUC: Area under the curve; AFP:
Alpha-fetoprotein; OS: Overall survival.
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Figure 6

Figure 6 Association between the seven-senescence associated gene signature and overall survival in the elderly age subgroup. Kaplan-Meier survival
curves were plotted to estimate the overall survival probabilities for the low-risk vs high-risk group. A: Discovery group; B: Validation group; C: Combination of
discovery group and validation group. HR: Hazard ratio; CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a common malignancy that remains a serious cause of death
worldwide. Recently, molecular markers and prognostic models have been used to improve the
diagnosis and treatment of HCC, but few can be applied clinically. Currently, bioinformatics
technology has been used for data mining in large public databases. The abundant sample size in
the public database can make up for the shortcomings of small samples in real hospitals and help
to seek for a more accurate and applicable prognostic model for HCC.

Research motivation
Researchers have been making efforts to find molecular markers or prognostic models that can
effectively predict the prognosis of HCC. Senescence is a cell cycle arrest caused by stress in cells,
but the cells are still alive. Studies have shown that the proportion of senescent cells in tissues of
patients with cirrhosis increases, but a considerable number of patients with cirrhosis can
develop liver cancer, and its specific molecular mechanism has rarely been reported.

Research objectives
By analyzing the database of two cellular senescence models from Gene Expression Omnibus,
we screened for senescence-associated genes and validated these genes in the liver cancer
databases (GSE14520 and TCGA-LIHC). Then, we constructed an HCC prognostic model and
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evaluate its prognostic accuracy.

Research methods
Senescence-associated genes (SAGs) were identified using R package “limma”. The latest
statistical algorithm-the least absolute shrinkage and selection operator (LASSO) was applied to
create our prognostic model. Time-dependent receiver operating characteristic (ROC) curves
were used to compare the prognostic accuracy between the seven-SAG signature and serum αfetoprotein.

Research results
The prognostic model for predicting the overall survival (OS) of HCC was constructed by
LASSO, consisting of the seven senescence-associated genes (SAGs) (KIF18B, CEP55, CIT, MCM7,
CDC45, EZH2, and MCM5). All seven SAGs were highly expressed in HCC and proliferating
cells, while lowly expressed in normal tissues and senescent cells. Survival analysis showed that
our seven-SAG characteristics are closely related to OS, especially in Asian populations, both in
the discovery and validation cohorts. In addition, the time-dependent ROC curve analysis
indicated that the seven-gene marker is better than serum alpha-fetoprotein in predicting 1-, 3-,
and 5-year OS of HCC patients.

Research conclusions
The seven-SAG signature was more applicable to evaluate OS of Asian HCC patients, which may
provide new clinical evidence for the diagnosis and treatment of HCC transformed from
cirrhosis.

Research perspectives
The current study provides clues that the expression changes of senescence-associated gene are
the molecular basis for the progression of cirrhosis to liver cancer. Finding effective senescenceassociated molecular biomarkers and predictive features of HCC prognosis is necessary.
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Abstract
BACKGROUND
Few studies have examined intestinal motility disorders, which are disabling
conditions associated with chronic functional constipation, whose pathogenesis is
actually not well-defined.
AIM
To investigate the relationship between serum 25-hydroxyvitamin D levels and
functional chronic constipation associated to intestinal motility disorders.
METHODS
We performed a prospective case-control study, from May-June to November
2017. Glucose/lactulose breath tests, radiopaque markers (multiple capsule
techniques) and wireless motility capsule analysis were used to assess colonic
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and oro-cecal transit time, after excluding small-intestinal bacterial overgrowth
condition. Then, we measured 25-hydroxyvitamin D levels in patients with
intestinal motility disorders and we further evaluated the influence of intestinal
motility disorders on psychological symptoms/quality of life using validated
questionnaires, the Irritable Bowel Syndrome Quality of life (IBS-QOL), the Short
Form Health Survey 12, and the Hospital Anxiety and Depression Scale 14
(HADS-14 A and HADS-14 D).
RESULTS
We enrolled 86 patients with chronic functional constipation associated to
intestinal motility disorders and 86 matched healthy subjects. Patients with
intestinal motility disorders had lower 25-hydroxyvitamin D levels (P < 0.001),
and they showed a significant impairment of all health-related quality of life and
psychological tests (IBS-QOL, Short Form Health Survey 12-Physical Component
Summary, Short Form Health Survey 12-Mental Component Summary, HADS-14
A and HADS-14 D), as compared to the control group (P < 0.001), which
significantly correlated with low vitamin D levels (r = - 0.57, P < 0.001; r = 0.21, P
= 0.01; r = - 0.48, P < 0.001; r = - 0.57, P < 0.001; r = - 0.29, P < 0.001, respectively).
At multivariate analysis vitamin D low levels remained a significant independent
risk factor for the occurrence of intestinal motility disorder (odds ratio = 1.19;
95% confidence interval: 1.14-1.26, P < 0.001).
CONCLUSION
Vitamin D deficiency, anxiety and depression symptoms are commonly
associated with chronic functional constipation induced by intestinal motility
disorders. Vitamin D serum levels should be routinely measured in these
patients.
Key words: Chronic constipation; Intestinal motility; Vitamin D; Quality of life; Anxiety;
Depression
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Intestinal motility disorders, which are disabling conditions associated with
chronic constipation, have been examined in only A few studies. Patients with intestinal
motility disorders are frequently affected by vitamin D deficiency, which is strongly
associated to anxiety, depression symptoms and to severe impairment of quality of life.
These data suggest that vitamin D serum levels should be routinely measured, and its
supplementation should be evaluated in patients with intestinal motility disorders.

Citation: Panarese A, Pesce F, Porcelli P, Riezzo G, Iacovazzi PA, Leone CM, De Carne M,
Rinaldi CM, Shahini E. Chronic functional constipation is strongly linked to vitamin D
deficiency. World J Gastroenterol 2019; 25(14): 1729-1740
URL: https://www.wjgnet.com/1007-9327/full/v25/i14/1729.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i14.1729

INTRODUCTION
The term “Constipation” has a broad definition both for physicians and patients[1].
The most common form is functional chronic constipation, which is a gastrointestinal
disorder defined by symptom criteria, after the exclusion of secondary causes[2-4]. This
clinical condition usually affects women, older subjects, particularly those of lower
socioeconomic status[5], and has a prevalence ranging between 2% and 27% in western
countries with a high burden on global health-care system[2,6,7]. The main symptoms of
functional chronic constipation are difficulty with evacuation, bloating, abdominal
pain, discomfort or hard stools that significantly impair health-related quality of
life [ 2 , 8 ] . Since depression has been commonly observed in patients with the
constipation variant of irritable bowel syndrome (IBS), specific questionnaires have
been endorsed to evaluate some aspects of the quality of life of these patients,
especially the IBS Quality of life (IBS-QOL), the Short Form Health Survey 12 (SF-12),
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and the Hospital Anxiety and Depression Scale 14 (HADS-14-A/D)[9-12]. Moreover,
previous studies showed a possible role of vitamin D deficiency in the pathophysiology of IBS and depression, and also beneficial effects of vitamin D supplementation
in alleviating depression and certain gastrointestinal symptoms in a population of
study prevalently affected by diarrhea or by alternating subtype, and the minority by
constipation symptoms[13-20]. Normal transit constipation is probably the most common
form, and it frequently overlaps with the constipation variant of IBS[9].
Among patients with functional chronic constipation, intestinal motility disorders
have been reported. Although the overall prevalence of intestinal motility disorders is
not currently well-defined[2], it involves more commonly patients affected by slow
transit constipation (STC)[2], and rarely subjects with delayed oro-cecal transit time[21],
In addition, defecation disorders significantly overlap with normal and STC[9,22]. While
STC is characterized by an altered colonic motor activity, and reduced reaction after a
meal and when waking up, decreased “high amplitude propagated contractions”,
which have been associated to altered regulation of enteric nervous system, reduction
of neurons and axons in the myenteric plexus[2,22-24], delayed oro-cecal transit time
could be partially associated with an underlying small-intestinal bacterial overgrowth
(SIBO)[25].
Moreover, the most severe form of intestinal motility disorder may be considered
chronic intestinal pseudo-obstruction, which is a symptomatic and disabling disease,
related to a visceral myopathy or/and neuropathy[26]. Hence, colonic transit time
could be objectively measured by radiopaque markers (single or multiple capsule
techniques), and this diagnostic tool is also used to rule out dyssynergia defecation[2,23]. Radiopaque markers studies are useful, inexpensive and widely available[2,23].
In addition, even if not definitively recommended by guidelines, lactulose breath test
(LBT) and glucose breath test (GBT), are commonly used in clinical practice to
evaluate the presence of SIBO as well as small-bowel motility by estimating oral-cecal
transit time[25,27]. Other expensive tests such as colonic scintigraphy and wireless
ingestible motility capsule, measure more accurately overall transit time[23,27], whereas
advanced physiologic tests identify anorectal dysfunctions in patients not responding
to initial therapy[2,27]. In this paper we hypothesized that serum vitamin D deficiency
could be associated with chronic functional constipation secondary to delayed
intestinal transit time and consequently we investigated this relationship and the
related psychological aspects.

MATERIALS AND METHODS
Study design
This case-control study was performed from May-June to November 2017, in the
Outpatients Clinic of our Institution, in Apulia, a Mediterranean region located in
southeast of Italy. As shown in Figure 1, we enrolled 86 subjects from a population of
152 consecutive constipated patients affected by intestinal motility disorders.
Inclusion criteria were the following: Caucasian subjects ≥ 18 years old, body mass
index (BMI) ≥ 18.5 kg/m2, affected by functional chronic constipation associated to
delayed intestinal transit time, supported by Roma IV criteria[8,26,28]. Exclusion criteria
were the following: Subjects > 75 years old, IBS, pregnancy, significant comorbidities
such as cardiac, respiratory, chronic renal insufficiency, anorectal and pelvic floor
dysfunctions, metabolic/endocrine (diabetes mellitus, hypothyroidism, hypercalcaemia, panhypopituitarism), medications (opiates, antihypertensive agents, iron
preparations, anti-epileptic drugs, tryciclic antidepressants, anticholinergics or
dopaminergics), organic (extra-intestinal mass, colorectal cancer, ischaemic or surgical
stenosis, anal fissure, anal strictures, inflammatory bowel disease, intestinal
malabsorption and diverticular diseases), neurological (Parkinson disease, multiple
sclerosis, paraplegia, autonomic neuropathy, chronic intestinal pseudo-obstruction,
gastroparesis, Hirschsprung disease and stroke), past psychiatric disease, and
myogenic (scleroderma, amyloidosis and myotonic dystrophy dermatomyositis)[2,21,26].
In addition, we also assessed a control group of 86 healthy subjects (sex, age and BMI
matched), recruited from a population-based cohort study of 150 healthy subjects,
which underwent routine clinical exams in our Institute to check their healthy status,
after excluding the presence of a functional chronic constipation during the clinical
interview.
Our research was carried out in compliance with the Helsinki Declaration and
procedures received approval by the Institutional review board of the National
Institute of Gastroenterology “S. De Bellis” Research Hospital (0807/16) and by the
Research Ethics Committee of the National Oncological Institute of Bari
(CAAE:147/16) (Trial registration number: NCT03096704). Informed consent was
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Figure 1

Figure 1 Flow diagram describing the process of patients’ selection. CT: Computerized tomography; ROM: Radiopaque markers.

obtained from all participants of the study. The statistical review of the study was
performed by a biomedical statistician.

Definition of functional chronic constipation
All selected patients were inquired, before, for any possible secondary causes of
functional chronic constipation, including alarm features, lifestyle factors and medical
treatments and we also identified the response (or lack of) to previous treatment
about constipation symptoms, by interviewing patients. Then, they were considered
affected by functional chronic constipation only when they showed a frequency of
evacuation less than twice a week with increased stool consistency[8,26,28]. All the
selected patients underwent blood tests, colonoscopy, nutritional assessment (with
daily food frequency questionnaires), stool frequency diary, LBT, GBT, wireless
motility testing, radiopaque markers studies, and when required, tests for pelvic floor
dysfunction, and psychological tests exploring patient’s quality of life.
Accordingly, when not eligible, patients were excluded (Figure 1): 152 consecutive
subjects affected by functional chronic constipation with intestinal motility disorders
met the eligibility criteria, along with 150 healthy subjects. Patients and controls in
each group were first randomly sampled from the pool of available individuals (152
with intestinal motility disorders and 150 controls) and, then matched for age, sex and
BMI, using MatchIt[29]. This analysis resulted in 86 patients and 86 matched controls
that were enrolled for the study. Our patients did not receive any pharmacological
treatment before all evaluations.

Colonic transit time, breath tests and wireless motility analysis
The colon transit time was measured with radiopaque markers, using multiple
capsule techniques (P and A Mauch CH-4142 Munchenstein). The patient ingested 1
capsule a day (at 9.00 am, during breakfast) for 3 consecutive days and each capsule
with 24 different shaped radio-opaque polyurethane markers, and then performed
abdominal x-rays (100KV) on day 7, at 9.00 am, to reconstruct the colon activity
during the last week[30,31]. Normal transit time was considered about 30-40 h, whereas
the upper limit, above 70 h. Markers scattered about the colon was due most likely to
STC, whereas markers gathered in the recto-sigmoid tract was considered a
defecatory disorder[5,27] (Supplementary material).
Moreover, LBT and GBT were used for measuring oro-cecal transit time. A rise in
hydrogen of ≥ 20 ppm by 90 min was considered the cut-off value used to exclude
SIBO for both tests[25]. Time to the second peak and rise of 5-10 ppm of hydrogen, or a
level of positivity for methane ≥ 10 ppm on a breath test, were considered useful in
estimating oro-cecal transit time[25,27,32] (Supplementary material). Wireless motility
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analysis was also used to quantify oro-cecal transit time (Smartpill, Medtronic,
Sunnyvale, California, United States), in order to define the presence of a delayed
small intestinal transit time. Normal small-bowel transit should be 6 hours or less[25]
(Supplementary material). Finally, STC and/or delayed oro-cecal transit time were
definitively endorsed when radiopaque markers and/or breath tests with wireless
motility analysis identified a specific intestinal motility disorder[27].

Questionnaires for the evaluation of quality of life in patients with intestinal motility
disorders
The IBS-QOL questionnaire is a 34-item tool validated to quantify quality of life in
non-subtyped IBS patients, but also used to assess the severity of IBS-like symptoms,
and psychological factors[10]. The SF-12 includes a subset of 12 items, used to assess the
physical and mental health domain in many diseases. All these scores are converted
into a standardized 0-100 score. Higher scores indicate a better self-reported health
status[11]. Furthermore, the HADS-14 represents a global measure of psychological
distress and includes 14 items, 7 of them evaluate anxiety symptoms, and 7 depressive
ones. Each item is coded from 0 to 3. The total scores for anxiety and depression can
range between 0-21, based on symptoms characteristics[12].

Vitamin D and parathyroid hormone levels measurement
Serum 25-hydroxyvitamin D [25-(OH)-D] (Supplementary material) and parathyroid
hormone (PTH) levels were measured in patients and healthy controls within 1 hour
from blood draw. Overall subjects were enrolled in the interval time of the year with
major sunlight exposition, when 25-(OH)-D values are usually higher[13]. The 25-(OH)D levels status was categorized as usually proposed by experts in literature: using a
standardized cut-off (deficiency less than 20 ng/mL, insufficiency from 20 to 29
ng/mL and sufficient when equal or higher than 30 ng/mL)[13].

Statistical analysis
Screened patients and controls in each group were matched for age, sex and BMI
using the nearest neighbor matching algorithm implemented in MatchIt[29]. Normal
distribution of continuous variables was assessed with the Shapiro-Wilk test and data
were expressed as mean and standard deviation and compared using Student’s t-test.
Categorical variables were reported as percentages and compared using the Chisquared test or Fisher’s exact test, when needed.
Spearman’s test was performed to evaluate possible correlations of vitamin D
values with quality of life scores and psychological functions (IBS-QOL, SF12-PCS,
SF12-MCS, HADS-14 A and HADS-14 D). The impact of the vitamin D levels on
patient’s risk to have intestinal motility disorders was analysed using univariate and
multivariate logistic regression analyses. The association between each explanatory
variable and the outcome (intestinal motility disorders occurrence) was tested using
the likelihood ratio test. We included in the multivariate model all explanatory
variables showing a P < 0.05 at univariate analysis. For each variable included in the
multivariate model, we calculated both unadjusted and adjusted odds ratios (OR),
with their 95% confidence intervals (CI), and the level of significance (using the
likelihood ratio test). Statistical significance was set at P < 0.05. All statistical analyses
were performed using SPSS 23.0 software (SPSS, Chicago, IL, United States) and R
version 3.4.3 (http://www.R-project.org/).

RESULTS
Characteristics of patients with intestinal motility disorders
As shown in Figure 1, 86 patients along with 86 healthy matched subjects, were finally
enrolled. The characteristics of patients are shown in Table 1. About 85% of patients
suffering from intestinal motility disorders were female, and mean age was 49.9 ± 17.4
years. Patients with intestinal motility disorders had significantly lower intermediate
and bachelor schooling degree, as compared to the control group (P = 0.001 and P <
0.001, respectively).
The proportion of patients with intestinal motility disorders was more affected by
constipation, abdominal pain, swelling, anxiety and depression symptoms as well as
by quality of life alterations, as compared to healthy subjects (P < 0.001). The results of
the various questionnaires compiled by patients (IBS-QOL, HADS-14 A, HADS-14 D,
SF12-PCS and SF12-MCS) showed a significant impairment in all health-related
domains (P < 0.001) (Table 1). Patients with intestinal motility disorders had lower
vitamin D serum levels, as compared to the control group (P < 0.001). Moreover, the
poor results of psychological tests (IBS-QOL, SF12-PCS, SF12-MCS, HADS-14 A and
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Table 1 Characteristics of patients with functional chronic constipation with intestinal motility
disorders and of controls
Variables

Intestinal motility disorders (n = 86)

Controls (n = 86)

49.9 (17.4)

50 (17.1)

Male

13 (15.1)

13 (15.1)

Female

73 (84.9)

73 (84.9)

23.7 (2.8)

24.6 (3.4)

Age, mean ± SD , yr
Sex, n (%)

2

BMI, mean ± SD, kg/m
Education, n (%)
Primary
Intermediate

5 (5.8)

5 (5.8)

33 (38.4)a

14 (16.3)a

High school

38 (44.2)

37 (43)

Bachelor degree

10 (11.6)a

28 (32.6)a

0

2 (2.3)

Single

30 (34.9)

22 (25.6)

Married

53 (61.6)

58 (67.4)

Widower

3 (3.5)

4 (4.7)

Divorced

0

1 (1.2)

No data

0

1 (1.2)

No data
Marital status

Symptoms
Constipation
Abdominal pain

78 (90.1)a

3 (3.5)a

a

2 (2.3)a

a

14 (16)a

73 (84.9)

Swelling

79 (91.9)

108.4 (23.7)a

IBS-QOL (total score)
Dysphoria

8.7 (1.5)a

a

8 (1.6)a

24.1 (7.7)

Interference

15.9 (5.5)

Body image

a

4.8 (1.4)a

15 (2.1)

Anxiety health
Food avoidance

39.8 (7.7)a

a

13.5 (1.8)a

3.7 (1.4)a

a

3.7 (1.4)a

a

13.6 (1.6)

Social reaction

10.8 (3.2)

5 (1.1)a

Interpersonal relationships

6.3 (3.3)a

3.3 (0.6)a

a

Sexuality

2 (0.1)a

4.6 (2.2)

HADS-14 A

a

2.4 (1.8)a

a

14.6 (4.3)

HADS-14 D

14.6 (3.1)

4.5 (2.6)a

SF12-PCS

37.3 (9.8)a

47.2 (7.6)a

a

56 (7.1)a

SF12-MCS

29.1 (7.4)

PTH, mean ± SD, 10-70 pg/mL

51.1 (12.1)

-

Vitamin D, mean ± SD, IU/mL

14.6 (7.7)a

28.4 (8.8)a

a

P < 0.01 vs controls by t, F or χ2. Values are absolute numbers and percentages (in parentheses) or average
numbers and standard deviation (in parentheses). BMI: Body mass index; IBS-QOL: Irritable Bowel
Syndrome Quality of life; HADS-14 A: Hospital Anxiety and Depression Scale-14 for Anxiety; HADS-14 D:
Hospital Anxiety and Depression Scale-14 for Depression; SF12-PCS: Short Form Health Survey12-Physical
Component Summary; SF12-MCS: Short Form Health Survey12-Mental Component Summary; PTH:
Parathyroid hormone.

HADS-14 D) significantly correlated with low vitamin D levels (r = - 0.57, P < 0.001; r
= 0.21, P = 0.01; r = - 0.48, P < 0.001; r = - 0.57, P < 0.001; r = - 0.29, P < 0.001,
respectively). Other parameters, such as the age, sex and marital status did not differ
between the two groups (Table 1).
In the groups with intestinal motility disorders, 32, 28 and 26 patients, after
completing all diagnostic tests, received a diagnosis of delayed oro-cecal transit time
(37.2%), STC (32.6%) or delayed oro-cecal transit time with STC (30.2%), respectively.
In the group with delayed oro-cecal transit time and with STC, the proportion of
patients who suffered constipation, swelling, abdominal pain and vitamin D
deficiency (< 20 ng/mL) was higher than groups with delayed oro-cecal transit time
or with STC (P = 0.03, P = 0.02, P = 0.03 and P = 0.04 respectively) (Figure 2). When we
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considered the three groups: subjects with delayed transit time in both intestinal tracts
(26), to patients with delayed transit time in only one tract (60) and to controls (86),
the quality of life showed worsening functions. Moreover, vitamin D and BMI were
significantly reduced with decreasing values as following for the variables: delayed
oro-cecal transit time with STC group less than delayed oro-cecal transit time or STC
group, less than controls (P < 0.001, respectively) (Supplementary material).
Patients with delayed transit time of both intestinal tracts, as compared to patients
with delayed transit time involving only one tract, showed significantly reduced
levels of vitamin D and higher PTH levels (for both P < 0.001), and showed worsening
quality of life (P < 0.001) (Supplementary material). Patients with delayed transit time
in both intestinal tracts showed significantly reduced serum levels of vitamin D and
higher PTH serum levels (for both P < 0.001), and showed worsening quality of life (P
< 0.001) than patients with delayed transit time in only one tract (Supplementary
material).

Risk factors associated to intestinal motility disorders
Results from linear regression analysis are shown in Table 2. At univariate and
multivariate analysis adjusted for BMI, vitamin D levels remained a significant
independent risk factor for intestinal motility disorders occurrence (OR = 1.19; 95%CI:
1.14-1.26, P < 0.001).

DISCUSSION
In this study, we demonstrated for the first time that serum vitamin D deficiency
could be associated to functional chronic constipation induced by intestinal motility
disorders. Furthermore, patients showing the latter clinical condition are frequently
affected by anxiety and depression symptoms which severely impair their quality of
life.
About 1 billion people have vitamin D insufficiency or deficiency[13]. Nowadays,
this phenomenon is associated with significant disability and healthcare costs[14,15].
Several studies showed that hypovitaminosis D may be a risk factor for many chronic
diseases and for mortality[16,33-36]. Notably, vitamin D deficiency has been involved in
the pathophysiology of inflammatory bowel disease, IBS and also depression[13-17,19]
Some multicentric studies, reported a higher prevalence of hypovitaminosis D in
the southern Europe[37,38]. Interestingly, Italian elderly subjects showed the lowest
levels of vitamin D in Europe in the winter season[37,38]. In our study, we found low
serum levels of vitamin D, mainly checked during the summer season, among
patients affected by intestinal motility disorders during an interval time when vitamin
D values are usually high, due to beta-ultraviolet rays exposition[13,36]. Moreover, our
patients were prevalently female (84.9%) and relatively younger, although, vitamin D
deficiency has not been limited to the elderly age[35-38]. While low levels of vitamin D
have been also observed in winter in 33% of pre-menopausal women, especially if
obese[39], in our study the majority of patients with intestinal motility disorders had
normal BMI.
How vitamin D deficiency and intestinal motility disorders are linked remains an
open question. One intriguing hypothesis may be that STC and/or delayed small
intestinal transit time could negatively modify the gut microbiota[36], or conversely
altered microbiome could primarily affect mucosal barrier and gut motility due to
microbial-derived metabolites[40]. In addition, some studies suggested that vitamin D
deficiency could predispose to gastrointestinal infections [16] , which could be
responsible of the “leaky gut” alteration and of loss of immune homeostasis[40,41].
However, in our patients we also performed LBT and GBT, to exclude SIBO. When
the clinical suspicion of the latter condition remained, we treated them “ex
juvantibus”, and we further excluded SIBO as the main cause of bowel symptoms,
especially when they did not disappear after a gut-targeted antibiotic therapeutic
cycle.
Anyway, the presence of vitamin D receptor on gut epithelial cells, macrophages
and lymphocytes surface, has suggested a possible link between vitamin D deficiency,
the dysfunction of its receptor and gut microbiota composition, leading to the onset of
autoimmune diseases[40,42,43]. Finally, the influence of vitamin D deficiency on human
immune system is also supported by its involvement in the development of multiple
sclerosis [44] . As concerning this aspect, an interesting study supported a role of
autoantibodies against enteric nervous system targets in B cell-deficient mice with
experimental autoimmune encephalomyelitis model of multiple sclerosis, showing
that serum immunoreactivity (idiopathically or secondary to another autoimmune
disease), could be implicated in the induction of autoimmune gastrointestinal
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Figure 2

Figure 2 Proportion of patients who suffered constipation, swelling, abdominal pain and vitamin D serum
levels, in delayed small intestinal transit time, slow transit constipation, and delayed small intestinal transit
time (with) slow transit constipation groups. STC: Slow transit constipation. Significantly different by aP < 0.05.

dysmotility[45]. In fact, in humans with multiple sclerosis, whose pathogenesis has
been linked to vitamin D deficiency, a slow colonic motility in the proximal tract as
well as autonomic rectal dysfunction has been observed[44-48].
We may suppose that the intestinal motility disorder could be the “primum
movens” of an underlying autoimmune process in a specific genetic background and
unmasked by chronic vitamin D deficiency, which could exert metabolic/immunologic damage on epithelial and neuromuscular structures of the gut. The latter
alterations could include gut hyper-permeability and bacterial translocation, whose
degree of injury and extension could be influenced by the severity of vitamin D
deficiency[22,45]. This hypothesis may be supported by our results, which showed that
levels of vitamin D were independently associated with intestinal motility disorders
and by the fact that the prevalence of symptoms associated to functional chronic
constipation grew up in concordance with the worsening of vitamin D levels,
especially in patients involving more extensively the bowel tract. Furthermore,
patients with intestinal motility disorders had high levels of psychological distress
with impaired quality of life, and hypovitaminosis D significantly correlated with the
worsening of the psychological functions. In our study, a potential bias could derive
from disease misclassification, which could be a negligible factor since intestinal
motility disorder was diagnosed following standardized criteria, and from the small
sample size of our population. Moreover, we did not check fecal microbiota
composition.
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Table 2 Probability of intestinal motility disorder occurrence at the univariate and multivariate
analysis
Univariate analysis

Multivariate analysis

Variable
Age, yr
2

OR (95%CI)

P value

OR1(95%CI)

P value

1.0 (0.98-1.01)

0.76

-

-

BMI, kg/m

0.91 (0.82-1.0)

0.04

0.98 (0.86-1.11)

0.72

Vitamin D, IU/mL

0.82 (0.78-0.87)

< 0.001

0.83 (0.78-0.87)

< 0.001

1

Adjusted for all variables in the multivariate model. BMI: Body mass index. OR: Odds ratio; CI: Confidence
interval.

In conclusion, we demonstrated that vitamin D deficiency could be strongly related
to intestinal motility disorders. Moreover, patients with intestinal motility disorders
are very commonly affected by anxiety and depression symptoms which severely
influence their quality of life. If the latter two psychiatric symptoms are caused by
intestinal factors, it will be confirmed only through a cross-sectional study. Therefore,
we suggest that vitamin D serum levels should be routinely measured and vitamin D
supplementation should be considered, to better evaluate its effects on intestinal
motility and quality of life of patients with intestinal motility disorders.

ARTICLE HIGHLIGHTS
Research background
Functional chronic constipation is a gastrointestinal disorder that affects more commonly women
and older subjects, with a deep impact on global health-care system. Nowadays, only few studies
have examined intestinal motility disorders, which are severe clinical conditions associated with
chronic functional constipation, whose pathogenesis and prevalence are actually partially
known. In this subgroup are inclued patients with slow transit constipation, as well as with slow
oro-cecal transit time, whereas their extreme clinical form, could be considered chronic intestinal
pseudo-obstruction, which has been related to the structural damage of neural and smooth
muscle cells of gut.

Research motivation
Although some studies have shown a possible link between vitamin D deficiency and irritable
bowel syndrome (IBS), as well as with depression (and with several other diseases), the same
link has never been detected before in patients affected by intestinal motility disorders, and the
indications to look for vitamin D in these patients relied only of opinions of experts in the field.
Therefore we investigated this relationship and the psychological aspects in this subgroup of
patients.

Research objectives
To investigate the relationship between serum 25-hydroxyvitamin D levels and functional
chronic constipation linked to intestinal motility disorders.

Research methods
Herein, we applied rigorous statistical methods to elucidate this relationship. We performed a
prospective case-control study, from May-June to November 2017. We used Glucose/lactulose
breath tests, radiopaque markers (multiple capsule techniques) and wireless motility capsule
analysis to estimate both oro-cecal and colonic transit time. After receiving a diagnosis of
intestinal motility disorders, patients underwent to blood sampling, for checking 25hydroxyvitamin D levels. Furthermore, we evaluated for these patients the influence on
psychological features and on their quality of life, which were estimated by using validated
questionnaires, the IBS Quality of life (IBS-QOL), the Short Form Health Survey 12 (SF-12), and
the Hospital Anxiety and Depression Scale 14 (HADS-14 A and HADS-14 D).

Research results
Our cohort included 86 patients with chronic functional constipation associated to intestinal
motility disorders and 86 age, sex, body mass index (BMI)-matched healthy subjects. Patients
with intestinal motility disorders had lower 25-hydroxyvitamin D levels (P < 0.001), and they
showed a significant impairment of all health-related quality of life domains and psychological
tests (IBS-QOL, SF12-PCS, SF12-MCS, HADS-14 A and HADS-14 D), as compared to the control
group (P < 0.001). Moreover, the latter tests significantly correlated with reduced vitamin D
levels (r = - 0.57, P < 0.001; r = 0.21, P = 0.01; r = - 0.48, P < 0.001; r = - 0.57, P < 0.001; r = - 0.29, P
< 0.001, respectively). In multivariate analysis, vitamin D low levels remained significantly
associated with the occurrence of intestinal motility disorder, after adjusting for BMI (odds ratio
= 1.19; 95% confidence interval: 1.14-1.26, P < 0.001).

WJG

https://www.wjgnet.com

1737

April 14, 2019

Volume 25

Issue 14

Panarese A et al. Vitamin D and intestinal motility disorder

Research conclusions
We demonstrated for the first time a strong association between vitamin D deficiency and
intestinal motility disorders. Moreover, these patients are very commonly affected by anxiety
and depression symptoms which deeply impact on their quality of life. These findings suggest
that vitamin D serum levels should be routinely measured in this category of patients and
consequently vitamin D supplementation could represent a further therapeutic aid for this
clinical condition.

Research perspectives
Our findings may confirm how vitamin D deficiency could exert a wide spectrum of action in
many gastrointestinal (or not) diseases, being highly associated with intestinal motility disorders
and with certain neuropsychiatric symptoms, but remains unclear if it could have a causative
role in this process, and for this reason, future cross-sectional studies are needed, also to
investigate if anxiety and depression symptoms are caused by intestinal factors.
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Abstract
BACKGROUND
Patients with hypothalamic-pituitary disease have the feature of central obesity,
insulin resistance, and dyslipidemia, and there is increased prevalence of liver
dysfunction consistent with non-alcoholic fatty liver disease (NAFLD) in this
population. The causes of hypopituitarism in the reported studies varied and
combined pituitary hormone deficiency including central diabetes insipidus is
much common in this population. This retrospective cross-sectional study was
performed to analyze the clinical characteristics and related factors with NAFLD
and cirrhosis in Chinese adult hypopituitary/panhypopituitary patients.
AIM
To analyze the clinical characteristics of and related risk factors for NAFLD in
Chinese adult hypopituitary patients.
METHODS
Adult Chinese patients with hypopituitarism and/or panhypopituitarism were
enrolled at the Pituitary Center of Peking Union Medical College Hospital
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because the analysis used
anonymous clinical data that were
obtained from the Electronic
Medical Record of Peking Union
Medical College Hospital.

between August 2012 and April 2018. According to abdominal ultrasonography,
these patients were divided into an NAFLD (-) group and an NAFLD (+) group,
and the latter was further divided into an NAFLD group and a cirrhotic group.
The data, such as patient characteristics, diagnosis, and treatment, were extracted
from medical records, and statistical analysis was performed.

Conflict-of-interest statement:
There is no conflict of interest
regarding the work presented in
this manuscript.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: January 13, 2019
Peer-review started: January 14,
2019

First decision: February 13, 2019
Revised: March 13, 2019
Accepted: March 15, 2019
Article in press: March 16, 2019
Published online: April 14, 2019
P-Reviewer: Sitkin S, Gatselis NK
S-Editor: Ma RY
L-Editor: Wang TQ
E-Editor: Song H

RESULTS
A total of 36 male and 14 female adult Chinese patients with hypopituitarism
were included in this retrospective study; 43 (87.0%) of these patients exhibited
growth hormone (GH) deficiency, and 39 (78.3%) had diabetes insipidus. A total
of 27 (54.0%) patients were diagnosed with NAFLD, while seven patients were
cirrhotic. No significant differences were noted in serum GH or insulin-like
growth factor 1 among patients with cirrhosis, subjects with NAFLD, and those
without NAFLD. However, plasma osmolality and serum sodium concentration
of the cirrhotic patients were 314.9 mOsm/kgH2O and 151.0 mmol/L,
respectively, which were significantly higher than those of the NAFLD patients
(P = 0.036 and 0.042, respectively). Overweight/obesity and insulin resistance
were common metabolic disorders in this population. The body mass index (BMI)
and homeostasis model assessment of insulin resistance parameters of the
cirrhotic patients were 27.7 kg/m2 and 9.57, respectively, which were
significantly higher than those of the patients without NAFLD (P = 0.011 and
0.044, respectively). A correlation analysis was performed, and fasting insulin
concentration was positively associated with plasma osmolality in patients with
NAFLD, after adjusting for gender, age, and BMI (r = 0.540, P = 0.046), but no
correlation was noted in patients without NAFLD.
CONCLUSION
NAFLD is common in patients with hypopituitarism. Plasma osmolality and
serum sodium levels of hypopituitary patients with cirrhosis are higher than
those of subjects with NAFLD, and fasting insulin concentration is positively
associated with plasma osmolality in patients with NAFLD, which suggests that
hyperosmolality might be a contributor to the worsening of NAFLD in
hypopituitary patients.
Key words: Hypopituitarism; Non-alcoholic fatty liver disease; Cirrhosis; Diabetes
insipidus; Plasma osmolality
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Fifty-four percent of hypopituitary patients in this retrospective study were
diagnosed with non-alcoholic fatty liver disease (NAFLD), which was significantly
higher than that of the general adult population in China. Growth hormone (GH)
deficiency has been considered an important contributing factor to NAFLD in those
patients. However, no significant differences were noted in GH or insulin-like growth
factor 1 among patients with cirrhosis, subjects with NAFLD, and those without NAFLD
in this study. Interestingly, we found that plasma osmolality and serum sodium
concentration of the cirrhotic patients were significantly higher than those of the NAFLD
patients. In addition, fasting insulin concentration was positively associated with plasma
osmolality in patients with NAFLD. Additional studies are required to confirm that
hyperosmolality may be a significant contributor to the worsening of NAFLD in
hypopituitary patients.
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Primary non-alcoholic fatty liver disease (NAFLD) is caused by an excess of fat in the
liver (steatosis) that is not the result of excessive alcohol consumption or other
secondary causes[1,2]. The disease can be presented in the form of hepatic steatosis,
inflammatory non-alcoholic steatohepatitis (NASH), fibrosis and/or cirrhosis[1,2].
Approximately 2%-3% of NAFLD patients develop NASH, which carries a 20%
potential risk of evolving further and causing cirrhosis[1,3]. Furthermore, NAFLD
patients are five times more likely to develop hepatocellular carcinoma in the absence
of cirrhosis compared with hepatitis C patients[4,5]. However, the pathogenesis of
NAFLD and its progression are a complex process, and the “multiple-hit” hypothesis
proposed by Buzzetti et al[6] in 2016 suggested that simple steatosis and NASH not
only exhibited different risks of progression but might also reflect different disease
entities in terms of pathogenesis. Multiple insults, including insulin resistance,
obesity, and gut microbiota, contribute to the development of steatosis and liver
inflammation[6].
Patients with hypothalamic-pituitary disease present with central obesity, insulin
resistance, and dyslipidemia, whereas liver dysfunction and NAFLD are common
symptoms in this subpopulation[7-10]. Hong et al[8] reported that the frequency of fatty
liver on abdominal ultrasonography in male subjects with hypopituitarism was
significantly higher compared with that of control subjects (70.6% vs 32.5%). Growth
hormone (GH) deficiency (GHD) has been considered an important contributing
factor to these metabolic changes in hypopituitary patients[11-13]. However, the causes
of hypopituitarism in the reported studies varied, and combined pituitary hormone
deficiency, including central diabetes insipidus, was more common in this
subpopulation. To the best of our knowledge, the imbalance of central diabetes
insipidus and concomitant serum electrolyte concentration has not been investigated
with regard to the pathophysiology of NAFLD in patients with hypopituitarism. The
aim of this retrospective cross-sectional study was to compare Chinese adult
hypopituitary patients with NAFLD and those without NAFLD in terms of their
clinical manifestations, endocrine function, metabolic parameters, and serum
electrolyte parameters and to analyze the associated factors with NAFLD and
cirrhosis.

MATERIALS AND METHODS
The present study is a retrospective cross-sectional observational study. The study
protocol was approved by the Ethics Committee of the Peking Union Medical College
Hospital (PUMCH; No. JS1233).

Subjects
A total of 36 male and 14 female adult Chinese patients with hypopituitarism and/or
panhypopituitarism were consecutively enrolled at the Pituitary Center of PUMCH
between August 2012 and April 2018. According to abdominal ultrasonography, these
patients were divided into an NAFLD (-) group and an NAFLD (+) group, and the
latter was further divided into an NAFLD group and a cirrhotic group according to
the histological and/or clinical diagnostic criteria of cirrhosis.
Hypopituitarism/panhypopituitarism was diagnosed clinically based on clinical
manifestations, basal evaluation of pituitary function, and provocative tests. Hypopituitarism/panhypopituitarism was confirmed as follows: GHD was diagnosed as a
peak serum GH level lower than 3 μg/L in both insulin tolerance tests (ITTs) and Larginine tests[14]. Hypogonadotropic hypogonadism (HH) was defined by a reduction
in the levels of luteinizing hormone (LH) and follicle stimulating hormone (FSH) for
premenopausal women with a low serum estradiol concentration, and for adult men
with a morning serum total testosterone concentration lower than 10.4 nmol/L[15]. HH
was diagnosed via gonadotropin releasing hormone analogue (triptorelin) stimulation
tests as follows: LH60min was lower than 4 IU/L (indispensable tests for delayed or
absent puberty)[16]. Secondary hypocortisolism was diagnosed based on a peak serum
cortisol response lower than 18 μg/dL (497.5 nmol/L) in ITTs [14] . Secondary
hypothyroidism was diagnosed from a serum free thyroxine (FT4) level below the
laboratory reference range in conjunction with a low, normal, or mildly elevated
thyroid stimulating hormone (TSH) level in the setting of pituitary disease[17]. Central
diabetes insipidus was considered when serum osmolality was higher than 295
mOsm/kg, while the corresponding urine osmolality was lower than 300 mOsm/kg
in fluid deprivation tests, and a subsequent response to arginine vasopressin (AVP)
was observed[18].
Diagnosis of NAFLD was confirmed by fatty infiltration of the liver on abdominal
ultrasonography in association with or without abnormal liver enzymes. The patients
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were diagnosed as cirrhotic by the development of clinically evident complications of
liver diseases (such as esophageal varices, ascites, jaundice, hepatic encephalopathy,
portal hypertension, hypersplenism, and hepatocellular carcinoma) or by liver biopsy.
The exclusion criteria were as follows: (1) patients with isolated pituitary hormone
deficiencies; (2) patients with primary and secondary autoimmune hypophysitis
treated with glucocorticoids; (3) patients with hypopituitarism secondary to functional pituitary adenomas, including somatotrophin, lactotrophin, thyrotrophin,
corticotrophin, gonadotrophin, and plurihormonal and double adenomas; (4) patients
with positive hepatitis B or C serology or with evidence of inherited, autoimmune,
cholestatic, drug-induced, or metabolic liver disease using standard clinical,
laboratory, imaging, and histologic criteria; (5) patients with weekly alcohol intake of
more than 21 units for men or 14 units for women; (6) patients with liver dysfunction
of a specific etiology other than hypopituitarism and NAFLD; and (7) children and
adolescents.

Data extraction and management
The data were extracted from medical records, which included patient characteristics,
such as age, gender, race, anthropometric parameters including height, weight, body
mass index (BMI), waist circumference (WC), and blood pressure, diagnosis of the
cause of hypopituitarism/panhypopituitarism, laboratory results, abdominal
ultrasonography results, complications and comorbidities, treatments, and hormone
replacements. The time of diagnosis of hypopituitarism/panhypopituitarism was
obtained from the date of symptoms and signs if applicable, or the time of clinical
diagnosis. The time of diagnosis of NAFLD was considered to be the date of
abdominal ultrasonography that was indicative of primary NAFLD. Hormone
replacement therapy refers to regular and dose titration replacement for at least 3
months. Biochemical and hormone levels were measured within three days after
admission. Homeostasis model assessment of insulin resistance (HOMA-IR) was
obtained according to the formula: (fasting plasma glucose × fasting serum insulin)/
22.5.

Statistical analysis
The statistical package for the social science (SPSS, version 22.0; SPSS Inc., Chicago, IL,
United States) was used for data and statistical analyses. Continuous data conforming
to a normal distribution are expressed as the mean ± standard deviation, while
continuous data of partial distribution are represented by the median values
[interquartile range (IQR)]. Frequency data are expressed as the number (proportion)
of patients with a condition. The Student’s t-test and Wilcoxon Signed-Rank test were
used for continuous variables, and the chi-square or Fisher’s exact test was used for
categorical variables. A P-value less than 0.05 was considered significant.

RESULTS
Clinical characteristics of studied subjects
A total of 36 male and 14 female patients with hypopituitarism and/or
panhypopituitarism were included in the present study. Their mean age was 26.9
years (range from 18.0 to 41.5 years). The frequency of fatty liver on abdominal
ultrasonography was 54.0%. A total of two patients were diagnosed as cirrhotic by
liver biopsy, while five patients were diagnosed as cirrhotic by the development of
clinically evident complications of liver disease as indicated in the Materials and
Methods section. Three cirrhotic patients were decompensated, one of whom had
upper gastrointestinal bleeding, another two had hypersplenism, ascites, esophageal
and gastric varices, and hepatopulmonary syndrome. The clinical characteristics of
hypopituitary patients with NAFLD and without NAFLD are shown in Table 1, and a
comparative analysis was completed. No significant differences were noted in the
gender ratio among patients with cirrhosis, those with NAFLD, and those without
NAFLD. Cirrhotic patients were younger than NAFLD patients (P = 0.009), with no
significant difference in the course of hypopituitarism. The course of hypopituitarism
of cirrhotic patients was significantly longer than that of patients without NAFLD
(median course 13.0 years and 3.0 years, respectively, P = 0.023), although there was
no significant difference in the age between the two groups.

Etiology of hypopituitarism
The underlying etiology of hypopituitarism is illustrated in Table 2. The profile of the
causes of hypopituitarism in the cirrhotic group was similar to those of the NAFLD (-)
and the NAFLD groups (P = 0.431 and 0.466, respectively). Intracranial germ cell
tumors were the most common cause of hypopituitarism in patients without NAFLD
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Table 1 Clinical characteristics of hypopituitary patients with or without non-alcoholic fatty liver
disease
NAFLD (+)
NAFLD (-) (n = 23)
Male n (%)
Age (yr)

NAFLD (n = 20)

Cirrhosis (n = 7)

17 (73.9)

13 (65.0)

6 (85.7)

22.8 (19.6-30.4)

30.8 (24.5-34.6)

21.0 (19.0-25.2)

Duration (yr)

3.0 (1.0-13.0)a

8.5 (1.1-19.0)

13.0 (11.0-18.0)

BMI (kg/m2)

22.2 (19.3-25.3)a

27.9 (25.4-31.7)

27.7 (24.2-32.1)

a

WC (cm)

73.0 (81.5-96.3)

102.0 (92.5-109.8)

110.5 (91.5-128.8)

SBP (mmHg)

108.7 ± 15.3

122.0 ± 13.4

108.4 ± 15.5

DBP (mmHg)

70.0 ± 12.5

77.1 ± 11.1

64.4 ± 8.1

GH (ng/mL)

0.10 (0.05-0.30)

0.10 (0.08-0.10)

0.10 (0.05-0.25)

IGF1 (ng/mL)

66.0 (28.0-113.0)

107.0 (43.0-141.0)

92.5 (25.0-205.3)

FT3 (pg/mL)

2.61 (2.24-3.15)

2.43 (2.25-3.08)

2.53 (2.15-2.72)

FT4 (ng/dL)

0.86 (0.66-1.01)

0.88 (0.70-1.11)

0.97 (0.46-1.14)

TSH (μIU/mL)

1.907 (0.151-2.968)

2.098 (0.806-2.557)

3.083 (0.091-4.945)

GLU (mmol/L)

5.0 (4.6-5.3)

4.9 (4.5-5.3)

5.3 (4.7-8.9)

HOMA-IR

2.60 (1.60-3.71)a

3.92 (2.62-6.02)

9.57 (2.23-10.94)

HbA1C (%)

5.2 (4.7-5.5)

5.5 (5.3-5.9)

6.7 (4.7-8.8)

TC (mmol/L)

4.98 (4.18-5.74)

5.07 (4.70-7.03)

5.31 (4.55-6.16)

TG (mmol/L)

1.29 (0.98-1.78)

1.89 (1.06-2.48)

2.15 (1.16-2.89)

HDL-C (mmol/L)

1.17 (0.97-1.44)

0.99 (0.89-1.49)

0.93 (0.70-1.41)

LDL-C (mmol/L)

2.91 ± 0.97

3.29 ± 1.08

3.34 ± 0.72

UA (μmol/L)

418.91 ± 88.25

457.42 ± 111.01

493.14 ± 212.83

hsCRP (mg/L)

2.07 (1.14-5.24)

3.43 (2.27-6.68)

2.28 (1.50-13.71)

305.2 (298.8-314.6)

299.3 (293.7-305.5) b

314.9 (296.0-336.1)

Na (mmol/L)

146.0 (143.0-150.0)

143.0 (140.0-146.5)

b

151.0 (141.0-162.0)

Cl (mmol/L)

109.0 (108.0-114.0)

106.0 (104.3-110.8) b

118.0 (108.0-130.0)

K (mmol/L)

4.20 ± 0.30

4.10 ± 0.30

4.10 ± 0.20

Cr (μmol/L)

66.8 ± 15.2

70.2 ± 16.9

64.4 ± 17.0

Posm (mOsm/kgH2O)

a

P < 0.05 vs the cirrhosis group.
P < 0.05 vs the cirrhosis group.
NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; WC: Waist circumference; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure; GH: Growth hormone; IGF1: Insulin like growth factor 1; FT3:
Free triiodothyronine; FT4: Free thyroxine; TSH: Thyroid stimulating hormone; GLU: Glucose; HOMA-IR:
Homeostasis model assessment of insulin resistance; HbA1 C : Glycated hemoglobin A1 C ; TC: Total
cholesterol; TG: Triglyceride; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein
cholesterol; UA: Uric acid; hsCRP: Hypersensitive C reactive protein; Posm: Plasma osmolality; Na: Serum
sodium; K: Serum potassium; Cl: Serum chlorine; Cr: Serum creatinine.
b

(43.5%), while congenital hypopituitarism was the most common cause in NAFLD
and cirrhotic patients (45.0% and 42.9%, respectively), followed by craniopharyngioma and other causes.

Distribution of anterior pituitary deficiencies and hormone replacement
The distribution of deficiency in anterior pituitary hormones is shown in Table 2, and
all patients exhibited gonadotropin deficiency. The subjects who were on hormone
replacement were evaluated clinically and biochemically at regular intervals,
according to standard clinical practice, to ensure the physiological replacement of the
deficient hormones. Although four (57.1%) cirrhotic patients were panhypopituitary,
no significant differences were noted with regard to the distribution of deficiency in
anterior pituitary hormones and to the proportion of patients who received
physiological hormone replacement. No patient received GH therapy in the present
study. No significant difference was noted in serum GH or insulin-like growth factor
1 (IGF1). Serum thyroid hormone levels were similar in cirrhotic, NAFLD, and
NAFLD (-) patients, as shown in Table 1. In addition, there was no difference in the
proportion of patients with hypothalamic dysfunction in cirrhotic, NAFLD, and
NAFLD (-) patients.
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Table 2 Etiology of hypopituitarism and distribution of pituitary deficiencies in our patients n (%)
NAFLD (+)
NAFLD (-) (n = 23)
Etiology

NAFLD (n = 20)

Cirrhosis (n = 7)

Congenital hypopituitarism

7 (30.4)

9 (45.0)

3 (42.9)

Intracranial germ cell tumor

10 (43.5)

4 (20.0)

3 (42.9)

Craniopharyngioma

1 (4.3)

2 (10.0)

1 (14.3)

Distribution of pituitary deficiencies

Number of pituitary axis deficiencies

Others

5 (21.7)

5 (25.0)

0 (0.0)

Gonadotrophins

23 (100)

20 (100)

7 (100.0)

Growth hormone

20 (87.0)

19 (95.0)

7 (100.0)

Thyroid

18 (78.3)

12 (60.0)

7 (100.0)

Adrenal

14 (60.9)

13 (65.0)

6 (85.7)

Diabetes insipidus

18 (78.3)

13 (65.0)

5 (71.4)

1

0 (0.0)

0 (0.0)

0 (0.0)

2

2 (8.7)

3 (15.0)

0 (0.0)

3

6 (26.1)

4 (20.0)

0 (0.0)

4

4 (17.4)

6 (30.0)

3 (42.9)

5

11 (47.8)

7 (35.0)

4 (57.1)

NAFLD: Non-alcoholic fatty liver disease.

Diabetes insipidus and electrolytic imbalance
No patients were taking medications, such as diuretics, that could affect plasma
osmolality and serum sodium for the treatment of cirrhotic conditions. A total of 36
(72%) patients also had diabetes insipidus; however, 21 of them (58.3%) did not
receive treatment with desmopressin. No significant differences were noted in the
proportion of patients with diabetes insipidus or in the proportion of patients who
received desmopressin treatment, between patients with and without NAFLD. In
addition, no significant differences were observed between the NAFLD and the
cirrhotic groups, as shown in Table 2. However, plasma osmolality of patients with
cirrhosis was significantly higher than that of NAFLD patients (median plasma
osmolality = 314.9 mOsm/kgH2O and 299.3 mOsm/kgH2O, respectively, P = 0.036).
Similar differences were observed in the concentrations of serum sodium and
chlorine, as shown in Table 1, but no significant differences were noted between
patients with cirrhosis and those without NAFLD.

Association with metabolic syndrome
The comparison of the clinical characteristics demonstrated that no significant
differences were noted in systolic blood pressure (SBP) or diastolic blood pressure
(DBP) between patients with and without NAFLD. SBP and DBP of cirrhotic patients
were lower than those of the NAFLD patients, although no statistically significant
differences were observed (P adjusted for age = 0.116 and 0.050, respectively). The
median BMI and WC in cirrhotic patients were 27.7 kg/m2 and 110.5 cm, respectively.
These values were significantly higher than those of patients without NAFLD (22.2
kg/m2 and 73.0 cm, P = 0.011 and 0.040, respectively) but similar to those of the
NAFLD patients (BMI = 27.9 kg/m 2 and WC = 102.0 cm, P = 0.912 and 0.396,
respectively). The HOMA-IR of cirrhotic patients was significantly higher than that of
patients without NAFLD (P = 0.045), although no significant difference was noted
between the cirrhotic patients and NAFLD patients. A correlation analysis was
performed, and it showed that fasting insulin concentration was positively associated
with plasma osmolality in patients with NAFLD after adjusting for gender, age, and
BMI (r = 0.540, P = 0.046), but no correlation was noted in total hypopituitary patients
or in patients without NAFLD. There was no correlation between HOMA-IR and
plasma osmolality. In contrast to previous studies[7-9], no significant difference was
noted in the levels of fasting plasma glucose, glycated hemoglobin A1C (HbA1C), total
cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein
cholesterol (HDL-C), or triglycerides (TG), as shown in Table 1.

Abnormal liver function
Serum aminotransferase and bilirubin levels were considered elevated if they were
above the normal laboratory reference range. No significant differences were noted
among cirrhotic, NAFLD, and NAFLD (-) patients with regard to tserum aminotrans-
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ferase and bilirubin levels, as shown in Table 3. The median levels of γ-glutamyltransferase (GGT) in cirrhotic patients were higher than those in patients without
NAFLD (52.0 U/L and 23.0 U/L, respectively, P = 0.046), although no significant
difference was noted between NAFLD patients and cirrhotic patients (P = 0.862). The
comparison of the tests for hepatic synthetic function, including serum albumin,
prothrombin time (PT), and international normalized ratio (INR), demonstrated that
the average PT and INR in cirrhotic patients were significantly higher than those in
the NAFLD patients and NAFLD (-) patients (as shown in Table 3), although no
significant difference was noted between patients with and without NAFLD. The
cirrhotic patients frequently exhibited a number of hematological abnormalities,
including varying degrees of cytopenia. Thrombocytopenia was the most common
type of hematological abnormality, while leukopenia and anemia developed later in
the disease course. As shown in Table 3, white blood counts and blood platelet counts
were lower in cirrhotic patients than in NAFLD and NAFLD (-) patients, although no
significant differences were noted between patients with and without NAFLD.

Changes in biochemical indicators following hormone replacement in cirrhotic
patients
The biochemical indicators of the seven cirrhotic patients were retested following
regular hormone replacement, as shown in Figure 1. Liver function was generally
stable, which was reflected by serum aminotransferase levels, white blood count, and
blood platelet count. TG was significantly lower than that before hormone
replacement (P = 0.043). The fasting serum insulin and HOMA-IR levels were
decreased following regular hormone replacement, although no significant
differences were obtained (P = 0.593 and 0.593, respectively). Serum sodium was
decreased from 152.9 mmol/L to 143.6 mmol/L after hormone replacement (P =
0.046); however, no significant difference was noted in plasma osmolality (319.6
mOsm/kgH2O and 300.1 mOsm/kgH2O, P = 0.080).

DISCUSSION
NAFLD is the most common cause of chronic liver dysfunction and a major global
health problem over the past decades, whereas hypopituitarism/panhypopituitarism
is a rare cause of NAFLD, which is easily misdiagnosed by endocrinologists and
gastroenterologists. The data reported in the present study showed that the frequency
of fatty liver in hypopituitary patients based on abdominal ultrasonography was
54.0%, which is significantly higher than that of the general adult population in China
(approximately 15%), reported in 2013[19]. The incidence of cirrhosis in the present
study population (patients with hypopituitarism and NAFLD) was 28%, which was
significantly higher than that in the general NAFLD population but similar to that
reported in a longitudinal cohort study (29%)[10,20].
Disturbances in endocrine hypothalamic-pituitary axes have been associated with
NAFLD, including GHD, hypothyroidism, and hypogonadism[21]. GHD has been
considered an important contributing factor to the metabolic change encountered in
hypopituitary patients. The majority of the patients in the present study had GHD,
and the average IGF1 level was considerably low in this patient group. Comparative
analysis demonstrated no significant differences in serum growth hormone or IGF1
levels between hypopituitary patients with NAFLD and those without. Moreover, no
significant differences were noted in the distribution of anterior pituitary deficiencies
or hormone replacement in current hypopituitary patients with and without NAFLD.
The causes of hypopituitarism varied, and combined pituitary hormone deficiency,
including central diabetes insipidus, was more common in this population. Therefore,
we speculated that this condition would be the result of multihormonal deficiency
and that additional aggravating factors would be responsible for the pathophysiology
of NAFLD in hypopituitary patients.
Congenital hypopituitarism, intracranial germ cell tumor, and craniopharyngioma
were common causes of hypopituitarism in the present study. The latter two
disorders usually affect the secretion of AVP. Combined deficits in AVP secretion and
thirst sensation can result in life-threatening hyperosmolality and hypernatremia. In
the current study, 72% of patients with hypopituitarism presented with central
diabetes insipidus. Thus, hypernatremia manifested in these hypopituitary patients.
Plasma osmolality levels of cirrhotic patients were significantly higher than those of
NAFLD patients, and similar differences were noted with regard to serum sodium
and serum chlorine levels. Homeostasis of electrolytes and the normal concentration
of plasma osmolality are essential for the maintenance of normal cellular function.
Cell volume changes are triggered by osmotic substances, thereby activating signals
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Table 3 Liver function including liver enzymes, routine blood tests, and coagulation function tests in our patients
NAFLD (+)
Index

NAFLD (-) (n = 23)

Liver enzymes

Routine blood tests

Cirrhosis (n = 7)
23.0 (19.0-59.0)

ALT (U/L)

26.0 (20.0-41.0)

35.0 (27.3-81.8)

ALB (g/L)

46.8 ± 3.5a

47.7 ± 3.0a

49.6 ± 4.6

TBil (μmol/L)

8.7 (6.9-14.4)b

12.3 (8.0-17.1)a

13.2 (9.9-15.9)

DBil (μmol/L)

2.6 (2.2-4.4)

3.4 (2.6-5.5)

4.4 (3.2-5.1)

GGT (U/L)

23.0 (16.0-33.0)a

52.0 (29.0-77.0)

52.0 (23.0-141.0)

ALP (U/L)

77.0 (60.5-122.5)

82.0 (69.0-92.0)

71.0 (62.0-117.0)

AST (U/L)

28.0 (22.5-38.5)

36.0 (26.0-55.0)

26.0 (20.0-59.0)

TBA (μmol/L)

2.90 (1.35-3.25)

3.60 (2.30-7.00)

3.60 (1.30-9.10)

LD (U/L)

233.9 ± 54.8

227.6 ± 41.4

215.3 ± 60.8

WBC (×109/L)

6.53 ± 2.61a

6.32 ± 1.71a

4.02 ± 1.14

b

a

1.75 ± 0.30

9

Coagulation function tests

NAFLD (n = 20)

NEUT# (×10 /L)

3.65 ± 1.90

3.44 ± 1.24

PLT (×109/L)

250.5 ± 81.1c

273.0 ± 90.1c

91.1 ± 53.3

PT (s)

12.11 ± 1.06c

11.87 ± 1.01c

15.43 ± 2.24

PT% (%)

87.3 ± 8.8c

94.3 ± 14.9c

62.6 ± 12.1

c

1.33 ± 0.17

c

INR

1.05 ± 0.08

1.01 ± 0.10

FgB (g/L)

2.97 ± 0.78b

3.09 ± 0.81b

1.89 ± 0.59

APTT (s)

31.35 (25.70-35.15)

28.45 (25.30-38.33)

33.50 (30.48-41.58)

TT (s)

18.34 ± 0.97b

17.82 ± 0.94c

19.75 ± 1.08

a

P < 0.05 vs the cirrhosis group.
P < 0.01 vs the cirrhosis group.
c
P < 0.001 vs the cirrhosis group.
NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine aminotransferase; ALB: Albumin; TBil: Total bilirubin; DBil: Direct bilirubin; GGT: γglutamyltransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; TBA: Total bile acid; LD: Lactic dehydrogenase; WBC: White blood
cells; NEUT: Neutrophil granulocyte; PLT: Blood platelet; PT: Prothrombin time; INR: International normalized ratio; FgB: Fibrinogen; APTT: Activated
partial thromboplastin time; TT: Thrombin time.
b

that contribute to the control and regulation of metabolism and gene expression.
Following the induction of hyperosmolality, cells shrink and may undergo
apoptosis[22-24]. Moreover, some components of insulin signaling, such as the enzyme
protein kinase B, are sensitive to hyperosmolarity[22-24]. Hyperosmolality can inhibit
insulin-induced glucose uptake, glycogen synthesis, and lipogenesis in 3T3-L1
adipocytes[25,26]. Therefore, the dehydration of hepatocytes, which is triggered by
hyperosmolarity, can also induce insulin and cytokine resistance and promote the
progression of NAFLD[27,28].
The pathogenesis of NAFLD has not been fully elucidated, and multiple etiologies
have been proposed. The most prevalent hypothesis includes insulin resistance as the
key mechanism leading to hepatic steatosis and possibly to steatohepatitis and liver
fibrosis [6,29] . The data reported in the present study indicated that the metabolic
changes accompanied by hypopituitarism/panhypopituitarism notably caused an
increase in the weight and obesity parameters, insulin resistance, and hyperlipidemia,
which is consistent with the findings reported previously[7-10]. HOMA-IR in patients
with hypopituitarism and cirrhosis was significantly higher than that in patients
without NAFLD. Moreover, fasting insulin concentration was positively associated
with plasma osmolality in patients with NAFLD, although no correlation was noted
between HOMA-IR and plasma osmolality. However, peripheral IR, pancreatic β-cell
dysfunction, and even diabetes mellitus may occur in cirrhotic patients[30,31]. Therefore,
the effect of the hyperosmolar state on the progression of NAFLD in hypopituitary
patients requires further studies.
The sensitivity of ultrasound has been reported to range from 53% to 100% and its
specificity from 77% to 98%[32]. Higher diagnostic sensitivities and specificities are
achieved during the evaluation of moderate to severe hepatic steatosis cases, whereas
lower values are noted during all grades of hepatic steatosis[32]. The accurate diagnosis
of NASH and cirrhosis can be conducted by liver biopsy. Adams et al[10] reported that
in ten patients with hypothalamic and pituitary dysfunction whose NAFLD
symptoms were confirmed by liver biopsy, six were cirrhotic (29% of the total cohort),
two exhibited NASH with fibrosis (10.5% of the total cohort), and two presented with
simple steatosis. In the present study, two of our patients underwent liver biopsy,
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Figure 1

Figure 1 Measurement of biochemical indicators after hormone replacement in cirrhotic patients. The P-values were compared before and after hormone
replacement. A-C: Changes of total cholesterol (A), triglyceride (B), and homeostasis model assessment of insulin resistance (C). D-F: Changes of serum
aminotransferase alanine aminotransferase (D), aspartate aminotransferas (E), and γ-glutamyltransferase (F). G-I: Changes of white blood count (G), neutrophil count
(H), and blood platelet count (I). Significant differences were defined by a P-value being lower than 0.05. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: γ-glutamyltransferase; WBC: White blood cells; NEUT: Neutrophil granulocyte; PLT: Blood platelet; TC: Total cholesterol; TG: Triglyceride;
HOMA-IR: Homeostasis model assessment of insulin resistance.

which indicated the lack of differential diagnosis between simple steatosis and NASH
from NAFLD. Consequently, the incidence of NASH and fibrosis in our cohort was
not clear. Only two of the seven cirrhotic patients received regular hormone
replacement, while three of them received this therapy until they developed
symptoms of decompensated cirrhosis, such as upper gastrointestinal bleeding and
hypersplenism. Comparative analysis of our patients indicated that the variables of
hepatic synthetic function, white blood count, and blood platelet count of cirrhotic
patients were significantly lower than those of patients with hypopituitarism without
NAFLD. However, no significant differences were noted in the level of serum
aminotransferase or bilirubin. Following a period of regular hormone replacement,
the biochemical indicators of the seven cirrhotic patients exhibited no further
deterioration and were reflected by serum aminotransferase levels, white blood count,
and blood platelet count, although it was unknown whether the pathological
indicators of liver cirrhosis had improved. Therefore, routine liver blood tests could
not be used to assess the progression of liver fibrosis and cirrhosis in NAFLD subjects,
and liver biopsy was performed if necessary[1,2].
In conclusion, our data demonstrated a high prevalence of NAFLD and cirrhosis in
patients with hypopituitarism. Notably, hypopituitary patients with cirrhosis
exhibited significantly higher BMI and HOMA-IR compared with those without
NAFLD. In addition, fasting insulin concentration was positively associated with
plasma osmolality in patients with NAFLD, following adjustment for gender, age, and
BMI. We reported for the first time that plasma osmolality and serum sodium levels
of hypopituitary patients with cirrhosis were significantly higher than those of
hypopituitary patients with NAFLD. Additional studies are required to confirm that
hyperosmolality may be a significant contributor to the deterioration of NAFLD in
hypopituitary patients. Routine liver blood tests could not be used to assess the
progression of liver fibrosis and cirrhosis in subjects with NAFLD.
The present study was limited by insufficient sample size, as hypopituitarism is a
rare condition. We did not use corrections for multiple comparisons because the
findings from this analysis were general associations rather than affirmative findings.
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Thus, prospective, multicenter, cohort studies and animal experiments are required in
the future to facilitate further understanding of the NAFLD pathophysiology in
hypopituitary patients.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a major global health problem with a substantial
rise in prevalence over the last decades. Patients with hypothalamic-pituitary disease have the
features of central obesity, insulin resistance, and dyslipidemia, and there is an increased
prevalence of liver dysfunction consistent with NAFLD in this population. Growth hormone
deficiency (GHD) has been considered as an important contributing factor to these metabolic
changes in hypopituitary patients. However, the causes of hypopituitarism in the reported
studies varied, and combined pituitary hormone deficiency, including central diabetes insipidus,
was more common in this population. This retrospective cross-sectional study was performed to
analyze clinical characteristics of NAFLD in Chinese adult hypopituitary/panhypopituitary
patients, and to explore the risk factors that lead to rapid progression to cirrhosis.

Research motivation
The research motivation of the present study was to identify possible risk factors related to
NAFLD in patients with hypopituitarism by summarizing the characteristics of NAFLD in this
patient population, in order to prevent and delay the occurrence and progression of NAFLD in
patients with hypopituitarism in future.

Research objectives
The main objectives of the present study were to analyze clinical characteristics of NAFLD in
Chinese adult hypopituitary/panhypopituitary patients, and to explore the risk factors that lead
to rapid progression to cirrhosis. Additional studies are required to research the mechanism of
rapid progression of NAFLD to cirrhosis in hypopituitary patients.

Research methods
The present study is a retrospective cross-sectional observational study. A total of 50 adult
Chinese patients with hypopituitarism and/or panhypopituitarism were enrolled. The data were
extracted from the medical records, including patients’ characteristics, diagnosis and treatment,
biochemical and hormonal tests, and abdominal ultrasound. And then statistical analysis was
performed.

Research results
Fifty-four percent of hypopituitary patients in this study were diagnosed with NAFLD, and
seven patients were cirrhotic, which was significantly higher than that of the general population.
Body mass index (BMI) and homeostasis model assessment of insulin resistance (HOMA-IR) of
the cirrhotic patients were significantly higher than those of the patients without NAFLD.
Moreover, plasma osmolality and serum sodium concentration of the cirrhotic patients were
significantly higher than those of the NAFLD patients, and fasting insulin concentration was
positively associated with plasma osmolality in patients with NAFLD, following adjustment for
gender, age, and BMI.

Research conclusions
The present study demonstrated a high prevalence of NAFLD and cirrhosis in patients with
hypopituitarism. Hypopituitary patients with cirrhosis exhibited significantly higher BMI and
HOMA-IR compared with those without NAFLD. In addition, fasting insulin concentration was
positively associated with plasma osmolality in patients with NAFLD, following adjustment for
gender, age, and BMI. Moreover, we report for the first time that plasma osmolality and serum
sodium levels of hypopituitary patients with cirrhosis were significantly higher than those of
hypopituitary patients with NAFLD. Additional studies are required to confirm that
hyperosmolality may be a significant contributor to the rapid progression of NAFLD in
hypopituitary patients.

Research perspectives
There is a high prevalence of NAFLD and cirrhosis in patients with hypopituitarism, but the
factors that lead to rapid progression to cirrhosis are not clear. Further studies are needed to
determine whether hyperosmolality contributes to the deterioration of NAFLD in hypopituitary
patients.
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Abstract
BACKGROUND
We recently reported on a hereditary enteropathy associated with a gene
encoding a prostaglandin transporter and referred to as chronic enteropathy
associated with SLCO2A1 gene (CEAS). Crohn’s disease (CD) is a major
differential diagnosis of CEAS, because these diseases share some clinical
features. Therefore, there is a need to develop a convenient screening test to
distinguish CEAS from CD.
AIM
To examine whether prostaglandin E major urinary metabolites (PGE-MUM) can
serve as a biomarker to distinguish CEAS from CD.
METHODS
This was a transactional study of 20 patients with CEAS and 98 patients with CD.
CEAS was diagnosed by the confirmation of homozygous or compound
heterozygous mutation of SLCO2A1. We measured the concentration of PGEMUM in spot urine by radioimmunoassay, and the concentration was compared
between the two groups of patients. We also determined the optimal cut-off value
of PGE-MUM to distinguish CEAS from CD by receiver operating characteristic
(ROC) curve analysis.
RESULTS
Twenty Japanese patients with CEAS and 98 patients with CD were enrolled.
PGE-MUM concentration in patients with CEAS was significantly higher than
that in patients with CD (median 102.7 vs 27.9 μg/g × Cre, P < 0.0001). One log
unit increase in PGE-MUM contributed to 7.3 increase in the likelihood for the
diagnosis of CEAS [95% confidence interval (CI) 3.2-16.7]. A logistic regression
analysis revealed that the association was significant even after adjusting
confounding factors (adjusted odds ratio 29.6, 95%CI 4.7-185.7). ROC curve
analysis revealed the optimal PGE-MUM cut-off value for the distinction of CEAS
from CD to be 48.9 μg/g × Cre with 95.0% sensitivity and 79.6% specificity.
CONCLUSION
PGE-MUM measurement is a convenient, non-invasive and useful test for the
distinction of CEAS from CD.
Key words: Chronic enteropathy associated with SLCO2A1 gene; Prostaglandin E major
urinary metabolites; Chronic nonspecific multiple ulcers of the small intestine; Crohn’s
disease; Small intestine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Chronic enteropathy associated with SLCO2A1 gene (CEAS) is a rare
hereditary enteropathy associated with a gene encoding a prostaglandin transporter. It is
sometimes difficult to distinguish CEAS from Crohn’s disease (CD), because these
diseases share some clinical features. We report the usefulness of prostaglandin E-major
urinary metabolites (PGE-MUM) to differentiate CEAS from CD. PGE-MUM
concentration was significantly higher in CEAS than in CD, and optimal cut-off value
for the distinction of CEAS from CD to be 48.9 μg/g × Cre with sensitivity of 95.0% and
specificity of 79.6%. In clinical practice, PGE-MUM measurement might be useful as a
screening test for CEAS.
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INTRODUCTION

P-Reviewer: Caboclo JF, Slomiany

The use of capsule endoscopy and balloon-assisted endoscopy has enabled the precise
observation of small bowel mucosal lesions in gastrointestinal disease pathology, such
as Crohn’s disease (CD), intestinal tuberculosis, and nonsteroidal anti-inflammatory
drug (NSAID)-induced enteropathy[1-5]. While characteristic endoscopic findings of
small bowel inflammation have been reported, it is sometimes difficult to correctly
diagnose patients by endoscopic findings alone in cases lacking characteristic features
of the disease.
We previously reported an independent disease entity termed chronic nonspecific
multiple ulcers of the small intestine (CNSU) characterized by multiple small
intestinal ulcers of nonspecific histology[6-9]. In addition, we recently found that CNSU
is caused by recessive inheritance of the SLCO2A1 gene and proposed a new
nomenclature for this disease: Chronic enteropathy associated with SLCO2A1 gene
(CEAS)[10]. Therefore, it is now possible to diagnose CEAS based on a combination of
clinical features and genetic analysis. However, it is sometimes difficult to
differentiate CEAS from CD because these diseases share clinical features such as
persistent anemia and hypoproteinemia, susceptible age in puberty, and a
predominance of ileal involvement. The differentiation between CEAS and CD is
clinically essential to avoid ineffective therapies because patients with CEAS do not
respond to treatment with corticosteroids or biologics[7,9]. Moreover, since the patients
with CEAS usually show low inflammatory markers in blood test[11], it is a particularly
important problem to distinguish CEAS from CD with low disease activity. In clinical
practice, however, it is unrealistic to perform genetic screening for all patients
suspected as CD or CEAS.
The SLCO2A1 gene encodes a prostaglandin transporter that mediates the cellular
uptake of prostaglandins. SLCO2A1 is also the causative gene of primary hypertrophic osteoarthropathy (PHO)[12-14]. An increase in urinary levels of prostaglandin E2
(PGE2) and prostaglandin E metabolites in SLCO2A1-deficient PHO individuals has
been confirmed[14]. PGE2 is known to have the protective effect on the mucosal injury,
however it is difficult to directly measure PGE2 level in local tissues or in the blood
because of its extremely rapid metabolism [15] . Prostaglandin E-major urinary
metabolite (PGE-MUM) is known to be stable and we have also previously
demonstrated an increase in the urinary levels of prostaglandin E metabolites in
CEAS patients[10]. Therefore, this study investigated whether PGE-MUM are useful for
differentiating CEAS from CD.

BL, Tsoulfas G
S-Editor: Yan JP
L-Editor: A
E-Editor: Song H

MATERIALS AND METHODS
Subjects
Among the participants of our previous studies[10,16,17] and the patients diagnosed as
CEAS or CD at Kyushu University hospital, we enrolled 20 Japanese patients with
CEAS and 98 patients with CD for the present investigation. A diagnosis of CEAS was
confirmed based on published clinical criteria[18,19] with genetic analysis (Supplementary Table 1). The diagnosis of CD was based on the Japanese diagnostic criteria
for CD[20]. No patients were administrated prostaglandin analogues or NSAIDs at the
time of urine sample collection. All urine and blood samples were collected after
obtaining written informed consent. This study was approved by the institutional
review board at each collecting site in accordance with the Declaration of Helsinki
Principles.

Clinical characteristics
Clinical information including age, gender, history of surgery, concomitant drugs,
serum C reactive protein (CRP) levels, disease location, and disease duration was
collected from each participating institution. Because the PGE2 metabolite
concentration was reported to increase in cases of thiazide-induced hyponatremia[21]
and laxative sennoside administration[22], we collected information about the use of
these medications. Because the PGE-MUM concentration was reported to be
influenced by age, gender, smoking habit, and pulmonary inflammatory conditions
including chronic fibrosing interstitial pneumonia[15,23], we also collected information
about smoking habit and pulmonary disease. Age was determined at the time of urine
sample collection. Smoking habit was defined as never, current (> 6 mo on a daily
basis), and former (cessation of smoking > 6 mo). Pulmonary diseases included
chronic respiratory disease, diffuse lung disease, and any other lung or airway
disease. History of surgery was defined as a history of intestinal resection at the time
of study enrolment. The site of involvement was determined by radiographic and/or
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Table 1 Clinical characteristics of the study subjects
CEAS (n = 20)

CD (n = 98)

P value1

56 (41-63)

44 (38-54)

0.098

Male

5 (25)

66 (67)

0.0008

Female

15 (75)

32 (33)

16 (80)

68 (69)

Age, yr
Gender

Smoking
Never smoker

0.42

Current smoker

1 (5)

13 (13)

Former smoker

3 (15)

17 (18)

Pulmonary disease

1 (5)

5 (5)

1

History of surgery

13 (65)

59 (60)

0.8

0.30 (0.11-0.53)

0.13 (0.03-0.58)

0.26

CRP, g/dL
Disease location
L1, ileal

34 (35)

L2, colonic

14 (14)

L3, ileocolonic

50 (51)

Disease duration, yr

33 (19-42)

20 (13-29)

0.0055

1

Mann-Whitney U-test or Fisher’s exact test. Data are the number (%) or median (interquartile range).
Significant P values are indicated in bold. CEAS: Chronic enteropathy associated with SLCO2A1 gene; CD:
Crohn disease; CRP: C reactive protein.

endoscopic findings, and these patients were categorized according to the Montreal
classification [24] . Disease duration was defined as the period from the onset of
symptoms until study enrolment.

Genetic analysis
We used genomic DNA samples extracted from peripheral blood in our previous
studies[10,16,17,25]. In advance, we checked and confirmed that none of the patients with
CD had homozygous or compound heterozygous SLCO2A1 mutations with regards to
the major six sites in our previous report [10] , including c.421G>T, c.664G>A,
c.940+1G>A, c.1372G>T, c.1461+1G>C, and c.1807C>T. The diagnosis of CEAS was
confirmed with 90.2% sensitivity by genotyping these 6 mutations on the basis of our
previous investigation.

Measurement of prostaglandin E major urinary metabolite concentrations
All PGE-MUM concentrations were measured at SRL Inc. (Tokyo, Japan) by using a
bicyclic PGE-MUM radioimmunoassay kit (Institute of Isotopes Co., Ltd. Budapest,
Hungary). PGE-MUM, 7α-hydroxy-5, 11-diketotetranorprosta-1, 16-dioic acid derived
from PGE1 and PGE2 can be transformed to bicyclic PGE-MUM by alkali treatment.
Each urine sample was collected and submitted individually according to the
manufacturer’s protocol described by Fujiwara et al[22]. The urine samples were frozen
and stored at -20 °C until the assay. PGE-MUM concentrations were corrected by the
urinary creatinine concentration.

Statistical analyses
Categorical variables were expressed as the number (%) and continuous variables
were expressed as the median (interquartile range). Comparison of the variables
between CEAS and CD were performed using the chi-squared test, Fisher’s exact
probability test, or the Mann–Whitney U-test, where appropriate. The associations
between clinical factors and the PGE-MUM concentration were estimated using
univariable linear regression analyses. Because of the skewed distribution of the PGEMUM concentration, values were log-transformed and used for regression analysis.
For the analysis of the clinical significance of PGE-MUM concentration to
differentiate CEAS from CD, the logistic regression model was used to estimate the
odds ratios (ORs) with 95% confidence intervals (CIs). The diagnostic accuracy of
PGE-MUM concentration was evaluated using the area under the curve (AUC) with
the receiver operating characteristic (ROC). The optimal cut-off value of PGE-MUM
concentration for the diagnosis of CEAS was determined based on the maximum
Youden Index (sensitivity + specificity - 1). In addition, sensitivity and specificity
were compared using several cut-off values to confirm the diagnostic accuracy of this
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cut-off value. Statistical analyses were performed using JMP version 13.0 (SAS
Institute, Cary, NC, United States). A P value of 0.05 or smaller was considered
statistically significant.

RESULTS
Baseline patient characteristics
The enrolled subjects consisted of 20 patients with CEAS (CEAS group) and 98
patients with CD (CD group). The clinical characteristics of the patients are shown in
Table 1. In the CEAS group, female patients were more frequent compared with the
CD group. The disease duration was significantly longer in the CEAS group than in
the CD group (median 33 vs 20 years, P = 0.0055). There was no significant difference
in smoking status or medical history of pulmonary disease. Because most patients
with CD were in clinical remission at the time of urine sample collection, the CRP
levels remained low in the CD group.

PGE-MUM concentrations
Overall, 118 urinary samples were obtained from CEAS and CD patients. The PGEMUM concentration ranged from 7.7 to 402.0 (median 34.1) μg/g × Cre. Table 2 shows
the result of univariable linear regression analysis. A positive history of pulmonary
disease and history of surgery were significantly associated with a higher PGE-MUM
concentration (P < 0.0001 and P = 0.029, respectively). Serum CRP value was
marginally associated with PGE-MUM concentration (P = 0.078). Factors with a P
value < 0.1 were included in the multivariate analysis considering the possibility of
confounding factors.
The PGE-MUM concentration was significantly higher in the CEAS group than in
the CD group [median interquartile range (IQR): 102.7 (62.0-155.0) μg/g × Cre vs 27.9
(19.6-40.0) μg/g × Cre, P < 0.0001, Figure 1]. Crude OR of 1 log unit increase in the
PGE-MUM concentration for the distinction between CEAS and CD was 7.3 (95%CI
3.2-16.7, Table 3). This prediction model showed good differentiating ability between
CEAS and CD, with an AUC of 0.90 (95%CI 0.82-0.95). This association was significant
even after adjusting for possible confounding factors including age, gender, medical
history of pulmonary disease, history of surgery, disease duration, and serum CRP
value (model 3). The multivariate-adjusted OR was 29.6 (95%CI 4.7-185.7), with an
AUC of 0.95 (95%CI 0.86-0.98).

Correlation between PGE-MUM and CD phenotype
The PGE-MUM concentration in the colonic CD group (L2) was significantly lower
than in the other groups (median: 16.5 μg/g × Cre vs 29.5 μg/g × Cre, P = 0.036), and
the PGE-MUM concentration of the ileal CD group (L1) was significantly higher than
in the colonic CD group (median: 32.9 μg/g × Cre vs 16.5 μg/g × Cre, P = 0.017).
When we confined the subjects to those with ileal CD, the PGE-MUM concentration in
the CEAS group was still significantly higher than that in the ileal CD group (median
102.7 μg/g × Cre vs 32.9 μg/g × Cre, P < 0.0001).

PGE-MUM cut-off level
Figure 2 shows the ROC curve of the PGE-MUM concentration to differentiate CEAS
from CD. Based on the ROC analysis, the optimal cut-off value was identified as 48.9
μg/g × Cre, which differentiated CEAS from CD with 95.0% sensitivity and 79.6%
specificity (Supplementary Table 2). The AUC was 0.90 (95%CI, 0.82-0.95).

Genetic screening in CD patients with a high PGE-MUM concentration
Among the CD group, six patients had particularly high PGE-MUM concentrations (>
100 μg/g × Cre). Although we confirmed that they did not harbor the six major
mutations in the SLCO2A1 gene, we screened all 14 coding exons and intron-exon
boundaries of the SLCO2A1 gene using Sanger sequencing to exclude a possible
misdiagnosis of CEAS. No homozygous or compound heterozygous SLCO2A1
mutations were found in the six CD patients.

DISCUSSION
CEAS was initially reported as a novel disease entity referred to as "C" in the Japanese
literature in the 1960s[26]. We recently reported it is an autosomal recessive inherited
disease[8] caused by loss-of-function mutations in the SLCO2A1 gene[10]. Small bowel
lesions in CEAS are characterized by multiple shallow ulcers with a circular or
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Table 2 Factors associated with prostaglandin E major urinary metabolite concentrations
Univariable linear regression (P value)
Age

P = 0.47 (0.067)

Gender (1, female; 0, male)

P = 0.26 (0.10)

Smoking (1, Current or former smoker; 0, Never smoker)

P = 0.17 (-0.13)

Pulmonary disease

P < 0.0001 (0.36)

History of surgery

P = 0.029 (0.20)

CRP

P = 0.078 (0.16)

Disease duration

P = 0.0040 (0.26)

The values of prostaglandin E major urinary metabolite were log-transformed. Significant P values are
indicated in bold. CRP: C reactive protein.

eccentric oblique configuration[18]. In contrast, CD typically develops longitudinal
ulcers and cobblestoning, and ulcerations are predominantly located on the
mesenteric side. However, both CEAS and CD involve the ileum with occasional ileal
stenoses, and the clinical features of CEAS and CD are similar; therefore, it is not easy
to differentiate CEAS from CD based on clinical manifestations alone[11]. Although
immunohistochemical staining for SLCO2A1 protein in biopsy specimens from the GI
tract was reported to be useful to distinguish CEAS from CD[27,28], a more convenient
and non-invasive screening test is required.
PGE-MUM, a major urinary metabolite derived from PGE2, is clinically used to
assess the severity of inflammatory conditions such as interstitial pneumonia[23], cystic
fibrosis[29], and ulcerative colitis[30,31]. Similarly, urinary PGE2 metabolite concentrations in patients with CD are higher than those in patients with colorectal
neoplasms and healthy controls[32]. Indeed, PGE-MUM concentrations in patients with
CD (median 27.9, IQR 19.6-40.0 μg/g × Cre) in the present study were higher than
those in Japanese healthy controls (median 13.1, IQR 10.3-17.2 μg/g × Cre) as reported
in previous studies [15,23] . Nevertheless, the PGE-MUM concentration, a surrogate
marker of physiological PGE2 levels[30], in patients with CEAS was significantly higher
than in patients with CD. This difference was still significant even after the
adjustment for confounding factors. In addition, we demonstrated that the provisional
cut-off value (48.9 μg/g × Cre) of PGE-MUM had a differentiating ability with 95.0%
sensitivity and 79.6% specificity (AUC 0.90). Therefore, PGE-MUM is useful to
distinguish CEAS from CD.
Although prostaglandins are mediators of active inflammation, many experimental
studies have indicated that they play pivotal roles in maintaining mucosal
homeostasis[33] and mucosal repair[34] of the intestine. PGE2 is mainly derived from
arachidonic acid by cyclooxygenase and PGE synthase and PGE2 acts through four
different receptor subtypes (EP1, EP2, EP3 and EP4), which partly determines the
various physiological effects of PGE2 including the regulation of acid secretion,
bicarbonate secretion, mucus production, and mucosal blood flow[35]. In particular,
dimethyl PGE2 (dmPGE2), a stable derivative of PGE2, was reported to exert a potent
inhibitory effect against indomethacin-induced intestinal injuries in a rat model via
activation of EP3 and EP4 receptors[36]. It was also shown that the deleterious effect of
indomethacin on the healing of intestinal ulcers was induced by an EP4 antagonist
and suppressed by the co-administration of PGE2 as well as an EP4 agonist[34]. These
results indicate that the protective effect of PGE2 on mucosal injury of the intestine is
caused by EP3 and EP4 activation.
PHO, which develops skin and bone disorders caused by impaired prostaglandin
metabolism, is classified into two types: PHOAR2 caused by the SLCO2A1 gene[12],
and PHOAR1 caused by the HPGD gene[37]. Prostaglandin-signaling is terminated by
the cellular uptake of prostaglandins via the prostaglandin transporter, followed by
intracellular oxidation by 15-ketoprostaglandin dehydrogenase (15-PGDH) encoded
by the HPGD gene[38]. Thus, cellular uptake of prostaglandins is the first critical step in
inactivating prostaglandins. The SLCO2A1 gene mediates the degradation of
prostaglandins via their intracellular uptake[39,40]. The HPGD gene is also related to the
degradation of prostaglandins by encoding intracellular oxidation enzymes of 15PGDH. In both conditions, significantly elevated plasma PGE2 levels have been
observed[13,37]. Because PGE2 promotes the proliferation of osteoblasts in bone tissue
via the expression of vascular endothelial growth factor [41,42] , various clinical
manifestations of PHO such as digital clubbing, periostosis, acroosteolysis, painful
joint enlargement, and thickened skin, are suggested to be the consequence of an
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Figure 1

Figure 1 Comparison of Prostaglandin E-major urinary metabolites concentrations between chronic
enteropathy associated with SLCO2A1 gene (n = 20) and Crohn’s disease (n = 98) groups. Prostaglandin Emajor urinary metabolite concentrations in the chronic enteropathy associated with SLCO2A1 gene group were
significantly higher than those in the Crohn’s disease group [median (interquartile range): 102.7 (62.0-155.0) µg/g ×
Cre vs 27.9 (19.6-40.0) µg/g × Cre, P < 0.0001]. Mann-Whitney U-test. CEAS: Chronic enteropathy associated with
SLCO2A1 gene; CD: Crohn’s disease; PEG-MUM: Prostaglandin E-major urinary metabolite.

overabundance of PGE2. Although PGE2 is protective against gastrointestinal
mucosal injuries[35,42], multiple ileal ulcers occur in patients with CEAS, in whom
systemic levels of PGE2 are elevated. Considering our previous result that the
prostaglandin transporter was expressed on the cellular membrane of vascular
endothelial cells [10] , it can be presumed that impaired prostaglandin use in the
intestinal mucosa caused by mutation of the SLCO2A1 gene is a major factor in the
pathogenesis of intestinal ulcers in CEAS.
Cryptogenic multifocal ulcerous stenosing enteritis (CMUSE) is another disease
entity that causes gastrointestinal ulcerations resembling CEAS [43,44] . Recently,
recessive mutations in the PLA2G4A gene, encoding cytoplasmic phospholipase A2-α
(cPLA2α), which hydrolyses cellular membrane phospholipids into arachidonic acids,
have been identified as a cause of CMUSE[44,45]. Because the loss-of-function of cPLA2α
decreases systemic levels of PGE2 (approximated by PGE-MUM) and thromboxane
A2[45], multiple small bowel ulcers, as well as the dysfunction of platelet aggregation
are observed in patients with CMUSE [ 4 6 ] . Although precise analyses of the
morphologic features of gastrointestinal lesions in CMUSE have not been reported
yet, it seems likely that CEAS and CMUSE share morphologic features regarding the
gastrointestinal lesions. In this sense, the measurement of PGE-MUM concentrations
can be assumed to be useful to differentiate CEAS from CMUSE, although genetic
testing is mandatory to confirm the diagnosis.
This study had several limitations. First, the sample size of the patients with CEAS
was relatively small because CEAS is a rare disease. Therefore, we could not validate
the cut-off value for the distinction between the two diseases. Second, because most of
our CD patients were in clinical remission, the cut-off value may not be appropriate
for the distinction of CEAS from active CD. Indeed, some patients with quiescent CD
had markedly high PGE-MUM concentrations. Third, we could not completely rule
out the possibility that the patients with CD had recessive mutations in the SLCO2A1
gene. Although we checked the major six mutations of the SLCO2A1 gene in patients
with CD, 9.8% of the mutations might be overlooked based on our previous result[10].
In conclusion, the measurement of PGE-MUM might be a convenient, non-invasive
and useful test to differentiate CEAS from CD, although genetic analysis is mandatory
for the confirmation of CEAS. Further studies are necessary to clarify the pathogenesis
of CEAS to explore therapeutic targets of this disease.
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Table 3 Convert odds ratio for prostaglandin E major urinary metabolite
Model 1
Odds ratio of 1 log unit change

Model 3

7.3

6

29.6

(3.2-16.7)

(2.6-13.9)

(4.7-185.7)

0.90 (0.82-0.94)

0.93 (0.87-0.96)

0.95 (0.86-0.98)

(95%CI)
AUC (95%CI)

Model 2

CI: Confidence interval; AUC: Area under the curve; Model 1: Prostaglandin E-major urinary metabolite; Model 2: Prostaglandin E-major urinary
metabolite + Age + Gender; Model 3: Prostaglandin E-major urinary metabolite + Age + Gender + Medical history of pulmonary disease + History of
surgery + Disease duration+ C reactive protein.

Figure 2

Figure 2 Receiver operating characteristic curve of Prostaglandin E-major urinary metabolites concentrations for differentiation between chronic
enteropathy associated with SLCO2A1 gene and Crohn’s disease. The area under the receiver operating characteristic curve was 0.90 (95% confidence interval,
0.82-0.95). The optimal cut-off value was 48.9 µg/g × Cre.

ARTICLE HIGHLIGHTS
Research background
Chronic enteropathy associated with SLCO2A1 gene (CEAS) is a rare small intestinal disease, but
distinct clinical condition from Crohn’s disease (CD). To date, we can make a correct diagnosis of
CEAS by combination of clinical features and genetic analysis. However, CEAS is sometimes
misdiagnosed as CD, because these diseases have some clinical features in common.

Research motivation
A more convenient and non-invasive screening test will help to diagnose CEAS correctly.

Research objectives
To investigate the usefulness of prostaglandin E-major urinary metabolites (PGE-MUM) to
distinguish CEAS from CD.

Research methods
Participants were diagnosed CEAS and CD by clinical diagnostic criteria and genetic analysis.
All participants’ PGE-MUM concentrations were measured by radioimmunoassay. We analyzed
differentiating ability of PGE-MUM measurement between CEAS and CD.

Research results
Twenty patients with CEAS and 98 patients with CD were enrolled. It was found that the PGEMUM concentrations of patients with CEAS were significantly higher than those of patients with
CD and this correlation was still statistically significant after adjusting the possible confounding
factors. Additionally, the present study showed the provisional cut-off value (48.9 μg/g × Cre) of
PGE-MUM had a differentiating ability with 95.0% sensitivity and 79.6% specificity (area under
the curve 0.90).

Research conclusions
The measurement of PGE-MUM can serve as a useful biomarker to differentiate CEAS from CD,
although genetic analysis is mandatory for the diagnosis of CEAS.

Research perspectives
Our study showed the usefulness of PGE-MUM to differentiate CEAS from CD. In the present
research, the sample size of the patients with CEAS were relatively small, the cut-off value for
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the distinction of CEAS from CD should be validated with large sample size of patients with
CEAS in the future research.
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Abstract
BACKGROUND
Identifying predictors of therapeutic response is the cornerstone of personalized
medicine.
AIM
To identify predictors of long-term mucosal healing (MH) in patients with
Crohn’s disease (CD) treated with tumor necrosis factor α (TNF-α) inhibitors.
METHODS
Prospective single center study. Consecutive patients with clinically active CD
requiring treatment with a TNF-α inhibitor were included. A baseline segmental
CD Endoscopic Index of Severity (CDEIS) ≥ 10 in at least one segment or the
presence of ulcerations were required for inclusion. Clinical, biological and
endoscopic data were obtained at baseline, weeks 14 and 46. Endoscopic response
(ER) was defined as a decrease ≥ 50% from baseline CDEIS and MH as partial
CDEIS ≤ 5 in all segments.
RESULTS
Of 62 patients were included. At baseline, median CD Activity Index and CDEIS
were 201 and 6.7, respectively with a significant reduction after one year of
treatment (53 and 3.0 respectively, P < 0.001). At week 14, 56% of patients
achieved ER and 34% MH. At week 46, the corresponding percentages were 52%
and 44%. Baseline disease characteristics or biomarkers did not predict MH. A
decrease from baseline CDEIS at week 14 of at least 80% was the best predictor of
MH at week 46 (59% sensitivity and 91% specificity; area under the curve =
0.778).
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CONCLUSION
Clinical and biomarker data are not useful predictors of response to TNF-α
inhibitors in CD, whereas ER to induction therapy, defined as 80% reduction in
global CDEIS, is a robust predictor of long-term MH. Achievement of this
endoscopic endpoint may be considered as a therapeutic target for anti-TNF-α
therapy.
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Core tip: In our study we report that endoscopic response after completion of induction
treatment with a tumor necrosis factor inhibitor predicts mucosal healing at long term in
patients with Crohn’s disease, and that endoscopic evaluation at this time point may be
considered in clinical practice to predict long term outcomes and could contribute to
perform treatment adjustments.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory bowel disease (IBD) characterized by
a wide spectrum of disease phenotypes that typically alternates periods of active
inflammation and remission. Persistent inflammation leads to the accumulation of
intestinal damage and loss of function in the affected intestinal segments, resulting in
disability in many patients[1]. The main treatment goal in CD is to achieve healing of
inflammatory lesions to prevent damage progression by introducing highly effective
therapies early during the course of the disease. Tumor necrosis factor α (TNF-α)
inhibitors are one of the most effective therapies for induction and maintenance of
remission in patients with CD[2].
Response to anti-TNF therapy is heterogeneous. In patients with CD several
predictors of clinical response have been described, including age [3,4] , disease
duration[5], inflammatory phenotype[6], and smoking status[6-10], but the effect size of
these factors is small and not sufficient to guide clinical practice. Furthermore,
predictors of endoscopic healing remain to be definitively established. In the field of
biomarkers, normalization of C reactive protein (CRP) and calprotectin has been
associated with mucosal healing (MH) [6,11] . With regard to endoscopic lesions,
achievement of MH after three months of treatment with a TNF-α inhibitor has been
identified as a predictor of long-term endoscopic response[12,13]. However, to date, no
observational prospective studies have been specifically designed to identify
predictors of MH, which should be the therapeutic target[14].
The availability of new treatment agents with mechanisms of action different from
TNF-α inhibition, has brought about the need for identifying predictors of efficacy, in
particular predictors of MH, in order to individualize treatment strategies and
facilitate a more personalized medicine. The aim of this study was to identify
predictors of MH after one year of treatment with TNF-α inhibitors.

MATERIALS AND METHODS
Study design and patients
This is a prospective observational single center study. Recruitment of patients was
performed from November 2012 until May 2016. The study was approved by the local
ethics committee of Hospital Clinic de Barcelona on November 22 of 2012, and was
performed according to the good clinical practice guidelines of the European
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Medicines Agency (CMPM/ICH/135/95, July 2002). All patients provided written
informed consent before inclusion. Eligibility criteria were patients with clinically
active luminal CD requiring treatment with an anti-TNF for induction of remission.
At baseline, all patients underwent a colonoscopy for assessment of endoscopic
disease activity. A baseline segmental CD Endoscopic Index of Severity (CDEIS) ≥ 10
in at least one segment, or the presences of ulcerations, was required for inclusion.
Exclusion criteria were formal contraindication for anti-TNF therapy, intolerance or
contraindication for undergoing an ileocolonoscopy, absence of endoscopic activity as
described above or a patient’s refusal to participate.

Anti-TNF treatment
The induction therapy for infliximab was 5 mg/kg at weeks 0, 2 and 6; for
adalimumab 160 mg and 80 mg at weeks 0 and 2, respectively, followed by 40 mg
every other week. For maintenance, 5 mg/kg infliximab was administered every 8
weeks and 40 mg of adalimumab every other week. Intensification of treatment was
performed reactively when loss of clinical response was documented in association
with objective evidence of active disease (increased fecal calprotectin or
CRP or presence of endoscopic lesions) and drug levels below recommended
thresholds (infliximab < 3 μg/mL, adalimumab < 7 μg/mL). If remission was
documented by endoscopy, no modification of treatment was performed.

Clinical and biomarker data
Clinical evaluation was performed at baseline, and at weeks 6, 14, 30 and 46. At each
visit the CD Activity Index (CDAI) was determined. Blood and fecal samples were
also collected at each visit for assessment of biomarkers (CRP and calprotectin).
Monitoring for adverse events and use of concomitant medications was registered at
each visit, including unscheduled visits performed if the patient developed symptoms
between scheduled visits. Drug levels and anti-drug antibodies were analyzed at
baseline, week 14, week 46, and in case of loss of clinical response.

Endoscopic examination
Ileocolonoscopy was performed at baseline, week 14 and week 46. All examinations
were performed under anesthesia by an endoscopist experienced in the assessment of
IBD (ER, IA, IO). Quantification of endoscopic disease activity was based on the
CDEIS, with measurement of segmental and global scores. Investigators evaluating
the endoscopic lesions were blinded to the patient’s symptoms. Endoscopic response
was defined as a decrease of at least 50% from baseline in the global CDEIS and MH
as segmental CDEIS ≤ 5 in all segments, which implies the disappearance of mucosal
ulcerations.

Statistical analysis
A formal sample-size calculation was not performed. Precision of the predictors
identified is provided by 95% confidence intervals. Quantitative variables are
expressed as mean. Percentages are given for discrete variables. Analyses were
performed according to the intention-to-treat principle including all recruited
patients. Patients with missing data were classified as non-responders for clinical and
endoscopic outcomes (Non-response imputation). Missing quantitative data at
different time points was imputed using the last observation carried forward. For
identification of clinical, biological and endoscopic predictors of endoscopic response,
logistic regression analysis was performed. A receiver operating characteristic (ROC)
curve was constructed to determine the best cut-off value for predicting MH after one
year of treatment. Spearman rank-order correlation coefficient was performed to
identify association between variables. Statistical significance was set at P < 0.05 for all
tests. Statistical analysis was performed using the statistical package SPSS V.23. The
Statistical methods of this study were review by one of the authors (Ingrid Ordas).

RESULTS
From 100 potentially eligible patients with clinically active disease, 62 were finally
included. Thirty eight patients were excluded for the following reasons: colonoscopy
could not reach the affected area (n = 14), absence or mild endoscopic activity with all
segmental CDEIS < 10 (n = 8), patient´s refusal to participate (n = 7), spontaneous
patient’s improvement without need of anti-TNF treatment initiation (n = 7) or
because anti-TNF treatment was initiated for complex perianal disease without
significant luminal activity (n = 2).
Seven patients dropped out from the study, three of them during induction and
four during the maintenance period. In 5 cases because surgery was required, in one
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patient treatment was switched to another anti-TNF due to immunogenicity with
secondary loss of response and in one case treatment was stopped due to an adverse
event (infusion reaction). All seven cases were imputed as non-responders. Fifty-nine
patients (95.2%) completed the 14 wk induction period. Of these, 53 underwent
endoscopic evaluation. Fifty-six patients (90.3%) completed one year of follow up of
whom forty-seven underwent endoscopic evaluation (Figure 1). Endoscopic
assessment was not performed in some patients at weeks 14 or 46 due to patient’s
refusal; all of them were considered as non-responders.
Demographic and baseline disease characteristics are summarized in Table 1. A
majority of patients received combination therapy (86%). The proportion of patients
achieving MH at week 46 under IFX and ADA were similar (46% vs 42%), the
subsequent analysis was therefore performed in the pooled population.
Clinical, biological, pharmacokinetic, and endoscopic data at baseline and during
follow up are presented in Table 2. At baseline, median CDAI was 201; treatment with
anti-TNF resulted in a significant decrease in CDAI to 60 (P < 0.001) at week 14 and to
53 at week 46 (P < 0.001). Changes in biomarkers are summarized in Table 2.
Calprotectin levels decreased progressively with significant differences relative to
baseline at weeks 14 and 46. CRP value also decreased during follow-up reaching
statistical significance at week 46 in the whole study population and also in the
subgroup of patients with elevated CRP (> 1.0 mg/dL) at baseline (n = 26; 41%).
Hemoglobin and albumin concentrations significantly increased at weeks 14 and 46
relative to baseline (P < 0.05).
Median infliximab and adalimumab concentrations at week 14 were 3.1 μg/mL and
8.9 μg/mL, respectively. After one year of treatment median serum drug concentrations were 1.8 μg/mL and 9.9 μg/mL, respectively. At baseline 8% of patients
presented antidrug antibodies to infliximab (ATIs) and 10% to adalimumab (ATAs);
of them 60% and 50% respectively were naïve to anti-TNF therapy. In all cases,
antibody levels were in the low range (3.9-98 μg/mL). At week 14, ATIs were detected
in only one patient (3%) and ATAs in none of them (the test used, ELISA, cannot
detect antibodies in the presence of circulating drug). After one year of treatment,
ATIs were detected in 4 patients (13%) and ATAs in one patient (4%). All of them
were under concomitant immunomodulatory therapy. Median CDEIS at baseline was
6.7 with significant decreases up to 3.2 at week 14 (P < 0.001) and up to 3.0 (P < 0.001)
after one year of treatment. As illustrated in Figure 2, at week 14, 56% of patients
achieved endoscopic response and 34% were on MH. At week 46, the corresponding
percentages for endoscopic response and MH were 52% and 44%, respectively.

Predictors of endoscopic remission
None of the demographic or baseline disease characteristics predicted endoscopic
response or remission at week 14. Baseline disease characteristics with predictive
value of long-term endoscopic response (wk46) in the univariate analysis included
disease duration, CDAI and CDEIS. The week 14 variables that predicted endoscopic
response at week 46 were: CRP, a decrease from baseline CDAI of 100 points, CDEIS,
the percentage of CDEIS reduction from baseline and the achievement of endoscopic
response or MH. Due to an elevated rate of missing values (35% at baseline and 42%
at week 14), calprotectin was not included in the logistic regression analysis. In the
multivariate analysis, only disease duration and the percentage of CDEIS reduction at
week 14, independently predicted MH on the long term.
Predictors of MH after 46 wk of treatment were identified only at week 14 in the
univariate analysis, including the CRP and the adalimumab concentration, the CDEIS
score, the percentage of CDEIS reduction from baseline and the achievement of
endoscopic response or MH at week 14. In the multivariate analysis all the endoscopic
variables independently predicted MH at week 46.
The changes in clinical or biomarker variables from baseline to week 14 did not
predict MH on the long term. Adalimumab or infliximab serum concentrations at
week 14 were not associated with clinical or endoscopic outcomes at this time point of
evaluation. Serum drug concentration at week 14 did not predict clinical outcomes or
endoscopic response at week 46. Only adalimumab concentration at week 14 achieved
statistical significance to predict MH on the long term (week 46). A concentration of at
least 10 μg/mL at week (area under the curve: 0.76) predicts MH with moderate
sensitivity (61%) and good specificity (84%). Drug concentration and anti-drug
antibodies at week 46 were not correlated with clinical or endoscopic outcomes at that
time of evaluation.
In our cohort, only 19% of patients required treatment intensification before
achieving the endpoint of week 46. In the logistic regression analysis treatment
intensification did not achieve statistical significance as a predictor of MH. To define
the best cutoff value for predicting MH after one year of treatment, ROC curves were
constructed for CDEIS scores at week 14 and for the percentage of CDEIS reduction
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Figure 1

Figure 1 Flow-chart of the study. CD: Crohn’s Disease; CDEIS: Crohn's Disease Endoscopic Index of Severity; TNF: Tumor necrosis factor.

from baseline to week 14. Sensitivity and specificity were also calculated for
achievement of endoscopic response and MH at week 14 as predictors of long-term
MH (Table 3). Relative changes in the endoscopic score from baseline to week 14 had
higher accuracy in predicting MH at week 46 than absolute CDEIS values at week 14.
Based on the clinical relevance of the evaluated cutoff values, a decrease of at least
80% from baseline CDEIS at week 14 was the best discriminative cutoff value for
predicting MH at week 46 with a sensitivity of 59% and 91% specificity (Figure 3). As
shown in Table 4, at week 14, a reduction of ≥ 80% from baseline CDEIS was
documented in 19 patients (31%) with a positive predictive value (PPV) of 84% and a
negative predicted value of 74%. Table 5 shows the comparison of diagnostic accuracy
between 50% and 80% CDEIS reduction from baseline to week 14 as a predictor of
MH at week 46.

DISCUSSION
In this prospective observational study, we identified predictors of long-term MH in
patients with CD treated with TNF-α inhibitors. After completing 14 weeks of
treatment , we found that the absolute CDEIS value, the percentage of CDEIS
reduction from baseline and the achievement of endoscopic response or MH
significantly predict MH after one year of treatment. Of these four predictive factors,
achievement of MH after induction treatment with an anti-TNF has already been
described as a predictor of long-term MH in a series of patients retrospectively
evaluated and prospectively validated in a subsequent study[12,13]. In this study, 42
patients with active luminal CD (defined as a SES-CD ≥ 3) treated with an anti-TNF
were followed clinically and endoscopically after 3 months and one year of treatment.
The authors concluded that MH (defined as a SES-CD ≤ 2) after 3 mo of treatment
predicted long-term MH with 88% of sensitivity and 64% of specificity. Our study
shows that not only achievement of MH is a predictor of long term MH, but also
achievement of endoscopic response after completing induction predicts MH on the
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Table 1 Patient’s demographic characteristics (n = 62) n (%)
Patient’s demographic characteristics (n = 62)
Female, n (%)

31 (50)

Age at inclusion, mean (min-max)

39 (18-72)

Disease duration (yr), mean (min-max)

9 (0-33)

Location
Terminal ileum

32 (52)

Colonic

15 (24)

Ileocolonic

15 (24)

Associated upper involvement

3 (5)

Phenotype
Inflammatory

39 (63)

Stricturing

14 (22)

Penetrating

9 (15)

Associated structuring + penetrating

4 (7)

Perianal disease

16 (26)

Current smokers

19 (31)

Anti-TNFdrug used
Infliximab

34 (55)

Adalimumab

28 (45)

Prior anti-TNF exposure

16 (26)

Immunomodulators at baseline

53 (86)

Steroids at baseline

13 (21)

Previous CD surgery

9 (15)

TNF: Tumor necrosis factor; CD: Crohn’s disease.

long term, expanding thus the number of patients in whom a recommendation of
continued anti-TNF therapy is made after induction with high probability of
achieving the therapeutic target of MH at week 46.
The percentage of CDEIS reduction as a predictor of clinical outcomes has been
evaluated in a post-hoc analysis of the SONIC trial[15]. In this study, a decrease from
the baseline CDEIS of at least 50% at week 26 predicted steroid-free clinical remission
at week 50 with a sensitivity of 73% and a specificity of 46 %. We consider, though,
that objective demonstration of MH by endoscopy is a more robust endpoint than
steroid-free clinical remission. In addition, a specificity of 46% can lead to a high rate
of false positives.
In our cohort, a decrease of at least 50% from baseline CDEIS at week 14 had a
sensitivity of 85% and moderate specificity (66%). In our study, we chose a reduction
of 80% from baseline CDEIS as a predictor of long term MH since it has better
diagnostic accuracy, with moderate sensitivity (59%) but excellent specificity (91%).
Moreover, compared with a 50% reduction, it demonstrated a better PPV and positive
likelihood ratio. In cases in which sensitivity is more relevant, a 50% reduction can be
chosen as the endpoint. In the current study, we observed that changes in CDEIS in
response to induction therapy are better predictors of long-term efficacy of anti-TNF
drugs than absolute values. Absolute values are highly influenced by disease location
and extension, whereas a percentage reduction relative to baseline may be preferable
because it is a dynamic parameter of response and integrates the magnitude of
response to induction therapy.
In this cohort, 84% of patients that achieved an 80% reduction in CDEIS from
baseline to week 14 were in MH after one year of treatment. In patients who do not
achieve this endpoint, potential treatment optimization might be considered by the
addition of immunosuppressive agents in case of anti-TNF monotherapy,
intensification of anti-TNF treatment or by considering alternative treatment
strategies other than TNF-α inhibitors. The effectiveness of these type of interventions
remains to be assessed in prospective clinical trials. In our study neither demographic
nor disease characteristic predicted achievement of endoscopic response at week 14,
or MH after induction or at week 46. This was also true for clinical disease activity
and CRP. Disease duration has been reported to be a predictor of clinical response[5]
and in our study was identified as a predictor of endoscopic response in the long term

WJG

https://www.wjgnet.com

1769

April 14, 2019

Volume 25

Issue 14

Alfaro I et al. Endoscopic response predicts outcomes in CD

Table 2 Biological, pharmacokinetic, clinical and endoscopic data at baseline and during follow up
Baseline, n = 62

Week 14, n = 59

P value (week 14baseline)

Week 46, n = 56

P value (week 46baseline)

CDAI, median (IQR)

201 (114-236)

60 (28-94)

CDEIS, median (IQR)

6.7 (5-11.3)

3.2 (0.8-5)

P < 0.001

53 (26-94)

P < 0.001

P < 0.001

3.0 (0.2-4.4)

CRP mg/dL, median
(IQR)

0.66 (0,16-1.72)

P < 0.001

0.2 (0.03-0.71)

P = 0.125

0.19 (0.03-0.76)

P < 0.05

127 (113-140)

135 (121-141)

P < 0.05

134 (123-143)

P < 0.05

Albumin g/L, median
(IQR)

41 (40-43)

43 (40-45)

P < 0.05

43 (40-45)

P < 0.05

Serum TNF-alpha
pg/mL, median (IQR)

5.5 (3.3-8)

20 (11-36)

P < 0.001

17 (8.25-30)

P < 0.001

Fecal Calprotectin
μg/g, median (IQR)

1044 (685-1800)

610 (209-1646)

P < 0.05

940 (233-1747)

P < 0.05

Infliximab μg/mL,
median (IQR)

0 (0-0)

3.1 (1.2-5.6)

P < 0.001

1.8 (1-6.6)

P < 0.001

ATIs, % patients (n)

8 (5/62)

3 (1/34)

P = 0.327

13 (4/32)

P = 0.230

0 (0-0)

8.9 (5.6-12)

P < 0.001

9.9 (7-12)

P < 0.001

10 (6/62)

0 (0/25)

P = 0.117

4.1 (1/24)

P = 0.408

Hemoglobin g/L,
median (IQR)

Adalimumab μg/mL,
median (IQR)
ATAs, % patients
(n/total)

IQR: Interquartile range; CRP= C reactive protein; TNF-alpha: Tumor necrosis factor alpha; ATIs: Anti-infliximab antibodies; ATAs: Anti-adalimumab
antibodies; CDAI: Crohn’s Disease Activity Index; CDEIS: Crohn’s Disease Endoscopic Index of Severity.

(the longer the disease duration the less probabilities to achieve endoscopic response).
In our cohort, adalimumab serum concentration after completing treatment
induction has predictive value for the long term MH diagnosis. Previous reports have
described an association between adalimumab serum levels and achievement of MH.
The cutoff point of this parameter has been situated in at least 4.9 μg/Ml[16] and some
retrospective studies or studies with non-systematic measurement of adalimumab
serum concentration suggest that the concentration needed to achieve this endoscopic
outcome are even higher (> 7.1 μg/mL) [ 1 7 - 1 9 ] . In our prospective cohort, an
adalimumab concentration of at least 10 μg/mL after induction was best correlated
with long term MH with a moderate sensitivity and good specificity, suggesting that
patients may need even higher concentrations than previously reported. Measurement of serum drug concentration after induction could be considered as a time point
to perform this evaluation for predicting long term endoscopic outcomes. Infliximab
serum concentration were not predictive of MH; lack of statistical power, and the fact
that a considerable number of patients had low serum infliximab concentrations may
have prevented the identification of the relationship between drug levels and
therapeutic response.
When we analyzed the subgroup of patients that achieved MH at weeks 14 and 46,
a recommended concentration of infliximab (equal or higher than 3.0 μg/mL) was
observed in a 73% and 29% of patients respectively. The high proportion of patients in
MH and low anti-TNF serum concentration during maintenance might indicate that
lower drug levels may be sufficient after achieving healing. The current study has
several strengths. It has been prospectively performed and all patients had
documented endoscopic active disease at baseline. In addition, monitoring of disease
activity was prospectively registered using clinical, biological, and endoscopic
variables. Our cohort has a lower clinical activity at baseline compared to pivotal
registration trials. Indeed, our population probably better reflects clinical practice,
where anti-TNF therapies are used not only in patients with severe disease as in
pivotal trials, but also in patients with milder forms.
This study has also some limitations that should be acknowledged. It is a single
center study with a limited sample size. With regard to biomarkers as predictors of
endoscopic response, calprotectin could not be incorporated in the analysis due to a
considerable proportion of missing samples, despite proactively reminding the
patients to collect them. This is an inherent limitation of this monitoring modality.
Escalation of drug doses was triggered by clinical symptoms. This could be
considered as a limitation, however, there is no evidence at this moment supporting
that treatment intensification based on a target serum drug concentration [20,21] is
superior to clinically based dosing. In this scenario, treatment intensification based on
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Figure 2

Figure 2 Endoscopic response and mucosal healing during follow-up.

clinical decisions represent the current clinical practice in the majority of centers until
new evidence is available.
In summary, in patients with CD treated with an anti-TNF, endoscopic evaluation
following completion of induction treatment should be considered for determining
endoscopic response and predicting long-term outcomes. After 14 weeks of treatment,
achievement of a reduction of 80% from baseline CDEIS may be considered a target
for optimization of anti-TNF therapy in clinical practice.
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Table 3 Sensitivity and specificity of variables at week 14 as predictors of long-term mucosal healing
Variable

Sensitivity

Specificity

CDEIS < 3

69

67

CDEIS < 4

62

78

80% reduction of CDEIS (baseline to week 14)

59

91

Endoscopic response at week 14

85

66

Endoscopic remission at week 14

59

85

CDEIS: Crohn’s Disease Endoscopic Index of Severity.

Table 4 Diagnostic accuracy of 80% Crohn’s Disease Endoscopic Index of Severity reduction at week 14 for the diagnosis of long-term
mucosal healing
Mucosal healing at week 46

≥ 80% reduction in CDEIS at week 14 from baseline

No

Yes

No

n (%)

32 (74.4)

11(25.6)

Yes

n (%)

3 (15.8)

16 (84.2)

CDEIS: Crohn’s Disease Endoscopic Index of Severity.

Table 5 Comparison between 50 and 80% Crohn’s Disease Endoscopic Index of Severity reduction from baseline to week 14 as
predictors of long-term mucosal healing
CDEIS reduction

Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

LR+ (95%CI)

LR- (95%CI)

50%

85 (66%-96%)

66 (48%-81%)

66 (54%-76%)

80%

59 (39%-77%)

91 (77%-98%)

84 (63%-94%)

85 (69%-93%)

2.5 (1.5-4)

0.23 (0.09-0.57)

74 (65%-82%)

6.9 (2.24-21)

0.45 (0.28-0.72)

CDEIS: Crohn's Disease Endoscopic Index of Severity; CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; LR+:
Positive likelihood ratio; LR-: Negative likelihood ratio.

Figure 3

Figure 3 Receiver operating characteristics curves depicting the endoscopic response at week 14 as a predictor of mucosal healing after one year of antitumor necrosis factor treatment. Area under the curve = 0.778, P = 0.001; ROC: Receiver operating characteristics.
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Tumor necrosis factor (TNF) inhibitors are one of the most effective therapies for induction and
maintenance of remission in patients with Crohn’s disease (CD), however, to date, no
observational prospective studies have been specifically designed to identify predictors of
mucosal healing (MH), which should be the therapeutic target.

Research motivation
Improve knowledge about the predictive factors of response to TNF inhibitors and try to provide
more tools to perform a personalized treatment.

Research objectives
The aim of this study was to identify predictors of MH after one year of treatment with TNF-α
inhibitors.

Research methods
Prospective observational single center study. Consecutive patients with clinically active CD
requiring treatment with a TNF-α inhibitor were included. Clinical, biological and endoscopic
data were obtained at baseline, weeks 14 and 46.

Research conclusions
Endoscopic response to induction therapy, defined as 80% reduction in global CD Endoscopic
Index of Severity (CDEIS), is a robust predictor of long-term MH. Endoscopic response is a
predictor of MH. Achievement endoscopic response after induction may be considered as a
therapeutic target for anti-TNF-α therapy. None, it was a observational study to identify
predictors. After induction of remision with a TNF inhibitor perform a colonoscopy should be
considered to predict long-term outocomes. Endoscopic response predict long-term outcomes.
There were no hypotheses. After induction of remision with a TNF inhibitor perform a
colonoscopy should be considered to predict long-term outocomes in patients with CD.

Research perspectives
Clinical and biomarker data are not useful predictors of response to TNF-α inhibitors in CD,
whereas endoscopic response to induction therapy, defined as 80% reduction in global CDEIS, is
a robust predictor of long-term MH. Achievement of this endoscopic endpoint may be
considered as a therapeutic target for anti-TNF-α therapy.
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Abstract
BACKGROUND
Open abdomen (OA) has been generally accepted for its magnificent superiority
and effectiveness in patients with severe trauma, severe intra-abdominal
infection, and abdominal compartment syndrome. In the meantime, OA calls for
a mass of nursing and the subsequent enteroatomospheric fistula (EAF), which is
one of the most common complications of OA therapy, remains a thorny
challenge.
CASE SUMMARY
Our team applied thermoplastic polyurethane as a befitting material for
producing a 3D-printed “fistula stent” in the management of an EAF patient,
who was initially admitted to local hospital because of abdominal pain and
distension and diagnosed with bowel obstruction. After a series of operations
and OA therapy, the patient developed an EAF.
CONCLUSION
Application of this novel “fistula stent” resulted in a drastic reduction in the
amount of lost enteric effluent and greatly accelerated rehabilitation processes.
Key words: 3D printing; Enteroatmospheric fistula; Open abdomen; Isolation technique;
Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Few methods can be utilized to control enteroatomospheric fistulas (EAFs)
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which are unlikely to achieve spontaneous closure. The 3D-printed “fistula stent”
presented here can be implanted to close EAF in the early stage of open abdomen. We
think that this report could start the train of thought for plugging EAF to reduce the lost
enteric effluent as well as avoid water electrolyte imbalance, corrosion on the wound
surface, and intra-abdominal infection.
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INTRODUCTION
The open abdomen (OA) therapy has been commonly recognized as a crucial
treatment in settling severe trauma, severe intra-abdominal infection (sIAI) and
abdominal compartment syndrome (ACS). The World Society of ACS has formulated
a classification for OA in which frozen OA with fistula is classified as grade 4 (Table
1)[1]. Meanwhile, fistula, which is one of the most common complications of OA,
remains a nightmare for all surgeons and intensive care unit doctors, and urgently
needs to be solved[2].
Enteroatmospheric fistula (EAF) is a type of fistula different from enterocutaneous
fistula (ECF). The occurrence rate of EAFs is reported to be 25% in patients receiving
OA with an associated mortality rate of 42% [3] . Various reasons result in these
openings between the atmosphere and the lumen within the gastrointestinal tract.
Unlike ECF, EAF has neither connective fistulous tract or overlying soft tissue such as
the skin, subcutaneous tissue, omentum majus and other gastrointestinal tract which
leads to high flow of enteric fistula effluent and makes it unlikely to reach
spontaneous closure. In addition to fluid and electrolyte imbalance, acid-base
imbalance and gastrointestinal dysfunction, enteric fistula effluent from EAF can
cause more disastrous effects[4]: enteric fistula effluent contaminates the exposed
wound and exacerbates the infection condition which can lead to sepsis in severe
cases. Besides, high and continuous output of digestive juices raises the difficulty in
fistula closure, prolongs the length of hospital stay along with medical expense[3], and
increases mortality tremendously.
To date, multiple techniques have been come up with to solve EAF such as silicone
fistula plug[5], collapsible EAF isolation device[6], polyethylene glycol tube[7], and
covered self-expending metal stent[8]. However, these techniques can only be used
after the formation of frozen abdomen or the adhesion between the bowel and the
abdominal wall. On the other hand, they can hardly reach accurate match with the
trend of bowel or the shape of the orifice of the fistulous tract. Furthermore, after the
labiate fistula is formed, the outcomes usually get worse[9]. In order to carry out
enteral nutrition (EN) as early as possible and shorten the waiting time before
definitive gastrointestinal reconstruction, our team applied a 3D-printed “fistula
stent”, which is a combination of 3D printing with traditional isolation technique, to
control enteric fistula effluent at the early stage of OA.

CASE PRESENTATION
Patient information
A 33-year-old male patient complaining of abdominal pain and distension was
initially diagnosed as bowel obstruction and went through enterolysis and omentum
majus biopsy (Table 2). Several days after the first surgery, the patient appeared a
relapse of abdominal pain and received exploratory laparotomy and bypass
operation. Then, the patient’s physical condition turned to go downhill with
intermittent fever and cachexia. Afterwards, the patient was referred to our clinic with
sIAI, hypoalbuminemia, hydrothorax, poor incisions healing, and suspected fistula
with intestinal juice flowing from the incision.
After the patient was admitted to our hospital, he presented with intermittent high
fever (39 °C) and cachexia. Anti-infection therapy, acid suppression therapy, digestive
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Table 1 Open abdomen classification from the World Society of the Abdominal Compartment
Syndrome
OA classification from the WSACS
Grade 1A

Clean without fixation

Grade 1B

Contaminated without fixation

Grade 1C

Enteric leak without fixation

Grade 2A

Clean with developing fixation

Grade 2B

Contaminated with developing fixation

Grade 2C

Enteric leak with developing fixation

Grade 3A

Clean with frozen abdomen

Grade 3B

Contaminated with frozen abdomen

Grade 4

Formed EAF with frozen abdomen

OA: Open abdomen; WSACS: World Society of the Abdominal Compartment Syndrome; EAF:
Enteroatmospheric fistula.

juices secretion suppression therapy, total parenteral nutrition (PN), and double-pipe
drainage were utilized to maintain the patient’s homeostasis. To relieve the
symptoms, we decided to carry out OA to locate the source of enteric fistula effluent
and control the IAI. During the procedure of exploration, the fistula was found
situated at the place where the side-to-side anastomosis was carried out during the
bypass operation (Figure 1A). The volume of enteric fistula effluent reached a peak of
approximately 2500 mL/d, corroding surrounding tissue and incision continuously,
thus making the orifice of the fistulous tract and incision unlikely to heal
spontaneously. Afterwards, high-resolution computed tomography and contrastmediated fistula angiography confirmed the existence of the EAF (Figure 1B), the area
of which reached 8.5 cm2, thus making most other isolation techniques inapplicable
and invalid[9].

Interventions
With the intention of blocking the enteric effluent to improve fistula healing, restoring
EN, and carrying out definitive surgeries earlier, we attempted to implant a “fistula
stent” to plug the EAF. After investigating the anatomy of EAF from fistulography
and measuring the actual inner diameter and tortuosity of the bowel with fingers, we
utilized Solidwork software to build the model of a hollow and curving pipe stent
with a small protuberance and integrated wall. The following data were collected:
inner diameter of 14 mm, thickness of pipe wall of 0.5 mm, length of 14 cm, and bend
pipe instead of combined two straight ones. The whole model was saved in Standard
Template Library (STL) form to be recognized by 3D printer (Figure 2A).
Thermoplastic polyurethane (TPU) is a synthetic and biocompatible material with
strong tenacity and good flexibility, which has been applied widely in medical devices
such as catheter and vascular graft. Our team has been investigating the properties
and biocompatibility of TPU for years and the safety of TPU-made stent is assured[10].
We collaborated with Nanjing Normal University and utilized Fused Deposition
Modeling (FDM), which is one of the most classic and mature techniques of 3D
printing, to build the “fistula stent” from STL file (Figure 2B).
Nine days after carrying out OA, the stent was implanted into the bowel through
the orifice of the fistulous tract and proved to suit the trend of bowel ideally (Figure
3A-E). No obstruction was observed around the orifice of the fistulous tract. Then,
contrast-mediated fistula angiography was conducted to verify the effectiveness of the
stent with the contrast agent flowing past the stent without obstruction (Figure 3F).
The protuberance was fixed with threads to avoid displacement due to peristalsis or
postural changes (Figure 4). After the implantation, there was an obvious decrease in
the amount of enteric fistula effluent and increase in stool frequency and capacity.
Four days after implantation, we restored the patient’s EN by nasal feeding, which
was started from 500 mL and increased to 1500 mL during the following 3 d. No
abnormal or subjective discomfort was observed during the whole process.
Several indexes of the patient were recorded in which we regarded the amount of
lost enteric effluent (Vloss) as the most significant one. In the duration of therapy, Vloss
was equal to the amount of drainage fluid from the fistula orifice minus the amount of
fistula irrigation fluid. EAF in this patient belonged to high flow fistula (> 500 mL/d)
because the scope of the orifice of the fistulous tract occupied nearly half of the
intestinal wall (Figure 5A). Though it was still higher than 400 mL/d, leakage of
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Table 2 Patient’s previous surgeries
Timing
Initial

Diagnosis

Surgeries

Bowel obstruction

Enterolysis and omentum majus biopsy

4 wk later

Abdominal pain

Exploratory laparotomy and bypass operation for bowel obstruction

7 wk later

Hydrothorax

Bilateral thoracentesis

2 mo later

Fistula and sIAI

OA

OA: Open abdomen; sIAI: Severe intra-abdominal infection.

enteric effluent was notably reduced after the implantation. With the increase in the
amount of EN per day from 500 mL to 1500 mL, Vloss floated upwards within a short
time and gradually turn to decrease by degrees.

Outcomes
Seven days after implantation, no sign of pyrexia or obvious infection existed and the
general condition of the patient was improved with frozen abdomen formed steadily
and drainage unobstructed. Considering the good physical condition of the patient
and the blocked EAF, skin grafting on the abdominal wall was conducted
successfully. Timely blocking of EAF laid the foundation of the skin graft healing. Ten
days after skin grafting, the abdomen had granulated around the EAF and the orifice
of the fistulous tract had also decreased to a very small size (Figure 6). During the
follow-up, we observed that the orifice of the fistulous tract was enlarged due to the
change in abdominal incision and body position, so we used butterfly-shaped
adhesive to strain the bilateral abdominal walls to control the Vloss further. The patient
is receiving EN in good condition and waiting for definitive intestinal anastomosis
and abdominal closure, in which the “fistula stent” will be drawn from the orifice of
the fistulous tract.

FINAL DIAGNOSIS
EAF, sIAI, and hypoalbuminemia.

TREATMENT
Fistula stent; anti-infection therapy; total PN and double-pipe drainage.

OUTCOME AND FOLLOW-UP
The patient has passed the crisis and received skin grafting. The patient is receiving
EN in good condition and waiting for definitive intestinal anastomosis and abdominal
closure.

DISCUSSION
What we introduce in this case report is a hollow and curving pipe stent with
integrated wall, which is a combination of isolation technique with 3D printing[11], and
can be applied to plug EAF at the very early stage of OA. Unlike silicone fistula plug
reported by Ozer et al[5] or PEG tube reported by Miranda et al[7], 3D-printed “fistula
stent” can be used to block EAF as soon as the EAF is discovered or formed. In other
words, successfully plugging EAF from inside can transform some grade 4 OA to
grade 1C or 2C in a sense, rather than simply blocking fistulous tract or ECF after the
formation of frozen abdomen or skin grafting. We think that our report could start the
train of thought for plugging EAF at the early stage to reduce the amount of lost
enteric effluent as well as avoid water electrolyte imbalance, corrosion on wound
surface, and IAI. Furthermore, “fistula stent” functions as a temporary tract to restore
EN and improve bowel function, which can accelerate the process of rehabilitation. In
addition, a stent which can block nearly all the orifice of the fistulous tract saves a lot
of work of drainage and succus entericus reinfusion.
We regard our 3D-printed “fistula stent” as a strong and ideal supplement to
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Figure 1

Figure 1 Clinical picture and imaging materials of the patient. A: The enteroatmospheric fistula (EAF) happened at side-to-side anastomosis was exposed and
visible after open abdomen (red arrow); B: Contrast-mediated fistula angiography through the orifice of the fistulous tract (red arrow); C: The location of initial
obstruction was shown (red arrow).

negative pressure wound therapy, total PN, and somatostatin therapy, which are the
key techniques to close an EAF[12]. And it has the potential to be combined with
advanced technique of bio-printed 3D human intestinal tissues[13]. However, several
deficiencies exist with FDM based 3D-printed “fistula stent”. When adhesion between
the bowel and the abdominal wall or the frozen abdomen formed, the size and shape
of the orifice of the fistulous tract may change, thus causing the stent unfit with the
bowel tract. On the other hand, the “fistula stent” has the risk of enlarging the EAF
size, reducing the rate of spontaneous closure. Further, the sample size is still very
limited and more well-designed trials are required to verify the effectiveness of 3Dprinted plugs.

CONCLUSION
EAFs in OA patients continue to be a challenge. Our 3D-printed “fistula stent” is
presented to offer an effective and applicable method to block EAF at the early stage
to simplify the management of OA with EAF, thus providing conditions for definitive
surgeries.
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Figure 2

Figure 2 Manufacturing process of the “fistula stent”. A: The blueprint of “fistula stent” was built with Solidwork software and saved in Standard Template Library
(STL) form; B: Fused Deposition Modeling is a process where thermoplastic filaments are driven with a motorized heated nozzle; C: Build model of a hollow and
curving pipe stent with a small protuberance and integrated wall; D: Flexibility of the “fistula stent”; E: Shape memory of the “fistula stent” after application of an
external force.
Figure 3

Figure 3 Process of the implantation and fixation of the “fistula stent”. A: Four double pipes were used to drainage enteric fistula effluent before implantation ; B:
The process of implantation; C: After the implantation the stent can still be seen (red arrow); D: The process of fixation by suturing the small protuberance with a latex
tube overhanging the abdominal wall; E: After the accomplishment of implantation, only one double pipe was needed for drainage; F: Contrast-mediated fistula
angiography was conducted to verify the effectiveness of the stent and the contrast agent flowed past the stent without obstruction.

WJG

https://www.wjgnet.com

1780

April 14, 2019

Volume 25

Issue 14

Xu ZY et al. Fistula stent for enteroatmospheric fsitula
Figure 4

Figure 4 Concept graph of how is the “fistula stent” fixed in the bowel. The protuberance is connected with a latex drainage tube hanging over the abdominal
wall in order to prevent the sliding due to peristalsis.
Figure 5

Figure 5 Recorded amount of lost enteric effluent.aThe day of implantation; bStarting enteral nutrition (EN) of 500 mL; cEN of 1000 mL; dEN of 1500 mL.
Figure 6

Figure 6 Follow-up after the implantation. A: After skin grafting, the abdomen had granulated around the enteroatmospheric fistula (EAF) and the orifice of the
fistulous tract had also decreased to a very small size; B: Atrophic intestinal mucosa in the distal end of the EAF before restoring enteral nutrition.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a complex disorder that has evolved
in recent years as the leading global cause of chronic liver damage. The main
obstacle to better disease management pertains to the lack of approved
pharmacological interventions for the treatment of nonalcoholic steatohepatitis
(NASH) and NASH-fibrosis-the severe histological forms. Over the past decade,
tremendous advances have been made in NAFLD research, resulting in the
discovery of disease mechanisms and novel therapeutic targets. Hence, a large
number of pharmacological agents are currently being tested for safety and
efficacy. These drugs are in the initial pharmacological phases (phase 1 and 2),
which involve testing tolerability, therapeutic action, and pharmacological issues.
It is thus reasonable to assume that the next generation of NASH drugs will not
be available for clinical use for foreseeable future. The expected delay can be
mitigated by drug repurposing or repositioning, which essentially relies on
identifying and developing new uses for existing drugs. Here, we propose a drug
candidate selection method based on the integration of molecular pathways of
disease pathogenesis into network analysis tools that use OMICs data as well as
multiples sources, including text mining from the medical literature.
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omics systems-based approaches to the analysis of potential candidates to the treatment
of nonalcoholic steatohepatitis (NASH) we selected the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway map of nonalcoholic fatty liver disease (NAFLD),
which illustrates a stage-dependent progression of the disease. After generating a
protein−chemical interaction network, we predicted remarkable examples of potential
drug repurposing for the treatment of NASH based on the NAFLD-KEGG connectivity
map.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a complex disorder that has emerged as
the leading global cause of chronic liver damage in recent years[1]. The disease course
progresses through highly dynamic histological stages, ranging from simple steatosis
or nonalcoholic fatty liver (NAFL) to nonalcoholic steatohepatitis (NASH), NASHfibrosis and cirrhosis[1,2]. NASH-fibrosis and its complications, including cirrhosis and
hepatocellular carcinoma, not only significantly reduce life expectancy by increasing
liver-related mortality[3] but also represent a challenge for the healthcare system
because much of the affected population is also affected by NAFLD-associated
comorbidities, including obesity, type 2 diabetes (T2D), and cardiovascular
disease[1,4-6]. Absence of reliable noninvasive biomarkers that allow identification of
patients at a high risk of fibrosis and /or disease progression is one of the obstacles
facing disease management[7,8]. Similarly, while a large number of drugs against
NASH are currently being tested for efficacy and safety, no pharmacological
interventions are presently approved for treating NASH[2,5,9,10].
Information retrieved from public domain data sources and clinical
ClinicalTrials.gov (updated December 2018), a resource provided by the U.S. National
Library of Medicine, indicates that approximately 47 different drugs that target NASH
and NASH-fibrosis are currently being tested in different pharmacological stages,
including 188 drugs in phase 1 and 162 in phase 2 studies (Figure 1). A significant
proportion of these drugs are small molecules or proteins that either antagonize or act
as exogenous agonists of one or more targets of interest; the 47 aforementioned NASH
drugs are in fact predicted to be linked to 151 molecular targets (Figure 1).
Considering that a large majority of these drugs are in the earliest pharmacological
phases that involve testing tolerability, therapeutic action, and pharmacological
issues, it is reasonable to conclude that there will be a significant time lag before the
next generation of NASH drugs is available for clinical use.
One potential solution to this expected delay is drug repurposing or repositioning,
which relies on identifying and developing new uses for existing drugs [11] . The
advantage of drug repurposing is not limited to the fact that drugs selected for a novel
indication have already passed the time-consuming pharmacokinetics,
pharmacodynamics, and toxicity profiling evaluation, but are also already approved
by major regulatory agencies, including the United States Food and Drug
Administration and/or the European Medicines Agency.
Drug repurposing can be addressed by different approaches. Most common ones
involve the selection of drug candidate/s based on known targets involved in the
pathogenesis of the disease of interest. More recently, system biology strategies based
on a broad search into genomic resources, as well as large-scale gene expression
libraries, have been proposed as an attractive and innovative solution, particularly for
the treatment of complex diseases like NAFLD that shares disease mechanisms with
diseases of the metabolic syndrome [12-14] . Hence, we propose a drug candidate
selection method based on the integration of molecular pathways of disease
pathogenesis into network analysis tools that use OMICs data as well as multiples
sources, including text mining from pertinent medical literature.
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Figure 1

Figure 1 Clinical trials for the treatment of nonalcoholic steatohepatitis. A and B: Figure highlights 47 drugs that are currently under investigation for the
treatment of nonalcoholic steatohepatitis in different pharmacological phases (from phase 1 to phase 4): Information on clinical trial status (recruitment status) as well
as prediction of potential associated targets were retrieved from the Target Validation Platform available at https://www.targetvalidation.org; C: Drugs listed in the most
advanced pharmacological phase updated December 2018 concerning to privately and publicly funded clinical studies. Not yet recruiting: The study has not started
recruiting participants; Recruiting: The study is currently recruiting participants; Active, not recruiting: The study is ongoing, and participants are receiving an
intervention or being examined, but potential participants are not currently being recruited or enrolled; Terminated: The study has stopped early and will not start
again; participants are no longer being examined or treated; Completed: The study has ended normally, and participants are no longer being examined or treated (that
is, the last participant's last visit has occurred); Withdrawn: The study stopped early, before enrolling its first participant; Unknown: A study on ClinicalTrials.gov whose
last known status was recruiting; not yet recruiting; or active, not recruiting but that has passed its completion date, and the status has not been last verified within the
past 2 years).

DRUG REPURPOSING FOR THE TREATMENT OF NASH
BASED ON THE NAFLD-KEGG CONNECTIVITY MAP
As a proof-of-concept of the advantages of using multi-omics systems-based
approaches for the analysis of potential NASH treatment candidates, we selected the
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway map of NAFLD
(pathway ID: hsa04932), which illustrates a stage-dependent progression of the
disease (Figure 2). This pathway is composed of 149 genes/proteins involved not only
in the progression of NAFL to NASH and to cirrhosis, but also genes/proteins shared
with obesity and T2D (Table 1). Significant disease-related pathogenic processes,
including de novo fatty acid biosynthesis, lipid peroxidation, endoplasmic reticulum
stress and mitochondrial dysfunction[15-17], as well as apoptosis and cell death related
mechanisms are represented in the NAFLD-KEGG pathway (Figure 2). Thus, we
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generated a protein−chemical interaction network by mapping the significant
genes/proteins that are represented in the pathway to chemicals/drugs that are
annotated in the Comparative Toxicogenomics Database. The 149 genes (seeds)
yielded by our analysis were then mapped to the corresponding molecular interaction
database; this procedure produced an extensive network comprising of approximately
2000 nodes. One of the largest subnetworks included 3212 smaller nodes (that
represent the number of gene/protein–chemical interactions in this subnetwork), with
13314 interactions among node members. For simplicity, we manually curated some
chemical−drug interactions focusing specifically on certain genes/proteins of
potential interest, including members of the caspase family (CASP3 and CASP7),
interleukins (IL1A, IL1B, and IL6), tumor necrosis factor α (TNFα), nuclear factor
kappa B subunit 1 (NFKB1) and inhibitor of nuclear factor kappa B kinase subunit
beta, Jun proto-oncogene (JUN), transcription factor subunit, and AKT
serine/threonine kinase 1 (Figure 3). Remarkably, several drugs were predicted to
have a significant interaction with the highlighted targets. For example, minocycline
that is a broad spectrum long-acting derivative of the antibiotic tetracycline was
mapped in the pathway of caspases, whereas IL1B (Figure 3) or pomalidomide that is
a derivative of thalidomide with immuno-modulating, antiangiogenic and
antineoplastic activities was mapped in the network of TNF, NFKB1, and interleukins
(Figure 3).
Additional targets predicted in the minoclycline interaction network are
arachidonate 5-lipoxygenase (which is involved in the synthesis of leukotrienes from
arachidonic acid), cytochrome C (a central component of the electron transport chain
in mitochondria), matrix metallopeptidase 9 (involved in the breakdown of
extracellular matrix), vascular endothelial growth factor A (which induces
proliferation and migration of vascular endothelial cells, particularly during
pathological angiogenesis) and Poly(ADP-ribose) polymerase 1 (which is involved in
the regulation of a myriad of cellular processes, such as differentiation, proliferation,
and tumor transformation, as well as in the regulation of the molecular events implicit
in the cell recovery from DNA damage). Further two candidate targets predicted in
the network of pomalidomide are prostaglandin-endoperoxide synthase 2 (also
known as cyclooxygenase, which is the key enzyme in prostaglandin biosynthesis)
and CRBN (a calcium channel membrane protein, thought to play a role in brain
development).
Additional examples of drugs that could be potentially tested for the treatment of
NASH based on the concept of drug repositioning are illustrated in Figure 3. Drugs in
the category of angiotensin II receptor type 1 (AGTR1) antagonists that were
predicted in the network of JUN, for instance irbersartan-a nonpeptide AGTR1
antagonist with antihypertensive activity-might indeed be regarded as an indication
expansion rather than drug repositioning because, as mentioned above, NAFLD and
components of the Metabolic Syndrome, including arterial hypertension, present
shared disease mechanisms (12-14). Therefore, given the pleiotropic effects of AGTR1
blockers[18] it is plausible to suggest that drugs in this pharmacological group-sartanswould synergize or potentiate the benefits of blocking the renin angiotensin system in
the liver[19-22]. Remarkably, the pharmacological properties and toxicity profiles of
some of the drugs presently undergoing NASH clinical trials are already known, such
as atorvastatin, ezetimibe, fenofribrate, losartan, and pioglotazone, just to mention a
few (Figure 1).

PLEIOTROPY: CHALLENGES AND OPPORTUNITIES FOR
THE TREATMENT OF NASH
It is also important to acknowledge the possibility that some of the novel
pharmacotherapy options for the treatment of NASH might eventually present
pleiotropic effect/s. This point represents the paradox of a drug covering multiple
pathways and cell types, which could be either harmful or beneficial for patients.
Remarkable examples of the advantages of pleiotropic effects of pharmacological
targets for the treatment of complex traits are, as already mentioned, agents that
modulate or interfere with the rennin−angiotensin system, which not only reduce
cardiovascular risk but also improve systemic inflammation, oxidative stress, and
even present anti-fibrogenic properties in the liver. Similar effects have also been
demonstrated for statins[23,24].
When focusing on the new generation of NASH targets, obeticholic acid (OCA), a
synthetically-modified bile acid (a dihydroxy-5beta-cholanic acid), is a remarkable
example of the potential systemic effects of a drug targeting nuclear receptors. OCA
exhibits a potent agonist effect on the farnesoid X nuclear receptor (FXR). More
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Table 1 Non-alcoholic fatty liver disease-Kyoto Encyclopedia of Genes and Genomes pathway
(hsa04932)
Gene symbol; description
IL6; interleukin 6
IL6R; interleukin 6 receptor
SOCS3; suppressor of cytokine signaling 3
TNF; tumor necrosis factor
TNFRSF1A; TNF receptor superfamily member 1A
NFKB1; nuclear factor kappa B subunit 1
RELA; RELA proto-oncogene, NF-kB subunit
INS; insulin
INSR; insulin receptor
IRS1; insulin receptor substrate 1
IRS2; insulin receptor substrate 2
PIK3CA; phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha
PIK3CD; phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit delta
PIK3CB; phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit beta
PIK3R1; phosphoinositide-3-kinase regulatory subunit 1
PIK3R2; phosphoinositide-3-kinase regulatory subunit 2
PIK3R3; phosphoinositide-3-kinase regulatory subunit 3
AKT1; AKT serine/threonine kinase 1
AKT2; AKT serine/threonine kinase 2
AKT3; AKT serine/threonine kinase 3
GSK3A; glycogen synthase kinase 3 alpha
GSK3B; glycogen synthase kinase 3 beta
NR1H3; nuclear receptor subfamily 1 group H member 3
RXRA; retinoid X receptor alpha
SREBF1; sterol regulatory element binding transcription factor 1
MLX; MLX, MAX dimerization protein
MLXIP; MLX interacting protein
MLXIPL; MLX interacting protein like
PKLR; pyruvate kinase L/R
LEP; leptin
LEPR; leptin receptor
ADIPOQ; adiponectin, C1Q and collagen domain containing
ADIPOR1; adiponectin receptor 1
ADIPOR2; adiponectin receptor 2
PRKAA1; protein kinase AMP-activated catalytic subunit alpha 1
PRKAA2; protein kinase AMP-activated catalytic subunit alpha 2
PRKAB1; protein kinase AMP-activated non-catalytic subunit beta 1
PRKAB2; protein kinase AMP-activated non-catalytic subunit beta 2
PRKAG1; protein kinase AMP-activated non-catalytic subunit gamma 1
PRKAG3; protein kinase AMP-activated non-catalytic subunit gamma 3
PRKAG2; protein kinase AMP-activated non-catalytic subunit gamma 2
PPARA; peroxisome proliferator activated receptor alpha
CDC42; cell division cycle 42
RAC1; Rac family small GTPase 1
MAP3K11; mitogen-activated protein kinase kinase kinase 11
MAPK8; mitogen-activated protein kinase 8
MAPK10; mitogen-activated protein kinase 10
MAPK9; mitogen-activated protein kinase 9
ITCH; itchy E3 ubiquitin protein ligase
ERN1; endoplasmic reticulum to nucleus signaling 1
TRAF2; TNF receptor associated factor 2
MAP3K5; mitogen-activated protein kinase kinase kinase 5
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JUN; Jun proto-oncogene, AP-1 transcription factor subunit
IL1A; interleukin 1 alpha
IL1B; interleukin 1 beta
IKBKB; inhibitor of nuclear factor kappa B kinase subunit beta
XBP1; X-box binding protein 1
CEBPA; CCAAT enhancer binding protein alpha
CYP2E1; cytochrome P450 family 2 subfamily E member 1
FASLG; Fas ligand
CXCL8; C-X-C motif chemokine ligand 8
TGFB1; transforming growth factor beta 1
EIF2AK3; eukaryotic translation initiation factor 2 alpha kinase 3
EIF2S1; eukaryotic translation initiation factor 2 subunit alpha
ATF4; activating transcription factor 4
DDIT3; DNA damage inducible transcript 3
BCL2L11; BCL2 like 11
BAX; BCL2 associated X, apoptosis regulator
FAS; Fas cell surface death receptor
CASP8; caspase 8
BID; BH3 interacting domain death agonist
CYCS; cytochrome c, somatic
CASP3; caspase 3
CASP7; caspase 7
NDUFV1-3; NADH:ubiquinone oxidoreductase core subunit V1 –V3
NDUFA1-3; NADH:ubiquinone oxidoreductase subunit A1-3
NDUFA4; NDUFA4, mitochondrial complex associated
NDUFA4L2; NDUFA4, mitochondrial complex associated like 2
NDUFA5-13; NADH:ubiquinone oxidoreductase subunit A5-A13
NDUFAB1; NADH:ubiquinone oxidoreductase subunit AB1
NDUFB1-11; NADH:ubiquinone oxidoreductase subunit B1-B11
NDUFS1-S8; NADH:ubiquinone oxidoreductase core subunit S1 –S8
NDUFC1; NADH:ubiquinone oxidoreductase subunit C1
NDUFC2; NADH:ubiquinone oxidoreductase subunit C2
NDUFC2-KCTD14; NDUFC2-KCTD14 readthrough
SDHA; succinate dehydrogenase complex flavoprotein subunit A
SDHB; succinate dehydrogenase complex iron sulfur subunit B
SDHC; succinate dehydrogenase complex subunit C
SDHD; succinate dehydrogenase complex subunit D
UQCRFS1; ubiquinol-cytochrome c reductase, Rieske iron-sulfur polypeptide 1
CYTB; cytochrome b
CYC1; cytochrome c1
UQCRC1; ubiquinol-cytochrome c reductase core protein 1
UQCRC2; ubiquinol-cytochrome c reductase core protein 2
UQCRH; ubiquinol-cytochrome c reductase hinge protein
UQCRHL; ubiquinol-cytochrome c reductase hinge protein like
UQCRB; ubiquinol-cytochrome c reductase binding protein
UQCRQ; ubiquinol-cytochrome c reductase complex III subunit VII
UQCR10; ubiquinol-cytochrome c reductase, complex III subunit X
UQCR11; ubiquinol-cytochrome c reductase, complex III subunit XI
COX3; cytochrome c oxidase III
COX1; cytochrome c oxidase subunit I
COX2; cytochrome c oxidase subunit II
COX4I2; cytochrome c oxidase subunit 4I2
COX4I1; cytochrome c oxidase subunit 4I1
COX5A; cytochrome c oxidase subunit 5A
COX5B; cytochrome c oxidase subunit 5B
COX6A1; cytochrome c oxidase subunit 6A1
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COX6A2; cytochrome c oxidase subunit 6A2
COX6B1; cytochrome c oxidase subunit 6B1
COX6B2; cytochrome c oxidase subunit 6B2
COX6C; cytochrome c oxidase subunit 6C
COX7A1; cytochrome c oxidase subunit 7A1
COX7A2; cytochrome c oxidase subunit 7A2
COX7A2L; cytochrome c oxidase subunit 7A2 like
COX7B; cytochrome c oxidase subunit 7B
COX7B2; cytochrome c oxidase subunit 7B2
COX7C; cytochrome c oxidase subunit 7C
COX8C; cytochrome c oxidase subunit 8C
COX8A; cytochrome c oxidase subunit 8A

https://www.genome.jp/kegg-bin/show_pathway? hsa04932.

importantly, its target-FXR (formally Nuclear hormone receptor subfamily 1 group H
member 4, NR1H4, also known as BAR) is predicted to be involved in the
pathogenesis of multiple phenotypes that practically cover the full range of human
diseases and traits (Figure 4). It is well known that OCA is currently used to treat not
only NASH but other chronic liver diseases as well, including primary biliary
cholangitis [25] . However, there are at least 65 registered clinical trials in various
pharmacological phases for ~50 different diseases (Figure 4).
Based on this evidence, one may presume that the pleiotropic effects, and thus the
clinical consequences, of the novel NASH drugs that are predicted to concurrently
modulate a broad range of molecular pathways could be surprisingly extensive and
therefore largely beneficial for treating multiple phenotypes. However, potential
pleiotropic effects of the novel anti-NASH drugs could produce undesirable effects
that we need to understand in order to anticipate their management. Some of these
potential pleiotropic effects are indeed related to the primary biological and molecular
network associated with the drug target itself. To illustrate the importance of this
issue, we randomly selected five molecular targets (MAP3K5 or ASK1, FXR,
PPARα/δ, THRβ, and MPC1) against which five drugs are currently being tested in
patients with NASH (selonsertib [ 2 6 ] , OCA [ 2 7 ] , elafibranor [ 2 8 ] , MGL-3196
(https://clinicaltrials.gov/ct2/show/NCT02912260), and MSDC-0602K [ 2 9 ]
https://clinicaltrials.gov/ct2/show/NCT02784444). Next, we explored the potential
pleiotropic effect/s of modulating these targets in humans by searching for
associations of genetic variants in the aforementioned targets with different
phenotypes and traits, known as PheWAS (Phenome-wide association studies). We
specifically retrieved publically available information from the United Kindom
Biobank that explored genetic variations in 452264 United Kindom Biobank White
British individuals (http://geneatlas.roslin.ed.ac.uk/)[30].
As shown in Figure 5 and Table 2, MAP3K5/ASK1, FXR, PPARα/δ, THRβ, and MPC1
variants are involved in multiple pleiotropic effects, including modulation of blood
cell count, body mass index, and general body adiposity, along with complex
systemic disorders, such as asthma, acute pancreatitis, migraine, intestinal
malabsortium, thyroid disease, and malignant neoplasm. Hence, understanding the
pleiotropic effects of the novel NASH drugs is the key to optimizing their use as well
as preventing emergent-yet poorly understood-undesirable systemic complications
that could potentially jeopardize their short- or long-term use.

CONCLUSION
We provide new strategies and approaches by which known drugs can be repurposed
for the treatment of NASH. Although we explored and mapped NAFLD-chemical
interaction networks, it will be necessary to perform clinical trials not only to assess
therapeutic response and optimize dosage and delivery routes, but also to explore the
possibility that new uses of existing (old) drugs could act on novel or unanticipated
targets. The presence of potential “off target”-pleiotropic-effects raises the mandatory
necessity of pharmacological optimization, including the assessment of drug
interactions and adjustment according to liver function tests.
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Table 2 Associations between variants in locus that are targets of novel drugs for the treatment of nonalcoholic steatohepatitis and
multiple traits from individuals of the United Kindom Biobank
Trait

Variant

Position

-log10(p-value)

rs76372051

100945711

6.963890333

rs35712

100971355

5.607954097

Impedance of arm (right)

rs1409791

100851307

5.152661824

Impedance of whole body

rs1409791

100851307

4.772216099

migraine

rs12579460

100966714

4.639293011

high cholesterol

rs7967468

100853792

4.543497322

N30-N39 Other diseases of urinary system

rs79306023

100938470

4.420628035

H81 Disorders of vestibular function

rs140644635

100923359

4.069764347

Whole body fat-free mass

rs36018387

35386872

59.74853212

Hip circumference

rs36018387

35386872

49.20670564

Whole body fat mass

rs36018387

35386872

37.00113934

Body fat percentage

rs36018387

35386872

20.45328464

Monocyte percentage

rs9469982

35267548

45.86340625

Platelet crit

rs33959228

35259397

21.6726615

White blood cell (leukocyte) count

rs9380500

35266231

21.54556677

Platelet count

rs9658111

35364534

17.88276186

Neutrophill count

rs9380500

35266231

17.11253462

Eosinophill percentage

rs2395625

35405461

15.34904201

Lymphocyte percentage

rs9658079

35327577

9.741626151

asthma

rs1557568

35260530

9.184130164

K90 Intestinal malabsorption

rs7771474

35320447

11.86097145

rs10946160

166757818

7.378512135

NR1H4 (FXR) Farnesoid X-Activated Receptor
K85 Acute pancreatitis
Immature reticulocyte fraction

PPARδ (Peroxisome Proliferator Activated Receptor Delta)

MPC1 (Mitochondrial Pyruvate Carrier 1)
Mean platelet (thrombocyte) volume
Platelet count

rs3728

166778679

5.285527735

Red blood cell (erythrocyte) count

rs6916128

166759313

4.825911105

M31 Other necrotising vasculopathies

rs7449594

166774429

4.699926505

dyspepsia / indigestion

rs6909951

166758198

4.594790286

Mean platelet (thrombocyte) volume

rs6924387

137082948

14.48853109

Eosinophill count

rs932589

137083138

13.39556873

Lymphocyte percentage

rs6924387

137082948

10.84396601

Neutrophill count

rs6924387

137082948

10.59715422

Platelet count

rs9321570

137095679

9.792150289

White blood cell (leukocyte) count

rs6924387

137082948

9.574319083

Eosinophill percentage

rs932589

137083138

9.344890391

Monocyte count

rs9385775

137144920

9.1157769

Mean reticulocyte volume

rs9385775

137144920

8.817927896

Platelet distribution width

rs6924387

137082948

8.001963098

Mean corpuscular volume

rs869785

24347800

152.2743497

Mean corpuscular haemoglobin

rs869784

24348008

143.9371173

Red blood cell (erythrocyte) count

rs869785

24347800

61.9076303

Mean reticulocyte volume

rs869784

24348008

43.97976306

Reticulocyte count

rs1505307

24343330

16.57632823

Immature reticulocyte fraction

rs869784

24348008

15.67096843

Monocyte count

rs12485694

24346109

11.11788547

Lymphocyte count

rs13096529

24232035

10.58643203

Red blood cell (erythrocyte) distribution width

rs2167115

24339734

10.44361306

C56 Malignant neoplasm of ovary

rs189397255

24389732

12.2277003

Trunk fat-free mass

rs13100197

24491484

8.731024419

MAP3K5 (ASK-1) (Mitogen-Activated Protein Kinase Kinase Kinase 5)

THRβ (Thyroid Hormone Receptor Beta)
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Trunk predicted mass

rs13100197

24491484

8.614769205

Leg fat percentage (left)

rs1349265

24159387

8.323233252

The associations have been computed using 452264 United Kindom Biobank White British individuals. http://geneatlas.roslin.ed.ac.uk/.

Figure 2

Figure 2 Nonalcoholic fatty liver disease-Kyoto Encyclopedia of Genes and Genomes pathway and mechanisms of disease pathogenesis. Pathway was
retrieved from https://www.genome.jp/dbget-bin/www_bget?pathway+hsa04932; figure was modified to highlight key molecular processes. This map shows a stagedependent progression of nonalcoholic fatty liver disease (NAFLD). In the first stage of NAFLD, pathway highlights excess lipid accumulation associated with the
induction of insulin resistance, which leads to a defect in insulin suppression of free fatty acids (FAAs) disposal. In addition, two transcription factors, SREBP-1c and
PPARα, activate key enzymes of lipogenesis and increase the synthesis of FAAs in liver. In the second stage, pathway is presented as a consequence of the
progression to nonalcoholic steatohepatitis (NASH); the production of reactive oxygen species is enhanced due to oxidation stress through mitochondrial betaoxidation of fatty acids and endoplasmic reticulum (ER) stress, leading to lipid peroxidation. The lipid peroxidation can further cause the production of cytokines [Fas
ligand, tumor necrosis factor α (TNF-α), IL-8 and transforming growth factor], promoting cell death, inflammation and fibrosis. The activation of JNK, which is induced
by ER stress, TNF-α and FAAs, is also associated with NAFLD progression. Increased JNK promotes cytokine production and initiation of hepatocellular carcinoma.
Major organelles involved in the pathogenesis of NASH are also highlighted in the NAFLD-pathway, including mitochondria and mitochondrial dysfunction. In the
figure, molecular targets that were further selected to explore protein-chemical interactions are highlighted by red squares. NAFLD: Nonalcoholic fatty liver disease;
NASH: Nonalcoholic steatohepatitis; ER: Endoplasmic reticulum; HCC: Hepatocellular carcinoma; NAFL: Nonalcoholic fatty liver; FAAs: Free fatty acids; TNFα: tumor
necrosis factor α.
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Figure 3

Figure 3 Protein-chemical interactions and potential repurposing drugs to target nonalcoholic steatohepatitis. We generated a protein-chemical interaction
network by mapping the significant genes/proteins that are represented in the nonalcoholic fatty liver disease-Kyoto Encyclopedia of Genes and Genomes pathway to
chemicals/drugs that are annotated in the Comparative Toxicogenomics Database. The 149 genes (seeds) from our analysis were mapped to the corresponding
molecular interaction database; full list of seed genes is listed in Table 1. This analysis generated a huge network composed of approximately 2000 nodes. Current
figure shows chemical-drug-interactions specifically focused on selected genes/proteins of potential interest, including members of the caspase family (CASP3 and
CASP7), interleukins (IL1B, IL1A, and IL6), tumor necrosis factor α (TNF-α), NFKB1 (Nuclear factor kappa B subunit 1) and IKBKB (inhibitor of nuclear factor kappa B
kinase subunit beta), JUN (Jun proto-oncogene, AP-1 transcription factor subunit), AKT1 (AKT serine/threonine kinase 1). In green charts we summarized information
on current use and known action of selected drugs. Interaction network was predicted by the Networkanalyst resource available at
https://www.networkanalyst.ca/faces/home.xhtml. The network is shown as a Cytoscape graph.
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Figure 4

Figure 4 Farnesoid X nuclear receptor (nuclear hormone receptor subfamily 1 group H member 4): Analysis of pleiotropy. A: Graph shows all predicted
diseases associated with farnesoid X nuclear receptor; B: Clinical trials of drugs that target farnesoid X nuclear receptor. Predictions were explored in The Open
Targets Platform that allows prioritisation of drug targets based on the strength of their association with a disease (https://www.targetvalidation.org/); C: Evidence
curated from ClinicalTrials.gov, a database of privately and publicly funded clinical studies conducted around the world. https://clinicaltrials.gov/. Diseases are
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presented as bubbles grouped into therapeutic areas using their Experimental Factor Ontology relationships. The size and shade of the color of each bubble is
proportional to the strength of association between the disease and farnesoid X nuclear receptor. The concept of a target-disease association is based on the analysis
of several resources, including genetic associations (GWAS Catalog, UniProt, European Variation Archive, Gene2Phenotype), somatic mutations (Cancer Gene
Census, European Variation Archive somatic, IntOGen), RNA expression (expression atlas), drugs (ChEMBL), affected pathways (Reactome), animal models
(PhenoDigm) and text mining (Europe PMC). The platform is available at https://www.targetvalidation.org. Data last updated December 2018.
Figure 5

Figure 5 The complexity of molecular targets and novel nonalcoholic steatohepatitis drugs: Pleiotropy assessed in the PheWAS United Kindom Biobank.
Figure shows associations between gene variants in five nonalcoholic steatohepatitis-related molecular targets (MAP3K5/ASK1, FXR, PPARα/δ, THRβ, and MPC1)
with different traits and phenotypes in the UK-PheWAS (Phenome-wide association study). Information regarding single nucleotide polymorphisms and associations
were retrieved from the United Kindom Biobank (http://geneatlas.roslin.ed.ac.uk/).
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) remains a deadly disease with no
efficacious treatment options. PDAC incidence is projected to increase, which
may be caused at least partially by the obesity epidemic. Significantly enhanced
efforts to prevent or intercept this cancer are clearly warranted. Oncogenic KRAS
mutations are recognized initiating events in PDAC development, however, they
are not entirely sufficient for the development of fully invasive PDAC.
Additional genetic alterations and/or environmental, nutritional, and metabolic
signals, as present in obesity, type-2 diabetes mellitus, and inflammation, are
required for full PDAC formation. We hypothesize that oncogenic KRAS
increases the intensity and duration of the growth-promoting signaling network.
Recent exciting studies from different laboratories indicate that the activity of the
transcriptional co-activators Yes-associated protein (YAP) and WW-domaincontaining transcriptional co-activator with PDZ-binding motif (TAZ) play a
critical role in the promotion and maintenance of PDAC operating as key
downstream target of KRAS signaling. While initially thought to be primarily an
effector of the tumor-suppressive Hippo pathway, more recent studies revealed
that YAP/TAZ subcellular localization and co-transcriptional activity is
regulated by multiple upstream signals. Overall, YAP has emerged as a central
node of transcriptional convergence in growth-promoting signaling in PDAC
cells. Indeed, YAP expression is an independent unfavorable prognostic marker
for overall survival of PDAC. In what follows, we will review studies implicating
YAP/TAZ in pancreatic cancer development and consider different approaches
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to target these transcriptional regulators.
Key words: Pancreatic cancer; Yes-associated protein and WW-domain-containing
transcriptional co-activator with PDZ-binding motif; Oncogenic Kras; Obesity; Signaling
network and loops
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The identification of signaling networks that underlie risk factor promoted
pancreatic cancer development and progression is of paramount importance to prevent or
intercept this lethal disease. Accumulating evidence suggests that several core signaling
pathways downstream of oncogenic Kras, augmented by environmental conditions, e.g.,
obesity, converge on Yes-associated protein (YAP) and WW-domain-containing
transcriptional co-activator with PDZ-binding motif (TAZ), transcriptional co-activators
in the Hippo pathway. Statins and metformin, widely used Food and Drug
Administration-approved drugs, show great promise to intercept this disease by
disrupting or inhibiting this amplifying network at multiple points converging onto
YAP/TAZ.

Citation: Rozengurt E, Eibl G. Central role of Yes-associated protein and WW-domaincontaining transcriptional co-activator with PDZ-binding motif in pancreatic cancer
development. World J Gastroenterol 2019; 25(15): 1797-1816
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DOI: https://dx.doi.org/10.3748/wjg.v25.i15.1797

INTRODUCTION
Despite advances in our understanding of genetics and basic biology, imaging,
surgical treatments, and adjuvant therapy, pancreatic ductal adenocarcinoma
(PDAC), which represents 90% of all pancreatic cancers, is a disease with dismal
prognosis with an overall 5-year survival rate of only about 7%[1]. The incidence in the
general population is estimated to be 8 cases per 100000 person-years, and the
worldwide mortality about 7 deaths per 100000 person-years[2,3]. PDAC is already the
3rd leading cause of cancer-related mortalities in the United States[4]. Indeed, deaths
due to PDAC are predicted to increase markedly. Indeed, the disease is expected to
become the 2nd leading cause of cancer-related mortality in the United States in the
next few years[5]. Given that only a minority of patients diagnosed with PDAC are
eligible for surgical intervention, the research is gradually shifting to identify novel
approaches in early diagnosis, prevention and interception, a novel concept, which
attempts stopping transformed cells from progressing to frank cancer [6-10] . The
elucidation of the molecular mechanisms of risk-factor associated PDAC promotion
will be of paramount importance to facilitate the discovery of novel targets and agents
for prevention and identify robust biomarkers to stratify patients for selective and
individualized therapeutics.

KRAS MUTATIONS AND PDAC
Oncogenic KRAS mutations were first reported to be associated with PDAC more
than 30 years ago[11,12]. Although the genetic landscape of PDAC is complex, since the
initial reports extensive research in both humans and mice have substantiated the
critical significance of KRAS mutations in the early stages of PDAC. In fact, many
studies have confirmed that over 90% of PDAC harbors KRAS mutations[13,14] and
KRAS signaling is one of the core signaling pathways in human PDAC[13]. Most KRAS
mutations in PDAC are found at position G12, of which the single amino acid
replacement G12D is the most predominant[15]. Mutations at position G13 or Q61 have
been detected at lower frequency, 21% or 28%, respectively[15]. Using deep whole
exome sequencing an integrated genomic characterization of PDAC revealed several
different KRAS mutations in a subset of tumors, with some PDACs showing biallelic
mutations[16]. Mechanistically, mutations at position G12 with a single amino acid
substitution induce conformational changes that interfere with the intrinsic GTPase
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activity of KRAS and prevent the interactions between KRAS and GTPase-activating
proteins (GAPs), which stimulate the conversion of KRAS-GTP (active state) to KRASGDP (inactive state), thereby ending KRAS activation. In this manner, the KRAS
mutations lead to its prolonged activation and consequently to the persistent
stimulation of downstream signaling effectors[15,17]. It is becoming clear that different
mutations of G12 lead to different conformational states that differ in their affinity for
interacting effectors[18]. Although mutations in KRAS is an early and essential step in
PDAC, it is insufficient to stimulate development of frank, invasive PDAC. Activation
of other pathways by additional mutations (e.g., in tumor suppressor genes, including
p53, p16 and SMAD4) or environmental stimuli, including obesity and metabolic
syndrome are required for the promotion of invasive PDAC[19-24].
In addition, the “efficacy” of oncogenic KRAS to initiate and promote PDAC is
influenced and modulated by the presence of common susceptibility genes. Recent
genome-wide association studies (GWAS) of PDACs in populations of European
ancestry have identified additional common pancreatic cancer risk loci carrying
pancreatic cancer risk signals, including NR5A2, PDX1, AB0, NOC2L, HNF1B,
GRP[25-28]. Moreover, an elegant study demonstrated that variations in oncogenic
dosage have a critical role in PDAC biology and phenotypic diversification[29], with the
highest oncogenic Kras levels underlying aggressive undifferentiated phenotypes.
Activation of other pro-oncogenic pathways, including Myc, Yap1 or Nfkb2, which
collaborate with heterozygous mutant Kras in driving tumorigenesis have been
shown to have a lower metastatic potential[29]. It seems that evolutionary constraints
direct oncogenic dosage gain and variation along defined routes to drive the early
progression of PDAC and shape its downstream biology[29]. Integrated genomic and
global gene expression analyses have classified human pancreatic cancers into several
distinct subtypes that may dictate and predict clinical outcomes and therapeutic
responses. Collison and colleagues defined three subtypes: classical, quasi
mesenchymal, and exocrine-like [30] , while Bailey et al [31] classified four subtypes:
squamous, pancreatic progenitor, immunogenic, and aberrantly differentiated
endocrine exocrine (ADEX). By separating tumor cells and stromal components,
Moffitt and colleagues identified two stromal subtypes: normal and activated, and
two tumor-specific subtypes: classical and basal-like [32] . Using whole genome
sequencing and copy number variation analysis Waddell et al[33] categorized PDAC
into four subclasses based on patterns of structural variation (variation in
chromosomal structure): stable, locally rearranged, scattered, and unstable. Taken
together, these large genomic efforts clearly demonstrate that pancreatic cancer is a
genetically complex and heterogeneous disease, which has significant implications in
prognosis and therapeutic response, and classifying pancreatic cancers into subtypes
may assist and pave the way to more efficacious personalized treatment strategies.

PROGRESSION MODEL OF PDAC
It is estimated that PDACs develop over many years from non-invasive precursor
lesions. The non-cystic lesion is called pancreatic intraepithelial neoplasia (PanIN) and
is usually diagnosed in histological preparation of tissue removed during surgery or
in biopsy specimens [34-37] . These PanINs progress from early PanIN-1 lesions to
advanced PanIN-3 (carcinoma in situ) and finally to frank invasive PDAC. Besides this
classical view of gradual step-wise PanIN progression and PDAC formation, in at
least a subset of PDACs there seem to be catastrophic genetic events (e.g.,
chromothripsis) necessary for the transition from preinvasive to invasive PDAC
(punctuated equilibrium)[38-41]. The pathological characteristics of cystic precursor
lesions, including intraductal papillary mucinous neoplasm (IPMN) have been
recently reviewed elsewhere[42]. Most low-grade PanIN lesions contain oncogenic
KRAS mutations[43]. This finding provided further evidence in support of the step-wise
carcinogenesis model, in which KRAS mutations are envisioned as initiating
events[15,44,45].
Genetically engineered mouse models of PDAC have corroborated this
paradigm[46-49]. In the KC model, mutated Kras is expressed from its endogenous locus
(by crossing LSL-KrasG12D mice with PDX-1-Cre or p48-Cre mice, i.e., KC model)[48-50].
This KC mouse model shares similar histopathologic and genetic features to the
human disease including the development and progression of PanINs[46]. In addition
to the role of oncogenic KRAS in the initiation of PDAC, Kras mutations have also
been shown to be important for PDAC maintenance[51,52]. In line with the notion that
mutated Kras is necessary but not fully sufficient for the development of invasive
PDAC, only few animals (5%-10%) in the KC model (without additional genetic
alterations) develop frank PDAC very late (usually after 9 mo)[46]. Cell senescence has
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been proposed as a barrier to the malignant progression of tumors[53]. The formation of
PDAC can be greatly accelerated by the presence of another mutation (e.g., Trp53)[47,54].
Besides additional genetic mutations, several studies have convincingly
demonstrated that environmental, nutritional, and metabolic factors, including
obesity, type-2 diabetes mellitus (T2DM) and inflammation efficiently promote PDAC
formation[55-59]. This notion is substantiated by several preclinical studies. Expression
of physiologic levels of oncogenic Kras in murine models efficiently transformed only
a small percentage of cells[60]. KRAS downstream signaling molecules, including the
ERKs were not activated when oncogenic Kras was expressed from its endogenous
locus[61]. Accordingly, cell culture studies have shown that incubating PDAC cells in a
serum-free medium failed to display activated ERK despite the presence of KRAS
activating mutations in these cells. However, ERK activation could be induced by
adding growth factors to the culture medium[62-64]. In mouse models, oncogenic Kras in
adult mice was insufficient to induce PDAC, while concomitant induction of
pancreatic inflammation (e.g., by administration of the cholecystokinin analog
cerulein) stimulated the formation of PanINs and cancers[65]. Our own studies have
clearly demonstrated that an obesogenic diet accelerated early PanIN progression and
PDAC development in KC mice, which was associated with metabolic disturbances
(e.g., hyperinsulinemia), increased pancreatic inflammation, and desmoplasia[55,56].
Taken together, the current evidence indicates that oncogenic Kras is indispensable
but not sufficient to induce malignant pancreatic cells. Additional genetic or
environmental factors (obesity, T2DM, inflammation) are required to elevate KRAS
activity [52] and/or stimulate additional signaling pathways to promote PDAC
formation[66].
Recent elegant gene-environment interaction studies have demonstrated that the
increased risk of developing PDAC by environmental stimuli and conditions may be
influenced by the presence of common genetic variations. A GWAS data analysis has
found that genetic variations in inflammatory responses and insulin resistance may
affect the risk of obesity- and diabetes-related pancreatic cancer[67]. It is apparent that a
detailed understanding of the gene-regulatory networks that integrate signaling by
KRAS and cooperating pathways to drive an oncogenic program in pancreatic cancer
is of fundamental importance to design novel strategies to target this aggressive
disease. Recent exciting studies from different laboratories indicate that the activity of
the transcriptional regulators yes-associated Protein (YAP) and WW-domaincontaining transcriptional co-activator with PDZ-binding motif (TAZ) play a critical
role in the promotion and maintenance of PDAC. In what follows, we will review
studies implicating YAP/TAZ in pancreatic cancer development and consider
possible approaches to target these transcriptional regulators with emphasis in
repurposing drugs that are currently in clinical use.

YAP/TAZ IN PANCREATIC CANCER
The Hippo pathway
The highly conserved Hippo pathway, originally identified and characterized as
potent growth-suppressive pathway in Drosophila[68], is a key regulatory mechanism in
development, organ-size, tissue regeneration and tumorigenesis[68,69]. Canonical Hippo
signals are transmitted via the serine/threonine kinases mammalian Ste20-like
kinases 1/2 (Mst1/2), in complex with the scaffold protein salvador homolog 1 (Sav1),
phosphorylate and activate large tumor suppressor 1/2 (Lats1/2), in complex with its
regulatory protein Mps One binder 1/2 (MOB1/2)[69]. As shown in Figure 1, Lats1/2
then phosphorylates the transcriptional co-activators YAP and TAZ which also can
function as novel sensors of the mevalonate and glycolytic pathways[70-72].
The residues Ser127 and Ser397 of YAP are positioned within a consensus sequence
(HXRXXS) phosphorylated by Lats1/2. The phosphorylation of YAP at these sites,
restricts its cellular localization to the cytoplasm, reduces its stability, and inhibits its
co-transcriptional activity. In addition to Lats1/2, YAP and TAZ can be
phosphorylated by other protein kinases[68]. Although YAP and TAZ have very similar
structural topologies, share nearly half of the overall amino acid sequence, and are
thought to be largely redundant, they may differ in their regulation and downstream
functions[73].
When the Hippo pathway is not functional, YAP localizes to the nucleus where it
interacts with the TEA-domain DNA-binding transcription factors (TEAD 1-4).
YAP/TEAD-regulated genes encode for proteins implicated many critical cellular
processes, e.g., autocrine/paracrine proliferation via EGFR (AREG) and G proteincoupled receptors (EDN2), and interact with other developmental pathways activated
in PDAC, including Wnt, Notch, and Hedgehog[74]. YAP/TAZ also induces epithelial-
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Figure 1

Figure 1 Yes-associated protein and WW-domain-containing transcriptional co-activator with PDZ-binding motif is a point of convergence in signaling
pathways. A network that involves activated Ras, G protein-coupled receptors (GPCRs) and tyrosine kinase receptors positively regulates Yes-associated protein and
WW-domain-containing transcriptional co-activator with PDZ-binding motif (YAP/TAZ) activity via Rho/PKD/organization of the actin cytoskeleton and
PI3K/AKT/mTORC1. The interaction of mTORC1 and YAP is explained in the text. In addition, the localization and activity of YAP/TAZ is negatively impacted by the
Hippo pathway which mediates phosphorylation of YAP and thereby its cytoplasmic sequestration. Metformin and statins inhibit YAP/TAZ activity at different sites in
the network. Stimulatory effects are shown by black arrows whereas inhibitory effects are indicated by red arrows. YAP/TAZ: Yes-associated protein and WW-domaincontaining transcriptional co-activator with PDZ-binding motif; GPCR: G protein-coupled receptor.

to-mesenchymal transition (EMT) and induces a more undifferentiated state to
malignant cells. Accordingly, YAP/TAZ play an important role in pancreas
development, which has implications for pancreatic regeneration, cancer, and
diabetes[75]. It is accepted that YAP/TAZ acts as a potent oncogene in multiple cell
types, including PDAC[76] and also contributes to the strong immunosuppressive
microenvironment characteristic of mouse and human pancreatic cancer[77]. Recent
findings indicate that YAP/TAZ opposes Ras-induced senescence by increasing the
expression of the key enzymes involved in deoxyribonucleotide biosynthesis which
are critical for DNA replication[78].
As indicated above, YAP and TAZ do not bind directly to DNA but act by
enhancing the activity of transcription factors or other proteins that interact with
DNA. Although TEAD family members are the major DNA-binding partners,
YAP/TAZ can also bind to other transcription factors, e.g., RUNXs, p73, Smad1, Klf4,
AP-1 to elicit context-specific functions[74,79,80]. It is important to point out that YAP and
TAZ not only act as co-activators of transcription factors that bind to promoter sites
contiguous to the gene that they control but exert regulatory effects via distant
enhancer elements[81,82]. Furthermore, recent studies indicate that YAP/TAZ-bound to
enhancers mediate the recruitment of the general coactivator bromodomaincontaining protein 4 (BRD4) and RNA polymerase II at promoters regulated by
YAP/TAZ, thereby enhancing expression of multiple growth-regulating genes[83]. It is
evident that YAP and TAZ control gene-regulatory programs through a variety of
mechanism, further supporting their fundamental role in cell signaling.

Regulation of YAP/TAZ in PDAC
Recent studies demonstrated that YAP is required for acinar-to-ductal metaplasia
(ADM), an early event that precedes PanIN progression into PDAC in genetically
engineered mouse models[84,85]. In addition, YAP is a major mediator of pro-oncogenic
mutant p53[86] and p53 deficiency promotes YAP signaling trough Ptpn14[87]. Also,
YAP confers resistance to RAF/MEK inhibitors[88] and chemotherapy in PDAC[89].
While initially thought to be primarily an effector of the tumor-suppressive Hippo
pathway, more recent studies revealed that YAP/TAZ subcellular localization and cotranscriptional activity is regulated by multiple upstream signals including those
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mediated by various G protein-coupled receptors (GPCRs), tyrosine kinase receptors
(EGFR, MET, Insulin/IGF-1 receptor), integrins, PI3K, mTOR, PKC, PKD, RHO and
actin cytoskeleton, all of which stimulate YAP/TAZ transcriptional co-activator
activity[66,69,76,90-92]. Recently, Src kinases, downstream of KRAS, have been shown to
inhibit the Hippo pathway by directly phosphorylating Lats1 thereby activating
YAP[93]. Interestingly, some of the tumor suppressive effects of wild type p53 appear
to be exerted via inhibition of YAP1 function[87].
In human PDAC cells, YAP functions as a downstream effector of the crosstalk
between insulin/IGF-1 receptor and GPCR systems [ 9 4 ] (Figure 1). We have
demonstrated that stimulation with insulin and the GPCR agonist neurotensin
induced rapid YAP nuclear import and markedly augmented the mRNA levels of
YAP/TEAD-regulated genes, including CTGF and Cyr61. The growth-promoting
agonists regulated YAP activity via PI3K and PKD in PANC-1 and MiaPaCa-2[94],
human cell lines that correspond to the squamous/quasi mesenchymal/ basal-like
sub-type of PDAC. In other cell types, several studies have also been shown that PI3K
activation inhibits the Hippo pathway[95,96] thereby promoting YAP activity, and PKD
mediates YAP nuclear localization and activation of YAP/TEAD-regulated gene
expression [90] . Overall, YAP has emerged as a central node of transcriptional
convergence in growth-promoting signaling in PDAC cells (Figure 1). In addition to
rapid regulation via phosphorylation and sub-cellular localization, additional
pathways and epigenetic stimuli modulate YAP/TAZ protein expression. In this
context, it has been shown that the RAS pathway, independently of the Hippo
cascade, enhances YAP1 stability through downregulation of the ubiquitin ligase
complex substrate recognition factors SOCS5/6 [97] . Moreover, the eukaryotic
translation initiation factor 5A (eIF5A), which is up-regulated by KRAS in PDAC,
interacts with the tyrosine kinase PEAK1 leading to enhanced YAP expression[98].
The nutrient sensor mTORC1, a central downstream component of the PI3K/AKT
and RAF/MEK/ERK pathways, is implicated in the development of multiple types of
cancer, including PDAC[99]. Interestingly, YAP and mTORC1 form a positive feedback
loop that leads to enhanced YAP protein expression. Specifically, YAP stimulates
mTORC1 via increasing the activity of the PI3K pathway[100] and augmented amino
acid transport[101,102]. In turn, mTORC1 activation leads to YAP accumulation at least in
part, via decreased autophagy[103]. Importantly, amplification and overexpression of
YAP has been shown to bypass the need of mutant Kras in murine PDAC[104] and other
cancer cell types[105] though the mechanism(s) differ(s), probably reflecting cell-context
factors[106]. These finding indicates that YAP not only acts downstream of KRAS but
also that YAP can sidestep the need of KRAS mutant expression in PDAC[107].
Several studies in different cell types demonstrated that an increase in the
intracellular level of cAMP inhibits YAP activation, at least in part through activation
of protein kinases of the Hippo pathway[108,109]. Interestingly, concomitant expression
of mutated (R201C) GNAS, which encodes for stimulatory G-protein alpha subunit
that increases cAMP synthesis, with oncogenic Kras in mice, induced the formation of
pancreatic cystic neoplasms, resembling human intraductal papillary mucinous
neoplasms (IPMN), a less aggressive histological subtype of pancreatic tumors, by
inhibiting YAP signaling[110]. These recent findings underscore the importance of YAP
activation in the development of specifically PDAC. In this regard, it is of great
interest that YAP function has been associated with the squamous/quasi
mesenchymal/basal-like sub-type of PDAC (discussed above), considered the most
clinically aggressive form. The significance of YAP expression in human PDAC is
discussed in the next section.
An important feature of human and murine PDAC is an extensive desmoplastic
stroma[111] that increases the stiffness of the extracellular matrix (ECM) surrounding
the epithelial cancer cells[42]. The Hippo/YAP pathway has been recognized to play a
critical role in mechano-transduction[112,113] and in sensing ECM stiffness[114] but the
mechanisms involved are not fully understood. Recently, the Ras-related GTPase
RAP2 has been identified as a major sensor of mechanical cues from the ECM. At low
stiffness, RAP2 activates the Hippo kinases Lats1/2 thereby inhibiting YAP/TAZ
activity [115] . Therefore, high stiffness leads to inhibition of the Hippo tumor
suppressive pathway, thus enhancing the co-activator activity of YAP and TAZ.
Reciprocally, increased expression of a number of YAP/TEAD-regulated genes,
including CTGF, Cyr61 and CXCL5 contribute to shaping the stroma of PDAC, thus
establishing an important amplification loop involving the tumor microenvironment
leading to the stimulation of PDAC development.

YAP and human PDAC
Several studies reported that YAP and TAZ are over-expressed and over-active in
human PDAC[104,116,117] and identified YAP expression as an independent prognostic
marker for survival of PDAC[118]. We have examined the prognostic value not only of
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YAP but also of upstream and downstream components of the YAP-driven network
in pancreatic cancer[119]. We confirmed that higher expression of YAP is significantly
associated with unfavorable prognosis (survival) in PDAC[120]. Indeed, none of the
patients of the population with higher levels of YAP mRNA expression survived for 5
years while 32% of the subset with the lower levels of YAP mRNA survived for 5
years or more. In addition, multiple genes regulated by YAP/TEAD, including
AJUBA, ANLN, AREG, ARHGAP19, ARHGAP29, AURKA, BUB1, CCND1, CDK6,
CXCL5, DKK1, JAG1, NOTCH2 and RHAMM were significantly associated with
unfavorable prognosis in PDAC[120]. In a further analysis of the data, we verified that
the expression of each of these genes was positively and significantly correlated with
the expression of YAP in PDAC. In contrast, genes in pathways, e.g., LKB/AMPK and
cAMP/PKA, that oppose YAP action, including STRAD, MARK1, PKA, are associated
with favorable prognosis in PDAC patients[120]. Similar results were obtained using
other web-based tools, such as Gene Expression Profiling Interactive Analysis[121].

YAP and obesity
Besides its recognized role in the regulation of growth and development, recent
studies show that Hippo kinases and YAP/TAZ transcriptional coactivators, are
regulated by metabolism and conversely that the Hippo/YAP pathway controls
metabolic processes in physiological and pathologic conditions, including obesity and
T2DM[122,123]. In fact, cellular metabolites and metabolic pathways, e.g., glucose and free
fatty acids, regulate the Hippo pathway. Glucose metabolism through the glycolytic
pathway activates phosphofructokinase 1 (PFK1), a key rate-limiting enzyme of
glycolysis. In turn, PFK1 interacts with TEAD, thereby regulating YAP/TEAD
complex formation and expression of YAP/TEAD-regulated genes[70]. Furthermore, Olinked β-N-acetylglucosamine (O-GlcNAc) is another post-translational mechanism
by which a sugar is attached to serine residues of nuclear or cytoplasmic proteins and
modifies protein activity[124]. Indeed, the attachment of O-GlcNAc to Ser109 of YAP
stimulates its transcriptional co-activator activity by interfering with the interaction of
YAP with Lats1/2, thus protecting YAP from inhibitory phosphorylation and
providing a novel mechanism linking glucose availability to YAP activity[125]. This
multilayered regulation of YAP activity by glucose metabolism is potentially
important in the obese state, which often is accompanied by insulin resistance and
elevated glucose levels.
A characteristic and defining feature of obesity is the enlargement of adipose tissue
depots, which is often accompanied by adipose tissue (AT) inflammation [126] .
Dysfunctional adipose tissue with alterations of adipokine production, ectopic fat
storage, and AT inflammation are thought to be critical, pathophysiological processes
underlying the development of insulin resistance. Adipocytes and adipose tissue
macrophages are central cellular players of AT inflammation [127-132] . The Hippo
pathway has been shown to modulate adipocyte proliferation and differentiation,
with YAP/TAZ nuclear localization stimulating proliferation and suppressing
adipogenesis[133-136]. As depicted in Figure 1, nuclear YAP/TAZ interacts with and
inhibits PPAR-γ, a major pro-adipogenic transcription factor, thereby suppressing
adipocyte differentiation[133,137]. In that context, hyperglycemia and advanced glycation
end products impair adipogenesis by upregulating and activating YAP[138].
There are few studies investigating the importance of YAP/TAZ in macrophage
polarization[139]. It has been shown that the cell shape, independent of cytokines
present in the micromilieu, has a profound influence on macrophage polarization via
the actin cytoskeleton[140], which strongly suggests an important role of YAP/TAZ in
this process due to the critical function or YAP/TAZ as mechano-sensors and
mechano-transducers [ 1 1 2 , 1 1 3 ] . In addition, adipose tissue in obese subjects is
characterized by peri-adipocyte fibrosis with elevated levels of CTGF (connective
tissue growth factor)[141], a recognized product of YAP/TEAD transcriptional activity.
Our own studies have shown that YAP is overexpressed in mesenteric adipose tissue
of obese KC mice (unpublished). Taken together, an important role of YAP/TAZ in
adipose tissue inflammation during obesity emerges, which might have important
implications in the PDAC promoting effects of obesity[142,143].

Strategies to inhibit YAP/TAZ in pancreatic cancer
As indicated above, YAP hyper-activation can evade the need of KRAS mutant
expression in PDAC [107] . Thus, even if Ras could be effectively inhibited by new
therapies, YAP amplification could provide a potential pathway to tumor recurrence.
Given that YAP is as a key element not only downstream of Ras but also an
alternative route to bypass the need of this oncogene for tumor relapse, YAP is
emerging as a fundamental target in PDAC. Although targeting transcription factors
or their co-activators has proven difficult, recent studies suggest novel approaches to
inhibit YAP/TAZ activity with drugs in clinical use, including statins and metformin
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in PDAC and other malignancies.

Statins
Several studies demonstrated activation of the pathway leading to mevalonate
biosynthesis in epithelial cancers through mutant p53[144-146] and AKT/mTORC1[146].
Statins, which have been used to treat dyslipidemia and prevent heart diseases,
selectively inhibit 3-hydroxy-methylglutaryl (HMG) CoA reductase [147] , the ratelimiting enzyme in the generation of mevalonate (Figure 2). Mevalonate is a precursor
for the generation of important lipids and lipid intermediates, including farnesyl
pyrophosphate (FPP), geranylgeranyl pyrophosphate (GG-PP) and cholesterol. The
function and activity of small GTPases of the Rho family, including Rho A and C,
depend on the transfer of the geranylgeranyl moiety of GG-PP to a cysteine in their
COOH-terminal region. Active Rho plays a critical role in YAP/TAZ activation
through actin remodeling in several cell populations [69] (Figure 2). Accordingly,
increased expression of RHOA and RHOC is associated with unfavorable prognosis
in patients with PDAC.
Numerous epidemiological studies have concluded that statin use is correlated
with beneficial effects in PDAC [148-156] , especially in men [151,152] . A large study
demonstrated that statins were associated with a significantly reduced PDAC risk (by
34%) with a stronger effect in males[151]. The beneficial effects of statins depend on the
type of statins used, with several reports showing positive associations with lipophilic
(and not hydrophilic) statins and reduced cancer risk[157-160]. However, a recent study,
in which statin use was self-reported and the type of statins was not documented in
early cohorts, failed to detect an effect of statins in lowering PDAC risk[161]. The same
authors published a follow up study of the same dataset, in which they reported an
increased survival in PDAC patients with regular pre-diagnosis use of statins[162].
Recently, a meta-analysis of PDAC risk that included more than 3 million participants
and 170000 pancreatic cancer patients has been published[163]. This study indicates a
significant decrease in pancreatic cancer risk with statin use, thus reinforcing the
conclusion that statin administration is associated with beneficial effects in PDAC
patients. In addition to their potential efficacy in primary prevention and interception,
statins may improve the outcome of patients after surgical removal of their primary
PDAC [148,149,164] , indicating a possible role of statins in the prevention of PDAC
recurrence.
In preclinical studies[165,166], statins delayed progression of PDAC in mice harboring
KrasG12D. Statins were identified as potential YAP inhibitors by screens of molecules
that changed the nuclear/cytoplasmic distribution of YAP[167]. Our own experiments
using PDAC cells also indicated that lipophilic statins induce cytoplasmic localization
of YAP and markedly inhibited YAP/TEAD-regulated genes, proliferation, and
colony formation by PDAC cells (submitted for publication). Taken together,
converging evidence from epidemiological and preclinical studies indicates a
protective effect of statins in PDAC.

Metformin
1,1-dimethylbiguanide hydrochloride (metformin) is the most widely administered
drug for the treatment of T2DM worldwide[168,169]. The anti-diabetic, i.e., lowering the
blood glucose levels, actions of metformin are mediated systemically by a reduction of
hepatic glucose production and output into the circulation and improvement of
insulin sensitivity via increasing cellular uptake of glucose in skeletal muscles and
adipose tissue[170]. In addition to lowering blood glucose levels, metformin decreased
the levels of insulin and IGF-1 in both diabetic and non-diabetic patients [171,172] .
Multiple epidemiological studies showed an association of metformin with reduced
incidence, recurrence and mortality of cancer in patients with T2DM[173-182]. However, a
therapeutic efficacy of metformin has not been observed in all studies[183], in particular
in late-stage, advanced cases of cancer. In that context, recent meta-analyses
supported the notion that the beneficial effects of metformin depend on the stage of
the tumor, with a substantially enhanced survival in patients with local, nonmetastatic, disease[178,184]. Further reports indicated that metformin administered to
T2DM patients could be also beneficial in secondary chemoprevention, i.e. after
surgical resection of the cancer in the pancreas[185,186].
The mechanism of action of metformin remains incompletely understood. Besides
its systemic (glucose lowering) effects, at the cellular level metformin indirectly
activates AMP-activated protein kinase (AMPK)[187], though other AMPK-independent
mechanisms are also operational[188,189]. AMPK is activated by phosphorylation by the
tumor suppressor LKB-1/STK11 in the activation loop[190] when cellular ATP levels
decrease and 5’-AMP and ADP concentrations increase[169]. It generally thought that
metformin leads to AMPK activation by directly inhibiting complex I of the
mitochondrial respiratory chain[191,192], which leads to a decrease in ATP synthesis
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Figure 2 Schematic overview of the mevalonate pathway. The scheme illustrates the site of action of statins,
metformin and bromodomain and extra-terminal domain inhibitors (see text for details). BET: Bromodomain and
extra-terminal domain; AMPK: AMP-activated protein kinase; GG-PP: Geranylgeranyl pyrophosphate.

resulting in increased AMP and ADP thereby leading to AMPK activation. AMPK
suppresses cellular proliferation by inhibiting the function of mTORC1 through
several mechanisms. AMPK activates TSC2 by phosphorylation on Ser1345[193-195], which
leads to an accumulation of inactive Rheb-GDP thereby inhibiting mTORC1. AMPK
can also inhibit mTORC1 function by phosphorylation of Raptor, which disrupts its
complex with mTOR[196]. In addition, mTORC1 activation induced by insulin/IGF-1
signaling is also inhibited via phosphorylation of IRS-1 on Ser 794 by AMPK, a
phosphorylation that impedes PI3K activation[197,198]. We demonstrated that metformin,
at low concentrations, activates AMPK in PDAC cells[199,200] and inhibits mTORC1, ERK
and DNA synthesis via AMPK[199-201]. Metformin also reduced the rate of growth of
PDAC xenografts[202,203]. Furthermore, we recently reported that oral administration of
metformin strikingly prevented the increase in PDAC incidence in KC mice with dietinduced obesity[204]. This effect was associated with an increase in pancreatic AMPK
activity (as measured by ACC Ser 79 phosphorylation), and decrease in phospho
MEK1/2 (Ser217/221), phospho S6 (Ser235/236), and phospho ERK1/2 (Thr202, Tyr204)[204]. In
that context, berberine, a natural compound that activates AMPK and inhibits ATP
production, also inhibited mTORC1, ERK, DNA synthesis and proliferation of
pancreatic cancer cells and reduced the growth of PDAC xenografts[201].
Recent evidence indicates that AMPK also opposes YAP activity via multiple
mechanisms, including direct YAP phosphorylation on Ser94[205,206], a residue that is
important for the interaction of YAP with TEAD. In addition, AMPK has been shown
to phosphorylate HMG-CoA reductase (Ser872), thereby inhibiting its activity and
reducing mevalonic acid synthesis [207] . Furthermore, AMPK phosphorylates and
activates upstream regulators of the Hippo pathway[208]. The inhibitory effects of
AMPK on the YAP/TAZ pathway is illustrated in Figure 2. These studies suggest an
important direct link among adenine nucleotide levels, AMPK and YAP/TAZ
activity. In studies from our laboratories, we found recently that diet-induced obesity
markedly increased pancreatic TAZ expression in KC mice and that oral metformin
prevented the increase in YAP/TAZ[204]. Given that statins and metformin inhibit YAP
activation through different mechanisms, it is logical to speculate that administration
of a combination of these FDA-approved drugs will suppress YAP/TAZ activity and
exerts PDAC-protective activity. The scheme presented in Figure 1 dramatizes this
notion by showing that statins and metformin reach YAP through different pathways.

Inhibitors of BRD4: A new approach for targeting YAP/TAZ
BRD4, which interacts with acetyl-lysine, acts as a critical regulator of the expression
of selected subsets of genes. Bromodomain and extra-terminal domain (BET)
inhibitors interfere with the proliferation of PDAC cells, raising the possibility that
BET proteins may be new targets for PDAC therapy [209] . A recent elegant study
demonstrated a direct physical interaction between YAP or TAZ and BRD4, as
revealed by co-immunoprecipitation experiments. The data imply that YAP, TEAD
and BRET-containing proteins (e.g., BRD4, BRD2) form a multi-molecular complex in
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the nucleus[83]. Consistent with the notion that BRD4 plays a critical role in YAP/TAZ
function, the BET cell-permeable inhibitor JQ1[210] downregulates the expression of
YAP/TAZ-regulated genes[83]. Considerable efforts are being made to develop new
inhibitors of BRD proteins and thus this field will develop rapidly[211]. These new
findings suggest a novel approach to target YAP/TAZ that remains to be tested
experimentally in vivo, using models of PDAC. As suggested by Figure 2, the
possibility of using BET inhibitors in combination with statins and/or metformin is
attractive and warrants further experimental work.

Feedback loops and effect of pathway inhibitors
Most signaling pathways are subjected to potent feedback loops that adjust the
activity and function of the signaling network. There is evidence that besides their
stimulating effects on mitogenic signaling the mTORC1/S6K and RAF/MEK/ERK
pathways also mediate robust negative feedback loops that restrict the activity of
insulin/IGF-1, EGFR, and other tyrosine kinase receptors [99] . In that context, the
mTORC1/S6K pathway inhibits the function of IRS-1 by phosphorylating several
residues (Ser636/639 by mTORC1 and Ser307/636/1001 by S6K)[212]. Inhibitors of mTORC1/S6K
or MEK/ERK suppress these feedback loops, which in turn causes a compensatory
activation of upstream signaling molecules, e.g., PI3K, AKT, and ERK that as a
consequence strongly counteract the anti-proliferative actions of these
inhibitors[99,200,213]. The up-regulation of these pathways conceivably can promote YAP
activity leading to drug resistance. Therefore, a detailed understanding of feedback
mechanisms that regulate upstream signaling is critical and will enable the
identification of rational drug combinations that will circumvent drug resistance
produced by unleashing the activity of alternative pathways.

CONCLUSION
Despite major advances in defining the molecular mutations driving PDAC, this
disease remains universally lethal with an overall 5-year survival rate of only about
7%-8%. More efficacious therapeutic strategies are clearly needed but given the late
presentation and early dissemination of the disease, substantial efforts should be
concentrated on prevention and interception. Hereby, detailed knowledge of the
molecular mechanisms underlying risk-factor promoted PDAC will surely facilitate
and enable the discovery of novel molecular targets and agents for primary or
secondary prevention. Epidemiological studies convincingly demonstrate that obesity
is a risk factor for PDAC development, the importance of which takes an added level
given the epidemic proportions of metabolic diseases. It is also recognized that almost
all PDACs harbor an oncogenic KRAS mutation, which seems necessary but not
sufficient for complete PDAC formation. Besides additional mutations, which greatly
accelerate PDAC progression in mice, environmental conditions, including obesity,
T2DM, and inflammation, have been shown to also promote PDAC in murine models.
As illustrated in Figure 1, we propose that PI3K/mTORC1 and PKD/ERK are critical
nodes in the network activated by GPCRs, EGFR and insulin/IGF-1 receptor in
PDAC. These signaling modules are responsive to obesogenic signals and reinforce
KRAS signaling. In turn, oncogenic KRAS mutations potentiate the intensity of
signaling network emanating from GPCRs, EGFR, and insulin/IGF-1 receptors by
activating PI3K/AKT and Raf/MEK/ERK, the most prominent downstream
pathways of oncogenic KRAS.
We also postulate that YAP/TAZ transcriptional co-activators are central and
critical players in this amplification network, further intensifying positive feedback
loops. GPCRs, EGFR, and insulin/IGF-1 receptor signaling rapidly stimulate nuclear
import and transcriptional co-activator activity of YAP/TAZ, while oncogenic KRAS
increases the levels of YAP protein. In turn, YAP stimulates signaling via
autocrine/paracrine stimulation of EGFR via increased production of EGFR ligands
(e.g., amphiregulin), thereby further propagating and enhancing KRAS activity, as
well as creating an immunosuppressive microenvironment. We hypothesize that
oncogenic KRAS potentiates a signaling network that is stimulated and sustained by
environmental factors. As YAP/TAZ play a central role in the signaling network,
targeting this network at different sites with FDA-approved drugs, including statins
and metformin (Figure 2), is therefore a compelling approach, especially in obese
patients at higher risk of developing PDAC.
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Abstract
The aging of the organ function causes sensitivity to the disease progression and
need careful consideration for the medical treatment. With the increase of aging
population, the opportunity to provide medical treatment for people in very old
age is rapidly increasing therefore, the understanding of the various
physiological changes of cellular function, size and function of organs are
essential for the decision of therapeutic options. Among the various chronic
conditions seen in elderly people, we have focused on liver cirrhosis, since
despite specific therapeutic options for many of liver diseases including direct
acting antivirals for hepatitis C virus, nucleoside analogs for hepatitis B, and
corticosteroids for autoimmune hepatitis, there is currently no standard therapy
to treat liver cirrhosis, which is the final stage of these liver diseases. Therefore,
management of the various symptoms of liver cirrhosis is essential, and agingrelated parameters must be considered in the decision making for therapeutic
strategies and dosage of the available medicine. In this mini-review, we have
summarized the therapeutic options to manage various symptoms of liver
cirrhosis, carefully considering the physiological changes of various organs
associated with aging.
Key words: Liver cirrhosis; Elderly patients; Quality of life; Aging
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The increasing aging population is a worldwide issue and societies are facing
various problems including long-term care for populations with a high prevalence of
chronic conditions including the liver diseases. It is clear that management of hepatitis
and cirrhosis is important to maintain hepatic function as well as activities of daily living
and quality of life of liver disease patients. While various therapeutic options have been
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available including newly developed medicines and techniques, the aging-related
parameters must be considered in the decision making for therapeutic strategies and
dosage of the available medicine. However, as there is no information available to date
in this field, to fill this gap, we have summarized the points that must be considered upon
the management of liver cirrhosis in elderly patients. The information summarized will
be helpful for physicians treating the elderly patients with the understanding of the
aging-related changes of the body and organs.
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INTRODUCTION
The increasing aging population is a worldwide issue[1], and societies are facing
various problems including long-term care for populations with a high prevalence of
chronic conditions[2]. Previous studies have demonstrated that aging well requires
activities of daily living[3] and appropriate care for elderly patients[4,5]. Therefore, these
crucial factors need to be considered to understand the features of physiological
changes when considering therapeutic options for chronic diseases[5-7] due to the
impact of aging on cellular function, size and function of organs, and vascular
cognitive impairment and dementia[8].
Among the various chronic conditions seen in elderly people, we have focused on
liver cirrhosis, as liver disease is a major issue as its symptoms vary and there are
various considerations involved in the treatment of these patients. The general
management guidelines have been published for the any age[9], however, due to the
physiological changes in the organs and body, special considerations are essential for
the elderly patients.
Morphological and functional aging of the liver includes reduced liver weight and
blood flow in the liver[10,11] due to decreased cardiac output[12], decreased number of
hepatocytes [13] , loss of metabolic function, and loss of detoxification in the liver.
Ginsberg et al. reported that the total volume of cytochrome p450 decreases to 70% of
its original level in people > 70 years old, resulting in decreased metabolism and
detoxification in the liver [14] . These age-related changes in pharmacokinetics are
correlated with a decrease in renal function [15] and should be considered when
administering medicines to elderly patients[16]. It was reported that growth factor
expression decreases with aging; therefore, elderly patients have difficulties tolerating
liver injury [17,18] . The etiologies of liver diseases include viral hepatic diseases,
autoimmune hepatic diseases, alcoholic liver diseases, and non-alcoholic
steatohepatitis. Despite specific therapeutic options for many of these diseases
including direct acting antivirals for hepatitis C virus, nucleoside analogs for hepatitis
B, corticosteroids for autoimmune hepatitis, ursodeoxycholic acid for primary biliary
cholangitis, stopping of alcohol for alcoholic hepatitis, control of body weight, vitamin
E, pioglitazone, peroxisome proliferator-activator receptor agonists, farnesoid X
receptor, and glucagon-like peptide for non-alcoholic steatohepatitis, there is
currently no standard therapy to treat liver cirrhosis, which is the final stage of these
liver diseases and may be complicated with hepatocellular carcinoma. Therefore,
management of the various symptoms of liver cirrhosis is essential, and aging-related
parameters must be considered in the decision making for therapeutic strategies and
dosage of the available medicine. In this mini-review, we have summarized the
therapeutic options to manage various symptoms of liver cirrhosis, carefully
considering the physiological changes associated with aging.
Japan has the oldest population in the world and has one of the most advanced
a
g
i
n
g
s
o
c
i
e
t
i
e
s
(https://www.mhlw.go.jp/english/database/db-hw/lifetb16/index.html)., with
35.215 million (27.8%) people aged ≥ 65 years, and more than 10 million (7.9%) people
over 80. One in 10 women in the country is over 81, and the number of people > 65
years is also growing (https://www.stat.go.jp/english/data/kokusei/2015/summary.html). Under these circumstances, defining the elderly as those aged ≥ 65 years
does not seem appropriate, and the distinction of categories of old, old-old, and oldest
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old is under discussion worldwide[1]. In Japan, there are 5.5 million elderly people
aged ≥ 85 years, accounting for just under 5% of the total population
(https://www.mhlw.go.jp/english/database/db-hw/lifetb16/index.html), and the
opportunity to provide medical treatment for people in very old age is rapidly
increasing.
It is clear that management of hepatitis and cirrhosis is important to maintain
hepatic function as well as activities of daily living and quality of life (QoL) of
patients. While direct acting antiviral drugs have made it possible to control chronic
hepatitis C infection, it is important to understand the changing characteristics of
diseases in the elderly, as well as continuously increasing lifestyle diseases and
associated non-alcoholic steatohepatitis that leads to liver cirrhosis and liver cancer, in
order to fully understand the disease concept and select the appropriate treatment
methods. Furthermore, various complications of liver cirrhosis, such as liver cancer
and gastrointestinal tract bleeding, affect QoL in the elderly. As there have been no
literatures focusing on these problems, we have summarized the main points that
must be considered in the management of current liver cirrhosis treatment in elderly
patients.

LIVER CIRRHOSIS IN ELDERLY PATIENTS
It is clear that the removal of etiological factors, if possible, is the most important part
to prevent the progression of liver cirrhosis, particularly alcohol consumption, and
control of viral hepatitis as stated in the guidelines[9]. It is also true for elderly patients
while the careful consideration of renal function is essential using medications. And
various complications in liver cirrhosis patients including ascites, hepatic
encephalopathy, gastrointestinal tract bleeding from varices, and skin symptoms
could be severer in elderly patients and the diagnosis and treatments of hepatocellular
carcinoma, which is the final stage of the chronic liver disease need careful
consideration as it affects the both renal and hepatic functions. In addition, sarcopenia
is a condition, which the liver cirrhosis patients could be easily suffered and therefore,
the management of the condition is necessary to continue the treatment. Therefore,
with the increase of elderly populations, the understanding of the pathophysiological
changes in this population is important for the physicians. For this point, we have
reviewed the body changes with aging affecting these points.
Physiological changes that occur with age in the liver include a decrease in volume,
blood flow, and metabolic capacity. Furthermore, liver injury by various factors such
as viruses and drugs tends to be more severe (Table 1). While there are no liver
diseases unique to elderly patients, it was reported that in non-alcoholic fatty liver
disease, which continues to increase in the elderly, exacerbation and carcinogenesis
decreased in patients aged ≥ 70 years [19] . However, in general, falls and related
disorders are common in elderly patients not only by autonomic dysfunction,
cognitive impairment, muscle abnormalities, and drug intake, but also with chronic
liver diseases[20], suggesting that therapeutic intervention is necessary for patients with
chronic liver diseases and cirrhosis (Table 2). Treatments for each symptom are
summarized below, and the complications and management of liver cirrhosis in
elderly patients need careful considerations are summarized in Table 3.

Ascites/edema
As a symptom of liver cirrhosis, accumulation of ascites above the physiological level
can cause symptoms by compressing various organs, and edema can cause difficulty
in walking and falls leading to the impairment of patients’ social life and to the
hospitalization. As it also related to the poor prognosis[9], therapeutic intervention is
necessary. Firstly, it should be diagnosed with the grading and count of neutrophil,
culture, and measurement of protein concentration to exclude the possibility of
bacterial peritonitis. The grading of the ascites is described as follows: Grade 1, mild
ascites only detected by ultrasound examination; Grade 2, moderate ascites
manifested by moderate symmetrical distension of abdomen; and Grade 3,
large/gross ascites resulted in the abdominal distension. Based on the guidelines
available[9], a moderate sodium restriction (4.6-6.9 g of salt per day) is recommended
for grade 2 ascites although the diets with a very low sodium content should be
avoided to prevent the other complications[9].
Especially for the elderly people tend to consume excessive amounts of salt,
therefore, the mild restriction is effective. And as described in guidelines, the
prolonged bed rest cannot be recommended, as for elderly patients, increased rest
decreases muscle mass, treatment should be promptly being shifted to drug therapy
where possible. For the medication, anti-mineralcorticoid, furosemide, torasemide,
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Table 1 Morphological and functional aging of the liver
Reduced liver weight
Reduced blood flow to the liver
Loss of metabolic function
Loss of detoxification
Decreased growth factor expression

and albumin infusion can be considered with the careful follow of electrolytes. The
patients with the first episode of grade 2 should be treated with anti-mineralcorticoid
with stepwise increasing followed by the combination of furosemide for the patients
with recurrent ascites. Torasemide can be given for the patients with poor response to
furosemide, and baclofen and albumin can be considered especially for the patients
with muscle cramps[9]. With these therapies, as rapid changes in circulation dynamics
and electrolyte abnormalities may cause complications in elderly patients, it is
important to carefully follow up observations such as body weight, waist
circumference, pulse, and blood pressure, and verify treatment effects and adverse
effects by blood biochemistry and urinalysis. In addition, it is not safe to continue
increasing the dose of furosemide unnecessarily because elderly patients have
relatively lower serum creatinine levels that reflect their decreased muscle mass, renal
function tends to decline easily, and complications of acute renal failure reduce the
survival rate in patients with decompensated cirrhosis[21].
Tolvaptan, a selective vasopressin receptor inhibitor, was recently approved and is
attracting attention as a diuretic [ 2 2 , 2 3 ] . It is believed to be useful even in
hypoalbuminemia, and its use will be recommended for renal protection in elderly
patients[15,23]. On the other hand, the use of these diuretics readily causes changes in
electrolytes in addition to circulation dynamics; therefore, physicians need to consider
the age-related changes in the cardiac system of elderly patients[24]. It is also advisable
to decide the treatment methods under inpatient management based on blood and
urine measurements and in conjunction with the appropriate specialists.
Other therapeutic options include large volume paracentesis, non-selective betablockers, and transjugular intrahepatic portosystemic shunts can be considered for the
patients with refractory ascites [9] , however, as these intervention may affect the
cardiovascular conditions, careful consideration should be given to the elderly
patients. It is clear further clinical information and trials are necessary to develop the
safer procedure of medication for the elderly patients.

Hepatic encephalopathy
Hepatic encephalopathy associated with liver cirrhosis is a general term for
neuropsychiatric symptoms mainly consisting of disturbance of consciousness, which
appear due to severe acute or chronic liver failure. Therefore, in elderly patients, it is
necessary to differentiate this from dementia and cerebrovascular diseases, which
may prove difficult from examination findings and requires comprehensive
evaluation including measurement of blood ammonia levels and the presence of a
shunt. However, as the increased level of ammonia in the elderly patients can also be
seen in the uremia due to renal failure, which can present like hepatic
encephalopathy. It was recently proposed that astrocyte senescence may be related to
persistent cognitive impairment in hepatic encephalopathy[25] and Soriano et al[26]
reported the effectiveness of psychometric hepatic encephalopathy score which could
help identifying the patients with a risk for falls. These findings highlight the
importance of working closely with neurologists. Further, as the bowel movement
abnormality is a typical trigger of hepatic encephalopathy that often occurs in elderly
patients, the other chemicals including byproducts of bacterial metabolisms from the
gut may play an important role in this condition which may be related to age-related
changes in gut function and gut microbiota [27,28] leading to the gut-brain axis
alterations. Optimization of bowel movement and suppression of ammonia
production should be achieved using laxatives, branched-chain amino acids, and
synthetic disaccharide lactulose. However, these chemicals especially lactulose should
be administered to the elderly patients with caution as it could induce the diarrhea
and dehydration in the cases. Rifaximin, a poorly absorbed antimicrobial agent, is
used to treat hyperammonemia in hepatic encephalopathy[29,30]. Rifaximin has few
systemic adverse effects and is considered to have little impact on renal function due
to its poor absorbability; therefore, it may be a therapeutic option for the treatment of
hepatic encephalopathy in elderly patients. Furthermore, recent reports showed that
rifaximin reduced mortality[29] and did not affect glomerular filtration rate or levels of
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Table 2 Conditions to consider when determining therapeutic options
Change

Risk

Decreased cardiac function

Use of endoscopic therapy
Use of beta-blockers
Increase in blood pressure caused by molecular targeted agent

Decreased renal function

Use of contrast medium
Use of interventional radiology for hepatocellular carcinoma
Rapid change in circulation dynamics

Decreased respiratory function

Aspiration pneumonia

Ease of electrolyte abnormalities
Dementia

Higher risk of using diuretics
Difficulty in differentiating hepatic encephalopathy from dementia and cerebrovascular diseases

Aging of gut microbiota

Hepatic encephalopathy

Loss of bone density

Osteoporosis
Risk of fall-related injury

Loss of muscle volume

Sarcopenia
Risk of fall-related injury

Dry skin

Pruritus
Hand–foot syndrome caused by molecular targeted agent

vasoactive hormones [30] . In addition, it was recently reported that rifaximin
ameliorates hepatic encephalopathy and endotoxemia without changing gut
microbiome diversity, implying its potential use in elderly patients[31]. On the other
hand, it is important to be aware that oral administration compliance may be lowered
due to frequent diarrhea that causes electrolyte abnormalities and skin troubles from
frequent defecation. Treatment for encephalopathy involves an intravenous drip
infusion of Fischer solution; however, careful management is necessary because this
could easily increase cardiac stress and fluctuation of electrolytes in elderly patients.

Gastrointestinal bleeding
Gastrointestinal bleeding occurs due to gastro-esophageal varices or to non-variceal
lesions including portal hypertensive gastropathy and intestinopathy. The acute
gastrointestinal bleeding may lead to the high risk of mortality in decompensated
cirrhosis[9] and elderly patients, therefore the therapeutic intervention is essential. In
addition, it should particularly be emphasized that patients with decompensated liver
cirrhosis should have esophagogastroduodenoscopy performed to screen for the
lesions and if the risky varices with red wale marking were find, therapeutic
intervention should also be considered including the administration of non-selective
beta-blocker. Patients with medium-sized varices should be treated with NSBB or
endoscopic band ligation (EBL)[9]. It is however, obvious that the administration of
beta-blocker should be more careful for the elderly patients as it may cause,
arrhythmia and fluctuation of blood pressure which may lead to the cardiac failure.
Therefore, referring to the guidelines for the patients with hypotension and
intercurrent conditions for beta-blockers, elderly patients with high risk using betablockers can be considered for management by expeditious EBL. Focusing on the
elderly patients, there are only a few reports on treatments of esophageal and gastric
varices in elderly patients; however, this conventional method should be used as an
emergency response to ruptures to control the bleeding and manage the general
condition. The development of endoscopic techniques has highlighted the usefulness
of endoscopic procedures such as EBL and injection sclerotherapy (EIS) in the
management of esophageal varices[32]. Furthermore, recent developments in this field
have facilitated this procedure and may contribute to improving the control of
bleeding from varices[33]. However, due to the general risks in elderly patients during
endoscopic examination[34], careful preparation and monitoring of vital signs are
necessary, even during elective EBL and EIS. Furthermore, treatment-related
complications, such as aspiration pneumonia associated with sedation and delirium
caused by inpatient management and fasting, required careful attention in elderly
patients. Complications such as myocardial ischemia may often occur in elderly
patients due to blood pressure fluctuations and tachycardia due to stress undergoing
upper gastrointestinal endoscopic examination, and sedation may also cause a sudden
drop in blood pressure[35]. Appropriate risk management involves carefully explaining
these issues to family members prior to treatment, and taking account of old age in
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Table 3 The complications and management of liver cirrhosis in elderly patients need careful considerations
Complications

Management (general)

Ascites

Hepatic encephalopathy

Considerations should be given in elderly
patients

Sodium restrictions

Electrolyte abnormalities

Anti-mineral corticoid

Changes in circulation dynamics

Furosemide

Body weight

Torasemide

Pulse and blood pressure

Albumin infusion

Verification of blood biochemistry and urinalysis

Optimization of bowel movement

Diarrhea

Laxatives

Frequent diarrhea that causes electrolyte
abnormalities

Branched-chain amino acids

Skin troubles from frequent defecation

Synthetic disaccharide lactulose

Dehydration

Rifaximin

Cardiac stress and fluctuation of electrolytes

Intravenous drip infusion of Fischer solution
Gastrointestinal bleeding/varices

Non-selective beta-blockers

Arrhythmia
Fluctuation of blood pressure
Cardiac failure

Sarcopenia

Endoscopic therapy

Aspiration pneumonia

Risk of fall-related injury

Nutritional monitoring (serum markers including
the albumin, cholesterol level)
Muscle volume
Administration of branched-chain amino acid
preparations

Skin symptoms

Skin moisturisers

Likely to have dry skin

Bile salts

Frequently suffer from wound infections and
persistent skin inflammation

Rifampicin

Nalfurafine hydrochloride

Anti-histamines
Hepatocellular carcinoma

Use of phase contrast for the diagnosis

Renal function

Surgical therapy

Cardiac function

Transarterial chemotherapy

Bone marrow function

Needle guided local therapy
Molecular targeted therapies

History of cerebral bleeding,
Hypertension
Renal function

Cirrhotic cardiomyopathy

Cardiac function

Spontaneous bacterial peritonitis

Sarcopenia

Hepato-renal syndrome
Acute and chronic kidney injury
Hyponatremia

Further clinical trials and information from
retrospective studies are necessary

addition to disease condition, treatment methods, and general complications. In a
report of treatments for esophageal and gastric varices in elderly patients aged ≥85
years, Nakamura et al. stated that preventive treatment should be limited to those at
high risk of bleeding[36]. Endoscopically large hematocystic spots and white fibrin
plugs are considered to be indications for preventive treatment. For other therapies, a
balloon-occluded retrograde variceal sclerotherapy for gastric varices and a
transjugular intrahepatic portosystemic, it is necessary to consider the risk of renal
injury in elderly cases[15,21] due to sclerosant and contrast agents.
Careful use of beta-blockers could prevent rebleeding and even first bleeding of
varices[37]; therefore, medication may also be considered for managing and preventing
the progression of the varices in elderly cases. However, beta-blockers should be
introduced with caution as they may increase the risk of bradycardia, development
and exacerbation of heart failure, and syncope due to atrioventricular block in elderly
patients with low cardiac function. Widespread use of capsule endoscopy may also be
used to detect small-bowel varices; however, some studies have reported no
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advantage of this technique compared with regular endoscopy[38], and endoscopic
examination and treatment is currently considered to be the optimal treatment
regimen.

Sarcopenia
It is presumed that protein synthesis and degradation are not well balanced in elderly
patients[7], which increases risk of fall-related injury. Loss of bone density and muscle
volume, known as osteoporosis and sarcopenia, respectively, significantly affect the
general condition of elderly patients[39-41]. Primary sarcopenia is a decrease in muscle
mass associated with aging, while secondary sarcopenia is a decrease in muscle mass
and muscle strength associated with underlying diseases such as liver diseases,
malignant tumors, and inflammatory diseases[42]. It has long been known that skeletal
muscle mass tends to be decreased in patients with chronic liver diseases and that
complications such as falls and bone fractures are common [ 2 0 ] . Therefore,
understanding the concept and pathophysiology of sarcopenia and focusing on its
prevention are important in elderly patients with liver diseases. Patients with liver
diseases are more likely to have sarcopenia compared with those of the same age due
to the involvement of protein energy malnutrition, an imbalance between protein
synthesis and degradation, increased levels of myostatin that inhibits myogenesis of
skeletal muscles, and increased levels of inflammatory cytokines and reactive oxygen
species[20]. In patients with liver cirrhosis, skeletal muscle atrophy progresses due to
reduced glycogen storage in the liver that promotes amino acid and glycogen supply
from skeletal muscles, including branched-chain amino acids [ 2 0 ] . Therefore,
administration of branched-chain amino acid preparations, which have a strong
anabolic action among essential amino acids, is considered useful to inhibit the
progression of this disease state. In addition, the serum markers including the
albumin, cholesterol level, and muscle volume are useful for nutritional monitoring.

Skin symptoms
Patients with liver diseases exhibit jaundice as well as various other skin symptoms
such as telangiectasia, purpura, and pruritus, among which pruritus interferes with
sleep, causing deterioration of rhythm and QoL. In addition, chronic pruritus is a
general and major skin problem in elderly patients which is caused by abnormalities
of the epidermal barrier, immune system, and nervous system [43] . The causes of
pruritus include both histaminergic (peripheral) and non-histaminergic (central
nervous system) mechanisms. The latter is mainly due to cholestasis and scratches of
the skin induce a peripheral type of itching and worsen the symptoms, forming a
vicious cycle.
As elderly patients are likely to have dry skin, they frequently suffer from wound
infections and persistent skin inflammation. Generally, skin moisturisers, bile salts,
rifampicin, and anti-histamines have been used to reduce pruritus. In addition to
these traditional medicines, nalfurafine hydrochloride has been approved in Japan
although not approved in Europe currently. Nalfurafine hydrochloride, which was
approved for its use for pruritus in liver diseases, is a κ-receptor agonist that
suppresses itching via central mechanisms and is expected to control skin symptoms
as extrahepatic lesions of patients with liver diseases [44] . Its clinical effects were
confirmed in various chronic liver disease patients including those with primary
biliary cholangitis, for which pruritus is the major symptom and could affect QoL[45].
We recently reported that administration of nalfurafine hydrochloride in 18 cases of
liver disease patients with a median age of 69 years (45-82 years) led to alleviation of
symptoms for long periods of time. During the observation period up of to 41 wk,
there were no systemic adverse effects such as deterioration of liver function;
however, four cases were excluded due to discontinued administration due to oral
dryness, progression of anemia (the causal relationship with the drug administration
was unknown), progression of liver disease, and financial reasons [45] . Control of
extrahepatic lesions including the skin is an important issue in the treatment of
cirrhosis from the viewpoint of QoL and maintaining the reserve capacity of the liver.

Hepatocellular carcinoma
Surveillance of hepatocarcinogenesis in patients with liver cirrhosis involves
screening by ultrasound and imaging findings using dynamic computed tomography
and magnetic resonance imaging, particularly that using gadolinium-ethoxybenzyl
diethylemetriaminepentaacetic acid. However, in elderly patients with decreased
renal[15,21] and cardiac[24] function, more personalized regimens for individual patients
are required, such as frequency of examination according to the situation of the
patient based on previous medical history and performance status and estimation
using measurements of tumor markers.
Regarding treatment, consideration of general conditions such as cardiac output,
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respiratory function, renal function, and hepatic function is essential for elderly
patients; however, if these parameters can tolerate invasion, surgical treatment
including the transplantation should be considered[12,46,47]. While the liver itself ages in
terms of size, blood flow[9,10], and capacity for regeneration after hepatectomy[17,18], the
appropriate post-procedure management could lead to improved QoL and patient
survival.
Understanding the disease stages, such as reserve capacity, extrahepatic metastasis,
vascular invasion, tumor number, and tumor diameter is essential when determining
treatment options. The options other than the surgical treatment include the
traditional chemoembolization, transarterial chemotherapy, and needle guided local
therapy of radiofrequency ablation, ethanol injection, microwave ablation, and
thermal therapy. For these therapeutic options, the understanding of the physiological
changes in the elderly patients especially for the cardiac function [24] and renal
function[15,21] is essential as these organs are easily injured upon the chemotherapy and
embolization.
Recently, molecular targeted therapies such as sorafenib, regorafenib, and
lenvatinib have become available for the treatment of hepatocellular carcinoma.
However, it is difficult to use these therapies in patients with poor hepatic reserve
capacity or elderly patients with heart problems or a history of cerebral bleeding, as
they could cause severe adverse events including hand-foot syndrome, hypertension,
anorexia, or diarrhea. Therefore, maintaining a good reserve capacity, even in elderly
patients, is necessary to increase the available treatment options. It is also important to
preserve many treatment options in cases of liver cancer to optimize recovery after
treatment and maintain QoL.

Others
Other various complications including the bacterial infections, renal impairment,
cardiopulmonary complications should also be paid attentions as they could cause the
severe damage on the patients’ conditions especially for the weaker cases such as
elderly patients. The conditions may be introduced include spontaneous bacterial
peritonitis, acute, chronic kidney injury, cirrhotic cardiomyopathy, hepato-renal
syndrome, and hyponatremia. As a feature of elderly liver cirrhotic patients, it may
also be related to the structural and functional changes of organs[15,21,24] and conditions
of gut microbiota [27,28] . To avoid to be in the severe conditions, for the bacterial
infections, empirical antibiotic therapy should be started with caring the drug
induced hepato-, and renal injuries[9]. Therefore, for the elderly patients, careful follow
up of laboratory examinations should be given. For renal impairment, early diagnosis
of the acute and chronic kidney disease and acute kidney injury is essential, as even a
mild increase of serum creatinine may underlie a marked decrease of glomerular
filtration[9]. For cardiomyopathy, although the data relating cardiac function with
survival is variable, however, as diastolic dysfunction and mortality seems to be
related, cardiac functions should be carefully monitored in the elderly patients with
potentially lower functions[24].
The dysfunction of immune system caused by immunosenescence due to the toxic
protein aggregation [ 4 8 ] and autophagy [ 4 9 ] leading to the organ dysfunction,
carcinogenesis, and neurodegeneration can be the next target of anti-aging therapy in
the hepatology field. Further basic researches are essential for the clarification of the
association to develop the management strategies. For the patients with severe liver
cirrhosis and liver cancers satisfying the criteria, the liver transplantation is one of the
therapeutic options even for the elderly patients; however, the situation is different
between the countries and correct understanding of the conditions of aging of the
organs and physiological changes are essential considering the candidates for the
transplantation (Figure 1).

CONCLUSION
The increase in the number of elderly patients has prompted an increase in the
opportunity to treat elderly patient and development of medical technology to treat
these patients. In the treatment of liver cirrhosis associated with non-alcoholic fatty
liver disease, which is predicted to increase in the future, circulatory dynamics, organ
function, and immune function are deteriorated in elderly patients, and it is essential
to recognize that careful observation of progress is required when implementing the
same treatment as would be used in young patients. While assessing electrolyte
balance and physiological function is important to avoid treatment-related
complications, careful treatment tailored to the individual condition of each patients
should be implemented, observing the general condition and preventing deteriorating
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Figure 1

Figure 1 Summary of the changes of the body and possible risks treating the complication of the liver cirrhosis.

liver cirrhosis and maintaining the reserve capacity of the liver. To this end, treatment
should be implemented by a medical team consisting of multiple specialists including
nurses, pharmacists, nutritionists, and social workers in addition to doctors. As there
have been no reviews focusing on these points, this mini-review should help to
maintain QoL in patients, and further prolong life expectancy worldwide.
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Abstract
BACKGROUND
Gastric cancer (GC) is one of the main causes of cancer mortality worldwide.
Recent studies on tumor microenvironments have shown that tumor metabolism
exerts a vital role in cancer progression.
AIM
To investigate whether lysyl oxidase (LOX) and hypoxia-inducible factor 1α
(HIF1α) are prognostic and predictive biomarkers in GC.
METHODS
A total of 80 tissue and blood samples were collected from 140 patients admitted
to our hospital between August 2008 and March 2012. Immunohistochemical
staining was performed to measure the expression of LOX and HIF1α in tumor
and adjacent tissues collected from patients with GC. Real-time quantitative
reverse transcription polymerase chain reaction (qRT-PCR) analysis was used to
detect the mRNA expression levels of LOX and HIF1α in patients with GC. In
addition, single-factor analysis was applied to analyze the relationship between
LOX, HIF1α and prognosis of GC.
RESULTS
Immunohistochemical staining suggested that the expression levels of LOX and
HIF1α increased in tumor tissues from patients with GC. QRT-PCR analysis
indicated that mRNA expression of LOX and HIF1α was also upregulated in
tumor tissues, which was in accordance with the above results. We also detected
expression of these two genes in blood samples. The expression level of LOX and
HIF1α was higher in patients with GC than in healthy controls. Additional
analysis showed that the expression level of LOX and HIF1α was related to the
clinicopathological characteristics of GC. Expression of LOX and HIF1α increased
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with the number of lymph node metastases , deeper infiltration depth and later
tumor–node–metastasis stages. Single-factor analysis showed that high
expression of LOX and HIF1α led to poor prognosis of patients with GC.
CONCLUSION
LOX and HIF1α can be used as prognostic and predictive biomarkers for GC.
Key words: Lysyl oxidase; Hypoxia-inducible factor 1α; Gastric cancer; Biomarker;
Prognosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Lysyl oxidase (LOX) is a secreted extracellular matrix protein that plays an
important role in remodeling the extracellular matrix and promoting tumor progression.
The LOX family comprises the prototypic LOX, as well as the LOX-like proteins that
are involved in carcinogenesis. Hypoxia-inducible factor 1α (HIF1α) is a type of
transcription factor complex that has the capacity to regulate oxygen tension. In addition,
HIF1α is able to activate or bind to multiple target genes and participates in
inflammatory and other diseases. HIF1α accelerates the growth and metastasis of
hepatocellular carcinoma.
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INTRODUCTION
Gastric cancer (GC) is one of the main causes of cancer mortality worldwide [1] .
Current epidemiological data indicate that the incidence rate and mortality of GC
rank among the top three of all malignant tumors [2] . The morbidity of GC rises
gradually with age, and people aged 50-70 years account for the majority of cases.
There is no gender differences in patients with GC, and the occurrence of GC is
related to geographic variation in many countries. The clinical manifestations mainly
include stomach ache, abdominal distension, loss of appetite and weight loss[3]. GC at
early stages is free of symptoms, and advanced GC or metastasis sites could be
pathological diagnosed by endoscopy or endoscopic ultrasound[4-7]. Patients who
suffer from GC have a poor quality of life, and the survival rates are reported to be
low[8]. As estimated in the statistics of GLOBOCAN 2012, about 410,000 patients are
newly found to suffer from the pain caused by GC in China[9]. Among them, 330,000
patients die of tumor-related causes.
While several therapies have emerged in recent years, the effects of chemotherapy
and surgery for GC remain limited[10]. These interventions do not improve prognosis,
increase survival rate or prolong survival time[11]. In addition, there are disadvantages
to current treatment methods, including inconvenience, increased prevalence of
complications, and side-effects[12]. It has been reported that many factors are involved
in the progression of GC. More seriously, approximately 60% of patients with GC
have metastases when they are diagnosed[13]. Furthermore, the outcome of patients
with late stage GC is poor, and most die within 1 year. Therefore, determination of
predictive biomarkers for early diagnosis of GC is important.
Recent studies on tumor microenvironments have shown that tumor metabolism
plays a vital role in cancer progression. The role of the microenvironment in tumor
metabolism is currently attracting significant attention. Lysyl oxidase (LOX) and
hypoxia-inducible factor 1α (HIF1α) affect the tumor microenvironment, and play a
crucial role in cancer occurrence and development[14-18]. LOX is a secreted extracellular
matrix protein that plays an important role in remodeling the extracellular matrix and
promoting tumor progression. The LOX family comprises the prototypic LOX, as well
as LOX-like proteins that are involved in carcinogenesis. LOX is a copper-dependent
monoamine oxidase, and its overexpression is related to both poor survival and the
development of multiple types of cancers[19-22]. HIF1α is a transcription factor complex
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that can regulate oxygen tension[23]. In addition, HIF1α can activate or bind to multiple
target genes, and can contribute to inflammatory and other diseases [22,20] . HIF1α
accelerates the growth and metastasis of hepatocellular carcinoma[17].
The present study investigated the expression of LOX and HIF1α in patients with
GC and determined whether LOX and HIF1α act as prognostic and predictive
biomarkers of GC. Research on the interaction between cancer and factors in the
metabolic microenvironment is necessary to investigate the progression of GC and
determine predictive biomarkers. Our study showed that LOX and HIF1α can act as
biomarkers for the diagnosis and prediction of GC.

MATERIALS AND METHODS
Patients and samples
A total of 80 tissue and blood samples were collected from 140 patients admitted to
our hospital between August 2008 and March 2012. The tumor and adjacent tissues
were obtained from patients with GC. The blood samples were obtained from 80
patients with GC and 80 healthy controls. The use of human tissues in this research
was agreed to by the volunteers and their relatives. All participants gave written
informed consent. This study was conducted with permission from the Institutional
Research Ethics Committee of our hospital. GC patients were aged > 18 years, and
were diagnosed pathologically and clinically with GC. Clinicians measured and
analyzed the conditions according to the Response Evaluation Criteria in Solid
Tumors.

RNA extraction and cDNA synthesis
Total RNA from tissues and blood samples was prepared using TRIzol reagent
(Invitrogen, Carlsbad, CA, United States). The samples were added to TRIzol for 30
min in a 4 °C refrigerator. Total RNA was extracted from samples using chloroform,
isopropanol, 75% absolute ethanol (all from Beijing Shiji Tuoxin Fine Chemical
Industry Co. Ltd., Beijing, China) and diethyl-pyrocarbonate-treated water (Biosharp,
Heifei City, China). RNA was stored in a - 80 °C freezer. Concentration and purity
were measured using a Nanodrop machine (Thermo Scientific, Carlsbad, CA, United
States). As described previously, to synthesize cDNAs, PrimeScript RT reagent kits
(TaKaRa, Dalian City, China) were purchased and used for reverse transcription
(RT)[21]. cDNA synthesis was conducted using a RT apparatus (Applied Biosystems,
Foster City, CA, United States). The cDNA samples were stored at - 20 °C, and used
for additional analysis.

Real-time quantitative reverse transcription polymerase chain reaction
To determine the expression of LOX and HIF1α in tissues and blood samples from
patients with GC, qRT-PCR analysis was performed using SYBR reagents (Vazyme,
Nanjing City, China) on an Applied Biosystems Real-Time PCR machine (Thermo
Scientific). The cDNAs, SYBR reagents, double-distilled water and corresponding
primers were used to measure expression of LOX and HIF1α. In addition, β-actin was
used as a housekeeping gene. The sequences of primers used in this study are listed in
Table 1.
Immunohistochemistry
Immunohistochemical staining was performed as described previously[22,23]. Tissue
specimens were fixed in 4% paraformaldehyde, and embedded in paraffin for
subsequent analysis. Antibodies against LOX and HIF1αwere purchased from Abcam
(Cambridge, United Kingdom). The concentrations of LOX and HIF1αantibodies were
1:100 and 1:400 and the antibodies were diluted in Primary antibody dilution buffer.
The paraffin specimens were incubated with these two antibodies that were used to
detect the expression of LOX and HIF1α in the GC tissues. Tissue sections were
incubated with antibodies against LOX or HIF1α, and then incubated with
peroxidase-conjugated goat anti-rabbit secondary antibody (Cell Signaling
Technology, Boston, MA, United States). All specimens were fixed in 4%
paraformaldehyde, embedded in paraffin, and stored in the Department of Pathology
at our hospital.

Statistical analysis
All experiments were repeated at least three times. Statistical analyses were
performed with SPSS software (IBM, Armonk, NY, United States). Pearson’s χ2 tests
for categorical variables. Survival rate was calculated by Kaplan-Meier method, Logrank tests was used to confirm the relationship between LOX, HIF1α and the
development of GC. Analysis of LOX and HIF1α expression was conducted using
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Table 1 Primer sequences
Target gene

Primer sequences
Forward

CATAAAGTCTGCAACATGGAAGGT

Reverse

ATTTGATGGGTGAGGAATGGGTT

LOX

Forward

CAGGCACCGACCTGGATATGG

Reverse

CGTACGTGGATGCCTGGATGTAGT

β-actin

Forward

TGGCACCCAGCACAATGAA

Reverse

CTAAGTCATAGTCCGCCTAGAAGCA

HIF1α

GraphPad Prism software. P < 0.05 was considered statistically significant.

RESULTS
Expression of LOX in patients with GC
Immunohistochemical staining and qRT-PCR analysis were performed to determine
whether expression of LOX was dysregulated in tissues and blood samples from
patients with GC versus healthy controls. Immunohistochemical staining indicated
that LOX was mainly located in the cytoplasm of tumor cells. Most of the cytoplasm
of tumor cells exhibited brown positively stained particles, which displayed a
scattered particle distribution. The same results were seen in the extracellular matrix
(Figure 1A). The high expression rate of LOX in GC tissues was 35.7% (50/140), which
was significantly higher than that in adjacent tissues (18.6%, 26/140). QRT-PCR
showed that mRNA expression of LOX was markedly increased in GC tissues; about
four times higher than in adjacent tissues (Figure 1B). We further detected the
expression level of LOX in blood samples from GC patients and healthy controls.
Expression of LOX was higher in patients with GC than in the control
group,Additional analysis showed that the later the clinicopathological stage, the
higher the expression level of LOX in the blood samples (Figure 1C). Taken together,
these results suggested that expression of LOX was significantly higher in patients
with GC.

Expression of HIF1α in patients with GC
Further analysis was performed to detect expression of HIF1α in patients with GC.
Immunohistochemistry revealed that HIF1α was mainly expressed in the nuclei of
tumor cells (Figure 2A). The nuclei of HIF1α-positive cells presented with a brown
color, and HIF1α exhibited occasional limited expression in the cytoplasm (Figure
2A). Scattered light brown granules were revealed by immunohistochemical staining
(Figure 2A). The high expression rate of HIF1α in GC tissues was 33.6% (47/140),
which was significantly higher than in adjacent tissues (12.1%, 17/140). The high
expression of HIF1α in tumor compared with adjacent tissues was measured by qRTPCR (Figure 2B). Expression of HIF1α in GC tissues was approximately four times
higher than in adjacent tissues (Figure 2B). Additional analysis showed that the later
the clinicopathological stage, the higher the expression level of HIF1α in the blood
samples (Figure 2C). Thus, we concluded that expression of HIF1α was upregulated
in tumor tissues and blood samples from patients with GC.

Correlation between LOX and clinicopathological characteristics of GC
Expression of LOX and clinicopathological characteristics are shown in Table 2. In
various groups with different clinical characteristics, expression of LOX was different.
Expression of the LOX gene correlated with lymph node metastasis of GC , the tumor
infiltration depth and the tumor-node-metastasis (TNM) stage. The P values for the
correlation between LOX expression and lymph node metastasis of GC, between LOX
expression and the infiltration depth of GC, and between LOX expression and clinical
stage were 0.000, 0.005 and 0.000, respectively. When the number of lymph node
metastasis was >16 in patients with GC, the rate of high expression of LOX was
100.0%. When the tumor infiltration depth reached T4, the high expression rate of
LOX was 54.1%. When the tumor was clinicopathological stage III, the high
expression rate of LOX was 55.6%. However, expression of LOX did not show any
relationship with other clinical features, such as age, gender, tumor size, and tumor
location. The results showed that the expression of LOX increased with the number of
lymph node metastases,deeper infiltration depth and the late TNM stage.
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Figure 1

Figure 1 Expression of LOX in GC patients. A: Immunohistochemical staining was used to detect expression of LOX in tumor tissues from patients with GC; B:
qRT-PCR was performed to measure mRNA expression of LOX in adjacent tissues and cancer tissues from GC patients; C: qRT-PCR was performed to examine the
expression level of LOX in patients with GC. aP < 0.05, bP < 0.01 and cP < 0.001 represent significant difference compared with controls. LOX: Lysyl oxidase; GC:
Gastric cancer; qRT-PCR: Quantitative reverse transcription polymerase chain reaction.

Relationship between HIF1α and clinicopathological characteristics of GC
Expression of HIF1α and clinicopathological characteristics are shown in Table 3.
Expression of HIF1α differed among various groups. Expression of HIF1α was related
to lymph node metastasis (P = 0.000). When the number of lymph node metastasis
was > 16, the rate of high expression of HIF1α was 100.0%. When the tumor
infiltration depth reached T4, high expression of HIF1α was 56.8% (P = 0.001). When
they had stage III disease, the rate of high expression of HIF1α was 51.9% (P = 0.000).
These results suggested that expression of HIF1α correlated with the number of
metastatic lymph nodes,the tumor infiltration depth and the TNM stage. However,
expression of HIF1α was not associated with other clinical characteristics, such as age,
gender, tumor size, and tumor location.

Relationship between expression of LOX and prognosis of GC
Single-factor analysis showed that disease-free survival (DFS) in the LOX-low
expression group was 26.7 mo, which was significantly longer than in the LOX-high
expression group at 15.6 mo (P = 0.037) (Figure 3A and Table 4). Overall survival (OS)
of patients in the LOX-low expression group was significantly longer than that in the
LOX-high expression group (P = 0.033) (Figure 3B and Table 4). These results
demonstrated that high expression of LOX was associated with poor prognosis.

Relationship between expression of HIF1α and prognosis of GC
To determine the correlation between HIF1α expression and the prognosis of GC, we
focused on DFS and OS in patients with different levels of HIFα expression. Singlefactor survival analysis showed that DFS and OS in the HIF1α-low expression group
were 26.9 mo and 40.2 mo, respectively, which were significantly longer than in the
HIF1α-high expression group at 14.0 mo and 20.4 mo (both P = 0.003) (Figure 4A, 4B
and Table 4). High expression of HIF1α was associated with poor prognosis.
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Figure 2

Figure 2 Expression of HIF1α in patients with GC. A: Immunohistochemical analysis of HIF1α in tumor tissues from patients with GC; B: qRT-PCR was applied to
measure mRNA expression of HIF1α in adjacent tissues and cancer tissues from GC patients; C: qRT-PCR was used to detect the level of HIF1α in patients with GC.
a
P < 0.05, bP < 0.01 and cP < 0.001 represent significant difference compared with controls. HIF1α: Hypoxia-inducible factor 1α; GC: Gastric cancer; qRT-PCR:
Quantitative reverse transcription polymerase chain reaction.

DISCUSSION
The occurrence of GC has been increasing rapidly worldwide[24]. GC is related to the
presence of tumor-suppressor or tumor-associated genes[25]. There is no accurate and
efficient clinical biomarker of GC. Other gastrointestinal biomarkers or early detection
methods were also not applied in GC[26-28]. Therefore, the aim of our study was to
investigate whether LOX and HIF1α could be used as biomarkers of GC.
LOX participates in the osteoclastogenesis of breast cancer, which suggests a
therapeutic tool for osteolytic bone destruction[21]. MiRNA-31-5p inhibits expression of
HIF1α and strengthens the Warburg effect by inhibiting its target HIF-1α inhibitor. In
addition, hepatitis transactivator protein X accelerates extracellular matrix
modification by activating the HIF/LOX pathway and promoting the metastasis of
hepatocellular carcinoma[13]. Therefore, we predicted that LOX and HIF1α could act as
biomarkers of GC.
In the present study, immunohistochemical staining suggested that expression of
LOX and HIF1α increased in tumor tissues from patients with GC. QRT-PCR analysis
indicated that mRNA expression of LOX and HIF1α was upregulated in tumor
tissues. We also detected expression of these two genes in blood samples. The results
revealed that the expression levels of LOX and HIF1α were higher in GC patients than
in healthy controls.. Additional analysis showed that the expression levels of LOX and
HIF1α were related to the clinicopathological characteristics of GC. The expression of
LOX and HIF1α increased with the number of lymph node metastases,deeper
infiltration depth and the later TNM stage. Single-factor analysis showed that high
expression of LOX and HIF1α led to poor prognosis of GC patients.
In conclusion, our results demonstrated that expression of LOX and HIF1α was
higher in patients with GC than in healthy controls. Expression of LOX and HIF1α
was associated with clinicopathological characteristics and prognosis of GC. Thus, we
concluded that LOX and HIF1α could be used as prognostic and predictive
biomarkers for GC. Our study provided a link between LOX, HIF1α and GC, which
contributes to the development and progression of GC.
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Table 2 Relationship between lysyl oxidase and clinicopathological factors in patients with gastric cancer
LOX
Characteristics

Low expression (%)

High
expression
(%)

Sample size, n

Gender

90 (64.3)

50 (35.7)

Male

112

73 (65.2)

39 (34.8)

Female

28

17 (60.7)

11 (39.3)

< 60 yr

67

44 (65.7)

23 (34.3)

≥ 60 yr

73

46 (63.0)

27 (37.0)

Upper part

57

37 (64.9)

20 (35.1)

Middle part

34

21 (61.8)

13 (38.2)

Lower part

44

29 (65.9)

15 (34.1)

Total stomach

5

3 (60.0)

2 (40.0)

< 5 cm

57

39 (68.4)

18 (31.6)

≥ 5 cm

83

51 (61.4)

32 (38.6)

T1

5

5 (100.0)

0 (0.0)

T2

13

12 (92.3)

1 (7.7)

T3

85

56 (65.9)

29 (34.1)

T4

37

17 (45.9)

20 (54.1)

34

33 (97.1)

1 (2.9)

P

0.659

Age
0.743

Tumor location
0.978

Tumor size
0.397

Depth of invasion
0.005

Lymphatic metastasis
0
1-2

32

24 (75.0)

8 (25.0)

3-6

31

21 (67.7)

10 (32.3)

7-15

37

12 (32.4)

25 (67.6)

≥ 16

6

0 (0.0)

6 (100.0)

Type I

16

12 (75.0)

4 (25.0)

Type II or III

110

67 (60.9)

43 (39.1)

Type IV

11

8 (72.7)

3 (27.3)

Type V

3

3 (100.0)

0 (0.0)

Adenocarcinoma

77

48 (62.3)

29 (37.7)
4 (23.5)

0.000

Borrmann classification
0.340

WHO histological classification

Signet-ring cell carcinoma

17

13 (76.5)

Mucinous adenocarcinoma

8

5 (62.5)

3 (37.5)

Mixed carcinoma

32

20 (62.5)

12 (37.5)

Neuroendocrine carcinoma

6

4 (66.7)

2 (33.3)

Intestinal type

65

42 (64.6)

23 (35.4)

Diffuse type

68

43 (63.2)

25 (36.8)

Mixed type

7

5 (71.4)

2 (28.6)

Low and middle

107

68 (63.6)

39 (36.4)

High

33

22 (66.7)

11 (33.3)

Yes

51

29 (56.9)

22 (43.1)

No

89

61 (68.5)

28 (31.5)

Yes

50

29 (58.0)

21 (42.0)

No

90

61 (67.8)

29 (32.2)

0.862

Lauren parting
0.909

Differentiation grade
0.744

Cancer embolus
0.165

Affect neural

WJG

https://www.wjgnet.com

1834

April 21, 2019

0.247

Volume 25

Issue 15

Han YL et al. LOX and HIF1α in GC

TNM staging
I

10

10 (100.0)

0 (0.0)

II

49

44 (89.8)

5 (10.2)

III

81

36 (44.4)

45 (55.6)

0.000

LOX: Lysyl oxidase; WHO: Word Health Organization; TNM: Tumor-node-metastasis.

Table 3 Relationship between hypoxia-inducible factor 1α and clinicopathological factors in patients with gastric cancer
HIF1α
Characteristics

Low expression (%)

High
expression
(%)

Sample size, n

Gender

93 (66.4)

47 (33.6)

Male

112

76 (67.9)

36 (32.1)

Female

28

17 (60.7)

11 (39.3)

< 60 yr

67

47 (70.1)

20 (29.9)

≥ 60 yr

73

46 (63.0)

27 (37.0)

Upper part

57

41 (71.9)

16 (28.1)

Middle part

34

19 (55.9)

15 (44.1)

Lower part

44

30 (68.2)

14 (31.8)

Total stomach

5

3 (60.0)

2 (40.0)

< 5 cm

57

41 (71.9)

16 (28.1)

≥ 5 cm

83

52 (62.7)

31 (37.3)

T1

5

5 (100.0)

0 (0.0)

T2

13

12 (92.3)

1 (7.7)

T3

85

60 (70.6)

25 (29.4)

T4

37

16 (43.2)

21 (56.8)

34

29 (85.3)

5 (14.7)
8 (25.0)

P

0.474

Age
0.372

Tumor location
0.702

Tumor size
0.253

Depth of invasion
0.001

Lymphatic metastasis
0
1-2

32

24 (75.0)

3-6

31

23 (74.2)

8 (25.8)

7-15

37

17 (45.9)

20 (54.1)

≥ 16

6

0 (0.0)

6 (100.0)

Type I

16

11 (68.8)

5 (31.2)

Type II or III

110

76 (69.1)

34 (30.9)

Type IV

11

4 (36.4)

7 (63.6)

Type V

3

2 (66.7)

1 (33.3)

Adenocarcinoma

77

55 (71.4)

22 (28.6)
5 (29.4)

0.000

Borrmann classification
0.183

WHO histological classification

Signet-ring cell carcinoma

17

12 (70.6)

Mucinous adenocarcinoma

8

6 (75.0)

2 (25.0)

Mixed carcinoma

32

20 (62.5)

12 (37.5)

Neuroendocrine carcinoma

6

4 (66.7)

2 (33.3)

Intestinal type

65

42 (64.6)

23 (35.4)

Diffuse type

68

44 (64.7)

24 (35.3)

Mixed type

7

7 (100.0)

0 (0.0)

107

72 (67.3)

35 (32.7)

0.725

Lauren parting
0.155

Differentiation grade
Low and middle
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High

33

21 (63.6)

12 (36.4)

Yes

51

32 (62.7)

19 (37.3)

No

89

61 (68.5)

28 (31.5)

Yes

50

30 (60.0)

20 (40.0)

No

90

63 (70.0)

27 (30.0)

I

10

10 (100.0)

0 (0.0)

II

49

44 (89.8)

5 (10.2)

III

81

39 (48.1)

42 (51.9)

Cancer embolus
0.485

Affect neural
0.230

TNM staging
0.000

HIF1α: Hypoxia-inducible factor 1α; WHO: Word Health Organization; TNM: Tumor-node-metastasis.

Table 4 Univariate analyses of disease-free survival and overall survival in patients with gastric cancer
Disease free survival
Gene

Expression

mo
LOX

HIF1α

Overall survival

Cases, n

High

50

15.6

Low

90

26.7

High

47

14.0

Low

93

26.9

P
0.037

mo
4.352

22.9

P
0.033

4.524

0.003

8.992

40.2
0.003

8.712

20.4
40.2

LOX: Lysyl oxidase; HIF1α: Hypoxia-inducible factor 1α.

Figure 3

Figure 3 LOX expression is associated with DFS and OS. A: DFS curve of patients with GC with regards to lysyl oxidase expression, aP < 0.05; B: Survival
analysis of overall survival in patients with GC, aP < 0.05. LOX: Lysyl oxidase; GC: Gastric cancer; DFS: Disease-free survival; OS: Overall survival.
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Figure 4

Figure 4 HIF1α correlates with DFS and OS of patients with GC. A: DFS curve of patients with GC with respect to HIF1α expression, aP < 0.05; B: OS curve of
patients with GC expressing low and high HIF1α levels. aP < 0.05. GC: Gastric cancer; DFS: Disease-free survival; OS: Overall survival; HIF1α: Hypoxia-inducible
factor 1α.

ARTICLE HIGHLIGHTS
Research background
To study whether lysyl oxidase (LOX) and hypoxia-inducible factor 1α (HIF1α) can be used as
prognostic and predictive biomarkers in gastric cancer (GC).

Research motivation
To provide the prognostic and predictive biomarkers for treating GC.

Research objectives
To explore the interaction between cancer and factors in the metabolic microenvironment and
determine predictive biomarkers of GC.

Research methods
Patients and samples: This work is difficult and requires patient approval.
RNA extraction and cDNA synthesis: This work requires a lot of time, and so the manipulator
should be patient. Real-time quantitative reverse transcription polymerase chain reaction (qRTPCR): The manipulator should add the samples accurately during qRT-PCR analysis.
Immunohistochemistry: The experiments take a long time, and the manipulator should perform
the experiments step by step. Statistical analysis: All of the experiments were repeated at least
three times, and the statistical analysis was then performed.

Research results
The expression levels of LOX and HIF1α increased in the tumor tissues and blood samples of
patients with GC. The expression levels of LOX and HIF1α were related to the
clinicopathological characteristics and prognosis of GC.

Research conclusions
LOX and HIF1α can be used as prognostic and predictive biomarkers for the treatment of GC.
Our study indicated that the expression of LOX and HIF1α was upregulated in patients with GC
compared with the control group. In addition, the expression of LOX and HIF1α was related to
the clinicopathological characteristics and prognosis of GC.

Research perspectives
The present study suggested that LOX and HIF1α might be used as both prognostic and
predictive biomarkers for GC, and provided a link between LOX, HIF1α and GC.

ACKNOWLEDGEMENTS
We appreciate the technical support and help from the Tumor Center Laboratory of
PLA General Hospital.

REFERENCES
1

WJG

https://www.wjgnet.com

Liu F, Li C, Zhu J, Ren L, Qi X. ABO blood type and risk of hepatocellular carcinoma: A meta-analysis.

1837

April 21, 2019

Volume 25

Issue 15

Han YL et al. LOX and HIF1α in GC

2

3

4

5

6
7

8

9
10

11

12

13

14

15

16

17

18

19
20
21

22

23

24
25

26

27
28

WJG

https://www.wjgnet.com

Expert Rev Gastroenterol Hepatol 2018; 12: 927-933 [PMID: 30004289 DOI:
10.1080/17474124.2018.1500174]
Unal E, Karaosmanoglu AD, Ozmen MN, Akata D, Karcaaltincaba M. Computed Tomography-Based
Diagnosis of Gastric Vein Invasion in Patients with Gastric Cancer. Eurasian J Med 2018; 50: 91-95
[PMID: 30002574 DOI: 10.5152/eurasianjmed.2018.0041]
Ma C, Olevian DC, Lowenthal BM, Jayachandran P, Kozak MM, Chang DT, Pai RK. Loss of SATB2
Expression in Colorectal Carcinoma Is Associated With DNA Mismatch Repair Protein Deficiency and
BRAF Mutation. Am J Surg Pathol 2018; 42: 1409-1417 [PMID: 30001238 DOI:
10.1097/PAS.0000000000001116]
Okasha HH, Naguib M, El Nady M, Ezzat R, Al-Gemeie E, Al-Nabawy W, Aref W, Abdel-Moaty A,
Essam K, Hamdy A. Role of endoscopic ultrasound and endoscopic-ultrasound-guided fine-needle
aspiration in endoscopic biopsy negative gastrointestinal lesions. Endosc Ultrasound 2017; 6: 156-161
[PMID: 28621291 DOI: 10.4103/2303-9027.201086]
Sharma V, Rana SS, Ahmed SU, Guleria S, Sharma R, Gupta R. Endoscopic ultrasound-guided fineneedle aspiration from ascites and peritoneal nodules: A scoping review. Endosc Ultrasound 2017; 6: 382388 [PMID: 29251272 DOI: 10.4103/eus.eus_96_17]
Hocke M, Ignee A, Dietrich C. Role of contrast-enhanced endoscopic ultrasound in lymph nodes. Endosc
Ultrasound 2017; 6: 4-11 [PMID: 28218194 DOI: 10.4103/2303-9027.190929]
Mizuno S, Nakai Y, Isayama H, Suzuki T, Saito K, Uchino R, Takahara N, Kogure H, Tada M, Koike K.
EUS-FNA of gastric cancer metastatic to the head of pancreas using a forward oblique viewing
echoendoscope in a case with Roux-en-Y anatomy. Endosc Ultrasound 2018; 7: 420-421 [PMID:
29536952 DOI: 10.4103/eus.eus_107_17]
Xu W, Wei Q, Han M, Zhou B, Wang H, Zhang J, Wang Q, Sun J, Feng L, Wang S, Ye Y, Wang X, Zhou
J, Jin H. CCL2-SQSTM1 positive feedback loop suppresses autophagy to promote chemoresistance in
gastric cancer. Int J Biol Sci 2018; 14: 1054-1066 [PMID: 29989092 DOI: 10.7150/ijbs.25349]
Goetze OT, Al-Batran SE, Chevallay M, Mönig SP. Multimodal treatment in locally advanced gastric
cancer. Updates Surg 2018; 70: 173-179 [PMID: 29946806 DOI: 10.1007/s13304-018-0539-z]
El Hajj II, Lawrence KA, Tirkes T, Shahda S, Sherman S. Metachronous gastric metastasis from lung
primary, with synchronous pancreatic neuroendocrine carcinoma. Clin Case Rep 2018; 6: 1368-1370
[PMID: 29988660 DOI: 10.1002/ccr3.1571]
Kim HG, Kim DY, Jeong O. Transition from Conventional to Reduced-Port Laparoscopic Gastrectomy to
Treat Gastric Carcinoma: A Single Surgeon's Experience from a Small-Volume Center. J Gastric Cancer
2018; 18: 172-181 [PMID: 29984067 DOI: 10.5230/jgc.2018.18.e18]
Zhou Z, Liu Y, Meng K, Guan W, He J, Liu S, Zhou Z. Application of spectral CT imaging in evaluating
lymph node metastasis in patients with gastric cancers: Initial findings. Acta Radiol 2018;
284185118786076 [PMID: 29979106 DOI: 10.1177/0284185118786076]
Lee YI, Jeon HK, Im JW, Oh SY, Kim KB, Kim B. Primary Gastric Small Cell Carcinoma: A Case
Identified as a Large Subepithelial Tumor from Invisible State in 6 Months. Clin Endosc 2019; 52: 76-79
[PMID: 29976037 DOI: 10.5946/ce.2018.062]
Liang H, Ge F, Xu Y, Xiao J, Zhou Z, Liu R, Chen C. miR-153 inhibits the migration and the tube
formation of endothelial cells by blocking the paracrine of angiopoietin 1 in breast cancer cells.
Angiogenesis 2018; 21: 849-860 [PMID: 29959560 DOI: 10.1007/s10456-018-9630-9]
Meléndez-Rodríguez F, Roche O, Sanchez-Prieto R, Aragones J. Hypoxia-Inducible Factor 2-Dependent
Pathways Driving Von Hippel-Lindau-Deficient Renal Cancer. Front Oncol 2018; 8: 214 [PMID:
29938199 DOI: 10.3389/fonc.2018.00214]
Li Q, Li Y, Liang L, Li J, Luo D, Liu Q, Cai S, Li X. Klotho negatively regulated aerobic glycolysis in
colorectal cancer via ERK/HIF1α axis. Cell Commun Signal 2018; 16: 26 [PMID: 29884183 DOI:
10.1186/s12964-018-0241-2]
Tse AP, Sze KM, Shea QT, Chiu EY, Tsang FH, Chiu DK, Zhang MS, Lee D, Xu IM, Chan CY, Koh HY,
Wong CM, Zheng YP, Ng IO, Wong CC. Hepatitis transactivator protein X promotes extracellular matrix
modification through HIF/LOX pathway in liver cancer. Oncogenesis 2018; 7: 44 [PMID: 29799025 DOI:
10.1038/s41389-018-0052-8]
Liu Y, Wang G, Liang Z, Mei Z, Wu T, Cui A, Liu C, Cui L. Lysyl oxidase: A colorectal cancer
biomarker of lung and hepatic metastasis. Thorac Cancer 2018; 9: 785-793 [PMID: 29766649 DOI:
10.1111/1759-7714.12645]
Li T, Wu C, Gao L, Qin F, Wei Q, Yuan J. Lysyl oxidase family members in urological tumorigenesis and
fibrosis. Oncotarget 2018; 9: 20156-20164 [PMID: 29732010 DOI: 10.18632/oncotarget.24948]
Leo C, Cotic C, Pomp V, Fink D, Varga Z. Overexpression of Lox in triple-negative breast cancer. Ann
Diagn Pathol 2018; 34: 98-102 [PMID: 29661738 DOI: 10.1016/j.anndiagpath.2018.03.009]
Kim J, Shin Y, Lee S, Kim M, Punj V, Lu JF, Shin H, Kim K, Ulmer TS, Koh J, Jeong D, An W.
Regulation of Breast Cancer-Induced Osteoclastogenesis by MacroH2A1.2 Involving EZH2-Mediated
H3K27me3. Cell Rep 2018; 24: 224-237 [PMID: 29972783 DOI: 10.1016/j.celrep.2018.06.020]
Tanaka N, Yamada S, Sonohara F, Suenaga M, Hayashi M, Takami H, Niwa Y, Hattori N, Iwata N,
Kanda M, Tanaka C, Kobayashi D, Nakayama G, Koike M, Fujiwara M, Fujii T, Kodera Y. Clinical
Implications of Lysyl Oxidase-Like Protein 2 Expression in Pancreatic Cancer. Sci Rep 2018; 8: 9846
[PMID: 29959362 DOI: 10.1038/s41598-018-28253-9]
Zhang Z, Li P, Wang Y, Yan H. Hypoxiainduced expression of CXCR4 favors trophoblast cell migration
and invasion via the activation of HIF1α. Int J Mol Med 2018; 42: 1508-1516 [PMID: 29786753 DOI:
10.3892/ijmm.2018.3701]
Zhu B, Cao X, Zhang W, Pan G, Yi Q, Zhong W, Yan D. MicroRNA-31-5p enhances the Warburg effect
via targeting FIH. FASEB J 2019; 33: 545-556 [PMID: 30004795 DOI: 10.1096/fj.201800803R]
Zhang J, Xu J, Dong Y, Huang B. Down-regulation of HIF-1α inhibits the proliferation, migration, and
invasion of gastric cancer by inhibiting PI3K/AKT pathway and VEGF expression. Biosci Rep 2018; 38:
pii: BSR20180741 [PMID: 29899167 DOI: 10.1042/BSR20180741]
Wang Y, Zhou Y, Hu Z. The Functions of Circulating Tumor Cells in Early Diagnosis and Surveillance
During Cancer Advancement. J Transl Int Med 2017; 5: 135-138 [PMID: 29085785 DOI:
10.1515/jtim-2017-0029]
Schizas D, Kapsampelis P, Mylonas KS MD. Adenosquamous Carcinoma of the Esophagus: A Literature
Review. J Transl Int Med 2018; 6: 70-73 [PMID: 29984200 DOI: 10.2478/jtim-2018-0014]
Montagnani F, Di Leonardo G, Pino M, Perboni S, Ribecco A, Fioretto L. Protracted Inhibition of
Vascular Endothelial Growth Factor Signaling Improves Survival in Metastatic Colorectal Cancer: A

1838

April 21, 2019

Volume 25

Issue 15

Han YL et al. LOX and HIF1α in GC
Systematic Review. J Transl Int Med 2017; 5: 18-26 [PMID: 28680835 DOI: 10.1515/jtim-2017-0005]

WJG

https://www.wjgnet.com

1839

April 21, 2019

Volume 25

Issue 15

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 April 21; 25(15): 1840-1853

DOI: 10.3748/wjg.v25.i15.1840

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Predictive and prognostic implications of 4E-BP1, Beclin-1, and LC3
for cetuximab treatment combined with chemotherapy in advanced
colorectal cancer with wild-type KRAS: Analysis from real-world
data
Gui-Fang Guo, Yi-Xing Wang, Yi-Jun Zhang, Xiu-Xing Chen, Jia-Bin Lu, Hao-Hua Wang, Chang Jiang,
Hui-Quan Qiu, Liang-Ping Xia
ORCID number: Gui-Fang Guo
(0000-0002-6283-7266); Yi-Xing
Wang (0000-0001-7409-5223); Yi-Jun
Zhang (0000-0002-8211-2721); XiuXing Chen (0000-0003-4668-6944);
Jia-Bin Lu (0000-0001-9302-173X);
Hao-Hua Wang
(0000-0003-4025-8615); Chang Jiang
(0000-0003-0016-8543); Hui-Quan
Qiu (0000-0001-6812-5959); LiangPing Xia (0000-0002-2849-3375).

Author contributions: Guo GF
designed the research; Guo GF and
Wang YX analyzed the data and
wrote the paper; Chen XX and
Wang HH performed the
experiments; Zhang YJ and Lu JB
contributed new reagents and
analytic tools; Jiang C and Qiu HQ
collected the data; Xia LP amended
the paper; all of the authors have
read and approved the final
manuscript.

Institutional review board
statement: This study was
approved by the Ethics Committee
of the Sun Yat-sen University
Cancer Center, Guangdong, China.
All patients involved in this study
gave their informed consent for
participation in the study.

Conflict-of-interest statement: The
authors have no conflict of interest
relevant to this study.

Data sharing statement: The
manuscript has no additional data
available.

WJG

Gui-Fang Guo, Yi-Xing Wang, Xiu-Xing Chen, Hao-Hua Wang, Chang Jiang, Hui-Quan Qiu, LiangPing Xia, VIP Department, Sun Yat-sen University Cancer Center, Guangzhou 510060,
Guangdong Province, China
Gui-Fang Guo, Yi-Xing Wang, Yi-Jun Zhang, Xiu-Xing Chen, Jia-Bin Lu, Hao-Hua Wang, Chang
Jiang, Hui-Quan Qiu, Liang-Ping Xia, State Key Laboratory of Oncology in South China, Sun
Yat-sen University Cancer Center, Guangzhou 510060, Guangdong Province, China
Gui-Fang Guo, Yi-Xing Wang, Yi-Jun Zhang, Xiu-Xing Chen, Jia-Bin Lu, Hao-Hua Wang, Chang
Jiang, Hui-Quan Qiu, Liang-Ping Xia, Collaborative Innovation Center for Cancer Medicine,
Guangzhou 510060, Guangdong Province, China
Yi-Jun Zhang, Jia-Bin Lu, Pathology Department, Sun Yat-sen University Cancer Center,
Guangzhou 510060, Guangdong Province, China
Corresponding author: Gui-Fang Guo, MD, PhD, Professor, VIP Department, Sun Yat-sen
University Cancer Center, 651 Dongfeng Road East, Guangzhou 510060, Guangdong
Province, China. guogf@sysucc.org.cn
Telephone: +86-20-87342708
Fax: +86-20-87342708

Abstract
BACKGROUND
Colorectal cancer (CRC) is one of the main causes of cancer-related deaths in
China and around the world. Advanced CRC (ACRC) patients suffer from a low
cure rate though treated with targeted therapies. The response rate is about 50%
to chemotherapy and cetuximab, a monoclonal antibody targeting epidermal
growth factor receptor (EGFR) and used for ACRC with wild-type KRAS. It is
important to identify more predictors of cetuximab efficacy to further improve
precise treatment. Autophagy, showing a key role in the cancer progression, is
influenced by the EGFR pathway. Whether autophagy can predict cetuximab
efficacy in ACRC is an interesting topic.
AIM
To investigate the effect of autophagy on the efficacy of cetuximab in colon cancer
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cells and ACRC patients with wild-type KRAS.
METHODS
ACRC patients treated with cetuximab plus chemotherapy, with detailed data
and tumor tissue, at Sun Yat-sen University Cancer Center from January 1, 2005,
to October 1, 2015, were studied. Expression of autophagy-related proteins
[Beclin1, microtubule-associated protein 1A/B-light chain 3 (LC3), and 4Ebinding protein 1 (4E-BP1)] was examined by Western blot in CRC cells and by
immunohistochemistry in cancerous and normal tissues. The effect of autophagy
on cetuximab-treated cancer cells was confirmed by MTT assay. The associations
between Beclin1, LC3, and 4E-BP1 expression in tumor tissue and the efficacy of
cetuximab-based therapy were analyzed.
RESULTS
In CACO-2 cells exposed to cetuximab, LC3 and 4E-BP1 were upregulated, and
P62 was downregulated. Autophagosome formation was observed, and
autophagy increased the efficacy of cetuximab. In 68 ACRC patients,
immunohistochemistry showed that Beclin1 levels were significantly correlated
with those of LC3 (0.657, P < 0.001) and 4E-BP1 (0.211, P = 0.042) in ACRC tissues.
LC3 was significantly overexpressed in tumor tissues compared to normal tissues
(P < 0.001). In 45 patients with wild-type KRAS, the expression levels of these
three proteins were not related to progression-free survival; however, the
expression levels of Beclin1 (P = 0.010) and 4E-BP1 (P = 0.005), pathological grade
(P = 0.002), and T stage (P = 0.004) were independent prognostic factors for
overall survival (OS).
CONCLUSION
The effect of cetuximab on colon cancer cells might be improved by autophagy.
LC3 is overexpressed in tumor tissues, and Beclin1 and 4E-BP1 could be
significant predictors of OS in ACRC patients treated with cetuximab.
Key words: 4E-binding protein 1; Beclin-1; Microtubule-associated protein 1A/B-light
chain 3; Advanced colorectal cancer; Cetuximab efficacy; Prognosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Considering the response rate to cetuximab in advanced colorectal cancer
patients with wild-type KRAS, autophagy might be a novel predictor to exclude patients
who will not respond to cetuximab. Accordingly, Beclin1, microtubule-associated
protein 1A/B-light chain 3 (LC3), and 4E-binding protein 1 (4E-BP1) were studied in
this research. We found that LC3 was overexpressed in tumor tissues, and the expression
levels of Beclin1 and 4E-BP1 were related to overall survival.
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INTRODUCTION
Colorectal cancer (CRC) is one of the main causes of cancer-related deaths both in
China and worldwide. In past years, the median overall survival of advanced CRC
(ACRC) patients was 20 mo due to the development of new combinations of
chemotherapy drugs, including oxaliplatin-based[1] and irinotecan-based regimens[2].
However, drug resistance and/or off-target toxicity limit the efficiency of current
chemotherapy drugs. The introduction of new targeted therapies, such as monoclonal
antibodies targeting epidermal growth factor receptor (EGFR) (cetuximab and
panitumumab) or against vascular endothelial growth factor (bevacizumab, zivaflibercept, and ramucirumab), has significantly increased the overall survival of
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ACRC patients to 30 mo[3]. Currently, the only antibody targeting EGFR that has been
approved for use in CRC by the Chinese Food and Drug Administration is cetuximab.
Studies have demonstrated that only ACRC patients with wild-type KRAS benefit
from cetuximab [4] and thus have better overall survival; this beneficial effect is
observed especially in patients with left-sided ACRC[5]. However, the response rate
(RR) is only 40%-60% for patients with wild-type KRAS[6]. It is important to identify
novel predictors to exclude patients with wild-type KRAS who will not respond to
cetuximab, which will further improve precise treatment.
Autophagy, an important intracellular homeostatic pathway for the degradation of
dysfunctional organelles and proteins, can provide energy for survival under
conditions of diverse cellular stresses [7] . Despite accumulating evidence that
autophagy plays a critical role in cancer metastasis, autophagy can also suppress
pathological processes, including cancer metastasis[8]. Multiple autophagy-related
genes and proteins are involved in metastatic CRC[9]. Mammalian target of rapamycin
(mTOR), a member of the phosphatidylinositol-3-kinase family, plays a major role in
inhibiting the autophagic process and is associated with the proliferation, survival,
invasion, and metastasis of CRC cells [10] . Several mTOR signaling components,
including mTOR, p70-S6 Kinase 1 (S6K), and eukaryotic initiation factor 4E-binding
protein 1 (4E-BP1), are highly expressed and activated in glandular elements of
CRC[11]. The current paradigm suggests that mTOR phosphorylates 4E-BP1 at multiple
sites, which promotes the dissociation of eIF4E from 4E-BP1, reducing the inhibitory
effect of 4E-BP1 on eIF4E-dependent translation initiation and decreasing the
translational activity[12]. At the molecular level, the complex autophagy machinery is
orchestrated in several stages. One well-characterized regulatory event is the
interaction between Beclin1 and Beclin2, which disrupts the interaction of Beclin1
with the class III phosphoinositide 3-kinase (PI3K), a core regulator of autophagy[13].
Autophagy-related genes (Atgs) control autophagosome formation through Atg12Atg5 and microtubule-associated protein 1A/B-light chain 3 (LC3) complexes, and the
modified form of LC3 is attached to the autophagosome membrane[14].
It has been reported that autophagy was induced by EGFR siRNA in cancer cells[15].
Few reports describe autophagy and the anti-cancer role of cetuximab, antibody
targeting EGFR, and most of these studies have been performed on cancer cells. In
this study, we examined the critical autophagic proteins, Beclin-1, 4E-BP1, and LC3, in
CRC cells and investigated whether autophagy determines cell sensitivity to
cetuximab in vitro. We also investigated the relationships between clinicopathological
characteristics and the expression of Beclin-1, LC3, and 4E-BP1 in ACRC tissue
specimens, and evaluated the influence of these autophagy-related proteins on ACRC
prognosis. We previously studied the association between Beclin-1 and LC3
expression levels and the effect of cetuximab on ACRC[16], but cetuximab was not
given as a first-line therapy in all patients, and the KRAS status of those patients was
unknown because KRAS was not used as a predictor of the efficacy of cetuximab at
that time. The present study focused on patients with ACRC with wild-type KRAS
who were administered with cetuximab plus chemotherapy as the first-line therapy to
explore the predictive value of the expression levels of Beclin-1, LC3, and 4E-BP1. The
differences in their expression levels between cancerous and normal tissues as well as
the correlation of their expression with clinical and pathological grade, progressionfree survival (PFS), and overall survival (OS) were also examined in a group of
patients wild-type KRAS who were initially or later treated with cetuximab and
chemotherapy.

MATERIALS AND METHODS
Cell line and culture
The CRC cell line CACO-2, which has the wild-type KRAS gene, was obtained from
the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were
maintained at 37 °C in an atmosphere containing 5% CO2.

MTT assay
MTT assays were performed to determine the anti-proliferative effect of cetuximab on
CACO-2 cells. After treatment with cetuximab for 24, 48, and 72 h, 20 μg (5 mg/mL)
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Sigma, United
States) was added to 96-well plates and incubated at 37 °C for 5 h; then, 150 μL of
dimethyl sulfoxide (DMSO) was added to each well and incubated for 10 min at room
temperature to dissolve the formazan crystals. The absorbance of each well was
measured with an ELISA reader (BIO-TEK, United States) at a wavelength of 562 nm.
The experiment was performed in triplicate, and the data were analyzed by
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comparison to DMSO-treated control cells.

Western blot analysis
The tissue samples were homogenized in sodium dodecyl sulphate (SDS) buffer
containing the protease inhibitor PMSF. The homogenates were incubated on ice for
20 min and then centrifuged at 12000 rpm for 30 min at 4 °C. The supernatant was
collected and equal volume of 2 × SDS buffer was added. The mixture was boiled for
10 min and preserved at -20 °C. The protein extracts (50 μg) were separated by SDSpolyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto
polyvinylidene difluoride membranes (Millipore, United States). The membranes
were blocked with 5% nonfat milk in Tris-buffered saline containing 0.1% Tween-20 at
room temperature for 90 min and then incubated with primary antibodies against
Beclin-1 (3 μg/mL; ab55878, Abcam, Cambridge, United Kingdom), LC3 (2 μg/mL;
ab48394, Abcam), 4E-BP1 (2 μg/mL; ab2606, Abcam), and actin (0.5 μg/mL, ab3280,
Abcam). The protein bands were detected with secondary antibodies conjugated to
horseradish peroxidase (1:5000, Abcam, United Kingdom) and visualized with
enhanced chemiluminescence reagents. Each band was quantified through
densitometry, and the results are presented as the relative expression of each protein
from different samples.

Fluorescence microscopy
For fluorescence microscopy, 500 μL of cultured cells were removed from the flask at
the desired time points, centrifuged for 3 min at 5000 × g, and resuspended in an
appropriate volume of water. A total of 4 μL of each sample was spotted on a
microscope slide and viewed using an Olympus 1 × 51 inverted fluorescence
microscope.

Patients and variables
In this retrospective study, ACRC patients with definitive pathological diagnoses,
paraffin-embedded pathological specimens, and complete clinicopathologic
information who received cetuximab combined with first-line or later chemotherapy
at our institution (Sun Yat-sen University Cancer Center) between January 1, 2005 and
October 1, 2015 were enrolled.
Our primary study endpoints were OS, which was defined as the time from the
date of the first cycle of front-line therapy to the date of death from any cause, and
first-line PFS, which was defined as the time from the initial therapy to tumor
progression, death from any cause, or the last follow-up before the initiation of
second-line therapy. In addition, the objective RR (ORR) and disease RR (DCR) to
cetuximab combined with chemotherapy as a first-line treatment were also studied.
The study was approved by the ethics committee of our institution.

Tissue samples
CRC tissues were surgical or biopsy specimens taken from primary colorectal tumors,
and the negative margins of the surgical specimens were considered as normal
tissues. All tissue samples were acquired from the sample bank of the pathology
department at our cancer center, and all formalin-fixed paraffin-embedded samples in
this study were preserved intact. All pathological diagnoses of tissues were
adenocarcinoma.

Immunohistochemical staining
The expression of Beclin-1, LC3, and 4E-BP1 in primary tumors was detected through
immunohistochemical staining (IHC) and then compared with the expression in the
normal tissue samples. The formalin-fixed paraffin-embedded tissue was cut into 4μm thick sections, dewaxed, rehydrated, and blocked with hydrogen peroxide. After
incubation with primary antibodies against 4E-BP1 (1:200), Beclin-1 (1:100), and LC3
(1:400) (all from Cell Signaling Technology, United States) diluted in 1% PBS, the
sections were incubated with an anti-rabbit secondary antibody (Invitrogen, United
States) for 30 min. After an additional two washes in PBS, the sections were incubated
with diaminobenzidine (DAB, Invitrogen, United States) for 10 min to detect signals.
Finally, the sections were counterstained with hematoxylin (Invitrogen, United
States). Negative controls were obtained by substituting nonimmune rabbit serum for
the primary antibodies.

Immunohistochemical score determination
Protein expression was evaluated via an Olympus CX31 microscope (Olympus, Center
Valley, PA, United States) by two individuals who were blinded to the patient
outcomes and other clinical findings. The immunoreactivity was evaluated according
to the intensity of staining and the percentage of stained cells. Immunostaining
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intensity was rated as follows: 0, pale yellow or no staining; 1, yellow; 2, deep yellow;
and 3, brown. The percentage of stained cells positive for Beclin-1 and LC3 was
graded as follows: grade 0 (0%-10%); 1 (10%-25%); 2 (25%-50%); and 3 (50%-100%).
The percentage of stained cells positive for 4E-BP1 was graded as grade 0, 0%; 1 (1%20%); 2 (20%-40%); 3 (40%-60%); 4 (60%-80%); and 5 (80%-100%). The staining
intensity and percentage of stained tumor cells were scored for at least 10 high-power
fields (400×). The mean score was calculated as [(intensityreader 1 × percentagereader 1) +
(intensityreader 2 × percentagereader 2)] / 2. Then, the total scores for Beclin1, LC3, and 4EBP1 were categorized as low expression (=0) or high expression (>0).

Statistical analysis
All statistical analyses were performed with SPSS for Windows, version 24.0. The
associations between Beclin1, LC3, and 4E-BP1 expression and clinicopathological
characteristics were assessed using the chi-square test or Fisher’s exact test, as
appropriate. The chi-square test with continuity correction was used to analyze data
derived from small cohorts. The relationships among the expression of Beclin1, LC3,
and 4E-BP1 were assessed by Spearman’s correction analysis. The Kaplan-Meier
method was used to estimate tumor progression in mCRC, and the log-rank test was
used to determine the statistical significance. The groups were compared with respect
to survival using Cox regression analysis. Hazard ratios were determined using
univariate and multivariate Cox regression. P < 0.05 indicated a significant difference.

RESULTS
Autophagy induced by cetuximab in CRC cells
Autophagy was induced by cetuximab treatment in CACO-2 cells with wild-type
KRAS, which were sensitive to cetuximab (Figure 1A). Abundant characteristic
autophagosomes in CACO-2 cells were present 72 h after cetuximab treatment; in
contrast, autophagosomes were scarce in untreated cells (Figure 1B). We also
observed the conversion of LC3/Atg8 from the cytoplasmic form, LC3-1 (18 kDa), to
the autophagosomic form, LC3-2 (16 kDa), in the cells exposed to cetuximab (Figure
1C) and decreased expression of P62, which indicated autophagosome formation.
Moreover, we observed increased expression of 4E-BP1, indicating that the mTOR
pathway was inactive (Figure 1C). MTT assay showed that autophagy increased the
inhibitory effect of cetuximab on cell proliferation (Figure 1D).

Basic characteristics of patients
Initially, 235 ACRC patients treated with cetuximab plus chemotherapy were found in
the clinical database of our center, but only 68 patients with detailed data and wellpreserved tumor specimens were finally enrolled in this study. The age of the patients
ranged from 23 to 77 years, with a median age of 54.5 years. The Beclin1, LC3, and 4EBP1 expression levels were evaluated in all patients treated with cetuximab combined
with chemotherapy; the basic characteristics of those patients and the correlations of
those characteristics with the expression of Beclin1, LC3, and 4E-BP1 for all patients
are reported in Table 1. Forty-five patients were confirmed to have the wild-type
KRAS gene, 25 were given cetuximab as first-line therapy, and 20 were given
cetuximab after having already received a different first-line therapy. The number of
patients with pathological grades 3, 2, and 1 was 18, 41, and 3, respectively.
For the 45 patients with wild-type KRAS, the ORR and DCR to first-line treatment
with cetuximab combined with chemotherapy were 45.5% and 72.7%, respectively,
and the median OS was 31 mo (2.2-137).

Expression of Beclin1, LC3, and 4E-BP1 expression in CRC and normal tissues
There were significant correlations between the levels of Beclin1 and those of LC3 and
4E-BP1 in CRC tissues and that LC3 was significantly overexpressed in tumor tissues
compared to normal tissues (Figure 2). According to the quantitative scoring method
described above, the expression levels of Beclin1, LC3, and 4E-BP1 were classified as
either high or low. The expression levels of Beclin1, LC3, and 4E-BP1 in cancerous and
normal tissues are shown in Figure 3. LC3 was significantly upregulated in tumor
specimens compared to normal specimens (64.87% vs 2.00%, P < 0.001); the sensitivity
was 71.4%, with a specificity of 91.3%. The expression levels of Beclin1 (64.87% vs
81.81%, P = 0.248) and 4E-BP1 (81.09% vs 87.10%, P = 0.793) were not different
between CRC and normal tissues.

Correlations among the expression levels of Beclin1, LC3, and 4E-BP1; KRAS
status; and clinicopathologic factors
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Figure 1

Figure 1 Cetuximab induces autophagy and upregulates 4E-BP1 expression and autophagy enhances anti-cancer effect of cetuximab in colon cancer. A:
CACO-2 cell viability measured using MTT assay. Cell viability was significantly inhibited in a time- and dose-dependent manner by cetuximab. B: Cetuximab induced
formation of autophagosomes. Autophagosomes in CACO-2 cells treated by cetuximab or not were examined by fluorescence microscopy. More autophagosomes
were found in CACO-2 cells after treatment with cetuximab. C: Western blot analysis showing that cetuximab induced autophagy. (a) CACO-2 cells were either
untreated or treated with cetuximab and Baf, and Baf inhibited autophagy-related protein degradation. Microtubule-associated protein 1A/B-light chain 3 (LC3)-II/LC3-I
was increased, and P62 was decreased when treated with cetuximab, and both LC3 and P62 were increased when treated with cetuximab and Baf compared to
treatment with cetuximab alone. (b and c) Cetuximab induced autophagy in a concentration and time dependent manner. With time and increasing concentration, the
expression of LC3 increased, and P62 declined. (d) CACO-2 cells were treated with cetuximab for 48 h, and the expression of 4E-binding protein 1 was increased as
the concentration of cetuximab increased. D: Effect of autophagy on cetuximab inhibition of cell proliferation. We added PBS, cetuximab, cetuximab + Beclin1-siRNA,
and cetuximab + NC-siRNA separately, and the concentration of cetuximab was 78 µg/mL; then, cells were treated for 72 h. The results confirmed that autophagy
enhanced cetuximab inhibition of cell proliferation in CACO-2 cells. LC3: Microtubule-associated protein 1A/B-light chain 3; 4E-BP1: 4E-binding protein 1.0
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Table 1 Correlations of Beclin1, LC3, and 4E-BP1 expression with clinicopathological characteristics in 68 advanced colorectal cancer
patients n (%)
Beclin1 expression
Variable

LC3 expression

4E-BP1 expression

n = 68
Low

High

Sex

P-value

Low

High

0.061

P-value

Low

High

0.372

0.571

Male

44 (64.7)

13

24

12

25

8

28

Female

24 (35.3)

2

17

4

15

3

16

Age (yr)

0.119

0.167

0.865

< 65

55 (80.9)

10

35

11

34

9

35

≥ 65

13 (19.1)

5

6

5

6

2

9

1

9

10

35

2

33

9

11

Family history of cancer

0.593

Yes

13 (19.1)

2

8

No

55 (80.9)

13

33

Location1

0.151
1

9

15

31

0.862

Left

50 (73.5)

11

31

Right

18 (26.5)

4

10

Pathological grade

0.382

1.000
12

30

4

10

0.349

0.349

0.634

8

0.897

1+2

44 (64.7)

8

30

8

30

8

29

3

18 (26.4)

5

10

5

10

3

12

NA

P-value

6 (8.9)

T stage

0.618

0.618

0.911

T1 + T2 + T3

41 (60.3)

9

24

9

24

6

26

T4

22 (32.4)

4

15

4

15

4

16

NA

5 (7.3)

N stage

0.058

0.058

0.654

No

22 (32.4)

6

9

6

9

4

12

N1 + N2

36 (52.9)

5

28

5

28

6

25

NA

10 (14.7)

Synchronous/metachronous metastasis

0.020

0.058

0.162

Synchronous metastasis

24 (35.3)

1

18

2

17

5

12

Metachronous metastasis

43 (63.2)

13

23

13

23

5

32

NA

1 (1.5)

KRAS

0.044

0.044

0.651

Wild type

45 (66.2)

13

24

13

24

7

30

Mutant type

10 (14.7)

0

9

0

9

2

6

NA

13 (19.1)

Location: The primary tumor location was classified as right-sided or left-sided according to the splenic flexure. CRC: Colorectal cancer; LC3: Microtubuleassociated protein 1A/B-light chain 3; NA: Not applicable; 4E-BP1: 4E-binding protein 1.
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Figure 2 Immunohistochemical staining (200×). A: LC3 displayed strong cytoplasm staining in colorectal cancer
tissue; B: LC3 displayed weak cytoplasm staining in normal tissue; C: Beclin1 displayed strong cytoplasm staining in
colorectal cancer tissue; D: Beclin1 displayed weak cytoplasm staining in normal tissue; E: 4E-BP1 displayed strong
cytoplasm staining in colorectal cancer tissue; F: 4E-BP1 displayed weak cytoplasm staining in normal tissue.

expression was not correlated with that of 4E-BP1 (P = 0.251). Compared to patients
with the wild-type KRAS gene, patients with the mutated KRAS gene expressed
higher levels of Beclin1 (100% vs 64.9%, P = 0.044) and LC3 (100% vs 64.9%, P = 0.044).
The associations of the expression levels of Beclin1, LC,3 and 4E-BP1 with the
clinicopathologic factors in all 68 patients are shown in Table 1. Patients with
metachronous metastasis had higher expression levels of Beclin1 than those with
synchronous metastasis (94.7% vs 63.9%, P = 0.020).

Predictive value of Beclin1, LC3, and 4E-BP1 expression for cetuximab-containing
chemotherapy
For the 25 patients with the wild-type KRAS gene who received cetuximab-containing
chemotherapy as the first-line treatment, the ORRs and DCRs for patients with low
and high Beclin1, LC3, and 4E-BP1 expression levels are shown in Table 2. There were
no associations between the expression levels of Beclin1 (P = 1.000, P = 0.325), LC3 (P
= 0.362, P = 0.325), or 4E-BP1 (P = 0.303, P = 0.560) and the ORR or DCR. In the whole
group, the median PFS was 8.81 mo (0.72-32.43). The expression levels of Beclin1, LC3,
and 4E-BP1 did not have any relationship with PFS [8.80 mo vs 4.7 mo (P = 0.843) for
Beclin1 high expression and low expression, respectively; 4.70 mo vs 9.96 mo (P =
0.167) for LC3 high expression and low expression, respectively; and 5.32 mo vs 7.36
mo (P = 0.410) for 4E-BP1 high expression and low expression, respectively (Table 2)].
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Figure 3 Differential expression of Beclin-1, LC3, and 4E-BP1 tested by immunohistochemical staining in
colorectal cancer samples compared to normal tissues. LC3 (P < 0.001) showed higher expression in cancer
than in normal tissue, while Beclin-1 (P = 0.248) and 4E-binding protein 1 (P = 0.793) did not. LC3: Microtubuleassociated protein 1A/B-light chain 3; 4E-BP1: 4E-binding protein 1.

Prognostic value of Beclin1, LC3, and 4E-BP1 expression
The median OS for the 45 patients with the wild-type KRAS gene who received
cetuximab as either a first-line treatment or a subsequent treatment was 31 mo (2.2137). The most common factors potentially affecting OS, such as gender, age, family
history of cancer, tumor location, pathological grade, T stage, N stage,
synchronous/metachronous metastasis, and the expression of Beclin1, LC3, and 4EBP1, were analyzed, as shown in Table 3. According to univariate Cox regression
analysis, pathological grade (43.00 mo vs 10.32 mo, P < 0.001), the expression level of
Beclin1 (19.65 mo vs 37.82 mo, P = 0.037) (Figure 4A), and the expression level of 4EBP1 (64.82 mo vs 23.66 mo, P = 0.024) (Figure 4B) were risk factors affecting OS.
Multivariate Cox regression analysis revealed that pathological grade (P = 0.002), T
stage (P = 0.004), the expression level of Beclin1 (P = 0.010), and the expression level of
4E-BP1 (P = 0.005) were independent prognostic factors for OS.

DISCUSSION
Most studies on the roles of autophagy in cetuximab-mediated cancer therapy are
limited to cancer cells, but results based on clinical patients are few. The present study
investigated the influence of Beclin1, LC3, and 4E-BP1 expression in tumors, which
are three key factors involved in the autophagic process, on the ORR, DCR, PFS, and
OS of patients treated with cetuximab combined with chemotherapy. The efficacy
found in this study population was the same as that in the previous stage III clinical
trials[3], with an ORR of 45.5%, a DCR of 72.7%, and a median OS of 31 mo. First, we
found that LC3 and 4E-BP1 were upregulated and P62 was downregulated in CACO2 cells exposed to cetuximab, and autophagosome formation was observed by
fluorescence microscopy, indicating that cetuximab induces autophagy in CRC cells.
In addition, the effect of autophagy on the killing of cancer cells by cetuximab was
confirmed by MTT assay. We further studied the influence of these autophagic factors
on cetuximab efficacy in ACRC. Using IHC, we observed that there were significant
correlations between the levels of Beclin1 and the levels of LC3 and 4E-BP1 in CRC
tissue and that LC3 was significantly overexpressed in tumor tissues compared to
normal tissues. The expression levels of Beclin1 and 4E-BP1 as well as pathological
grade and T stage were independent prognostic factors for OS.
Our study found that cetuximab, which targets EGFR, induced autophagy in colon
cancer cells. The mechanism of the downstream signaling effect of EGFR on
autophagy and the role of autophagy in EGFR-driven cancer cell proliferation remain
unclear. One study of EGFR and autophagy in cancer cells showed that the
mechanisms underlying the enhancement of autophagy involve anti-EGFR agentstimulated downregulation of HIF1 as well as Beclin2, which in turn releases Beclin1
from Beclin2 suppression; this demonstrated that autophagy is a protective cellular
response to cetuximab treatment[17]. Another study found that autophagy played
different roles in the cetuximab-mediated treatment of different cancer cells, including
vulvar squamous carcinoma cells, colorectal adenocarcinoma cells, and head and neck
cancer cells. Autophagy protected cancer cells from death when apoptosis was
strongly induced by cetuximab and enhanced cetuximab-induced apoptosis when
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Table 2 Relationships of Beclin1, LC3, and 4E-BP1 with short-term efficacy of first-line
cetuximab-containing therapy in 25 patients with wild-type KRAS
DCR

ORR

PFS

Factor
n (%)

n (%)

P-value

0.325

n (%)

P-value

Time (mo)

P-value

5 (41.6)

1.000

8.80

0.843

25
Beclin1

LC3

4E-BP1

High

12 (48.0)

7 (58.3)

Low

8 (32.0)

7 (87.5)

NA

5 (20.0)

High

12 (48.0)

7 (58.3)

Low

8 (32.0)

7 (87.5)

NA

5 (20.0)

High

15 (60.0)

12 (80.0)

Low

5 (20.0)

3 (60.0)

NA

5 (20.0)

4 (50.0)

0.325

4 (33.3)

4.70

0.362

5 (62.5)

0.560

9 (60.0)

4.70

0.167

9.96

0.303

1 (20.0)

5.32

0.410

7.36

LC3: Microtubule-associated protein 1A/B-light chain 3; 4E-BP1: 4E-binding protein 1; NA: Not applicable;
DCR: Disease control rate; ORR: Overall response rate; PFS: Primary-progression-free survival from the
initiation of first-line treatment to tumor progression, death from any cause, or the last follow-up.

only a minimal level of apoptosis was induced after cetuximab treatment[18]. We also
found that autophagy was activated by cetuximab in colon cancer cells, and
cetuximab increased cell death through autophagy. Autophagy is involved in the
process by which cetuximab inhibits cell proliferation[8], but the negative or positive
effects of cetuximab treatment on autophagy are controversial, and further studies are
needed.
In our study, patients with metachronous metastasis showed significantly higher
expression levels of Beclin1 than those with synchronous metastasis. Beclin1
overexpression might indicate late metastasis of CRC, which is consistent with the
previous results observed in cells. Koneri et al[19] transfected the Beclin1 gene into HT29
colon cancer cells and found that ectopic Beclin1 overexpression resulted in slow cell
growth and G1 arrest with downregulated expression levels of cyclin E and
phosphorylated Rb. This finding suggested that Beclin1 overexpression may reverse
aggressive phenotypes and act as a tumor suppressor in CRC. Additionally, we found
that patients with mutant KRAS had higher expression levels of the autophagic
markers Beclin1 and LC3. Several studies have shown that autophagy is upregulated
in cancers with KRAS mutations. Alves et al[20] explained that KRAS effector pathways
are involved in the regulation of autophagy through the MEK/ERK and
PI3K/AKT/mTOR signaling pathways. Guo et al[21] observed that cells with mutated
KRAS require autophagy to maintain oxidative metabolism and tumorigenesis when
nutrients are limiting.
The present study demonstrated that CRC tissues overexpressed LC3 compared
with normal colorectal tissues, with a sensitivity and specificity of 71.4% and 91.3%,
respectively, indicating that LC3 might be a means of distinguishing between normal
and cancer tissues. This finding was supported by the results of a study involving 163
gastrointestinal cancer patients in which LC3 was differentially expressed in the
cytoplasm of cancer cells and normal epithelial cells[22]. The overexpression of LC3
could be interpreted in several ways. During the development and progression of
cancers, cancer cells are often exposed to metabolic stress, such as insufficient
nutrients or oxygen, because of their high proliferation rate and insufficient
vascularization[23]. It is thought that normal cells exhibit a basal level of autophagy to
maintain cellular homeostasis. Moreover, increased autophagy in CRC cells may also
play a crucial role in tumor metastasis and survival[24]. We observed that Beclin1 and
LC3 (0.657, P < 0.001) were significantly correlated in CRC tissue, and Beclin1 and 4EBP1 (0.211, P = 0.042) were also significantly correlated. These results are the same as
the conclusions drawn in a previous study[25] and our experimental results in vitro.
As a type of programmed cell death, autophagy is closely related to chemotherapy
resistance [ 2 6 ] . Studies have shown that autophagy occurs abnormally in the
chemotherapy courses for liver cancer, leukemia, lung cancer, CRC, and other
tumors[27-29]. In the present study, we attempted to identify the proteins involved in
autophagy that could predict the efficacy of cetuximab. We observed that Beclin1,
LC3, and 4E-BP1 expression levels were not related to the ORR, DCR, or PFS.
Interestingly, the prognosis of patients with ACRC who received cetuximab plus
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Table 3 Univariate and multivariate analyses of the influence of Beclin1, LC3, 4E-BP1, and clinicopathological factors on survival in 45
patients with wild-type KRAS who were treated with cetuximab
OS
Univariate analysis

Multivariate analysis

HR (95%CI)

P-value

HR (95%CI)

P-value

Sex

0.860 (0.452, 1.636)

0.496

Age

2.050 (0.831, 5.056)

0.111

Family

1.568 (0.786, 3.128)

0.198

Tumor location

0.933 (0.463, 1.880)

0.353

Pathological grade

2.273 (1.549, 3.335)

T stage

1.240 (0.977, 1.573)

0.000

2.421 (1.397, 4.197)

0.002

0.072

1.749 (1.190, 2.569)

N stage

1.159 (0.611, 2.200)

0.409

0.004

Synchronous/metachronous metastasis

1.493 (0.793, 2.813)

0.081

Beclin1 expression

0.466 (0.223, 0.971)

0.037

LC3 expression

0.541 (0.262, 1.122)

0.094

0.209 (0.064, 0.685)

0.010

4E-BP1 expression

2.926 (1.110, 7.713)

0.024

6.385 (1.764, 23.112)

0.005

Bold values indicate P < 0.05; tumor location, left side or right side. CI: Confidence interval; CRC: Colorectal cancer; HR: Hazard ratio; LC3: Microtubuleassociated protein 1A/B-light chain 3; 4E-BP1: 4E-binding protein 1.

chemotherapy was not only correlated with clinical and pathological factors, such as
the degree of pathological grade and T stage but also with Beclin1 and 4E-BP1
expression levels. A high expression level of Beclin1 and low expression level of 4EBP1 independently predicted longer OS in ACRC patients, which might indicate a
positive relationship between autophagy and cetuximab efficacy. This finding is
consistent with our results in colon cancer cells, which showed that autophagy was
enhanced in cells treated with cetuximab, and autophagy increased the effect of
cetuximab on inhibiting cell proliferation. It is necessary to design a more rigorous
clinical trial to confirm our primary results. We believe that both Beclin1 and 4E-BP1
could be used as independent predictors of cetuximab efficacy.
Our study had several shortcomings. First, it was retrospective, and the number of
cases was small. Second, our study focused on the associations between the levels of
expression of Beclin-1, LC3, and 4E-BP1 and the efficacy of cetuximab in patients with
ACRC with wild-type KRAS; the statuses of NRAS and HRAS were not available.
However, we identified two new independent predictors of the efficacy of cetuximab
treatment in ACRC patients with wild-type KRAS, Beclin1 and 4E-BP1, and, to the
best of our knowledge, our report of the association between 4E-BP1 and cetuximab is
novel. Furthermore, our data were obtained from the clinical setting; therefore, the
findings are important despite the small sample size.
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Figure 4

Figure 4 The expression levels of Beclin1 and 4E-binding protein 1 are independent prognostic factors for overall survival of advanced colorectal cancer
patients initially treated with cetuximab-containing chemotherapy. A: The median overall survival (OS) of patients with low and high Beclin1 expression (low
expression was defined as an immunohistochemistry score ≤ 0, and high expression was defined as a score > 0) was 19.65 mo vs 37.82 mo, respectively. B: The
median OS of patients with low and high 4E-BP1 expression (low expression was defined as an immunohistochemistry score ≤ 0, and high expression was defined as
a score > 0) was 64.82 mo vs 23.66 mo, respectively. OS: Overall survival; 4E-BP1: 4E-binding protein 1.

ARTICLE HIGHLIGHTS
Research background
Great effects have been made in exploring the treatment of colorectal cancer (CRC), but the
effectiveness is still limited due to the limited drug selection. Cetuximab, a monoclonal antibody
targeting epidermal growth factor receptor (EGFR), significantly increased OS (overall survival)
of advanced CRC patients (ACRC). But the response rate (RR) is only 40%-60% for patients with
wild-type KRAS. Autophagy, showing a key role in the cancer progression and induced by
EGFR siRNA, may allow to develop effective strategies for improving cetuximab effect in CRC,
while there have been few studies regarding the predictive role of autophagy in ACRC patients
with wild-type KRAS.

Research motivation
Autophagy-related factors were investigated in ACRC with wild-type KRAS to find new
biomarkers for cetuximab efficacy, which may offer the potential for developing novel
therapeutic strategies for these patients.

Research objectives
The role of Beclin1, microtubule-associated protein 1A/B-light chain 3 (LC3), and 4E-binding
protein 1 (4E-BP1), the key factors in autophagy, in predicting the efficacy of cetuximab in ACRC
with wild-type KRAS was explored. It was found that Beclin1 and 4E-BP1 were independent
prognostic factors for overall survival (OS). In the future research, elucidating the molecular
mechanism of association of these factors with cetuximab may help us find more new
biomarkers and make cetuximab treatment more accurate.

Research methods
We detected the expression of autophagy-related proteins 4E-BP1, Beclin-1, and LC3 in CRC
samples and adjacent non-tumor tissues by immunohistochemistry. And the three proteins were
examined by Western blot in CRC cells. The effect of autophagy on cetuximab-treated cancer
cells was confirmed by MTT assay. The associations of Beclin1, LC3, and 4E-BP1 expression in
tumor tissue with the efficacy of cetuximab-based therapy were analyzed.

Research results
Autophagosome formation was observed in colon cancer cells, with LC3 and 4E-BP1
upregulated, and autophagy increased the efficacy of cetuximab. Beclin1 expression was
significantly correlated with LC3 and 4E-BP1 expression in ACRC tissues. LC3 was significantly
overexpressed in tumor tissues compared to normal tissues. In patients with wild-type KRAS,
the expression levels of Beclin1 and 4E-BP1 were independent prognostic factors for OS. The
molecular mechanism of association of these factors with cetuximab effect and their weight
coefficients in prognostic models need further study.

Research conclusions
LC3 is overexpressed in tumor tissues, and Beclin1 and 4E-BP1 are significant predictors of OS in
wild-type KRAS ACRC treated with cetuximab. Autophagy has a role in improving the effects of
cetuximab on colon cancer cell.

Research perspectives
Autophagy might play a new role to predict the effects of cetuximab in ACRC with wild-type
KRAS in the future, and inducing or blocking autophagy may be a new way to improve
cetuximab treating ACRC.
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Abstract
BACKGROUND
Gastric cancer is one of the most common and deadly malignancies worldwide.
Despite recent medical progress, the 5-year survival rate of gastric cancer is still
unsatisfactory. 5-ﬂuorouracil (5-Fu) is one of the first-line antineoplastic
treatments for gastric cancer, as it can effectively induce cancer cell apoptosis.
However, the effect of 5-Fu is limited due to drug resistance of the malignant
tumor. Previous studies have reported that Sotetsuflavone from Cycas revoluta
Thunb. can markedly suppress lung cancer cell proliferation by apoptosis,
though its effect on gastric cancer remains unknown.
AIM
To investigate the inhibitory effect of Cycas revoluta Thunb. and to determine
whether it can overcome gastric cancer cell drug resistance to 5-Fu.
METHODS
Cell viability was examined to determine whether the natural extract of Cycas
revoluta Thunb. induced gastric cancer cell death. The half-maximal effective
concentration and the half-maximal lethal concentration were calculatede.
Wound-healing and transwell assays were performed to examine gastric cancer
cell motility. Clonogenic assays were performed to investigate the synergistic
effects of Cycas revoluta Thunb. with 5-Fu, and apoptotic bodies were detected by
Hoechst staining. Western blotting was performed to examine the expression of
related proteins and to investigate the molecular mechanism of Cycas revoluta
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Thunb.-induced cancer cell apoptosis. The expressions of proteins, including
mammalian target of rapamycin (mTOR) and p-AKT, were detected in different
combinations of treatments for 48 h, then analyzed by ECL detection.
RESULTS
Gastric cancer cells were more sensitive to the natural extract of Cycas revoluta
Thunb. compared to normal gastric epithelial cells, and the extract effectively
inhibited gastric cancer cell migration and invasion. The extract improved the
anti-cancer effect of 5-Fu by enhancing the chemosensitization of gastric cancer
cells. Extract plus 5-Fu further reduced the expression of the drug-resistancerelated proteins p-AKT and mTOR after 48 h compared to 5-Fu alone. Compared
to 5-Fu treatment alone, mTOR and p-AKT expression was significantly reduced
by about 50% and 75%, respectively. We also found that the natural extract of
Cycas revoluta Thunb. further increased 5-Fu-induced gastric cancer cell
apoptosis. Expression of apoptosis-related protein X-linked inhibitor of apoptosis
protein and apoptosis inducing factor were significantly reduced and increased,
respectively, in the 5-Fu-resistant gastric cancer line SGC-7901/R treated with
extract plus 5-Fu, while the expression of survivin did not change.
CONCLUSION
The natural extract of Cycas revoluta Thunb. effectively inhibited gastric cancer
cell growth and enhanced the anti-cancer effect of 5-Fu through the AKT-mTOR
pathway.
Key words: Gastric cancer; 5-ﬂuorouracil; Cycas revoluta Thunb.; Apoptosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: 5-ﬂuorouracil (5-Fu) is an effective treatment for gastric cancer, which is one of
the most common and deadly malignancies worldwide. However, the effect of 5-Fu is
limited by the drug resistance of gastric cancer. Here, we report that natural extract of
Cycas revoluta Thunb. effectively inhibits gastric cancer cell growth, migration and
invasion. Furthermore, it can be used in combination with 5-Fu to enhance its anti-cancer
effects through the AKT-mTOR pathway.

Citation: Cui XL, Li KJ, Ren HX, Zhang YJ, Liu XD, Bu BG, Wang L. Extract of Cycas
revoluta Thunb. enhances the inhibitory effect of 5-ﬂuorouracil on gastric cancer cells
through the AKT-mTOR pathway. World J Gastroenterol 2019; 25(15): 1854-1864
URL: https://www.wjgnet.com/1007-9327/full/v25/i15/1854.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i15.1854

INTRODUCTION
Gastric cancer remains the fourth most common malignancy diagnosed worldwide,
especially in Eastern Asia, Eastern Europe and Central and South America[1-3]. It also is
the third main cause of death related to malignancy, just behind lung and liver
cancer [4] . In 2012, there were about 951,600 new patients diagnosed with gastric
cancer, and over 700,000 deaths related to gastric cancer have been recorded[5].
With a broad spectrum of activity against malignant cells, 5-ﬂuorouracil (5-Fu) is
commonly employed against gastric, liver and colorectal cancers[6-8]. As a prevalent
chemotherapeutic drug in clinical practice, 5-Fu can inhibit cancer cell proliferation
and DNA replication, including gastric, breast and colorectal cancer cells, by
inhibiting thymidylate synthase from synthesizing thymine, which ultimately induces
apoptosis[9-11].
Apoptosis is an important molecular process for stable and orderly human growth.
It is strictly controlled and its dysregulation is linked to many diseases, including
cancer[12,13]. This complex process is regulated by a series of key proteins, such as Xlinked inhibitor of apoptosis protein (XIAP), apoptosis inducing factor (AIF) and
survivin. XIAP is a strong apoptotic regulator[14-18] and inhibits caspase-3, -7, and -9,
which are all part of the mammalian apoptotic signaling pathway. AIF is released and
promotes apoptosis by intrinsic signaling cascades[19,20] when mitochondria respond to
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apoptotic stimuli, such as the translocation of BH3 interacting domain death agonist
(Bid)[21]. Survivin is a unique inhibitor of apoptosis (IAP), as it does not directly
interact with caspases but with some adaptors or cofactors[22-26].
Although 5-Fu is widely used as an anticancer drug, it has some serious problems,
such as low effective response rate and severe side effects. One of the most critical
concerns is the increasing cases of drug resistant malignant tumor. Many 5-Fu drugresistance-related proteins have been identified. For example, P-glycoprotein (P-gp)
functions as a molecular ‘pump’ to expel chemotherapy drugs from the inside of the
cell, and resistance to 5-Fu can be reversed when P-gp expression is reduced[27]. AKT
is considered a key protein in the phosphiotidylinositol-3-kinase (PI3K)/Akt signaling
pathway. It is activated at the plasma membrane by phosphorylation of Thr308 and
Ser473 residues, and it can phosphorylate various downstream substrates related to
drug sensitivity[28]. Mammalian target of rapamycin (mTOR), a serine/threonine
kinase, is a main downstream effector of the PI3K/AKT signaling pathway[29]. It has
also been reported that 5-Fu drug resistance may be mediated by the AKT-mTOR
pathway[30,31].
Fortunately, drug resistance can be reduced when used in combination with other
compounds. Previous studies have reported that chemosensitization of cancer cells to
5-Fu can be achieved by using dietary fats, particularly n-3 polyunsaturated fatty
acids (PUFAs), puerarin, iRGD, and troxerutin[32-35].
Some Chinese medicines, including Cycas revoluta Thunb., have demonstrated
chemosensitization effects, which provides some novel insights for anti-cancer
treatments. According to ancient records, Cycas revoluta Thunb. is an evergreen palm
woody plant[36] with useful medicinal value, such as reducing fever and alleviating
congestion. A component of the extract, Sotetsuflavone, was identified to have strong
anti-tumor activity against lung cancer cells[37,38]. Because it can effectively induce lung
cancer cell apoptosis, we studied whether it could inhibit growth, migration and
invasion of malignant gastric cancer cells. Furthermore, we evaluated its potential for
chemosensitization in combination with 5-Fu and investigated its potential molecular
mechanism.

MATERIALS AND METHODS
Materials, reagents and antibodies
The leaf of Cycas revoluta Thunb. was acquired from AnGuo herbal medicine market
in HeBei Province of China. DMEM (12800017) and trypsin (25300054) were
purchased from Life Technologies (Carlsbad, CA, United States). MTT (M2128) and 5Fu (F6627) were purchased from Sigma (Saint Louis, MO, United States). Antibodies
against p-gp, XIAP, p-Akt, AIF, mTOR, survivin, and GAPDH were purchased from
Abcam (Shanghai, China).

Extraction of Cycas revoluta Thunb.
The powder of the Cycas revoluta Thunb. leaf was extracted by reflux extraction with
80% ethanol. The extracts were collected and concentrated under reduced pressure
until there was no irritating odor. The product was dissolved in water and filtered.
The filtrate was then extracted with dichloromethane, concentrated under reduced
pressure and dried.

Cell culture
The MGC-803, SGC-790, and HGC-27 cell lines were obtained from ATCC (Manassas,
VA, United States). SNU-5 cells were obtained from the Cell Resource Center of
Shanghai Institute of Life Sciences, Chinese Academy of Sciences. GES-1 cells were
obtained from the Genetics department of Beijing Cancer Research Institute. The SGC7901/R line was obtained from Shanghai Institute of Medicine, Chinese Academy of
Sciences. Cell lines were cultured at 5% CO2 and 37˚C in DMEM medium containing
fetal bovine serum (10%), penicillin (100 U/mL), and streptomycin (100 U/mL). Cells
were used and analyzed at logarithmic growth phase.

Cell viability and clonogenic assay
Cells were grown in 96-well plates for cell viability tests. Gastric cell lines were
treated with the extraction of Cycas revoluta Thunb. or 5-Fu after 24 h. The viability
rate was measured by ATPlite assay (Perkin Elmer, Waltham, MA, United States)[39].
One thousand cells with different treatments were seeded into culture dish in
clonogenic assays. The number of colonies was measured after 9 d.

Wound-healing migration assay
MGC803 and HGC27 cells were cultured in six-well tissue culture plates and tested
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when the confluence reached 80%. Wounds were created by sterile pipette tips (10μL), and loosely attached cells were washed out with phosphate-buffered saline. Light
microscope was employed to photograph the progression of cell migration at different
times, and the number of migrated cells was calculated in the scratched region.

Transwell invasion assay
Twenty-four-well Boyden chambers with 8-mm pore size filters (BD Falcon, CorningCostar, New York, NY, United States) were used for this assay. Samples were
suspended and seeded in the insert chamber with DMEM/F12 media and were
incubated at 37˚C in 5% CO2 for 24 h to allow cells to migrate into the bottom, which
contained DMEM/F12 media and 10% FBS. The number of cells that migrated was
counted after staining with DAPI.

Western blotting analysis
Total protein was extracted with NP40 lysis buffer. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (commonly known as SDS-PAGE) and
polyvinylidene difluoride membrane were used for separating and transferring
samples. Membranes were blocked in tris buffered saline tween-20 (TBST) solution
containing 5% nonfat dry milk for 1 h. Primary antibodies were added overnight at
4˚C and then rinsed three times for 10 min in TBST. Membranes were incubated in
secondary antibodies for 1.5 h before being washed. The results were analyzed by
ECL detection system.

Cell apoptosis and Hoechst 33258 staining
After treatment with extract, samples were collected and washed with precooled
phosphate-buffered saline (PBS). They were resuspended in 300 μL of binding buffer
diluted in PBS. After incubation for 10 min, 5 μL Annexin V-FITC was added,
followed by 5 μL PI for 5 min. Samples were then rinsed three times with precooled
PBS and fixed in 4% paraformaldehyde for 30 min. After washing with PBS for three
times, Hoechst was added to the plate dropwise and incubated at room temperature
for 15 min. The results were observed under a fluorescence microscope and
photographed after a final PBS wash.

Statistical analysis
The statistical methods used in this study were reviewed by Zhimin Shi from the
College of Hebei University of Engineering. Experiments were repeated at least three
times, and the data were processed by SPSS 20.0 statistical software. The standard
deviation and Least Significant Difference were calculated by Student-Newman-Keuls
test or Dunnett T3 test, in which aP < 0.05 and bP < 0.01.

RESULTS
Gastric cancer cell growth was inhibited by Cycas revoluta Thunb. extract
To investigate tumor inhibition effects of different doses (0 μg/mL-350 μg/mL) of
Cycas revoluta Thunb. extract, we performed cell viability assays. The results showed
that Cycas revoluta Thunb. extract significantly inhibited gastric cancer cell viability
after 24 h, especially at the low and medium doses (0 μg/mL-250 μg/mL) (Figure 1A).
For treatments under 250 μg/mL extract, gastric cancer cell viability (MGC-803, SGC790, HGC-27 and SUN-5) dramatically decreased with increasing concentrations of
extract, while that of normal human gastric epithelial cells (GES-1a0 remained stable,
which suggested that gastric cancer cells were more sensitive to Cycas revoluta Thunb.
natural extract than normal gastric cells. We then analyzed the half-maximal effective
concentration (EC50) and the half-maximal lethal concentration (LC50) of all cell lines
(Figure 1B). The EC50 values of gastric cancer cells ranged from 176.44 μg/mL to
194.88 μg/mL and the LC50 values ranged from 135.23 μg/mL to 152.20 μg/mL.
Compared to the EC50 (291.32 μg/mL) and LC50 (280.27 μg/mL) values for GES-1
cells, the Cycas revoluta Thunb. Extract was obviously more effective against gastric
cancer cells. Additionally, high concentrations of extract (250 μg/mL-350 μg/mL), the
viability rate of gastric cancer cells increased, which may be due to a screening effect
for resistant cells or other adaptive mechanism.

Cycas revoluta Thunb. extract reduced gastric cancer cell migration and invasion
To determine the effect of Cycas revoluta Thunb. natural extract on gastric cancer cell
migration, we performed wound-healing assays. MGC-803 and HGC-27 gastric cancer
cell lines were selected for the test, and cells were treated with a low dose of extract
(60 μg/mL), which reduced cell viability by about 20%. Our results showed that Cycas
revoluta Thunb. extract significantly reduced gastric cancer cell migration after 24 h of
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Figure 1

Figure 1 Cycas revoluta Thunb. extract effectively inhibits gastric cancer cell growth. A: Dose-response assays of the extract. Gastric cancer cells were analyzed
after treatment with increasing concentrations of the extract for 24 h. The percentage of cell viability was normalized to the control, and three independent experiments
were performed for calculating ± STDEV; B: Half-maximal effective concentration and the half-maximal lethal concentration for each cell line. EC50: Half-maximal
effective concentration; LC50: Half-maximal lethal concentration.

extract treatment, especially for MGC-803 cells, whose wound width was over twice
that of control cells (Figure 2A). To further investigate its effect on gastric cancer cell
invasion, we performed transwell invasion assays. Cycas revoluta Thunb. natural
extract markedly reduced the invasion ability of both MGC-803 and HGC-27 cell lines
(Figure 2B). Taken together, these results demonstrate that the Cycas revoluta Thunb.
natural extract effectively inhibited malignant gastric cancer cell migration and
invasion.

Cycas revoluta Thunb. extract enhanced the anti-cancer effect of 5-Fu by
chemosensitization
To determine whether Cycas revoluta Thunb. natural extract can be used in combination with other anti-cancer drugs, we chose 5-Fu, one of the most widely used
chemotherapy drugs, for clonogenic assays.
By assessing colony formation ability, we found that although the inhibitory effect
of 5-Fu was stronger than that of the extract, combining the two drugs enhanced the
inhibitory effect of 5-Fu (Figure 3A).
To investigate whether the increased inhibitory effect was due to chemosensitization, we performed cell viability assays with a low dose of extract (60 μg/mL)
and increasing doses of 5-Fu for 24 h. We found that the Cycas revoluta Thunb. natural
extract significantly sensitized gastric cancer cells to 5-Fu (Figure 3B). The EC50 and
LC50 values dramatically decreased in MGC-803 (1.6 times and 2.8 times) and HGC27 cells (1.8 times and 3.5 times), suggesting that Cycas revoluta Thunb. natural extract
had additive and synergistic effects with 5-Fu in inhibiting gastric cancer cells. To
further confirm this result, we examined the expression of three key drug-resistancerelated proteins including p-gp, p-AKT and mTOR by western blot. We found that all
three proteins significantly decreased when 5-Fu was used in combination with Cycas
revoluta Thunb. natural extract (Figure 3C), which suggested reduced drug-resistance
of gastric cancer cells.

Cycas revoluta Thunb. extract mediates 5-Fu chemosensitization through apoptosis
Because the Sotetsuflavone in Cycas revoluta Thunb. induced lung cancer cell
apoptosis, we performed Hoechst 33258 staining in the 5-Fu-resistant gastric cancer
line SGC-7901/R after treatment with the extract, 5-Fu or both. Both the extract and 5Fu induced SGC-7901/R cell apoptosis, demonstrating that Cycas revoluta Thunb.
extract can similarly induce gastric cancer cell apoptosis (Figure 4A). Moreover, the
combination of 5-Fu and extract dramatically increased the extent of apoptosis (Figure
4A), suggesting that the Cycas revoluta Thunb. extract-induced chemosensitization of
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Figure 2

Figure 2 The effect of Cycas revoluta Thunb. natural extract on cell migration and invasion. A: Wound healing assays; and B: transwell invasion assays were
performed with a low dose of extract (60 μg/mL). The wound width or migrated cells normalized to the control is shown in histograms, and the error bars represent ±
STDEV from n = 3 independent experiments, bP < 0.01.

5-Fu may be mediated via apoptosis . To confirm this hypothesis, we examined the
expressional level of three important proteins involved in the apoptosis pathway.
XIAP and AIF expression significantly decreased and increased, respectively, while
the survivin expression remained stable (Figure 4B). This result demonstrated that the
chemosensitive enhancement of 5-Fu and Cycas revoluta Thunb. extract may be due to
further activation of apoptosis.

DISCUSSION
As one of the most common cancers, gastric cancer has been frequently diagnosed and
has led to thousands of deaths worldwide. Around 500,000 people in China died from
it just in 2015[3]. Although 5-Fu is often employed as chemotherapy against gastric
cancer, its effect varies, likely due to the drug resistance of gastric tumors[10,11,27]. To
overcome the problem of increasing drug resistance, 5-Fu is usually used with other
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Figure 3

Figure 3 The chemosensitization of Cycas revoluta Thunb. natural extract with 5-ﬂuorouracil. A: Clonogenic assays. The error bars represent ± STDEV from n = 3
independent experiments, bP < 0.01; B: Dose-response assays of 5-ﬂuorouracil (5-Fu) with the extract; C: The half-maximal effective concentration and the halfmaximal lethal concentration of 5-Fu in combination with the extract. The error bars represent ± STDEV from n = 3 independent experiments; D: Western blot analysis
of drug-resistance-related proteins. GAPDH was used as a control. Relative expressions are shown in the left histogram, and the error bars represent ± STDEV from n
= 3 independent experiments aP < 0.05, bP < 0.01. 5-Fu: 5-ﬂuorouracil; EC50: Half-maximal effective concentration; LC50: Half-maximal lethal concentration; mTOR:
Mammalian target of rapamycin; P-gp: P-glycoprotein.

compounds to enhance cancer cell sensitivity. According to previous studies, the
traditional Chinese medicine Cycas revoluta Thunb. exhibited this potential synergistic
effect [ 3 7 , 3 8 ] . Therefore, we investigated its inhibitory effect and the effect of
chemosensitive enhancement with 5-Fu in gastric cancer.
In this study, we found that Cycas revoluta Thunb. extract effectively inhibited
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Figure 4

Figure 4 The mechanism of chemosensitization mediated by Cycas revoluta Thunb. extract. A: Hoechst 33258 staining to confirm apoptosis induced by 5ﬂuorouracil and the extract. The error bars represent ± STDEV from n = 3 independent experiments aP < 0.05, bP < 0.01; B: Western blot analysis of apoptosis-related
proteins. Relative expressions are shown in the left histogram, and the error bars represent ± STDEV from n = 3 independent experiments aP < 0.05, bP < 0.01. 5-Fu:
5-ﬂuorouracil; XIAP: X-linked inhibitor of apoptosis protein; AIF: Apoptosis inducing factor.

gastric cancer cell growth with little effect on normal gastric cells at low and medium
doses (0 μg/mL-250 μg/mL). Combined with the significant decrease in EC50 and
LC50 values for gastric cancer cells, we conclude that gastric cancer cells are more
sensitive to Cycas revoluta Thunb. extract than normal gastric cells. However, the
inhibitory effect on normal cells dramatically increased when the concentration of the
extract was over 250 μg/mL. In contrast, the viability rate of cancer cells increased.
This finding may be due to the strong screening effect of high concentrations of Cycas
revoluta Thunb. natural extract, in which drug-resistant cancer cells rapidly
proliferate, or employ other adaptive mechanisms. This result also suggests that the
dose of Cycas revoluta Thunb. natural extract should be strictly controlled during
practical application. Additionally, we demonstrated that Cycas revoluta Thunb.
natural extract significantly decreased the migration and invasion ability of gastric
cancer cells, further confirming its inhibitory effect on gastric cancer cells.
To determine whether Cycas revoluta Thunb. natural extract could be used with 5Fu, we carried out clonogenic assays. The results showed that 5-Fu exhibited a
stronger inhibitory effect than the extract, but combining the two drugs further
inhibited cancer cell colony formation. By analyzing EC50 and LC50 values, we can
conclude that cancer cell sensitivity to 5-Fu increased in the presence of Cycas revoluta
Thunb. natural extract. This result was further confirmed by detecting the expression
of the drug-resistance-related proteins p-gp, p-AKT and mTOR. p-AKT and mTOR
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expression were even further decreased in 5-Fu treatments when combined with
Cycas revoluta Thunb. natural extract, suggesting that the changes in expression are
highly related to Cycas revoluta Thunb-mediated enhancement of sensitivity of gastric
cancer cells. mTOR is involved in AKT phosphorylation, which activates this enzyme.
The activation of the AKT-mTOR pathway has been widely observed in various
cancers, such as bladder cancer, breast cancer and non-small cell lung cancer[40-45]. This
pathway plays an important role in regulating proliferation, survival, metastasis, and
drug resistance of tumors, such as paclitaxel or endocrine therapy [44,45] . Some
preclinical and clinical evidence has also suggested that NEAT1, BAG-1 and XPC are
involved in the enhanced drug resistance of cancer cells mediated by the AKT-mTOR
pathway [41,42,44,45] , which may provide some clues for us to further explore the
mechanism that the extract sensitizes gastric cancer cells to 5-Fu through the AKTmTOR pathway.
Hoechst 33258 staining proved that using the two compounds together obviously
increased the rate of cancer cell apoptosis, suggesting that Cycas revoluta Thunb.
natural extract further induces apoptosis in 5-Fu treatments. This hypothesis was
further confirmed by examining the expression of the apoptosis-related proteins
XIAP, AIF and survivin. We observed that the activator AIF increased and inhibitor
XIAP decreased, further explaining the increased apoptosis of gastric cancer cells.
However, survivin expression remained stable, which suggests that this enhancement
of apoptosis may not be mediated by survivin.
In conclusion, this study suggests that Cycas revoluta Thunb. natural extract can
inhibit gastric cancer cell growth, migration and invasion. Moreover, it can be used to
enhance the effect of 5-Fu through the AKT-mTOR pathway, which provides a
promising strategy in chemotherapy against gastric cancer.

ARTICLE HIGHLIGHTS
Research background
As one of the most frequent cancers, gastric cancer caused more than 700,000 deaths in just 2012
worldwide. Although 5-ﬂuorouracil (5-Fu) is often employed as treatment against gastric cancer,
its effect is severely affected by drug resistance of gastric cancer cells. Cycas revoluta Thunb.
Extract has shown promise as a cancer treatment, though its effect on gastric cancer remains
unknown.

Research motivation
To find new ways for chemical sensitization of cancer cells and improve the effect of 5-Fu during
chemotherapy against malignancies.

Research objectives
To explore the anti-cancer effect of Cycas revoluta Thunb. in gastric cancer and investigate its
chemical sensitization effect against gastric cancer cells during 5-Fu treatment.

Research methods
The half-maximal effective concentration and the half-maximal lethal concentration of drugs
were determined by cell viability test. The effect of Cycas revoluta Thunb. on gastric cancer cell
migration was investigated by wound-healing and transwell assay. The synergistic effect
between Cycas revoluta Thunb. and 5-Fu was confirmed by clonogenic assay and apoptosis
detection. The expression of crucial proteins was measured by western blotting.

Research results
We found that the natural extract of Cycas revoluta Thunb. Preferentially killed gastric cancer
cells compared to normal gastric cells. In addition, the extract significantly inhibited gastric
cancer cell growth, migration and invasion. Cycas revoluta Thunb. can also improve the inhibitory
effects of 5-Fu and effectively induce cell apoptosis. Western blotting analysis showed that Pglycoprotein, p-AKT and mammalian target of rapamycin (mTOR) expression markedly
decreased, suggesting that AKT-mTOR pathway plays an important role in chemical
sensitization induced by Cycas revoluta Thunb.

Research conclusions
Our study demonstrated that the natural extract of Cycas revoluta Thunb. can significantly inhibit
gastric cancer cell growth, migration and invasion. Furthermore, it can also improve the effect of
5-Fu and promote apoptosis during chemotherapy. Therefore, our study provides a new drug
for improving the clinical effect of chemotherapy in gastric cancer. Our study also showed that
Cycas revoluta Thunb. Enhanced the effects of 5-Fu through the AKT-mTOR pathway, offering a
novel mechanism for the chemical sensitization effect of Cycas revoluta Thunb.

Research perspectives
In the future, research may reveal the main component of Cycas revoluta Thunb. that enhances
the sensitivity of cancer cells and further develop for its application in anti-cancer treatments.
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The identification of the molecular pathway related to AKT-mTOR may further explain the
underlying mechanism.
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Abstract
BACKGROUND
Unconjugated bilirubin (UCB) is generally considered toxic but has gained recent
prominence for its anti-inflammatory properties. However, the effects of it on the
interaction between intestinal flora and organisms and how it influences immune
responses remain unresolved.
AIM
To investigate the role of UCB in intestinal barrier function and immune
inflammation in mice with dextran-sulfate-sodium-induced colitis.
METHODS
Acute colitis was induced by 3% (w/v) dextran sulfate sodium salt in drinking
water for 6 d followed by untreated water for 2 d. Concurrently, mice with colitis
were administered 0.2 mL UCB (400 μmol/L) by intra-gastric gavage for 7 d.
Disease activity index (DAI) was monitored daily. Mice were sacrificed at the end
of the experiment. The length of the colon and weight of the spleen were
recorded. Serum level of D-lactate, intestinal digestive proteases activity, and
changes to the gut flora were analyzed. In addition, colonic specimens were
analyzed by histology and for expression of inflammatory markers and proteins.
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RESULTS
Mice treated with UCB had significantly relieved severity of colitis, including
lower DAI, longer colon length, and lower spleen weight (colon length: 4.92 ±
0.09 cm vs 3.9 ± 0.15 cm; spleen weight: 0.33 ± 0.04 vs 0.74 ± 0.04, P < 0.001). UCB
administration inactivated digestive proteases (chymotrypsin: 18.70 ± 0.69 U/g vs
44.81 ± 8.60 U/g; trypsin: 1.52 ± 0.23 U/g vs 9.05 ± 1.77 U/g, P < 0.01), increased
expression of tight junction (0.99 ± 0.05 vs 0.57 ± 0.03, P < 0.001), decreased serum
level of D-lactate (31.76 ± 3.37 μmol/L vs 54.25 ± 1.45 μmol/L, P < 0.001), and
lowered histopathological score (4 ± 0.57 vs 7 ± 0.57, P < 0.001) and activity of
myeloperoxidase (46.79 ± 2.57 U/g vs 110.32 ± 19.19 U/g, P < 0.001). UCB also
regulated the intestinal microbiota, inhibited expression of tumor necrosis factor
(TNF) α and interleukin 1β (TNF-α: 52.61 ± 7.81 pg/mg vs 105.04 ± 11.92 pg/mg,
interleukin 1β: 13.43 ± 1.68 vs 32.41 ± 4.62 pg/mg, P < 0.001), decreased
expression of Toll-like receptor 4 (0.61 ± 0.09 vs 1.07 ± 0.03, P < 0.001) and
myeloid differentiation primary response gene 88 (0.73 ± 0.08 vs 1.01 ± 0.07, P <
0.05), and increased expression of TNF-receptor-associated factor 6 (0.79 ± 0.02 vs
0.43 ± 0.09 P < 0.05) and inhibitor of kappa B α (0.93 ± 0.07 vs 0.72 ± 0.07, P < 0.05)
in the colon.
CONCLUSION
UCB can protect intestinal barrier function, regulate normal intestinal
homeostasis, and suppress inflammation via the Toll-like receptor 4/ nuclear
factor-κB signaling pathway.
Key words: Ulcerative colitis; Unconjugated bilirubin; Intestinal barrier; Intestinal
homeostasis; Digestive proteases; Inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Intestinal function and microbiota are desired therapeutic endpoints for
treatment of inflammatory bowel disease. However, a major problem is the lack of
powerful and safe drugs. Unconjugated bilirubin (UCB) has anti-inflammatory and
antitoxin effects. We found that UCB significantly decreased intestinal permeability and
improved intestinal barrier function; regulated composition of gut microbiota; and
relieved intestinal inflammation through suppressing the Toll-like receptor 4/nuclear
factor-κB pathway. This study demonstrated that UCB ameliorates ulcerative colitis via
intestinal barrier function through inactivating the digestive proteases and inhibiting
immune inflammation through the Toll-like receptor 4/nuclear factor-κB pathway.

Citation: Zheng JD, He Y, Yu HY, Liu YL, Ge YX, Li XT, Li X, Wang Y, Guo MR, Qu YL,
Qin XF, Jiang MS, Wang XH. Unconjugated bilirubin alleviates experimental ulcerative
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URL: https://www.wjgnet.com/1007-9327/full/v25/i15/1865.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i15.1865

INTRODUCTION
Inflammatory bowels diseases (IBD), which includes ulcerative colitis (UC) and
Crohn’s disease (CD), are associated with chronic, relapsing inflammation of the
intestinal tract. In the early 1900s, regions such as North America, Europe, and
Oceania had millions of individuals with IBD. The prevalence of IBD is highest in the
western world, which was estimated to affect up to 0.5% of the general population in
2015 and equates to approximately 2.2 million Americans living with IBD in 2025[1,2].
However, newly industrialized countries have a low prevalence of IBD, but the
incidence has been steadily rising. A representative study from the Asia–Pacific
Crohn’s and Colitis Epidemiology Study showed that IBD was established in Asia,
with an average incidence of 1.4 per 100000 people in 2011, and the incidence of UC
was two-fold higher than that of CD in Asia and the incidence of IBD in China was 3.3
per 100000[3]. IBD affects millions of people around the world, producing a substantial
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burden on healthcare systems.
Evidence from studies on etiology and pathogenesis suggests that IBD results from
a dysregulated intestinal immune response driven by complex interplay between the
host and intraluminal microbiota[4]. Intestinal epithelial cells recognize conserved
signature molecules in the gut commensal bacteria, called pathogen-associated
molecular patterns, by pattern recognition receptors. Toll-like receptors (TLRs) are
one of the major types of pattern recognition receptor families and have a pivotal
effect on maintaining homeostasis of the gut microbiota[5]. During inflammation, TLR4
as an innate immune receptor is stimulated by recognition of gut pathogen-associated
molecular patterns. TLR4 undergoes a conformational change and then recruits the
signaling adaptors myeloid differentiation primary response gene 88 (MyD88) and
tumor necrosis factor (TNF) receptor-associated factor (TRAF) 6, thereby activating
downstream transcription of nuclear factor-κB (NF-κB) target genes and expression of
some pro-inflammatory cytokines such as interleukin 1β (IL-1β), TNF-α, or IL-6[6].
However, anti-inflammatory and immuno-regulatory cytokines are related to the
negative regulation of nitric oxide (NO), which is positively correlated with the
severity of the disease. In IBD patients, NO production was positively correlated with
increased levels of pro-inflammatory cytokines[7]. The role of cytokines and NO level
are fundamental to regulate inflammation in IBD. Meanwhile, TLR4 was significantly
more upregulated in IBD patients than in controls, especially in UC patients[8,9]. The
probiotic cocktail (Lactobacillus acidophilus, Lactobacillus plantarum, Bifidobacterium lactis,
and Bifidobacterium breve) ameliorated clinical symptoms and histological scores,
decreased NO level, and reduced TLR4, inducible NO synthase, and NF-κB
expression[10]. An important mechanism of UC might be that abnormal inflammation
by intestinal dysbacteriosis causes dysregulation of TLR that mediates innate
immunity. The TLR4/NF-κB signaling pathway is an essential key point in the
development of UC.
Unconjugated bilirubin (UCB) is generated during the physiological breakdown of
heme by heme oxygenase 1. Serum levels of bilirubin increase with the accelerated
release of heme from hemoglobin or with diminished hepatic conjugating activity.
UCB is a potent antioxidant even at low concentrations[11,12]. It was first discovered in
1934 that bilirubin was exerts anti-inflammatory activity in patients with rheumatoid
arthritis who experienced remission of symptoms after developing jaundice
secondary to liver disease[13]. Studies have shown that bile acids play a role in the
regulation of gut injury, immunity, and inflammation[14,15]; however, there is a lack of
studies on the physiological function of bilirubin that enters the intestine together
with bile. Recent investigations have demonstrated that UCB suppresses
inflammatory responses in animal models of autoimmune encephalomyelitis and
lung inflammation in asthma[16-18]. Nevertheless, the mechanisms on inflammation and
role of UCB in the interaction between intestinal flora and immunity are not well
understood. The aim of the present study was to investigate the effects of UCB on
intestinal barrier function and inflammation on dextran sodium sulfate (DSS)-induced
colitis in mice.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice aged 8-12 wk (weight approximately 25 g) were purchased from
the Experimental Animal Center of the Second Affiliated Hospital of Harbin Medical
University and were acclimatized for 1 wk before experiments were performed. They
were reared in the Animal Laboratory Centre of Harbin Medical University under
specific pathogen-free conditions (temperature 24-25 °C, humidity 70%-75%, with a 12
h light/dark lighting regimen) and were fed a standard diet of pellets and water ad
libitum. The study was approved by the Institutional Animal Care and Use Committee
of Harbin Medical University.

Chemicals and reagents
UCB, N-benzoyl-L-tyrosine ethyl ester, and N-α-benzoyl-L-arginine 4-nitroanilide
hydrochloride were purchased from Sigma–Aldrich (St. Louis, MO, United States).
DSS (36-50 kDa) was obtained from MP Biomedical (Solon, OH, United States).
Enzyme linked immunosorbent assay (ELISA) kits for D-lactate, TNF-α, IL-1β, and
myeloperoxidase (MPO) were from Beijing Propbs Biotechnology (Beijing, China).
The antibodies used in this study were anti-TLR4 (19811-1-AP; Proteintech, Rosemont,
United States), anti-MyD88 (4283; Cell Signaling Technology, Danvers, MA, United
States), anti-TRAF6 (ab33915; Abcam, Cambridge, MA, United States), anti-inhibitor
of NF-κB alpha (IκBα) (4814; Cell Signaling Technology), and anti-occludin (ab167161;
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Abcam). Anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH), goat anti-rabbit
immunoglobulin G and goat anti-mouse immunoglobulin G were purchased from
ZSGB-BIO Co. Ltd. (Beijing, China). All other reagents used were of analytical grade.

Induction of colitis and pharmacological treatment
Colitis was induced by oral administration of DSS as described previously, with some
modifications[19]. The animals were randomly divided into five groups with five mice
in each group: Control group (Control), DSS group (DSS), DSS plus UCB group (DSS
+ UCB), and UCB group (UCB). Colitis was induced by administering 3% DSS in
drinking water for 6 d, and then drinking water without DSS for another 2 d for
recovery. From the first day, UCB was administered daily via gavage at 0.2 mL for 7 d
(UCB was dissolved in 0.4% dimethyl sulfoxide at concentrations up to 400 μM).
During the study, weight, physical condition, stool consistency, and the presence of
occult blood in feces were examined and documented daily. All animals were
sacrificed after 8 d by intraperitoneal injection of an overdose of chloral hydrate.
Blood specimens were collected and serum samples were prepared by centrifugation
at 4000 g for 15 min at 4 °C and stored at -80 °C. The entire colon, spleen and total
feces of mice were carefully removed, measured and weighted, then stored at -80 °C
for further analysis.

Disease activity index
Disease activity index (DAI) was calculated for each animal by measuring the body
weight, stool consistency, and fecal blood. Each score was calculated based on the
criteria listed in Table 1[20].

Histology analysis for scoring colonic damage
Colonic tissues fixed in 4% (w/v) paraformaldehyde were paraffin-embedded and
sliced into 5 μm sections, followed by staining with hematoxylin and eosin for light
microscopic examination to assess colon injury and inflammation. Colonic damage
was graded in a blinded manner as described as Table 2[21].

Analysis of intestinal permeability
D-Lactate concentration in serum was measured by ELISA. Results are expressed as
μmol D-lactate/mL serum.

Determination of fecal digestive proteases activity
Trypsin and chymotrypsin (amidase) activities were measured using N-α-benzoyl-Larginine 4-nitroanilide hydrochloride or N-benzoyl-L-tyrosine ethyl ester as the
substrate, respectively, as described previously[22,23].

Colon RNA extraction and quantitative reverse transcription polymerase chain
reaction
Total RNA was isolated from colon tissues using the UNlQ-10 Column Trizol Total
RNA Isolation Kit (Sangon Biotech, Shanghai, China). After treating with DNase I
(TaKaRa, Tokyo, Japan), RNA was transcribed into cDNA using Prime Script TM RT
regent Kit (TaKaRa) using an Eppendorf Mastercycler personal Thermo cycler. All
primers were obtained from Sangon. The primers were used as followed: forward: 5’GAGCACCTTCTTTTCCTTCATCTT-3’ and revers: 5’-TCACACACCAGCAGGTT
ATCATC-3’ for IL-1β, forward: 5’-CATCTTCTCAAAATTCGAGTGACAA -3’ and
reverse: 5’-TGGGAGTAGACAAGGTACAACCC-3’ for TNF-α and forward: 5’CATGGCCTTCCGTGTTCCTA -3’ and revers: 5’-GCGGCACGTCAGATCCA-3’ for
GAPDH. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed
in a volume of 20 μL with FastStart Universal SYBR Green Master (Roche, Basel,
Switzerland). All samples were analyzed in triplicate, and the results were
normalized to the expression of GAPDH. Results were expressed as 2−ΔΔCt.

Fecal bacteria DNA extraction and qRT-PCR
Genomic DNA from feces was extracted by Stool Genomic DNA Extraction Kit
(Tiangen Biotech, Beijing, China) and used for quantitative analysis of fecal bacteria
Firmicutes, Bacteroidetes, Actinomycetes, and Proteobacteria. All primers were
obtained from Sangon. The primers were used as followed: forward: 5’GCTGCTAATACCGCATGATATGTC-3’ and reverse: 5’-CAGACGCGAGTCCAT
CTCAGA-3’ for Firmicutes, forward: 5’-GAGAGGAAGGTCCCCCAC-3’ and
reverse: 5’-CGCTACTTGGCTGGTTCAG-3’ for Bacteriodetes, forward: 5’TGTAGCGGTGGA
ATGCGC-3’ and reverse: 5’-AATTAAGCCACATGCTCCGCT-3’ for
Actinomycetes, forward: 5’-TAGGCTTGACATTGATAGAATC-3’ and reverse: 5’CTTACGAAGGCA
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Table 1 Criteria for scoring disease activity index
Score

Weight loss, %

Stool consistency

Occult/gross bleeding

0

None

Normal

Normal

1

1-5

2

5-10

Loose stools

Hemoccult positive

3

10-15

4

> 15

Diarrhea

Gross bleeding

GTCTCCTTA-3’ for Proteobacteria and forward: 5’-GCAACGAGCGCAACCC-3’
and reverse: 5’-ACGGGCGGTGTGTAC-3’ for 16S rDNA. qRT-PCR in a volume of 20
μL was performed using FastStart Universal SYBR Green Master. All samples were
analyzed in triplicate, and the results were normalized to the expression of 16S rDNA.
The results were expressed as 2−ΔΔCt.

Cytokine levels measured by ELISA and Western blotting
Segments of colon were homogenized using radioimmunoprecicpitation assay buffer
and protein inhibitor cocktail (1:10) (PhosSTOP ESAYpack; Roche). The homogenates
were kept on ice for 30 min and centrifuged at 12000 g for 5 min at 4 °C. The protein
concentration was determined using the bicinchoninic acid assay Protein Assay Kit
(Beyotime, Shanghai, China). For ELISA, the supernatants were collected and
subjected to IL-1β, TNF-α, and MPO assays. Results of IL-1β and TNF-α were
expressed as pg/mg and MPO as U/g. For western blot analysis, proteins were
electroblotted onto a polyvinylidene difluoride membrane following separation on
10% sodium dodecyl sulfate polyacrylamide gel electrophoresis. The immunoblot was
then incubated with primary antibodies against occludin, TLR4, MyD88, TRAF6, and
IκBα, or GAPDH. The chemiluminescence signals were analyzed using Quantity One
(version 4.5.2; Bio-Rad Laboratories, Hercules, CA, United States) and Image J
software.

Statistical analysis
Results were expressed as mean ± standard error of the mean (SEM). Differences
between groups were determined using one-way analysis of variance followed by
Tamhane multiple comparisons post-hoc tests using SPSS version 19.0 (IBM, Armonk,
NY, United States). Graphs were analyzed using Graphpad Prism version 5.0
(Graphpad Software, La Jolla, CA, United States). Statistical significance was denoted
as P < 0.05.

RESULTS
UCB relieved clinical severity of DSS-induced colitis
Compared with the DSS group, the DSS + UCB group exhibited less weight loss,
diarrhea, and intestinal bleeding, as reflected by the significantly lower DAI scores (P
< 0.001, Figure 1A and B). The two control groups that received regular drinking
water or UCB alone did not develop signs of colitis throughout the experiment (all
DAI score < 1 from 1 d to 8 d, Figure 1B). Furthermore, UCB treatment significantly
reduced colon shortening and increased spleen weight (P < 0.001, Figure 1C and D).

UCB inactivated digestive protease activity of DSS-induced colitis
Digestive proteases are believed to play a crucial role in the destruction of the
intestinal barrier [24,25] , and UCB has previously been demonstrated to inactivate
digestive proteases activity[26]. Therefore, we tested the effects of UCB on trypsin and
chymotrypsin activity in the feces of mice with DSS-induced colitis. Compared with
the DSS group, the DSS + UCB group showed remarkably lower activities of fecal
digestive proteases trypsin and chymotrypsin, and levels in the UCB alone group
were similar to the control group (P < 0.01, Figure 2A and B).

UCB ameliorated colon tissue injury in DSS-induced colitis
DSS-induced colon tissue injury was demonstrated by epithelial destruction, intense
inflammatory infiltration, and crypt distortion (Figure 3A) as well as increased
histological scores for inflammation and crypt damage (Figure 3B). DSS with UCB
treatment reduced neutrophil infiltration and crypt damage in the colon, leading to a
decrease in colonic MPO activity (P < 0.001, Figure 3C), which is an inflammatory
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Table 2 Criteria for histology analysis for scoring colonic damage
Colon damage score

0

1

2

Crypt architecture damage

None

Regeneration

Destruction

Edema in sub-mucosa

None

Mild

Moderate

Severe

None/rare

Lamina propria

Sub-mucosa

Muscle layer

Inflammatory cells infiltration

3

marker for colitis. The epithelial destruction, histological score, and MPO activity of
the UCB alone group were similar to those in the control group.

UCB protected intestinal barrier function of DSS-induced colitis
Compared with the control group, expression of the tight junction protein occludin in
the colon of the DSS group was decreased significantly (P < 0.001, Figure 4A), and
serum level of D-lactate was significantly elevated (P < 0.001, Figure 4B). However, in
the DSS + UCB group, expression of occludin was increased in the colon with a
decrease in serum levels of D-lactate (P < 0.001, Figure 4A and B). Results in the UCB
alone group were similar to those in the control group (Figure 4).

UCB regulated fecal microbiota composition of DSS-induced colitis mice
We assessed the change in fecal microbiota in mice at the phylum level. DSS induced
an overall decrease in feces microbiota. Compared with the controls, Firmicutes and
Actinomycetes were dominant in the intestinal flora (P < 0.05), while Bacteroidetes (P
< 0.01) and Proteobacteria (P < 0.05) were less. The intestinal flora of UCB treated
mice recovered approximately. However, Firmicutes (P < 0.01) were decreased and
Actinomycetes (P < 0.001) were increased compared with the DSS group.
Bacteroidetes in the UCB alone group were also higher than in the control group, but
the difference was not significant (Figure 5).

UCB reduced production of proinflammatory cytokines and inhibited
TLR4/MyD88/TRAF6/NF-κB signaling in DSS-induced colitis mice
The mRNA and protein levels of the pro-inflammatory cytokines, TNF-α and IL-1β, in
colon tissues of mice were determined. DSS-induced acute colitis was accompanied by
a significant increase in TNF-α and IL-1β levels (P < 0.001), and treatment with UCB
restored these cytokines to normal levels (P < 0.001, Figure 6A, B). TLR4 is a key
immune receptor that plays an important role in the regulation of colonic
inflammation[27]. Compared with the control group, expression of TLR4 (P < 0.01) and
MyD88 (P < 0.05) was increased in the DSS group, and expression of TRAF6 (P < 0.01)
and IκBα (P < 0.05) was decreased. In comparison, expression of these proteins was
restored to near normal in the UCB-treated group. The results in the UCB only group
were similar to those in the control group (Figure 7).

DISCUSSION
Previous observation on human evolution has shown that bilirubin-predominant
species are often carnivores or omnivores, while biliverdin-predominant species are
often herbivores[28], suggesting that bilirubin may have an important yet unknown
effect on the human body. Significant increases in concentration of serum bilirubin in
neonates (> 20 mg/dL, approximately 340 μM) can trigger nerve damage[29]; however,
it is a powerful antioxidant and toxic in adults[11,30,31]. UC patients have reduced total
serum bilirubin levels [32] . Numerous studies have suggested that UCB plays an
important potential protective role in vascular endothelial function[33]; ameliorates
allergic lung inflammation in a mouse model of asthma[18]; prevents murine colitis by
inhibiting leukocyte infiltration and suppressing upregulation of inducible NO
synthase[34]; or scavenges various reactive oxygen species[12].
Our previous work confirmed that UCB ameliorates the inﬂammation in
trinitrobenzenesulfonic acid-induced colitis; an animal model of CD[35]. In this study,
we further established the UC mouse model that has a different extent of ulceration
and tissue edema. Our data suggest two potential mechanisms by which UCB exerts
its protective effect on DSS-induced colitis: (1) Inactivation of digestive proteases to
protect intestinal mucosal barrier and prevent intestinal flora translocation to the
colon leading to an abnormal interaction; and (2) suppression of the
TLR4/MyD88/TRAF6/NF-κB signaling pathway to inhibit immune inflammation
and regulate intestinal microflora homeostasis.
The intestinal barrier is a complex multilayer system, consisting of an external
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Figure 1

Figure 1 UCB significantly relieved severity of dextran sulfate sodium induced colitis. A: Body weight changes, data plotted as percentage of basal body
weight; B: Disease activity index; C: Changes in colon length; D: Relative spleen weight. Data are expressed as means ± SEM (n = 5). aP < 0.05, bP < 0.01, and cP <
0.001 vs control group, dP < 0.05, eP < 0.01, and fP < 0.001 vs dextran sodium sulfate group. UCB: Unconjugated bilirubin; DSS: Dextran sodium sulfate; SEM:
Standard error of the mean.

anatomical barrier and an inner functional immunological barrier. The interplay of
these two barriers maintains normal intestinal function and a stable intestinal
environment[36]. We detected that the intestinal tract of UC mice contained elevated
active digestive proteases, which can destroy the intestinal tissue structure and
increase intestinal permeability. This provides favorable conditions for intestinal
pathogens or toxins of microbiota invading the body. The large number of digestive
proteases as vital factors contributes to the pathogenesis and development of IBD due
to destruction of the intestinal barrier. UCB can be a specific inhibitor to inactivate
digestive proteases to protect the physical barrier function that is the first line of
defense against invasion of intestinal pathogens.
Another pivotal factor, intestinal microbes, participates in many important
physiological processes, including nutritional absorption, substance metabolism, and
immunity [37,38] . In order to investigate how UCB may specifically contribute to
intestinal microbiota during DSS colitis, we tested the composition and abundance at
the phylum level (Bacteroidetes, Firmicutes, Actinomycetes and Proteobacteria).
Exposure to DSS reduced the diversity and abundance of intestinal flora. The ratio of
Bacteroidetes to Firmicutes was decreased and that of Proteobacteria to
Actinomycetes was increased. UCB treatment can reverse these phenomena; however,
it dramatically reduces the content of Firmicutes and makes Bacteroidetes and
Actinomycetes dominant in the flora. Actinomycetes have always produced many
antibiotics[39]; therefore, we suspect that UCB can promote Actinomycetes to produce
some secondary products to protect mice against colitis. Our study shows that UCB is
beneficial to maintain the stability of intestinal flora, but its specific role needs to be
examined through further research that our group has and will continue to be
concerned.
TLRs are the recognition receptors of the innate immune system and are located on
the surface of various immune cells and play an important role in defense against
infection and regulation of immune responses. TLR4 expression is usually low under
normal conditions, while in IBD, the intestinal ﬂora lose tolerance and speciﬁc
recognition of lipopolysaccharide, then produce excessive signal transduction, and
ﬁnally activate TLR4 and cascade induce transcription of NF-κB and pro-
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Figure 2

Figure 2 UCB inactivated digestive protease activity in DSS treated mice. A: Trypsin activity in feces; B:
Chymotrypsin activity in feces. Data are expressed as means ± SEM (n = 5). cP < 0.001 vs control group and eP <
0.01 vs dextran sodium sulfate group. UCB: Unconjugated bilirubin; DSS: Dextran sodium sulfate; SEM: Standard
error of the mean.

inﬂammatory cytokines[40,41]. Our results demonstrate that UCB decreases expression
of TLR4 and MyD88, and increases expression of TRAF6 and IκBα in the colon. In
addition, UCB reduces levels of pro-inflammatory cytokines, TNF-α and IL-1β,
suggesting it has an anti-inflammatory role in DSS-induced colitis.
UCB can suppress intestinal positive immune response and inflammation through
the TLR4/NF-κB signaling pathway. Therefore, this appears to be an additional
mechanism of UCB to regulate the relationship between intestinal flora and host
immunity. UCB can improve intestinal inflammation, regulate homeostasis of
bacterial flora, and maintain intestinal immune function; it is a way to resolve the
serious problem of adverse effects and drug resistance of IBD. Perhaps low dose of
UCB or in combination with other probiotics can develop healthcare to prevent
clinical diseases. It is a novel therapeutic approach, not only for UC but also for other
gastrointestinal diseases.
This study had some limitations. First, we found that UCB affected the intestinal
flora but the change in genera was unclear. Second, we only induced acute UC, which
may have different mechanisms from chronic UC. Third, this study shows that UCB
protects intestinal barrier function and suppresses immunity and inflammation in
DSS-induced colitis, but we did not study how UCB regulates intestinal immune cells
and other potential pleiotropic roles of UCB. These issues will be studied in our future
research.
In conclusion, our findings not only shed light on how UCB ameliorates UC but
also offer a clue about the physiological function of UCB. This provides a noteworthy
example of how UCB can serve as a “double-edged sword” in the human body. This
is believed to be the first study to show that UCB ameliorates DSS-induced colitis via
inactivation of digestive proteases to protect the intestinal barrier and regulate the
intestinal flora and TLR4/NF-κB signaling pathway to suppress intestinal
inflammation.

ARTICLE HIGHLITHTS
Research background
Clinical treatment of ulcerative colitis consists of drugs that are both expensive and
have side effects. Unconjugated bilirubin (UCB) has gained recent prominence for its
anti-inflammatory and antioxidant properties. How UCB influences UC remains
unresolved.

Research motivation
Patients with UC require lifelong treatment, and drugs for UC are linked to many
adverse effects. Therefore, there is an urgent need to develop effective and safe drugs
for UC.

Research objectives
To investigate the significance of UCB in intestinal barrier function and immune
inflammation of mice with dextran sodium sulfate (DSS)-induced colitis.

Research methods
UC was induced by 3% (w/v) DSS in drinking water for 6 d followed by untreated
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Figure 3

Figure 3 UCB ameliorated colon tissue injury in DSS induced colitis mice. A: Light microscopic assessment of hematoxylin and eosin stained sections; B:
Histological scores (images acquired at 10 × using Olympus BX60; scale bar =100 μM; images acquired at 20 × using Olympus BX60, scale bar = 50 μM, n = 3); C:
MPO activity of colon tissues (n = 5). Data are expressed as means ± SEM. cP < 0.001 vs control group, and fP < 0.001 vs DSS. UCB: Unconjugated bilirubin; DSS:
Dextran sodium sulfate; MPO: Myeloperoxidase; SEM: Standard error of the mean.

water for 2 d. Concurrently, colitis mice were administered 0.2 mL UCB (400 μM) by
intra-gastric gavage for 7 d. Disease activity index (DAI) was monitored daily. The
length of the colon and weight of the spleen were recorded. Serum level of D-lactic
acid, intestinal digestive proteases activity, and changes in gut flora were analyzed. In
addition, colonic specimens were analyzed by histology and for expression of
inflammatory markers and proteins.

Research results
UCB significantly relieved the severity of colitis, including lower DAI, longer colon
length, and smaller spleen weight (P < 0.001). UCB inactivated digestive proteases (P
< 0.01), increased expression of tight junction protein occludin (P < 0.001), decreased
serum level of D-lactate (P < 0.001), and lowered histopathological score and activity
of myeloperoxidase compared with those in colitis mice (P < 0.001). UCB also
regulated the intestinal microbiota, inhibited expression of tumor necrosis factor
(TNF)-α and interleukin-1β (P < 0.001), decreased expression of Toll-like receptor
(TLR) 4 (P < 0.001) and myeloid differentiation primary response gene 88 (P < 0.05),
and increased expression of TNF-receptor-associated factor 6 (P < 0.05) and IκBα (P <
0.05) in the colon.

Research conclusions
UCB has a beneficial regulatory effect on intestinal barrier function and regulates
normal intestinal homeostasis, and can suppress inflammation via the TLR4/NF-κB
signaling pathway. This provides a theoretical basis for use of UCB as a clinical drug.

Research perspectives
UCB plays a pivotal role in intestinal innate immunity and inflammation. Thus, the
findings of this study indicate a novel potential mechanism by which UCB can treat
UC. More studies are needed to investigate the effect of UCB on chronic UC or colon
cancer.
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Figure 4

Figure 4 UCB increased expression of tight junction proteins in the colon and decreased intestinal permeability. A: Protein expression of tight junction
occludin (n = 3); B: D-Lactate level in serum (n = 5). Data are expressed as means ± SEM. cP < 0.001 vs control group, and fP < 0.001 vs DSS group. UCB:
Unconjugated bilirubin; DSS: Dextran sodium sulfate; SEM: Standard error of the mean.
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Figure 5

Figure 5 UCB maintained the steady state of intestinal flora of DSS induced colitis mice. Data are expressed as means ± SEM (n = 5). aP < 0.05 and bP < 0.01
vs control group; eP < 0.01, and fP < 0.001 vs dextran sodium sulfate group. UCB: Unconjugated bilirubin; DSS: Dextran sodium sulfate; SEM: Standard error of the
mean.
Figure 6

Figure 6 UCB reduced production of proinflammatory cytokines in DSS induced colitis mice. A and B: Protein expression of TNF-α and IL-1β; C and D: mRNA
transcript expression of TNF-α and IL-1β. Data are expressed as means ± SEM (n = 5). cP < 0.001 vs control group and fP < 0.001 vs DSS. UCB: Unconjugated
bilirubin; DSS: Dextran sodium sulfate; TNF-α: Tumor necrosis factor α; IL-1β: Interleukin 1β; SEM: Standard error of the mean.
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Figure 7

Figure 7 UCB inhibited the TLR4/MyD88/TRAF6/nuclear factor-κB signaling in DSS induced colitis mice. A: Total protein from colon samples was extracted,
and TLR4, MyD88, TRAF6, and IκBα protein expression was measured by western blotting; B-E: Quantification of TLR4, MyD88, TRAF6, and IκBα protein expression
was performed by densitometric analysis of the blots. Data are expressed as means ± SEM (n = 3). aP < 0.05 and cP < 0.001 vs control group; dP < 0.05 and fP <
0.001 vs dextran sodium sulfate group. UCB: Unconjugated bilirubin; DSS: Dextran sodium sulfate; TLR4: Toll-like receptor 4; MyD88: Myeloid differentiation primary
response gene 88; TRAF6: Tumor necrosis factor receptor-associated factor 6; IκBα: Anti-inhibitor of nuclear factor-κB alpha.
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Abstract
BACKGROUND
Due to the significant shortage of organs and the increasing number of
candidates on the transplant waiting list, there is an urgent need to identify
patients who are most likely to benefit from liver transplantation. The albuminbilirubin (ALBI) grading system was recently developed to identify patients at
risk for adverse outcomes after hepatectomy. However, the value of the
pretransplant ALBI score in predicting outcomes after liver transplantation has
not been assessed.
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AIM
To retrospectively investigate the value of the pretransplant ALBI score in
predicting outcomes after liver transplantation.
METHODS
The clinical data of 272 consecutive adult patients who received donation after
cardiac death and underwent liver transplantation at our centre from March 2012
to March 2017 were analysed in the cohort study. After the exclusion of patients
who met any of the exclusion criteria, 258 patients remained. The performance of
the ALBI score in predicting overall survival and postoperative complications
after liver transplantation was evaluated. The optimal cut-off value of
preoperative ALBI was calculated according to long-term survival status. The
outcomes after liver transplantation, including postoperative complications and
survival analysis, were measured.
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RESULTS
The remaining 258 consecutive patients were included in the analysis. The
median follow-up time was 17.30 (interquartile range: 8.90-28.98) mo. Death
occurred in 35 patients during follow-up. The overall survival rate was 81.0%.
The preoperative ALBI score had a significant positive correlation with the
overall survival rate after liver transplantation. The calculated cut-off for ALBI
scores to predict postoperative survival was -1.48. Patients with an ALBI score > 1.48 had a significantly lower survival rate than those with an ALBI score ≤ -1.48
(73.7% vs 87.6%, P < 0.05), and there were no statistically significant differences in
survival rates between patients with a model for end stage liver disease score ≥ 10
and < 10 and different Child-Pugh grades. In terms of the specific complications,
a high ALBI score was associated with an increased incidence of biliary
complications, intraabdominal bleeding, septicaemia, and acute kidney injury
after liver transplantation (P < 0.05 for all).
CONCLUSION
The ALBI score predicts overall survival and postoperative complications after
liver transplantation. The ALBI grading system may be useful in risk-stratifying
patients on the liver transplant waiting list.
Key words: Albumin-bilirubin score; Liver transplantation; Survival; Postoperative
complications; Liver transplant waiting list
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Core tip: The albumin-bilirubin (ALBI) grading system was developed to identify
patients at risk for poor outcomes after hepatectomy. The study showed the preoperative
ALBI score had a significant positive correlation with the overall survival rate after liver
transplantation. The calculated cut-off for ALBI scores to predict postoperative survival
was -1.48. Patients with an ALBI score > -1.48 had a significantly lower survival rate
than those with an ALBI score ≤ -1.48. A high ALBI score was also associated with an
increased incidence of postoperative complications. Thus, the ALBI grading system may
be useful in risk-stratifying patients on the liver transplant waiting list.
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INTRODUCTION
Advances in immunosuppression and improvements in surgical techniques and
perioperative care have markedly improved the outcome of liver transplant
recipients, and liver transplantation (LT) has become the only effective treatment for
patients with end-stage liver disease[1-3]. Because of the significant shortage of organs
and the increasing number of candidates on the transplant waiting list, there is an
urgent need to identify patients who are most likely to benefit from LT[2,4,5].
The albumin-bilirubin (ALBI) score, as a simple assessment of liver function, is
objectively calculated by only two variables (albumin and bilirubin)[6]. It was recently
proposed by Johnson et al[6], Andreatos et al[7], and Zou et al[8] as a new method for
preoperative risk evaluation to discern patients with the risk of adverse outcomes
after hepatectomy. While the ALBI grading system has been closely related to inhospital mortality in patients with chronic liver disease, its value to predict outcomes
after LT has not been evaluated. Therefore, the purpose of this study was to explore
the ability of the pretransplant ALBI score to predict outcomes after LT.

MATERIALS AND METHODS
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Data source and patient population
This single-centre, retrospective cohort study was conducted to investigate the
relationship between pretransplant ALBI scores and outcomes after LT. From March
1, 2012 to March 31, 2017, 272 consecutive adult patients (age > 18 years) with endstage liver disease who received donation after cardiac death (DCD) and underwent
LT at the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China were
included in this study. All clinical variables of these 272 patients, including
demographic features and preoperative, intraoperative, and postoperative data, were
obtained from a computerized clinical database from the hospital. In addition to the
date of this study, available medical records, including follow-up data, met the
inclusion criteria. This study was approved by the First Affiliated Hospital of Xi'an
Jiaotong University Ethics Committee. Written informed consent from the patients
was waived due to the retrospective nature of this study. All cases received follow-up
care routinely until June 2017.

Definitions
The ALBI score was calculated using the formula: (log10 bilirubin × 0.66) + (albumin ×
-0.085), where bilirubin is measured in μmol/L and albumin in g/L[6]. The primary
outcome was overall survival. The secondary outcomes included total complications
and the incidence of biliary complications, portal vein thrombosis, rejection,
pneumonia, acute kidney injury (AKI), intraabdominal bleeding, and in-hospital
mortality as well as length of postoperative hospital stay after LT.

Statistical analysis
To minimize bias, follow-ups and reviews were completed by two clinicians.
Categorical variables are reported as numbers and percentages and were compared
by a chi-squared analysis or Fisher’s exact test as appropriate. Normal and abnormal
continuous variables are reported as the mean ± standard deviation (SD) and median
[interquartile range (IQR)], and were compared by Student’s t-test and the MannWhitney rank-sum test, respectively. The optimal cut-off value of preoperative ALBI
was calculated by receiver operating characteristic (ROC) curve analysis and utilizing
the Youden index according to long-term survival status. The accuracy of ALBI for
predicting outcomes was evaluated using the area under the ROC curve (AUC). The
survival rates of recipients with high ALBI grades and low ALBI grades were
compared using a Kaplan-Meier estimation and a log-rank test. Univariate and
multivariate analyses of prognostic factors were performed using the Cox
proportional hazards model. All statistical tests were two-sided, and P-values < 0.05
were considered statistically significant. All statistical analyses were performed using
SPSS Statistics 22.0 software (IBM Corporation, Armonk, NY, United States).

RESULTS
Patient demographics
A total of 272 patients underwent LT at our hospital from March 1, 2012 to March 31,
2017. Of these patients, 14 were excluded from this study: 12 were lost to follow-up
and 2 were missing criteria for ALBI and model for end stage liver disease (MELD)
score calculations. The remaining 258 consecutive patients were included in the
analysis. The median follow-up time was 17.30 (IQR: 8.90-28.98) mo. Table 1 shows
the demographics and baseline characteristics of these patients. Of these patients, 206
were male (79.8%), and 52 were female (20.2%). The median age of the patients was
47.0 (IQR: 39.0-56.0) years. The indications for LT were hepatocellular carcinoma
(HCC) (33.7%), viral hepatitis-related cirrhosis (77.5%), alcoholic cirrhosis (3.1%),
primary biliary cirrhosis and autoimmune hepatitis (8.2%), and others (11.2%), such as
hepatolenticular degeneration, cryptogenic cirrhosis, drug-induced liver injury, upper
biliary tract obstruction, and acute liver failure. The median preoperative ALBI score
and MELD score were -1.78 (-2.40 to -1.33) and 15.5 (11.0-23.0), respectively. Death
occurred in 35 patients during follow-up. The overall survival rate was 81.0%.

Predictive value of pretransplant ALBI for overall survival after LT
The performance of the ROC curve analysis was determined by the value of the
pretransplant ALBI score to predict the overall survival after LT. Figure 1 shows that
the pretransplant ALBI score had a significant positive relationship with the overall
survival rate. The AUC was 0.647 with a 95% confidence interval (CI) of 0.540-0.753
and a P-value of 0.005. The cut-off for ALBI scores was calculated as -1.48 by
predicting postoperative survival, with a Youden index of 0.304 (sensitivity = 60.0%,
and specificity = 70.4%). Based on the cut-off value, 173 patients had a low ALBI score
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Table 1 Patient demographics (n = 258)
Patients characteristic

n (%)/mean ± SD/median (IQR)

Demographic feature
Age, yr

47.0 (39.0-56.0)

Male, n (%)

206 (79.8)

Coexisting condition
Smoking, n (%)

78 (30.2)

Drinking, n (%)

44 (17.1)

Hypertension, n (%)

19 (7.4)

Diabetes, n (%)

27 (10.5)

Etiology
Hepatocellular carcinoma, n (%)

87 (33.7)

Viral hepatitis, n (%)

200 (77.5)

Alcoholic cirrhosis, n (%)

8 (3.1)

PBC and AIH, n (%)

21 (8.2)

Other, n (%)

29 (11.2)

Clinical feature
ALBI score

-1.78 (-2.40 - -1.33)

MELD score

15.5 (11.0-23.0)

Child-Pugh grade
A, n (%)

43 (16.7)

B, n (%)

94 (36.4)

C, n (%)

121 (46.9)

Operation time (min)

390.0 (332.5-436.5)

Anhepatic phase (min)

49 (44-58)

Blood loss (mL)

1500 (900-3000)

Total input quantity (mL)

6040 (4810-7810)

Warm ischemia time (min)

9 (8-10)

Cold ischemia time (h)

5 (4-6)

Other etiologies included hepatolenticular degeneration, drug-induced liver injury, upper biliary tract
obstruction, acute liver failure, and cryptogenic cirrhosis. SD: Standard deviation; IQR: Inter quartile range;
PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis; ALBI: Albumin-bilirubin; MELD; Model for end
stage liver disease.

(ALBI ≤ -1.48, 67.1%) and 85 patients had a high ALBI score (ALBI > -1.48, 32.9%). As
shown in Table 2, the pretransplant and demographic data were related to the ALBI
grade. There was less likely to be HCC in patients with high ALBI scores than in
patients with low ALBI scores. Patients in the high ALBI group also had higher
preoperative MELD scores and higher Child-Pugh (C-P) grades. In terms of the
preoperative laboratory values, patients in the high ALBI group had higher values for
aspartate transaminase (AST), alpha-fetoprotein (ALT), total bilirubin (TBIL), direct
bilirubin (DBIL), neutrophil granulocytes (NEUT), monocytes (MONO), prothrombin
time (PT), activated partial thromboplastin time (APTT), and international normalized
ratio (INR) (P < 0.05 for all) but lower levels of red blood cells (RBC), haemoglobin
(HGB), platelets (PLT), albumin (ALB), and alpha-fetoprotein (AFP) (P < 0.05 for all).
The 3-year survival after LT was analysed based on pretransplant ALBI scores using
the Kaplan-Meier estimation. As shown in Figure 2, patients with high ALBI scores
had a significantly lower survival rate than patients with low ALBI scores (73.7% vs
87.6%, P < 0.05). However, there were no statistically significant differences in 3-year
survival rates between patients with MELD scores ≥ 10 and < 10 (Figure 3A).
Similarly, no statistically significant differences were found in 3-year survival rates
among patients with different C-P grades (Figure 3B). Univariable and multivariable
analyses were performed to identify independent risk factors related to poor survival
after LT. Univariate variables with P < 0.1 were included in the multivariate analysis.
Table 3 shows that high pretransplant ALBI scores, high PLT, high serum levels of
creatinine, and high APTT were independently associated with poor survival after LT
in the multivariate analysis.
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Figure 1

Figure 1 Determination of optimal albumin-bilirubin cut-off value by receiver operating characteristic
analysis. The calculated cut-off for albumin-bilirubin scores to predict postoperative survival was -1.48, according to
an area under a receiver operating characteristic curve of 0.647 (P = 0.005).

Pretransplant ALBI and postoperative complications
Table 4 shows postoperative complications stratified by pretransplant ALBI scores. A
total of 189 patients developed various postoperative complications according to the
Clavien-Dindo system[9]; 87.06% of patients in the high ALBI score group (74 out of 85)
developed postoperative complications after LT, while only 66.47% of patients in the
low ALBI score group (115 out of 173) did. The difference was statistically significant
(P < 0.05), which was also reflected in the comprehensive complication index (CCI). In
terms of specific complications, a high ALBI score was associated with an increased
incidence of biliary complications, intraabdominal bleeding, septicaemia, and AKI (P
< 0.05 for all). However, no significant differences were found between the two
groups for other complications.

DISCUSSION
The prediction of prognosis is an important part of management in patients with endstage liver disease. Our current data show that the ALBI score, a simple model
incorporating only serum bilirubin and serum albumin levels, performed better than
the conventional MELD model in predicting overall survival and postoperative
complications after LT. Assessment of liver function is particularly important for
patients on the liver-transplant waiting list. Since both serum bilirubin and albumin
are part of the commonly used liver function tests, the ALBI score is readily available.
In this study, we found that the optimal ALBI cut-off value was -1.48, analysed by the
ROC curve to predict survival after LT, which is very close to the cut-off value (-1.39)
between ALBI grade 2 and grade 3 [6,10] . In fact, by using the cut-off value of the
reported ALBI grading system developed for hepatectomy (i.e., -1.39)[6,7,11], we found
that patients in the ALBI grade 3 classification had significantly higher mortality and
more adverse postoperative outcomes after LT than patients in the ABLI grade 1 or 2
(data not shown) classifications, indicating that the reported ALBI grading system is
also relevant in LT. Although many studies have shown that the ALBI grading system
is a useful tool to identify patients at risk for adverse outcomes after hepatectomy, as
far as we know, the present study is the first to assess the value of the pretransplant
ALBI score in predicting outcomes after LT.
Assessment of preoperative liver function is vital to determine liver functional
reserve in patients with end stage liver disease. The MELD system was developed in
2002 to prioritize patients waiting for LT[12]. As a numerical scale, MELD was used for
adult LT candidates[13-15]. The patient’s urgency for LT within the next three months
was determined by personal MELD scores[16]. The MELD scoring system contains two
variables for hepatic (dys)function (i.e., total bilirubin and INR) and one variable for
renal (dys)function (i.e., creatinine). Although subsequent studies have shown poor
outcomes for liver transplant recipients with high MELD scores, its overall capacity to
predict posttransplant outcomes is limited[12,16,17].
In the current study, although we found that patients with an MELD score < 10
seemed to have slightly higher survival rates than patients with an MELD score ≥ 10,
there were no statistically significant differences in either the univariable or
multivariable analyses. These results clearly show that the performance of ALBI is
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Table 2 Baseline comparison between patients with different albumin-bilirubin grades
Variable

ALBI ≤ -1.48 (n = 173)

ALBI > -1.48 (n = 85)

P-value

47 (39-55)

47 (38-56)

0.926

138/35

68/17

0.965

Smoking (Y/N)

52/121

26/59

0.931

Drinking (Y/N)

26/147

18/67

0.217

Hypertension (Y/N)

13/160

6/79

0.895

Diabetes (Y/N)

15/158

12/73

0.179

71/102

16/69

< 0.001

143

57

Demographic feature
Age (yr)
Male (Y/N)
Coexisting condition

0.025

Etiology
HCC (Y/N)
Viral hepatitis
Alcoholic cirrhosis

4

4

PBC and AIH

9

12

Other

17

12

MELD score

14 (10-18)

23 (17.5-28)

< 0.001

Child grade A/B/C

42/80/51

1/14/70

< 0.001

Hepatic feature

Preoperative laboratory value
RBC (1012/L)

3.40 (2.90-4.15)

2.94 (2.49-3.32)

< 0.001

HGB (g/L)

105.0 (88.0-130.0)

95.00 (86.5-107.0)

0.001

PLT (109/L)

59.0 (38.5-103.0)

45.0 (28.5-72.5)

0.002

WBC (10 /L)

3.71 (2.55-5.36)

4.31 (2.84-7.38)

0.084

NEUT (109/L)

2.33 (1.67-3.74)

2.86 (1.80-5.90)

0.044

LYMPH (109/L)

0.70 (0.45-1.15)

0.60 (0.41-0.95)

0.189

MONO (109/L)

0.28 (0.18-0.45)

0.38 (0.22-0.57)

0.011

9

AFP (μg/L)

4.74 (2.73-16.30)

3.50 (2.22-6.23)

0.032

ALT (U/L)

32.00 (22.00-47.00)

38.00 (23.57-67.06)

0.042

AST (U/L)

41.50 (29.00-59.00)

54.52 (34.05-102.00)

0.001

TBIL (μmol/L)

32.75 (17.67-54.83)

105.48 (51.72-314.33)

< 0.001

DBIL (μmol/L)

11.70 (5.87-27.00)

50.70 (19.70-192.23)

< 0.001

ALB (g/L)

37.20 (34.50-41.99)

29.83 (26.95-32.11)

< 0.001

BUN (mmol/L)

4.39 (3.59-6.21)

5.07 (3.87-7.32)

0.077

CRE (μmol/L)

58.00 (48.00-68.85)

61.88 (48.15-82.00)

0.199

GLU (mmol/L)

5.60 (4.91-6.91)

6.06 (5.03-8.40)

0.062

PT (s)

17.20 (15.05-19.15)

20.70 (18.05-24.30)

< 0.001

APTT (s)

42.40 (39.15-47.70)

49.10 (43.25-54.75)

< 0.001

1.41 (1.20-1.60)

1.74 (1.49-2.27)

< 0.001

INR

ALBI: Albumin-bilirubin; MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma; PBC:
Primary biliary cirrhosis; AIH: Autoimmune hepatitis; RBC: Red blood cells; HGB: Hemoglobin; PLT:
Platelets; WBC: White blood cells; NEUT: Neutrophil granulocytes; LYMPH: Lymphocytes; MONO:
Monocytes; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate transaminase; TBIL:
Total bilirubin; DBIL: Direct bilirubin; ALB: Albumin; BUN: Blood urea nitrogen; CRE: Creatinine; GLU:
Glucose; PT: Prothrombin time; APTT: Activated partial thromboplastin time; INR: International normalized
ratio.

better than MELD in predicting outcomes after LT.
Another model to assess liver function is the C-P system. The C-P grade is
determined by five variables, including TBIL, ALB, PT, and degree of ascites and
hepatic encephalopathy. The C-P system was developed arbitrarily several decades
ago based on clinical observation without proper statistical evidence. Although the CP system is widely used, there are many limitations for its implementation[18,19]. For
instance, the grading of ascites and hepatic encephalopathy is highly subjective[15,18,20].
It is not clear to identify the grade of ascites and hepatic encephalopathy according to
guidelines. Some of the parameters, such as serum albumin levels and the extent of
ascites, are interrelated. More importantly, the C-P grade failed to show any value in
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Figure 2

Figure 2 Kaplan-Meier estimation of 3-year survival according to albumin-bilirubin grade. Patients with a high
albumin-bilirubin (ALBI) grade (> -1.48) had a significantly lower survival rate of 73.7% than patients with a low ALBI
score (ALBI ≤ -1.48) of 87.6% (P < 0.05). ALBI: Albumin-bilirubin.

discriminating both survival and complications after LT in our current study.
Of course, there were still some limitations in the study. First, this current study
only included population data from one transplant centre; based on the LT data of the
single centre, the posttransplant morbidity and mortality were low in the relatively
small sample. For example, a relatively small proportion of patients died during
follow-up, which may have limited the robustness of the multivariable analysis for
adjustment for confounding factors. Second, only patients who received donation
after DCD were included in the study; the value of ABLI scores in predicting
outcomes of patients who received donation after brain death needs to be further
investigated. Third, as the median follow-up time in the current study was only 17.30
mo, we were unable to comment on the effect of pretransplant ALBI scores on longer
term outcomes of patients. Additionally, the study aimed to explore the effect of ALBI
scores on overall survival, not on liver death related to liver disease (i.e., disease-free
survival) [21] . The difficulty of specifically attributing the reason for death after
transplantation in the clinic makes no difference in terms of the patients’ outcomes.
Lastly, as the nature of this study was retrospective, the results are subject to a
selection bias and some residual confounding due to unmeasured or unknown
confounders.
In summary, the data reveal that the ALBI score may be better than the MELD
score for risk stratification of LT patients. Approximately one-third of our study
population was categorized as having a high ALBI score (> -1.48); therefore, the ALBI
scoring system is clinically relevant. In addition, the ALBI grading system may be a
more readily applicable means to model risk among patients undergoing LT because
it relies on fewer variables. The identification of patients who are most likely to
benefit from LT remains a remarkable challenge[22].
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Table 3 Univariate and multivariate logistic regression analysis of overall survival
Univariate

Multivariate

Variable
P-value

OR (95%CI)

P-value

OR (95%CI)

ALBI grade

0.002

3.923 (1.495-5.716)

0.036

2.290 (1.057-4.963)

MELD grade

0.192

2.002 (0.706-5.676)

Child-Pugh grade
A

Reference

B

0.713

0.815 (0.273-2.431)

C

0.451

1.456 (0.548-3.868)

Age

0.537

1.010 (0.978-1.044)

Sex

0.233

0.629 (0.294-1.347)

Drinking

0.266

1.565 (0.711-3.447)

Smoking

0.931

0.968 (0.465-2.017)

Diabetes

0.791

0.852 (0.261-2.785)

Hypertension

0.576

1.402 (0.428-4.587)

HCC

0.972

1.013 (0.504-2.035)

Disease time

0.470

1.014 (0.977-1.051)

RBC

0.282

0.794 (0.522-1.208)

HGB

0.617

0.997 (0.987-1.008)

PLT

0.054

1.004 (1.000-1.008)

0.048

1.005 (1.000-1.011)

WBC

0.002

1.097 (1.034-1.165)

0.481

1.034 (0.942-1.134)

NEUT

0.494

1.010 (0.981-1.041)

LYMPH

0.615

1.071 (0.821-1.397)

MONO

0.457

1.106 (0.849-1.441)

AFP

0.085

1.000 (1.000-1.000)

0.391

1.000 (1.000-1.000)

ALT

0.002

1.001 (1.000-1.001)

0.278

1.000 (1.000-1.001)

AST

< 0.001

1.001 (1.001-1.002)

0.418

1.000 (0.999-1.002)

0.027

1.005 (1.001-1.026)

BUN

0.395

1.022 (0.972-1.075)

CRE

0.002

1.005 (1.002-1.008)

GLU

0.575

0.959 (0.830-1.109)

PT

0.181

1.034 (0.985-1.086)

INR

0.127

1.336 (0.921-1.937)

APTT

0.028

1.013 (1.001-1.024)

0.028

1.014 (1.001-1.026)

Operation time

0.007

1.005 (1.001-1.009)

0.182

1.003 (0.999-1.008)

Warm ischemia time

0.750

0.970 (0.803-1.171)

Cold ischemia time

0.145

1.192 (0.941-1.509)

OR: Odds ratio; CI: Confidence interval; ALBI: Albumin-bilirubin; MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma; RBC: Red
blood cells; HGB: Hemoglobin; PLT: Platelets; WBC: White blood cells; NEUT: Neutrophil granulocytes; LYMPH: Lymphocytes; MONO: Monocytes; AFP:
Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate transaminase; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALB: Albumin; BUN: Blood
urea nitrogen; CRE: Creatinine; GLU: Glucose; PT: Prothrombin time; APTT: Activated partial thromboplastin time; INR: International normalized ratio.
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Table 4 Postoperative complications according to albumin-bilirubin grade
Complication

Low ALBI grade(n = 173)

High ALBI grade(n = 85)

P-value

Total complications (Y/N)

115/58

74/11

< 0.001

Pneumonia (Y/N)

51/122

33/52

0.132

AKI (Y/N)

79/94

57/28

0.001

Biliary complication (Y/N)

11/162

14/71

0.010

Porta vein thrombosis (Y/N)

3/170

0/85

0.546

Rejection (Y/N)

10/163

2/83

0.361

Intraabdominal bleeding (Y/N)

8/165

13/72

0.003

Coma for 24 h (Y/N)

1/172

4/81

0.075

Mechanical ventilation for 72 h (Y/N)

1/172

3/82

0.205

Septicemia (Y/N)

0/173

3/82

0.013

MOF (Y/N)

1/172

4/81

0.075

In-hospital mortality (Y/N)

3/170

4/81

0.330

SIRS (Y/N)

45/128

26/59

0.439

CCI, median (IQR)

29.60 (8.70-36.65)

36.20 (23.40-49.75)

< 0.001

Postoperative hospital stay, median days (IQR)

17.00 (13.50-24.00)

19.00 (12.50-25.00)

0.514

ALBI: Albumin-bilirubin; AKI: Acute kidney injury; MOF: Multiple organ failure; CCI: Comprehensive complication index; SIRS: Systemic inflammatory
response syndrome; IQR: Interquartile range.

Figure 3

Figure 3 Kaplan-Meier estimation of 3-year survival according to model for end stage liver disease score. A: The 3-year survival rates between patients with a
model for end stage liver disease score ≥ 10 and < 10 were 81.3% and 84.9%, respectively (P > 0.05). B: There were no statistically significant differences in 3-year
survival rates among patients with different Child-Pugh grades (P > 0.05). MELD: Model for end stage liver disease.

ARTICLE HIGHLIGHTS
Research background
The albumin-bilirubin (ALBI) score, as a simple assessment of liver function, is objectively
calculated by only two variables (albumin and bilirubin). It was proposed as a new method for
preoperative risk evaluation to discern patients with the risk of adverse outcomes after
hepatectomy. However, its ability to predict outcomes after liver transplantation has not been
evaluated. Because of the significant shortage of organs and the increasing number of candidates
on the transplant waiting list, there is an urgent need to identify patients who are most likely to
benefit from LT.

Research motivation
The main topic of this study was to provide a potential scoring system for the allocation of donor
liver resources by investigating the relationship between pretransplant ALBI score and outcomes
after liver transplantation.

Research objectives
To retrospectively investigate the value of pretransplant ALBI scores in predicting outcomes
after liver transplantation and as a tool for risk-stratifying patients on the liver transplant
waiting list.
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Research methods
The research data were obtained from a computerized clinical database from the First Affiliated
Hospital of Xi’an Jiaotong University and included 258 consecutive patients who received
donation after cardiac death (DCD) and underwent liver transplantation from March 2012 to
March 2017. The optimal cut-off value of preoperative ALBI was calculated according to longterm survival status. The performance of the ALBI score in predicting outcomes, including
postoperative complications and survival analysis, was measured and evaluated.

Research results
This study analysed data from 258 patients. Thirty-five patients died during follow-up [17.30
(interquartile range: 8.90-28.98) mo], with an overall survival rate of 81.0%. The optimal cut-off
value of preoperative ALBI scores to predict postoperative survival was -1.48. Patients with an
ALBI score > -1.48 had a significantly lower survival rate than those with an ALBI score ≤ -1.48
(73.7% vs 87.6%, P < 0.05), and there were no statistically significant differences in survival rates
between patients with a model for end stage liver disease (MELD) score ≥ 10 and < 10 and
different Child-Pugh grades. Moreover, a high ALBI score was associated with an increased
incidence of biliary complications, intraabdominal bleeding, septicaemia, and acute kidney
injury after liver transplantation (P < 0.05 for all). Of course, this study only initially confirmed
the predictive value of the ALBI score for liver transplantation outcomes. The predictive value of
multi-centre data resources and other donations, except after DCD, need to be further researched
and confirmed.

Research conclusions
After the ALBI grading system was developed to identify patients at risk for adverse outcomes
after hepatectomy, this study hypothesized that this score may also be valuable in evaluating
outcomes after liver transplantation. The ALBI score predicted overall survival and
postoperative complications after liver transplantation. These data suggest that ALBI may be
superior to MELD in risk-stratifying liver transplantation patients. In addition, ALBI may be a
more readily applicable tool for modelling risk among patients undergoing liver transplantation
because it relies on fewer variables.

Research perspectives
The ALBI grading system may be useful in risk-stratifying patients on the liver transplant
waiting list. Multi-centre and prospective studies are needed to confirm our findings.
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Abstract
BACKGROUND
Exosomes contain proteins, lipids, and biological molecules such as DNA and
RNA. Nucleic acids in exosomes are a group of molecules that can act as
biomarkers. Currently, there are many reports on exosomal microRNAs, which
are ideal biomarkers for the early diagnosis of cancer. However, there are few
reports on the role of exosomal microRNAs in the diagnosis and prognosis of
hepatocellular carcinoma (HCC).
AIM
To understand the mechanism of exosomal microRNA-224 (miR-224) in the
development of HCC and evaluate its diagnostic and prognostic value.
METHODS
Cell culture and transfection of exosomal miRNA-224, real-time quantitative
PCR, luciferase reporter assay, and other methods were used to find new
biomarkers related to the development of HCC that can be used to diagnose HCC
and predict HCC prognosis.
RESULTS
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By targeting glycine N-methyltransferase, incubating exosomes with miR-224
mimic resulted in a significant increase in cell proliferation compared to that of
the control group, while incubation with the miR-224 inhibitor significantly
reduced cell proliferation. The same results were obtained for the cell invasion
assay. Serum exosomal miR-224 did have some ability to differentiate patients
with HCC from healthy controls, with an area under the curve of 0.910, and HCC
patients with higher serum exosomal miR-224 expression had lower overall
survival.
CONCLUSION
Exosomal miR-224 is a tumor promotor and can be a marker of diagnosis and
prognosis of HCC patients, however, its ability to distinguish liver diseases needs
further verification.
Key words: Hepatocellular carcinoma; Serum; Exosome; MicroRNA-224; Biomarker
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We aimed to understand the mechanism of exosomal microRNA-224 (miR224) in the development of hepatocellular carcinoma (HCC) and to evaluate its
diagnostic and prognostic value for HCC patients. By directly targeting the 3'untranslated region of glycine N-methyltransferase, exosomal miR-224 inhibits its
expression to promote proliferation and invasion. In addition, serum exosomal miR-224
also has potential diagnostic and prognostic value for HCC.
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INTRODUCTION
Liver cancer is a malignant tumor with a high mortality rate in China[1]. Liver cancer
has the fourth-highest incidence rate of all tumors, and the fatality rate ranks third[1].
A total of 25% of the cancer cases are caused by carcinogenic infections such as
hepatitis virus and human papillomavirus, and this figure includes a high proportion
of patients in low-income and middle-income countries[2]. Therefore, early detection,
diagnosis, and treatment are of great significance for the prognosis of patients with
liver cancer. An early clinical diagnosis can effectively improve the survival of
patients with hepatocellular carcinoma (HCC)[3]. However, the diagnostic sensitivity
and specificity of current noninvasive indicators such as serum alpha-fetoprotein
(AFP) and imaging studies for HCC, especially early HCC, still need to be improved[4].
Therefore, new methods for diagnosing HCC need to be developed.
Exosomes are secreted and released by various types of cells and contain
nanovesicles with various active factors[5]. Previous literature has reported that serum
microRNAs (miRNAs) are mainly present in the exosomes formed from phospholipid
membranes, thus avoiding degradation by RNase in circulation[6]. Exosomes have
been shown to play an important role in tumorigenesis, development, metastasis,
deterioration, and immune escape[7,8]. For example, Gu et al[9] found that exosomes
secreted by mesenchymal stem cells can promote the growth of gastric cancer cells,
which indicated that exosomes can promote tumorigenesis and cancer development.
Yu et al[10] found that exosomes secreted by breast cancer cells can promote tumor
angiogenesis, growth, and proliferation, proving that exosomes can promote tumor
cell metastasis. Exosomes secreted by breast cancer cells can also promote the
proliferation of surrounding normal breast cells and inhibit their apoptosis. In
addition, exosomes may also promote complications in cancer patients; for example,
patients with pancreatic cancer often have diabetes[11].
Exosomes contain proteins, lipids, and biological molecules such as DNA and
RNA [12] . Nucleic acids in exosomes are a group of molecules that can act as
biomarkers. Currently, there are many reports on exosomal miRNAs, which are ideal
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biomarkers for the early diagnosis of cancer[13-16]. However, there are few reports on
the role of exosomal miRNAs in the diagnosis and prognosis of HCC. In this study,
cell culture and transfection of exosomal miRNA, real-time quantitative PCR (RTqPCR), luciferase reporter assay, and other methods were performed to find new
biomarkers related to the development of HCC and to determine if the biomarkers
can be used for the diagnosis and prognosis of HCC.

MATERIALS AND METHODS
Sample collection
A total of 89 HCC and 50 normal serum samples were collected from 2014 to 2016,
and the clinical information is shown in Table 1. The patients were not treated before
the samples were collected, and the diagnosis of HCC was confirmed by pathological
analysis of tumor tissue. The analysis of the samples was approved by the patients
and the ethics committee.

Cell culture
The hepatocyte lines WRL68, HepG2, and SKHEP1 were selected and cultured in
RPMI-1640 (Sigma) containing 10% fetal bovine serum (FBS; Gibco) at 37 °C in 5%
CO2. An miRNA mimic or inhibitor was transfected into cells with preincubated
exosomes or Lipofectamine 2000.

Exosome isolation
The cells were starved in serum-free medium overnight and then centrifuged for 3
min at 2000 rpm, followed by filtration. The exosomes in the cell culture medium and
in patient serum were extracted using the Total Exosome Isolation Kit (Thermo Fisher
Scientific) according to the manufacturer’s instructions. The resulting precipitate was
observed under a transmission electron microscope as described previously[17].

RT-qPCR
Exosomal RNA in serum or cell culture medium was extracted with Trizol (Thermo
Fisher Scientific). The expression of exosomal miRNA was detected on the Quant
Studio 7 Flex RT PCR System (Applied Biosystems) using a hydrolysis probe
according to the manufacturer’s instructions. All experiments were performed in
triplicate, and a mixture of let-7i, let-7g, and let-7d (let-7d/g/i) was used as
endogenous controls to calculate the relative concentration of miRNA[18-20].

Cell proliferation and invasion
A Cell Counting Kit-8 (CCK8) assay (Dojindo, Japan) followed by measuring the
spectrophotometric absorbance at 450 nm was used to estimate cell proliferation. All
experiments were performed in triplicate, and data are presented as the mean. A total
of 2 × 105 cells were cultured for 48 h in serum-free medium, while the lower chamber
was filled with medium containing 10% FBS to analyze the invasion abilities of the
cells; the cancer cells in the lower chamber were ultimately counted[21].

Luciferase reporter assay
MicroRNA-224 (miR-224) mimic, glycine N-methyltransferase (GNMT) wild- or 3’untranslated region (UTR) mutant-type, and controls were cotransfected into SKHEP1
cells in 24-well plates for 24 h. The harvested cells were analyzed for fluorescence
intensity using a dual luciferase reporter assay kit as indicated.

Statistical analysis
Differences between groups were analyzed by t-tests using GraphPad Prism 6.0. The
receiver operating characteristic (ROC) curve was constructed using SPSS 22.0
software, and the area under the curve (AUC) was calculated to assess the specificity
and sensitivity of the prediction of HCC cases and controls. A P-value < 0.05 was
considered significant. The Kaplan-Meier survival curve was used to analyze the
survival of the patients.

RESULTS
Exosome separation and validation
The morphological characteristics of the exosomes in the cell culture medium were
observed under a transmission electron microscope. The exosomes showed a vesicular
structure with a diameter of approximately 50-150 nm, which is consistent with the
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Table 1 Clinical information of the patients
Variable

HCC (n = 89)

Normal controls (n = 50)

P-value

59.03 (25-90)

53.58 (25-76)

0.10

Male n (%)

43 (48.31)

22 (44.00)

Female n (%)

46 (51.69)

28 (56.00)

Average age (yr)
Sex

0.62

Cirrhosis
Yes n (%)

58 (65.17)

No n (%)

31 (34.83)

T classification
T1-T2 n (%)

37 (41.57)

T3-T4 n (%)

52 (58.43)

Tumor size
> 3 cm n (%)

35 (39.33)

< 3 cm n (%)

54 (60.67)

literature[22].
Based on previous experimental results, we found that the expression level of miR224 in the HCC tissues was significantly higher than that in the normal controls. In
this study, we verified the expression of miR-224 in the exosomes of WRL68, HepG2,
and SKHEP1 cell lines by RT-qPCR. The expression level of exosomal miR-224 was
significantly increased in the two liver cancer cell lines, HepG2 and SKHEP1,
compared to that of the normal hepatic cell line, WRL68 (Figure 1).

Exosomal miR-224 stimulates the proliferation and invasion of HCC cells
Exosomes incubated with miR-224 mimic or inhibitor were added to HepG2 and
SKHEP1 cells to measure cell proliferation. The results showed that exosomes
incubated with the miR-224 mimic resulted in a significant increase in cell
proliferation compared to the proliferation in the control group, while the exosomes
incubated with the miR-224 inhibitor exhibited significantly reduced cell proliferation
(Figure 2A and B). These results indicated that exosomal miR-224 can promote the
proliferation of liver cancer cells. The same results were obtained for the cell invasion
assay (Figure 2C and D). Exosomes incubated with the miR-224 mimic resulted in
more cells passing through the insert membranes to the lower chamber, indicating
that the exosomal miR-224 can also promote liver cancer cell invasion.

MiR-224 targets GNMT
It has been reported that miR-224 can affect cancer development by targeting glycine
N-methyltransferase (GNMT)[23], so we used a luciferase reporter assay to verify
whether miR-224 can directly interact with GNMT. As shown in Figure 3A, the wildtype GNMT reporter gene combined with the miR-224 mimic exhibited lower
luciferase activity in the HepG2 cell line than that of the control group. However,
when the 3'-UTR of the GNMT gene was mutated, this reduction could be eliminated.
The siGNMT was added to HepG2 cells to knock out GNMT mRNA, which can
reduce the expression of GNMT. The results showed that the proliferation and
invasion of cells increased notably (Figure 3B and C). It is suggested that miR-224 may
directly target GNMT to promote the proliferation and invasion of liver cancer cells.

Correlation between serum exosomal miR-224 and liver cancer
Using RT-qPCR, we determined that the expression levels of exosomal miR-224 in the
89 HCC samples were significantly higher than those in the 50 healthy controls
(Figure 4A). In addition, according to the clinical characteristics of the sample group,
the levels of exosomal miR-224 in the serum of patients with large tumors or latestage tumors were significantly higher (Figure 4B and C). In the ROC curve analysis,
serum exosomal miR-224 showed an ability to differentiate HCC patients from
healthy controls, with an AUC of 0.910 (Figure 4D). These results indicated that serum
exosomal miR-224 can be used as a potential biomarker for the diagnosis of HCC.
In addition, we analyzed the overall survival of the followed patients. KaplanMeier survival curves showed that HCC patients with higher serum exosomal miR224 expression had lower overall survival (Figure 5), suggesting that serum exosomal
miR-224 can be an independent prognostic factor for HCC.
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Figure 1

Figure 1 Relative expression of exosomal microRNA-224 in the hepatocellular carcinoma cell lines compared
to that of the control.aP < 0.05, bP < 0.01. miR-224: MicroRNA-224.

DISCUSSION
In this study, we identified that the expression level of exosomal miR-224 in the liver
cancer cell lines HepG2 and SKHEP1 was significantly higher than that in the healthy
liver cell line WRL68 using gene chip and RT-qPCR. We also determined that the high
expression of exosomal miR-224 can promote the proliferation and invasion of liver
cancer cells. In addition, lower luciferase activity was observed when the miR-224
mimic and the GNMT wild type were cotransfected into the HepG2 cell line, while
this phenomenon did not occur when the GNMT 3’-UTR was mutated, indicating that
miR-224 can directly target the 3'-UTR of GNMT mRNA. In addition, siGNMT was
added to the HepG2 cell line, and as a result, the proliferation and invasion of the
cancer cells increased. Therefore, miR-224 can directly target GNMT to promote the
proliferation and invasion of cancer cells.
We verified that miR-224 can directly target GNMT to increase the proliferation
and invasion of liver cancer cells. In colorectal cancer, miR-224 targets caspase-3 and
caspase-7, and this inverse relationship was evident from the earliest phases of
transformation in the intestinal mucosa [24] . In addition, miR-224-5p inhibited
autophagy by targeting Smad4 in breast cancer cells, suggesting a novel regulatory
network contributing to the metastasis of breast cancer [ 2 5 ] . Both miR-224
overexpression and PTX3 silencing promoted cell proliferation, migration, and
invasion, whereas the aforementioned properties were reduced when miR-224 was
inhibited, indicating that miR-224 inhibition may significantly prevent cervical
carcinoma progression by targeting the PTX3 gene[26]. MiR-224 inversely regulated
thioredoxin-interacting protein (TXNIP) by binding directly to its 3'-UTR, which
resulted in the activation of hypoxia-inducible factor 1α (HIF-1α), while either TXNIP
re-expression or HIF-1α depletion abolished the effects of miR-224 on the proliferation
and migration of PDAC cells in vitro and in vivo, suggesting that TXNIP is a target of
miR-224[27]. HIF-1α inhibits the NCR1/NKp46 pathway by upregulating miR-224,
which affects the killing capability of natural killer cells in prostate cancer, thus
inducing the immune escape of tumor cells[28]. In summary, miR-224 may play an
important role in the development and occurrence of tumors. Furthermore, miR-224
has many target genes, suggesting that miR-224 may participate in different pathways
for cancer regulation, which requires further exploration.
We collected preoperative serum from HCC patients and healthy controls and
isolated exosomes with high and stable purity. The expression level of serum
exosomal miR-224 in HCC patients was significantly higher than that in healthy
controls, as determined by RT-qPCR. The ability of serum exosomal miR-224 as a
biomarker to distinguish HCC patients from healthy controls was confirmed by the
ROC curve analysis. In addition, the relationship between tumor size and stage and
miR-224 expression in HCC patients was analyzed, and we found that the expression
of serum exosomal miR-224 was higher in patients with larger tumors and later
stages. In addition, we also analyzed the relationship between the expression of
exosomal miR-224 and the overall survival of patients. The Kaplan-Meier survival
curve showed that the higher the expression level of serum exosomal miR-224, the
shorter the patient's overall survival, suggesting that serum exosomal miR-224 can be
used as a prognostic factor in patients with HCC. However, in this study we only
compared the expression of exosomal miR-224 in the serum of HCC patients and
healthy controls. It is not clear whether the expression of exosomal miR-224 in
cirrhosis, hepatitis, or other liver cancer type is different, so the ability of miR-224 to
distinguish between HCC and other liver diseases needs further verification.
In conclusion, exosomal miR-224 can decrease the expression of GNMT by directly
targeting the 3'-UTR of GNMT mRNA to promote the proliferation and invasion of
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Figure 2

Figure 2 Exosomal microRNA-224 regulates hepatocellular carcinoma cell proliferation and invasion. A and B: MicroRNA-224 (miR-224) promoted cell growth
as measured by the Cell Counting Kit 8 assay in HepG2 and SKHEP1 cell lines. C and D: MiR-224 can promote cell invasion in HepG2 and SKHEP1 cell lines. aP <
0.05, bP < 0.01, cP < 0.001. CCK8: Cell Counting Kit 8; miR-224: MicroRNA-224.

HCC cells, which may provide a new method for HCC treatment. In addition, serum
exosomal miR-224 may be used as a biomarker for the diagnosis of HCC and a
prognostic factor for patients with HCC.

ARTICLES HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a malignant tumor with a high mortality rate.
Exosomes have been shown to play an important role in tumorigenesis, cancer
development, metastasis, deterioration, and immune escape.

Research motivation
We aimed to research the mechanism of exosomal microRNA-224 (miR-224) and its
target in the development and invasion of HCC, and we also evaluated the diagnostic
and prognostic value of miR-224 for patients with HCC.

Research methods
Cell culture and transfection of exosomal miR-224, its mimics, and its inhibitor; realtime quantitative PCR; and luciferase reporter assay were used to explore the
mechanism of exosomal miR-224. HCC patients and healthy controls were used to
assess the value of exosomal miR-224 in diagnosing HCC and predicting HCC
prognosis.

Research results
Serum exosomes incubated with the miR-224 mimic showed a significant increase in
cell proliferation and invasion when compared to the control group, while those
incubated with the inhibitor showed a significant reduction. For discriminating HCC
from healthy controls, serum exosomal miR-224 showed an area under the ROC curve
of 0.910. Higher serum exosomal miR-224 expression levels in HCC patients were
associated with lower overall survival.
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Figure 3

Figure 3 MicroRNA-224 targets glycine N-methyltransferase. A: MicroRNA-224 (MiR-224) mimic reduced the luciferase activity of cells transfected with the wildtype 3’-UTR but did not alter the luciferase activity of cells transfected with the mutant 3’-UTR. B: Si-glycine N-methyltransferase (siGNMT) can promote cell growth as
measured by the Cell Counting Kit 8 assay in HepG2 cells. C: SiGNMT can promote cell invasion in HepG2 cells. bP < 0.01. CCK8: Cell Counting Kit 8; miR-224:
MicroRNA-224; GNMT: Glycine N-methyltransferase.

Research conclusions
The results showed that exosomal miR-224 directly targets the 3'-UTR of glycine Nmethyltransferaseto and impacts the proliferation and invasion of HCC, and exosomal
miR-224 may be used as a potential diagnostic and prognostic factor for patients with
HCC.

Research perspectives
Our study provides novel insight into the mechanism of exosomal miR-224 in the
development and invasion of HCC and may provide a potential biomarker for the
diagnosis and prognosis of HCC.
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Figure 4

Figure 4 Expression of serum exosomal microRNA-224 in hepatocellular carcinoma patients. A: Relative expression of serum exosomal microRNA-224 (miR224) in hepatocellular carcinoma (HCC) and normal controls. B and C: Relative expression of serum exosomal miR-224 in HCC patients based on tumor size and
tumor stage. D: The receiver operating characteristic curve of miR-224 for diagnosing HCC. cP < 0.001. NC: Normal controls; HCC: Hepatocellular carcinoma; ROC:
Receiver operating characteristic; AUC: Area under the curve; CI: Confidence interval; miR-224: MicroRNA-224.
Figure 5

Figure 5 Kaplan-Meier overall survival analysis of microRNA-224.
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Abstract
BACKGROUND
Cytomegalovirus (CMV) remains a critical complication after solid-organ
transplantation. The CMV antigenemia (AG) test is useful for monitoring CMV
infection. Although the AG-positivity rate in CMV gastroenteritis is known to be
low at onset, almost all cases become positive during the disease course. We
treated a patient with transverse colon perforation due to AG-negative CMV
gastroenteritis, following a living donor liver transplantation (LDLT).
CASE SUMMARY
The patient was a 52-year-old woman with decompensated liver cirrhosis as a
result of autoimmune hepatitis who underwent a blood-type compatible LDLT
with her second son as the donor. On day 20 after surgery, upper and lower
gastrointestinal endoscopy (GE) revealed multiple gastric ulcers and transverse
colon ulcers. The biopsy tissue immunostaining confirmed a diagnosis of CMV
gastroenteritis. On day 28 after surgery, an abdominal computed tomography
revealed transverse colon perforation, and simple lavage and drainage were
performed along with an urgent ileostomy. Although the repeated remission and
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aggravation of CMV gastroenteritis and acute cellular rejection made the control
of immunosuppression difficult, the upper GE eventually revealed an
improvement in the gastric ulcers, and the biopsy samples were negative for
CMV. The CMV-AG test remained negative, therefore, we had to evaluate the
status of the CMV infection on the basis of the clinical symptoms and GE.
CONCLUSION
This case report suggests a monitoring method that could be useful for AGnegative CMV gastroenteritis after a solid-organ transplantation.
Key words: Cytomegalovirus gastrointestinal disease; Colon perforation; Antigenemia
negative; Liver transplantation; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The cytomegalovirus (CMV) antigenemia (AG) test is useful for monitoring
recipients for posttransplantation CMV infection. Although the AG-positivity rate in
CMV gastroenteritis is known to be low at onset, most cases become positive during the
disease course. We managed a patient with a complicated condition with a transverse
colon perforation caused by AG-negative CMV gastroenteritis, after a living donor liver
transplantation. This case report presents a method that could be important monitoring
for AG-negative CMV gastroenteritis after solid-organ transplantation.
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Although cytomegalovirus (CMV) infection can remain latent since childhood, it can
be reactivated due to immunosuppression. While CMV gastroenteritis presents with
clinical symptoms, such as abdominal pain, nausea, vomiting and melena, a definitive
diagnosis is made based on endoscopic findings and the histopathological
examination of biopsy tissues. The CMV-antigenemia (AG) positivity rate at the onset
of gastroenteritis has been reported to be approximately 20%-30% [1] . Although
gastrointestinal perforation due to CMV gastroenteritis is not uncommon[2], such an
occurrence has rarely been reported after organ transplantation [3] . Autoimmune
hepatitis is an autoimmune disease that commonly develops in middle-aged or older
woman and usually causes chronic and progressive liver damage. In regard to
treatment, immunosuppressants, especially prednisolone, are commonly used. Liver
transplantation is the final therapeutic option for patients, such as in a recently
reported case on a patient with autoimmune hepatitis who developed decompensated
cirrhosis due to an insufficient response to medical treatment.
We managed a patient with a complicated condition, with transverse colon
perforation that was caused by AG-negative CMV gastroenteritis, after a living donor
liver transplantation (LDLT). Here, we report on this case, which was difficult to
diagnose and treat.
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CASE PRESENTATION
Chief complaints
Abdominal pain and fullness.

History of present illness
The patient was a 52-year-old Asian woman, who was diagnosed with liver
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dysfunction during a medical examination in her twenties. A diagnosis of
autoimmune hepatitis was made at 40 years of age. When the patient was 46 years
old, the patient developed ascites, which improved with oral steroids. However, with
disease progression, she developed decompensated cirrhosis at 51 years old that was
resistant to medical management. She was then referred to our department.

History of past illness
There was no other significant medical history.

Personal and family history
The patient was a nonsmoker and had stopped drinking socially 5 years prior. Her
occupation was a housewife. There was no relevant family history.

Physical examination upon admission
According to the Eastern Cooperative Oncology Group Performance Status, her
performance status was 2. At the physical examination, the patient’s height was 155
cm, her weight was 47 kg, and her vitals were stable; yellowish bulbar conjunctivae,
ascites, and bilateral pedal edema were observed.

Laboratory examinations
The Child-Pugh score was 11 points in class C, and the Model for end stage liver
disease score was 11 points. The serologic tests for CMV showed that the patient was
IgG positive (+), IgM negative (-), and AG negative, which is indicative of past CMV
infection. A PCR test for CMV was not performed routinely before transplantation at
our facility and was not performed in this case.

Imaging examinations
Abdominal computed tomography (CT) revealed liver cirrhosis with ascites before
LDLT.

Liver transplantation and follow-up
A blood-type compatible LDLT was performed using a left lobe graft, with the
patient’s second son as the donor (20 years old, CMV IgG+/IgM-, which is indicative
of past CMV infection). The graft-to-recipient weight ratio was 0.73, the operation
duration was 849 min, and the bleeding volume was 822 mL. At our facility, in
accordance with the protocol of CMV monitoring and treatment after a liver
transplantation, CMV-AG is tested twice a week, but a CMV-PCR test is not
performed routinely. In addition, prophylactic ganciclovir (GCV) is not administered,
but GCV is initiated when the patient becomes CMV-AG positive or in the case of a
seropositive donor.
Initially, cyclophosphamide (CyA), prednisolone (PSL) and mizoribine (MIZ) were
used as the postoperative immunosuppressants, in accordance with the protocol of
our facility[4,5], however, for this patient, MIZ was replaced by mycophenolate mofetil
(MMF) due to pancytopenia, and CyA was replaced by tacrolimus (FK) due to renal
failure. As the patient had jaundice and persistently elevated aspartate transaminase
and alanine transaminase levels, a liver biopsy was performed on the 10th day after
transplantation. The histopathological examination was negative for both acute
cellular rejection (ACR) and CMV hepatitis, so her condition was suspected to be
drug-induced or caused by cholestasis.
Starting on the 12th day after transplantation, the patient’s anemia worsened, and
she required frequent packed red blood cell transfusions. Further investigations
confirmed thrombocytopenia, jaundice, and renal failure. We suspected thrombotic
microangiopathy (TMA), even though the peripheral smear was negative for
fragmented red blood cells, and a fresh frozen plasma transfusion and FK dose
reduction were carried out. The CMV-AG remained negative, and there were no
clinical findings that were characteristic of a CMV infection, but prophylactic GCV
administration was initiated. Thereafter, the thrombocytopenia gradually improved.
On the 20th day after transplantation, the patient reported abdominal pain and blackcolored stools, so upper gastrointestinal endoscopy was performed, which showed
multiple gastric ulcers (Figure 1A). A biopsy tissue sample, taken from an ulcer,
showed large cells with intranuclear inclusions with hematoxylin and eosin (HE)
staining (Figure 1B), and CMV-positive cells were observed through immunostaining
(Figure 1C). Once the diagnosis of CMV gastroenteritis was confirmed, GCV, which
had already been initiated, was continued, and the dosage of all 3
immunosuppressants, FK, PSL, and MMF, was reduced.
On the 26th day after transplantation, the patient had frequent, watery diarrhea, for
which a lower gastrointestinal endoscopy was performed, and a deep ulcer was
observed in the transverse colon (Figure 2A). The biopsy tissue diagnosis of the
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Figure 1

Figure 1 Upper gastrointestinal endoscopy and tissue biopsy diagnosis. A: Upper gastrointestinal endoscopy showed multiple gastric ulcers in the vestibular
area. B: Biopsy tissue diagnosis showed large cells with intranuclear inclusions on hematoxylin and eosin staining (arrows) (× 200). C: Cytomegalovirus positive cells
were observed through immunostaining (× 200).

ulcerative lesion revealed large cells with intranuclear inclusions with HE-staining
(Figure 2B) and CMV-positive cells with immunostaining (Figure 2C). On the 28th day
after transplantation, we noted the findings of abdominal pain, fever and an increased
inflammatory response. A plain abdominal CT scan revealed intraperitoneal free air
adjacent to the transverse colon (Figure 3A) and hemorrhagic ascites in the pelvis
(Figure 3B).
The patient was diagnosed with gastrointestinal perforation, and an emergency
surgery was performed. When the abdomen was incised, contaminated ascites were
not observed. In the transverse colon, an impending perforation with a thinned serous
membrane was confirmed.
The rejection activity index score of the liver tissues collected during the surgery
was found to be P2, B1, and V1 during the histopathologic examination, indicating
ACR.

FINAL DIAGNOSIS
The final diagnosis of the presented case was transverse colon perforation due to
CMV gastroenteritis.

TREATMENT
GCV was administered for CMV gastroenteritis.
During the emergency surgery, as it was difficult to remove the adhesions with the
surrounding areas, thus, the site of perforation was left as it was. Simple lavage with
drainage was performed, and ileostomy was performed for acute pan-peritonitis due
to transverse colon perforation.

OUTCOME AND FOLLOW-UP
The repeated remission and aggravation of CMV gastroenteritis, ACR and TMA made
the control of immunosuppression extremely difficult. CMV-AG remained negative
throughout the disease course, but the CMV-PCR test result was 220 copies/mL. On
the 46 th day after transplantation, a follow-up upper gastrointestinal endoscopy
showed that the gastric ulcer was finally resolving, and the biopsies were also
negative for CMV. The patient was ambulatory at discharge on the 86th day after
transplantation.

DISCUSSION
Although CMV infection is often contracted in childhood, it usually remains latent. It
is often reactivated due to immunosuppression after an organ transplantation[6]. Most
Japanese individuals are infected with CMV in early childhoods, and it usually
remains latent. Therefore, even if a donor candidate had a past CMV infection, he or
she is not excluded as a donor. When the recipient is seronegative while the donor is
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Figure 2

Figure 2 Lower gastrointestinal endoscopy and tissue biopsy diagnosis. A: Lower gastrointestinal showed a deep ulcer in the transverse colon. B: Biopsy tissue
diagnosis showed large cells with intranuclear inclusions on hematoxylin and eosin staining (arrow) (× 400). C: Cytomegalovirus positive cells were observed through
immunostaining (× 400).

seropositive for the CMV antibody, the risk of onset of CMV infection after organ
transplantation is high, and appropriate monitoring and prophylactic measures are
necessary[7]. However, when the recipient is seropositive, whether the recipient is at
risk of infection when the donor is seropositive or seronegative is controversial.
The diagnostic methods for CMV include (1) the isolation and identification of
CMV from blood, urine and pharyngeal secretions; (2) the CMV-AG test, which
involves the detection of CMV-antigen-positive polymorphonuclear leukocytes in
peripheral blood using a monoclonal antibody; (3) the CMV-PCR method, which
involves amplifying CMV-DNA from blood and the bronchoalveolar lavage fluid for
the identification; and (4) cytopathological and histopathological examinations, which
involve the evaluation of the target organs of CMV infection with endoscopy and
biopsy to detect the intranuclear inclusion bodies of giant cells through HE staining
and CMV antigens through immunostaining using an anti-CMV monoclonal
antibody[6,7]. Because both the sensitivity and specificity of the CMV-AG test are
reported to be 70%-90% [8,9] and the levels are indicative of disease severity and
treatment response, the test is said to be effective for infection monitoring. The CMVAG test is therefore used as an indicator for the initiation and completion of
treatment. The sensitivity and specificity of the CMV-PCR method are reported to be
superior to the CMV-AG test[10-14], and while a quantitative estimation of the number
of copies is possible with the former, the positive cut-off value varies among different
reports[9-11,13,15]. The CMV-PCR test is not covered by health insurance providers in
Japan.
CMV gastroenteritis exhibits clinical symptoms such as nausea, vomiting,
abdominal pain and melena, and it is characteristic to find multiple gastrointestinal
ulcers during endoscopy[6,10,15]. The diagnosis is based on endoscopic findings and
biopsy tissue examination and analysis. The diagnosis is confirmed when the
intranuclear inclusion bodies of giant cells are observed using HE stains and CMV
antigens are identified through immunostaining[6,10,14,16]. When an ulcerative lesion is
observed in the gastrointestinal tract of an immunosuppressed patient, the site should
be biopsied and investigated, keeping CMV infection in mind. Although it has been
reported that in CMV gastroenteritis, the CMV-AG positive rate is approximately 20%
at onset and that false-negatives results occur frequently [1] , the CMV-AG status
becomes positive in most cases during the disease course, thus making this test a
useful parameter for monitoring the response to treatment[1,8,14,17]. While there have
been reports on rare cases in which patients who had CMV gastroenteritis had CMVAG results that remained negative throughout the disease course after bone marrow
transplantation[13,18,19], there have been no such reports associated with solid-organ
transplantation; however, there have been some reports in which the CMV-AG test
was positive when an intestinal perforation was caused by CMV gastroenteritis[20,21],
including a report in which intestinal perforation were caused by CMV gastroenteritis
in patients taking immunosuppressants to treat rheumatoid arthritis[2]. Although it
has been reported that routine upper gastrointestinal endoscopy during the follow-up
for CMV gastroenteritis does not lead to differences in recurrence rates and treatment
effects[17], there are also cases such as ours, where the patient suffers from localized
CMV infection but does not achieve viremia and remains CMV-AG negative
throughout the disease course. An examination of symptomatic patients through
regular upper gastrointestinal endoscopy and biopsy may be an important
monitoring method, and it is necessary to tailor the medical management on a case-tocase basis.
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Figure 3

Figure 3 Abdominal computed tomography images. A: Abdominal computed tomography (CT) revealed
intraperitoneal free air near the transverse colon (arrow). B: Abdominal CT revealed hemorrhagic ascites in the pelvis
(arrow).

Although there have been reports on cases with gastrointestinal perforation due to
CMV gastroenteritis, this complication is extremely rare after a solid organ
transplantation[2,3]. Recently, there was a report showing that CMV infects vascular
endothelial cells and causes ulcers and perforation locally in the intestinal mucosa
after solid-organ transplantation[21].
In our case, in addition to the long-term history of oral PSL therapy for
autoimmune hepatitis before transplantation, posttransplantation
immunosuppression was essential. This may have caused CMV gastroenteritis with
strong, localized inflammation that led to intestinal perforation without viremia.
Although CMV infection tends to occur at least three week after transplantation[3],
patients taking immunosuppressive drugs before transplantation may be affected
earlier[6].
Atsumi et al[22] and Kemeny et al[23] have reported on patients presenting with a
combination of polyoma virus infection and acute graft rejection after kidney
transplantation. However, the coexistence of an infection and rejection represents a
combination of contradictory illnesses and constitutes a rare presentation. In our case,
the patient was first diagnosed with ACR through an intraoperative liver biopsy
sample taken during the emergency procedure for gastrointestinal perforation in an
advanced stage of CMV infection. It was a combination of an infection and a rejection,
which again is an extremely rare presentation, which made the management difficult.
TMA is a condition in which polymers of von Willebrand factor are secreted due to
vascular endothelial cell dysfunction that is caused by various factors, for e.g., graftversus-host disease (GVHD), ABO-incompatible transplantation, calcineurin inhibitor
(CNI) administration, and fungal and viral (e.g., human immunodeficiency virus,
CMV and adenovirus) infections[24,25]. This secretion promotes platelet thrombus
formation, leading to multiorgan failure due to microangiopathy. Although the
recommended criteria for diagnosing TMA have been previously reported, there are
no set diagnostic criteria. Our hospital, as reported previously[26], follows the protocol
of a diagnosis based on clinical examination findings and the appearance of
fragmented red blood cells in the peripheral smear, combined with tests showing
hemolytic anemia, thrombocytopenia and increased bilirubin and lactate
dehydrogenase levels.
CMV has been reported to exhibit a TMA-like disease state by infecting vascular
endothelial cells and making them dysfunctional[27,28]. Java et al[29], Waiser et al[30]
reported a patient with newly developed TMA due to CMV infection in a kidney
transplant recipient. In our case, treatment with GCV was initiated as the patient
presented with symptoms of TMA prior to the detection of CMV infection. Therefore,
a CMV infection could be suspected in a TMA-like disease presentation.
In patients who are chronically treated with immunosuppressants before organ
transplantation, endoscopy should be performed according to symptoms at an earlier
stage after transplantation. As a reliable test, the CMV-PCR test is reported to be
superior to the CMV-AG test, but it is not covered by health insurance providers in
Japan.

CONCLUSION
After solid-organ transplantation, it is necessary to monitor symptomatic patients for
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CMV gastroenteritis, even when the CMV-AG assay remains negative throughout the
course of the illness. Additionally, a CMV infection should be suspected when a
TMA-like disease presentation is observed, and the patient should be investigated
accordingly, to rule out this diagnosis.
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Abstract
Helicobacter pylori (H. pylori) antimicrobial resistance is an urgent, global issue. In
2017, the World Health Organization designated clarithromycin-resistant H.
pylori as a high priority bacterium for antibiotic research and development. In
addition to clarithromycin, resistance to metronidazole and fluoroquinolones has
also increased worldwide. Recent international guidelines for management of H.
pylori infection recommend bismuth or non-bismuth quadruple therapy for 14 d
as a first-line treatment for H. pylori in areas of high clarithromycin and/or
metronidazole resistance. Although these treatment regimens provide acceptable
H. pylori eradication rates, the regimens used should not contribute to future
resistance of H. pylori to antimicrobials. Moreover, these regimens can promote
resistance, due to prolonged therapy with multiple antibiotics. A new strategy
that can eradicate H. pylori as well as reduce the antibiotics used is required to
prevent future antimicrobial resistance in H. pylori. Dual-therapy with
vonoprazan and amoxicillin could be a breakthrough for H. pylori eradication in
an era of growing antimicrobial resistance. This regimen may provide a
satisfactory eradication rate of H. pylori and also minimize antimicrobial
resistance due to single antibiotic use and the strong inhibitory effect of
vonoprazan on gastric acid secretion.
Key words:Helicobacter pylori; Antibiotic resistance; Antimicrobial resistance; Dual
therapy; Vonoprazan
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prevent antimicrobial resistance because these regimens use multiple antibiotic agents
and have a long treatment duration. Dual therapy consisting of vonoprazan and
amoxicillin may be an alternative treatment regimen for H. pylori eradication in an era of
growing antimicrobial resistance and may provide sufficient H. pylori eradication rates
and may help prevent future antimicrobial resistance of H. pylori.
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INTRODUCTION
Helicobacter pylori (H. pylori) infection, one of the most common bacterial infections,
affects approximately 50% of the world’s population[1]. H. pylori infection is a major
cause of gastritis, gastric and duodenal ulcers, mucosal associated lymphoid tissue,
and gastric cancer[2]. H. pylori eradication treatment has been proven to improve
gastric inflammation, promote ulcer healing, and reduce the incidence of gastric
cancer[3,4]. Furthermore, a “test-and-treat” approach is advocated for detecting and
eradicating H. pylori in patients with dyspeptic symptoms but low gastric cancer
risk[5].
H. pylori eradication treatment is becoming more challenging due to increasing
antimicrobial resistance. Previously, a 7-d standard triple therapy consisting of a
proton pump inhibitor (PPI), amoxicillin (AMPC), and clarithromycin (CAM) was
recommended for eradicating H. pylori [6] . However, there has been a significant
reduction in the eradication rate achieved with this regimen due to the increase in
antimicrobial resistance of H. pylori. Resistance of H. pylori has reached alarming
levels worldwide, which greatly affects the efficacy of treatment. The World Health
Organization (WHO) recently published its first ever list of antimicrobial resistant
“priority pathogens,” which is a catalogue of 12 families of bacteria posing the
greatest threat to human health. They indicated three priority statuses-critical, high,
and medium-with CAM-resistant H. pylori being categorized as a high priority
bacterium in the same tier as vancomycin-resistant Enterococcus faecium and
methicillin-resistant Staphylococcus aureus. Furthermore, resistance to metronidazole
(MNZ) and fluoroquinolones, which are mainly used as rescue therapies[7], has also
increased more recently to over 15% in many regions of the world[8,9]. Thus, the mere
avoidance of CAM in H. pylori eradication treatment is not enough to prevent and
decrease antimicrobial resistance of H. pylori. Actually, a recent study of the influence
of a government-introduced, restrictive antibiotic policy on the rates of resistance of
H. pylori in Taiwan indicated an increase in levofloxacin resistance since the restriction
of macrolides[10].

RECENT STANDARD H. PYLORI THERAPIES AND THE
CONCERN FOR ANTIMICROBIAL RESISTANCE
Treatment regimens are expected to overcome the increasing prevalence of resistant
strains of H. pylori and achieve a > 90% eradication rate. The eradication rates for
first-line H. pylori treatment regimens published in meta-analysis and in a study of
eradication rates of vonoprazan-based dual therapy are shown in Table 1. Recently,
bismuth-containing quadruple therapy (BQT) or non-bismuth concomitant quadruple
therapy (CQT) has been recommended by international guidelines as a first-line
treatment for H. pylori in areas of high CAM and/or MNZ resistance[5,11,12]. Both BQT
and CQT contain PPI and two to three kinds of antibiotic agents including AMPC,
CAM, MNZ, nitroimidazole, and tetracycline with longer treatment durations of 10-14
d. It is reported that acceptable eradication rates of > 90% have been obtained by both
regimens. Although BQT and CQT provide acceptable H. pylori eradication rates, they
have many limitations, such as a complicated protocol, high cost, adverse side effects,
and poor patient compliance due to multiple drug combinations[13]. Furthermore,
these regimens must not contribute to antimicrobial resistance of H. pylori; moreover,
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they may promote future resistance because of the use of multiple antibiotics for a
long duration. The alarming global rates of H. pylori resistance in treatment-naïve
patients can be correlated with the increasing and uncontrolled use of antibiotics that
are commonly used in H. pylori empirical therapy and in therapy for other common
infections in the general population[14]. Increased antibiotic usage worldwide has led
to antimicrobial resistance among many bacteria, including H. pylori, resulting in
falling success rates of H. pylori eradication treatment. These regimens could also be
improved to optimize antibiotic usage to prevent antimicrobial resistance.
WHO launched the Global Action Plan on Antimicrobial Resistance to ensure, for
as long as possible, the continuity of the ability to treat and prevent infectious diseases
with effective and safe medicines that are quality-assured, used in a responsible way,
and accessible to all who need them. Five objectives are listed in this document and
the fourth objective is “to optimize the use of antimicrobial medicines in human and
animal health.” They state that “extent of reduction in global human consumption of
antibiotics, the consumption of antibiotics used in food production, and the use of
medical and veterinary antimicrobial agents for applications other than human and
animal health” are a potential measure of effectiveness for optimizing the use of
antimicrobial medicines in human and animal health. Thus, the increase in resistance
to CAM and the existence of multi-resistance to various families of antibiotics must be
addressed by the appropriate use of antibiotics in H. pylori treatment. Antimicrobial
susceptibility testing is the best way to optimize and reduce antibiotics for H. pylori
eradication treatment as well as treating other common infections. Antimicrobial
susceptibility testing is recommended to enable tailoring of the eradication therapy
presented in the international guidelines [5] , to ensure successful eradication [15,16] .
However, antimicrobial susceptibility testing is not a routine clinical practice due to
the invasiveness of the endoscopy procedure, time consuming nature, the availability
of laboratory culture facilities, and cost considerations[17]; non-invasive methods are
being developed[18].

PROSPECTS OF NEW STRATEGIES FOR ENSURING
ERADICATION OF H. PYLORI AND PREVENTION OF
ANTIMICROBIAL RESISTANCE
A new strategy that could provide sufficient eradication rates as well as decrease the
amount of antibiotics is essential for the prevention of future antimicrobial resistance
of H. pylori. Dual therapy with AMPC and PPI could be a possible solution because
this regimen is a single-antibiotic therapy, and it is well known that H. pylori is hardly
resistant to AMPC. Currently, the resistance rates of H. pylori to AMPC remain low
(0%-5%)[19,20]. A dual therapy comprising a PPI and AMPC was first introduced in the
1990s as a first-line regimen for H. pylori infection[21]. As dual therapy of PPI and
AMPC administered at standard doses did not achieve satisfactory treatment
outcomes[22,23], it was subsequently used as a salvage treatment. Recently, Yang et al[24]
reported that a high-dose dual therapy consisting of AMPC and rabeprazole achieved
an eradication rate of 95.3% in first-line therapy, and 89.3% in rescue therapy.
However, this method needed a high frequency and a high dose of AMPC and PPI for
a longer duration (e.g., rabeprazole 20 mg and amoxicillin 750 mg 4 times/d for 14 d)
to attain an acceptable eradication rate of > 90%, which led to high cost, adverse side
effects, and poor patient compliance.
One interesting possibility is to substitute conventional PPIs with vonoprazan for
use in dual therapies. Vonoprazan-based dual therapy could be an alternative
treatment regimen for H. pylori eradication, which could provide sufficient eradication
rates of H. pylori and minimize antimicrobial resistance. The key to a successful dual
therapy regimen is a PPI-generated neutral environment suitable for bacterial growth;
this causes dormant H. pylori to enter a replicative state and makes H. pylori sensitive
to AMPC. Vonoprazan is a novel potassium competitive acid blocker that has a strong
and long-lasting effect on inhibition of acid secretion [ 2 5 , 2 6 ] . In addition, the
pharmacokinetic features of vonoprazan are not affected by CYP2C19
polymorphisms [27,28] . It is reported that seven days of standard triple therapy
containing vonoprazan provided approximately 90% eradication rate attributable to
effective gastric acid inhibition and the maintenance of a high gastric pH, and had a
high safety profile irrespective of age[29-31]. To the best of our knowledge, there is only
one study on vonoprazan and AMPC dual therapy; this study showed that a regimen
consisting of vonoprazan 20 mg twice per day and AMPC 500 mg three times/d for
seven days provided sufficient eradication rates of 93.8% of H. pylori infection[32]. This
seven-day, vonoprazan-based dual therapy may have additional advantages in terms
of treatment compliance and medical costs as fewer agents are used and the duration
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Table 1 Treatment regimens for first-line Helicobacter pylori therapies and its successful eradication rates
Regimens

PPI

Antibiotics

Treatment duration

Eradication rates

Bismuth quadruple therapy

Esomeprazole 20-40 mg bid;
Omeprazole 20-40 mg bid

TC 125 mg qid; MNZ 125 mg
qid

10 d

90%[35]

Concomitant quadruple
therapy

Esomeprazole 20-40 mg bid;
Lansoprazole 30 mg bid;
Omeprazole 20-40 mg bid;
Pantoprazole 40 mg bid;
Rabeprazole 10-20 mg bid

AMPC 750 mg-1 g bid; CAM
200-500 mg bid; MNZ or TNZ
250-500 mg bid

5-14 d

83%[36]

Standard triple therapy

Esomeprazole 40 mg bid;
Lansoprazole 30 mg bid;
Pantoprazole 40 mg bid;
Rabeprazole 10-20 mg bid

AMPC 500 mg-1 g bid; CAM
200-500 mg bid

7 d[37]; 14 d[38]

73%[37]; 81%[38]

High dose dual therapy

Esomeprazole 20 mg qid;
Omeprazole 40 mg qid;
Rabeprazole 10-20 mg qid

AMPC 750 mg qid

14 d

86%[39]

Vonoprazan based triple
therapy

vonoprazan 20 mg bid

AMPC 750 mg bid; CAM 200400 mg bid

7d

88%[37]

Vonoprazan based dual
therapy

vonoprazan 20 mg bid

AMPC 500 mg tid

7d

94%[32]

PPI: Proton pump inhibitor; TC: Tetracycline; MNZ: Metronidazole; AMPC: Amoxicillin; CAM: Clarithromycin; TNZ: Tinidazole.

of the therapy is shorter than that of other recent standard treatment regimens (such
as BQT, CQT, and sequential therapies). Vonoprazan-based dual therapy may be a
recent breakthrough that could ensure a satisfactory eradication rate with the use of
minimum antibiotic agents and a short treatment duration. Furthermore, reducing
antibiotics may prevent changes and dysbiosis in gut microbiota composition, which
are caused by antibiotics used in H. pylori eradication therapy [33] . Although
vonoprazan-based dual therapy potentially has these advantages, it also has several
limitations for implementation in clinical setting. First, vonoprazan is available in a
few countries. Vonoprazan was developed and launched in Japan in 2015. However, it
is now available in several Asian countries including Philippine, Singapore, and
Thailand, and has been approved in other regions, including South America
(countries such as Argentina and Peru). Thus, vonoprazan may become available and
can be used for H. pylori eradication therapy worldwide in the near future. Second,
this regimen cannot be used in patients with penicillin allergy and thus antimicrobial
susceptibility testing should be performed in these patients to optimize H. pylori
eradication therapy. Although the conventional antimicrobial susceptibility testing is
invasive due to the need of endoscopy and biopsy as mentioned above, a noninvasive molecular test using fecal sample has also been recently developed[34]. This
method involves the isolation of H. pylori DNA from stool and detection of point
mutations conferring antimicrobial resistance by polymerase chain reaction. This
method should be considered for testing antimicrobial susceptibility in patients with
penicillin allergy before H. pylori eradication therapy. Finally, there are few data and
studies regarding this regimen. Further studies should be conducted to prove its
efficacy and safety profile.

CONCLUSION
In this review, we outline the urgent, global issue of H. pylori antimicrobial resistance
and propose our prospects of approach for the issue. H. pylori treatment is becoming
more challenging because of the increasing antimicrobial resistance to not only CAM
but also to MNZ and fluoroquinolones. Thus, there is a need to develop new H. pylori
eradication therapies that provide an acceptable eradication rate, better safety and
tolerability profile, and good patient compliance, while preventing the increase in H.
pylori antimicrobial resistance. One interesting possibility is the use of vonoprazan in
dual therapy with AMPC, which has been shown to have over a 90% eradication rate.
Large scale, randomized control trials should be conducted to verify and establish this
finding in the future.
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Abstract
Understanding the occurrence, development, and treatment of liver diseases is
the main goal of hepatopathology research. Liver diseases are not only diverse
but also highly heterogeneous among individuals. At present, research on liver
diseases is conducted mainly through cell culture, animal models, pathological
specimens, etc. However, these methods cannot fully reveal the pathogenic
mechanism and therapeutic characteristics of individualized liver diseases.
Recent advances in three-dimensional cell culture technology (organoid culture
techniques) include pluripotent stem cells and adult stem cells that are cultured
in vitro to form self-organizing properties, making it possible to achieve
individualized liver disease research. This review provides a comprehensive
overview of the development of liver organoids, the existing and potential
applications of liver regenerative medicine, the pathogenesis of liver disease
heterogeneity, and drug screening.
Key words: Organoids; Liver diseases; Individualized research; Liver cancer; Threedimensional cell culture; Liver organoids
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This article not only systematically elaborates on the origin and culture of
organoids but also comprehensively summarizes the latest applications of organoids in
liver diseases, especially benign liver diseases and malignant tumors. Furthermore, it
discusses the advantages and disadvantages of the application of liver organoids in liver
diseases, and shows that organoids have great potential for exploring the pathogenesis
and treatment of liver diseases.
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INTRODUCTION
Liver diseases are one of the most common pathologies in the digestive system and
have a high incidence. In recent years, the incidence of liver diseases has gradually
increased owing to drinking, obesity, viral [hepatitis B virus (HBV) or hepatitis C
virus (HCV)] infection, and other reasons [1-3] . Fatty liver and viral hepatitis are
common liver diseases that have a prolonged course and often evolve into cirrhosis
and even liver cancer. The liver is a complex metabolic and detoxifying organ with
significant individual differences[4]. Due to the complex inner microenvironment of
the liver, it is difficult to establish a disease model for exploring the occurrence,
development, and treatment of liver diseases.
Two-dimensional (2D) cell culture, three-dimensional (3D) cell culture, primary cell
culture, and human-animal models have been widely used to study liver physiology,
liver disease pathogenesis, and relevant treatments. However, these models often
have many shortcomings and limitations in practical application[5]. For example, in 2D
and 3D cell cultures, the cells are usually from liver cancer cell lines or liver cell lines
transduced with a virus, and their genetic information is relatively constant, so that
the individualized liver physiology and pathology cannot be fully displayed [6] .
Primary hepatocyte culture can preserve the heterogeneity of genetic information, but
its application in the study of liver diseases is limited because of the difficulty of longterm culture in vitro and the lack of a proper hepatocyte microenvironment[7]. The
patient-derived xenograft (PDX) model involves transplanting fresh tumor tissue into
immunodeficient mice to form tumors in their bodies. The tumor-forming tissue well
maintains the biological characteristics and heterogeneity of the tumor[8,9]. The PDX
model has been broadly used to study the pathogenesis and treatment of various solid
liver tumors including (but not limited to) hepatocellular carcinoma,
cholangiocarcinoma, and mixed cell carcinoma[10,11]. However, the PDX model has
many deficiencies affecting the study of tumors. For instance, when liver cancer tissue
is transplanted into immunodeficient mice, the tumor formation rate is less than 30%,
and the process usually involves high expenditures and consumes much time and
many resources. Even if the tumor can form in immunodeficient mice, tumor
evolution may also ensue, resulting in a greater difference from human tumors[12-14].
Although the above models can be used to study liver diseases, they are not optimal
models for research on liver disease occurrence, developmental mechanisms, and
treatment.
An organoid culture, a special 3D culture, is made of autologous tissue, pluripotent
stem cells (PSCs), adult stem cells and other tissues cultured in vitro by special 3D
culture techniques[15]. An organoid culture can stably retain the genetic information of
autologous tissue and present the physiological and pathological state of self-tissue.
With the development and maturity of culture techniques, organoids have been
widely used in the study of stem cell biology and research on the development of
various human organs and human diseases, such as the use of human and animal
liver organoids for the study of various liver diseases[16,17].
This article mainly describes research progress in the culture of liver organoids
(including liver cancer organoids) and their application in liver diseases, points out
the existing limitations of liver organoid culture and disease research, and considers
what improvements can be made in the future. It is apparent that liver organoids can
be better used to study liver diseases.

OVERVIEW AND SOURCES OF ORGANOIDS
Origin and introduction of organoids
Organoids are “microscopic tissues” formed by culturing stem cells in a unique 3D
culture system, and their structure and function are largely similar to those in vivo. As
early as the 1950s, the literature began to use the term “organoids”[18], and organoids
started to gradually appear in various publications in the 1960s. Naturally, a new cell
culture method in vitro called “3D organoid” culture emerged, but in the past few
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decades, there has been no clear and unambiguous definition of organoids. In 2012,
organoids were systematically elaborated and defined by Eiraku and Sasai [19] .
Organoids, which are “microtissues” formed by special in vitro 3D culture techniques
developed in recent years, contain tissues similar to the tissues in vivo. Organoids
retain a tissue structure and function similar to the original tissue and are capable of
stable long-term culture and passage [19-21] . The stem cell sources of the existing
cultured organoids are mainly the following two stem cell lines: (1) PSCs: induced
PSCs (iPSCs) and embryonic stem cells (ESCs) are induced to form brain tissue[22],
retinal tissue[23], lung tissue[24], stomach tissue[25], small intestinal tissue[26], kidney
tissue[27], liver tissue[28], and organoids from other organs by adding substances that
contain growth factors [fibroblast growth factor (FGF), WNT, bone morphogenetic
protein (BMP), etc.] into the in vitro 3D medium; and (2) adult stem cells (ASCs): stem
cells present in mature tissues under specific conditions are induced to differentiate
into corresponding tissue organoids by adding substances such as growth factors
[epidermal growth factor (EGF), Rspo1, and FGF] from the microenvironment in vivo.
For example, by inducing the differentiation of Lgr5+ cells, organoids such as lung
tissue[29], small intestine tissue[30], stomach tissue[31], pancreatic tissue[32], and liver
tissue[15] are formed. The organoids are cultured in 3D medium through the orderly
addition of growth factors and other substances that are in the microenvironment of
stem cells in the original tissue. In addition, the directional differentiation of PSCs and
ASCs is induced to form a 3D micro-organization similar to the structure and function
of the original tissues.

Formation of and latest developments in liver organoids
PSCs differentiate to form liver organoids: Some studies have reported that human
PSCs (hPSCs) are successfully induced to form mature hepatocyte-like cells in serumfree medium[33,34]. It was further found that hepatocyte-like cells derived from hPSCs
can be cocultured with mesenchymal stem cells and endothelial cells on Matrigel
matrix to form 3D hepatic bud organoids[28]. Through immunohistochemistry, the
liver bud tissue has been found to contain microvessels. In addition, if the liver bud is
transplanted into nude mice, the microvessels will spontaneously communicate with
the subcutaneous microvasculature of the nude mice, which provides the blood
supply to the 3D liver-bud organoid tissue. The analyzed gene expression was found
to have a high similarity with the expression of the original fetal liver genes. In
addition, the organoid tissue differentiated more maturely than hepatocytes formed
by culturing human iPSCs in a Matrigel-free matrix[28]. Recent studies show that
human iPSCs may develop gene mutations or alter gene expression during
differentiation, which may even lead to tumorigenesis[35]. Zhang et al[36] added EGF,
VEGF, FGF2, Chir99021, and A83-01 separately to induce human iPSCs to
differentiate into posterior gut endoderm cells (PGECs), and the progenitor cells of
the posterior intestine were further induced to differentiate into liver bud tissue
through 3D induction. When implanted into immunodeficient mice, liver bud tissue
can differentiate into liver tissue with mature functional liver cells and biliary
epithelial cells, with corresponding nutritional angiogenesis[36].
ASCs differentiate into liver organoids: In 2007, Barker et al[37] discovered selfrenewing stem cells in the intestinal epithelium, and these stem cells all expressed the
Lgr5 protein. An increasing number of researchers believe that Lgr5+ is a marker of
stem cells in tissues such as the stomach, small intestine, colon, liver, and pancreas[37].
Lgr5+ cells are adult tissue stem cells of the liver and are rarely observed in the normal
physiological state; however, in pathological conditions, the number will increase
significantly[15]. For example, when liver damage occurs, Lgr5+ cells are usually bile
duct epithelial cells and can differentiate into hepatocytes and biliary epithelial cells
in the body, thereby causing spontaneous repair of the liver [15,21,38] . Huch et al [15]
extracted Lgr5+ cells, which were induced by CCL4 in injured mouse livers and then
were further induced to differentiation in Matrigel matrix to form mature mouse liver
organoids. The analysis of the mouse liver organoids revealed that certain liver
progenitor cells can differentiate into early hepatocytes and biliary epithelial cells[15].
When the mouse liver organoids were implanted into immunodeficient mice, the liver
organoids differentiated into functional liver tissues, and the hepatocytes secreted
albumin, cytochrome, bile acids, etc., and partially restored the liver function in the
injured mice[15]. In 2015, Huch et al[21] cultured human bile duct-derived bipotent
progenitor cells in vitro for a long period and found that they exhibited Lgr5+ cell-like
proliferation and differentiation capacity and were able to form organoids in Matrigel
matrix. When implanted into immunodeficient mice, these cells can also differentiate
into functional liver tissue[21]. Furthermore, progenitor cells can differentiate into
organoids in dogs, cats, and other animals by a similar method[39,40]. However, the liver
organoids formed by the above methods only differentiate into functional hepatocytes
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or biliary cells, which are often similar to early fetal liver cells and bile duct epithelial
cells during liver development[41], and differ from the physiological function and
physiological anatomy of the mature liver. To compensate for these shortcomings, in
2017, Vyas et al[5] cultured human fetal liver progenitor cells by decellularized hepatic
extracellular matrix (ECM) scaffolds to form organoids, which exhibit some of the
physiological functions (albumin and bilirubin secretion) and the liver-biliary
anatomy of mature liver tissue.

Latest culture of liver organoids
PSC-derived liver organoid culture: At the first stage of culture, laminin-511 E8,
activin A, Wnt3a, Rock inhibitor-Y27632, B27, and other substances were added to
medium in an orderly manner to culture the PGEC progenitor cells. At the second
stage, growth factors such as FGF2, VEGF, EGF, Chir99021, and A83-01 were added to
the medium to promote the stable proliferation of PGEC progenitor cells. At the third
stage, DM3189, IWP2, PD0325901, RA, A83-01, Bmp4, and other substances were
separately added into Matrigel medium to induce differentiation into hepatocytes,
and then PGEC progenitor cells were cocultured with interstitial cells and endothelial
cells to form livers organoids[36] (Figure 1A).
ASC-derived liver organoid culture: First, collagenase was used to dissociate fresh
liver tissue, and then, EpCAM+ biliary cells were isolated by fluorescence-activated
cell sorting (FACS) and other methods. The biliary epithelium was then cultured and
expanded in the serum-free medium including various growth factors (such as EGF,
Rspo1, FGF, HGF, N-acetylcysteine, gastrin, and nicotinamide). Additionally, Noggin,
Wnt3a, and Y27632 were added in the first 3 d, and the medium did not contain
Noggin, Wnt3a, and Y27632 after 3 d. Functional analysis of hepatocytes in the liver
organoids revealed that the hepatocytes in the microtissue can take up low-density
lipoprotein (LDL), accumulate glycogen, secrete albumin, and synthesize cytochrome
P450. Using the above method, the liver tissue organoids were established in the liver
tissues of patients with antitrypsin deficiency (A1AT) and Alagille (ALGS) syndrome,
and the metabolism of the substances in the liver organoids was similar to that in liver
tissues in vivo[42] (Figure 1B).

APPLICATION OF LIVER ORGANOIDS IN BENIGN HEPATIC
DISEASES
Liver organoids for studying liver fibrosis (LF)
LF is a chronic liver disease in which the liver undergoes long-term chronic damage
(involving viruses, alcohol, poisons, drugs, metabolism, autoimmunity, etc.).
Pathology results show that LF is characterized by a significantly increasing
accumulation of ECM and the obvious regeneration of hepatic parenchymal fibrous
nodules. Most cases of LF will progress to cirrhosis, and even liver cancer, leading to
liver failure[43]. At present, LF research models include hepatic stellate cells (HSCs)
and hepatocyte 2D coculture, 3D culture, animal LF models, etc.[44]. Using the above
disease models to study the pathogenesis and treatment of LF, it was found that an
effective antifibrotic drug can be verified in these models but that the antifibrotic
effect of such drug is significantly reduced when it is used in clinical practice.
Therefore, it is very urgent to establish a disease model that can better reflect the
pathological process of LF in humans, to more effectively study the pathogenesis of
LF, antifibrotic treatment, and drug resistance mechanisms. It has been reported in the
literature that pulmonary organoids and small intestinal organoids are used to
establish their respective fibrosis models to study the pathogenesis and mechanism of
fibrosis[45-47].
Many drugs (e.g., methotrexate, acetaminophen, and allyl alcohol) can cause LF.
The difficulty of studying drug-induced fibrosis is due either to a lack of drug-related
fibrosis models or to the fact that the corresponding existing LF presented by the
commonly used fibrosis model is significantly different from drug-induced LF in
humans. Leite et al[48] reported that HepaRGs cocultured with HSCs developed into
liver organoids. LF organoids formed by the coculture of hepatocytes and HSCs can
not only maintain the vitality and function of hepatocytes[44] but also exhibit the
microenvironment of hepatocytes during the occurrence of LF in the body, such as
cell-cell and cell-matrix interactions[44,49]. Through LF organoids, the researchers found
that acetaminophen (APAP)-induced fibrosis does not directly activate HSCs but
induces hepatocyte damage and then, through hepatocyte injury-dependent HSC
activation pathway-induced activation of HSCs, causes an accumulation of ECM[44]
(Figure 2B). APAP-induced LF organoid models also display certain features of LF,
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Figure 1

Figure 1 Culture of liver organoids in vitro. A: Liver organoids cultured from pluripotent stem cells (PSCs). Somatic cells are reprogrammed into induced PSCs;
epidermal growth factor (EGF), fibroblast growth factor 2 (FGF2), and other substances are added to the medium; and the cells are cultured on Matrigel to form liver
organoids; B: Liver organoids cultured from adult stem cells. Lgr5+ cells are isolated by fluorescence-activated cell sorting, and Wnt3a, Y27632, EGF, Rspo1, FGF,
and other substances are added to form organoids by 3D culture. FACS: Fluorescence-activated cell sorting; iPSCs: Induced pluripotent stem cells; FGF2: Fibroblast
growth factor 2; EGF: Epidermal growth factor.

such as chronic inflammation that can enhance HSC activation, histone deacetylase
inhibitors that can inhibit the activation of HSCs, and so on. The researchers
established an LF organoid model of APAP and established a model of hepatic
fibrosis induced by methotrexate (MTX) and allyl alcohol[44]. In mouse and human
livers, Lgr5+ cells are induced always during the process of fibrosis. If Lgr5+ cells were
induced to grow out of liver organoids and are implanted into injured livers in mice,
the mice can restore some liver function[15,38] (Figure 2A). Although HepaRGs and
HSCs have been cocultured into liver organoids, no studies have reported that LF can
be induced through the coculturing of Lgr5+ cells with other cells. In the future, Lgr5+
cells in the liver tissue of hepatic fibrosis patients can be isolated by FACS, and Lgr5+derived LF organoid models can be induced to establish individual-specific LF
models. This approach would be helpful for studying the pathogenesis of LF,
screening for the best antifibrotic drugs (Figure 2C), repairing liver damage, and
improving liver function by orthotopic transplantation of Lgr5+ liver organoids.

Application of liver organoids in metabolic hepatic diseases
The liver is the largest metabolic and detoxifying organ in the human body. However,
abnormal metabolism often occurs in the liver, leading to the accumulation of
substances and resulting in various liver diseases. Here, hepatic metabolic diseases
are classified into gene-deficient metabolic liver diseases, such as A1AT deficiency
syndrome caused by antitrypsin deficiency and Wilson’s disease caused by abnormal
copper metabolism[15,21,39]; non-gene-deficient metabolic liver diseases; fatty liver
diseases caused by abnormal fat metabolism; and other liver diseases. A good model
of metabolic diseases requires not only that the tissue structure exhibited by the
disease model is similar to the liver tissue structure in the human liver disease but
also that the tissue gene expression and tissue metabolism in the disease models are
highly similar to the liver tissue in the human liver disease.
Application of liver organoids in gene-deficient metabolic liver disease: Previous
studies of gene-deficient liver diseases have established specific gene-deficient animal
models that exhibit certain characteristics of liver disease to some extent. For example,
ALGS is a gene dominant genetic disease usually caused by an autosomal jag gene
mutation, namely, the Notch signaling pathway jag1 mutation [50] . The main
pathological hallmark of ALGS is biliary system damage, which then leads to
cholestasis after abnormal bile metabolism, and affected patients finally develop liver
function damage after cholestasis. Jag knockout mice exhibit certain symptoms of
ALGS. Although the bile duct epithelium was altered, clinical features of ALGS could
not be fully demonstrated in mice[51]. Guan et al[52] established liver organoids of
patients with ALGS and found that the liver organoids rarely expressed bile duct
epithelial markers (KRT19 and KRT17) as analyzed by immunohistochemistry and,
moreover, simulated the whole development of ALGS. For example, the bile duct
system is normal at birth, and hepatocytes are also fully developed; however, during
the growth process, the bile duct system begins to develop chronic damage of the bile
duct epithelium [52] . In addition, ATAT, a syndrome caused by a mutation of the
SYPANA1 gene, causes antitrypsin deficiency and results in a clinical syndrome
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Figure 2

Figure 2 Use of liver organoids to study liver fibrosis. Normal liver tissue is subjected to pathogenic factors
(viruses, alcohol, drugs, poisons, etc.) to form liver fibrosis (LF), and Lgr5+ cells are obtained by fluorescenceactivated cell sorting or conventional separation to form individualized liver organoids. A: Such organoids are used for
transplantation to restore liver function; B: Basic research on LF; C: Drug sensitivity tests. FACS: Fluorescenceactivated cell sorting.

characterized by chronic liver disease and chronic obstructive pulmonary disease.
Abnormal accumulation of antitrypsin in hepatocytes causes a significant reduction in
antitrypsin in the blood[53]. By establishing the liver organoids of patients with ATAT,
it was found that the liver organoids can express albumin and take up LDL, etc., like
normal liver tissues. However, the hepatocytes in liver organoids have an abnormal
accumulation of antitrypsin, and the hepatocellular excretion of antitrypsin is
significantly reduced. These characteristics are very similar to the liver metabolism of
ATAT syndrome, and therefore, the liver organoid is a good disease model for
studying ATAT syndrome[21]. Copper storage disease (Wilson disease) is an autosomal
recessive genetic disease caused by the loss of COMMD1. It is characterized by an
abnormal accumulation of copper that is caused by abnormal copper metabolism in
the liver[54]. Nantasanti et al[39] established liver organoids from copper storage disease
and found abnormal copper accumulation in the organoid hepatocytes. In addition,
the copper accumulation in the liver-organized organoids was significantly reduced
by modifying the COMMD1 gene. Further studies showed that iPSC-derived liver
organoids retained the ability to regenerate hepatocytes, intrahepatic bile duct
epithelial gene expression, and liver metabolism of patients[15,17,39]. Therefore, the
culture of liver organoids may be a more clinically valuable research model for
studying genetically deficient metabolic liver diseases in the future (Figure 3A).
Application of liver organoids in non-gene-deficient metabolic liver disease: In the
past few decades, the incidence of nonalcoholic fatty liver disease and the number of
cases worldwide have risen sharply [55] . It is expected that, by 2025, liver failure
induced by nonalcoholic fatty liver disease may be the greatest cause of liver
transplantation[56]. Intestinal organoids have reportedly been employed to study
intestinal lipid absorption and lipid absorption disorders[57,58]. Liver organoids not
only retain the genetic information of the original liver tissues but also reproduce the
microenvironment in which the liver cells are naturally located. Nantasnti et al[17] first
proposed that liver organoids could be used to study nonalcoholic fatty liver and
nonalcoholic hepatitis. In the same year, Kruitwagen et al[40] discovered that the liver
organoid model could express marker molecules of the early liver, by culturing the
specimens of the livers of cats, dogs, humans, etc. The early biliary epithelial markers
(KRT17, KRT19, HNF1A, etc.) were expressed in the expansion medium. When
cultured in a differentiation medium, the liver organoids differentiated into mature
hepatocytes, which accumulated glycogen, synthesized and secreted albumin and
transaminases, and expressed CYP450 molecules[40]. At this time, a sufficient amount
of fatty acids was added to the culture medium, and the liver cells ingested a large
amount of fatty acids. After a period of culture, it was found that there was lipid
accumulation in the liver cells. During the culture process, it was further verified that
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Figure 3 Application of liver organoids in benign hepatic diseases. A: A fine needle is used to puncture Wilson
disease tissue and other genetically deficient liver tissues; 3D organoid culture technology is used to obtain the
corresponding gene-deficient liver organoids, copper accumulation is identified inside the organoids, and the further
using a CRISPR/Cas9 system is used to correct defective genes, thereby significantly reducing copper accumulation
in liver organoids; B: A fine needle is used to puncture normal liver tissue, and normal liver organoids are obtained by
the 3D organoid culture technique. Free fatty acids are added to the culture medium, and the liver cells in the
organoids show lipid accumulation. FFA: Free fatty acids.

SREBF1, CPT1A, PPARG, and other genes can promote fat accumulation in
hepatocytes, and it was also confirmed that etomoxir or L-carnitine could affect fat
metabolism in hepatocytes. Kruitwagen et al[40] found that the liver organoids of dogs
and human liver organoids differ in their regulation of lipid metabolic pathways.
Studies have shown that canine liver organoids are more prone to lipid accumulation
than human liver organoids[40]. It has been verified that the human fatty liver and dog
fatty liver markedly differ in pathology and pathogenesis. Currently, normal liver
organoids can be cultured, and such organoids can also be cultured to form a fatty
liver model. However, the mechanism of fatty liver-related genes, the mechanism of
fatty acid uptake by hepatocytes, and the signaling pathway for the regulation of lipid
metabolism by hepatocytes have not been studied. In addition, it has not been
reported how fatty liver can develop into nonalcoholic cirrhosis or even liver cancer.
Therefore, future liver organoids will be a valuable research platform for studying
fatty liver (Figure 3B).

Application of liver organoids in chronic viral hepatitis
Chronic viral hepatitis, which has a high incidence in the population, is currently the
most prevalent liver disease affecting human health, with approximately 350 million
people infected with HBV or HCV worldwide [59] . At present, the most common
method for studying hepatitis virus is to culture a transformed cell line or animal
model in vitro. The polarity of cells in 2D cell culture is often absent. At the same time,
the structure, environmental complexity, and physiological function of tissue
composed of multiple cells cannot be presented[60,61]. Animal models are often limited
in their application to the pathogenesis and treatment of viral disease due to their
long modeling time and high cost. Currently, liver organoids retain the genetic
information and expression of liver tissue. Moreover, the molecular phenotypes of the
hepatocyte surface in the organoids are similar to those of the original hepatocytes[62].
The development of organoid cultures in vitro provides a new platform for studying
the pathogenesis of infectious microbes and diseases[63]. Organoids have been used to
explore viral infection and pathogenesis, such as intestinal organoids infected by
rotavirus[64] or norovirus[42,65-67] and brain organoids infected by Zika virus. Recent
studies suggest that iPSC-derived or ESC-derived hepatocyte-like cells may be
infected with HCV[68]. The procedure for generating HCV-infected hepatocytes is a
very complex, multistep process involving multiple cytokines. Hepatocytes in
humans are usually polarized; however, in today’s 2D cells, hepatocytes usually do
not exhibit polarization, and HCV-infected hepatocytes are inefficient. Recently,
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Baktash et al[69] established 3D liver organoids in which hepatocytes were polarized
and able to express viral localization molecules. HCV infection of the hepatocytes
showed that the infection efficiency is significantly higher than that of 2D culture[69].
During HCV infection, hepatocytes require colocalization of basement membrane
CD81, SR-B1, and EGFR to direct HCV to the junction between the cells, and the virus
enters the hepatocytes with the assistance of CLDN1 and OLCN[69]. Baktash et al[69]
reproduced the unusual, complex process of HCV infection of hepatocytes by singlemolecule imaging in the organoids and unexpectedly found that EGFR is not involved
in guiding the localization of HCV but that EGFR- and clathrin-mediated endocytosis
is required to achieve particle internalization. However, no studies have reported the
mechanism and process of studying HBV-infected hepatocytes by using liver
organoids. Liver organoids can reproduce the complex microenvironment of liver
tissue (including extracellular factors), hepatocyte gene expression specificity, and
immunogenicity on the surface of hepatocytes. Liver organoids will provide a
valuable research model for studying the infection mechanism, drug resistance
mechanism, and vaccine development for various subtypes of viral hepatitis.

APPLICATION OF LIVER MALIGNANCY ORGANOIDS
Liver malignancy is the fifth most prevalent clinical malignancy in the world but
ranks second in global cancer mortality[70]. In recent years, the incidence of malignant
liver tumors has increased due to alcohol abuse, viral infection, etc. [71] . Hepatic
malignant tumors are divided into two major categories: primary and secondary
hepatic malignancies. Among them, primary hepatic malignant tumors are mainly
categorized as hepatocellular carcinoma, cholangiocarcinoma, and mixed liver cancer
(hereinafter referred to as “liver cancer”), while secondary hepatic malignant tumors
are commonly derived from the metastasis of digestive tract malignancies. Genetic
analysis shows that liver cancer is usually caused by multiple-gene and multistep
mutations in liver tissue, and liver cancer patients rarely have identical oncogenes or
the same genes[72,73]. Even in the same patient, there are differences in gene expression
between multiple tumor tissues, and even a single tumor tissue is highly
heterogeneous[74,75]. The heterogeneity of liver cancer is so high that the importance of
individualized precision treatment is self-evident. The main methods of studying liver
cancer include culturing a specific liver cancer cell line, primary culture of liver cancer
cells, and establishing a PDX model. These approaches are often limited in their
application to liver cancer research because of the fixed genotype, difficulty in longterm culture, and high culture cost. The culture technology of tumor organoids has
gradually matured. Tumor tissue has been efficiently cultured to produce a variety of
tumor organoids, such as organoids derived from colon cancer[76,77], gastric cancer[78],
pancreatic cancer [78,79] , and liver cancer [80] . Results of genomics and proteomics
analyses show that tumor organoids can well represent the histology, superficial
molecules, and genetic material of tumors[79,81]. Therefore, tumor organoids are used to
study not only the occurrence and progression of tumors and screening of anticancer
drugs[82] but also the formation and development of tumor organoids, which provide
conditions for the precise treatment of tumors[83]. Liver cancer organoids may provide
a good platform for future research on the mechanism of the occurrence of liver
cancer as well as its malignant progression and individualized treatment.

Culture of liver malignancy organoids
In 2017, Broutier et al[80] removed Respondin-1, Noggin, and Wnt3a on the basis of a
classical culture medium for liver organoids, added dexamethasone and Rho kinase
inhibitors, and simultaneously increased the digestion time of liver tumor tissue. In
addition, hepatocellular carcinoma organoids, cholangiocarcinoma organoids, and
mixed cell carcinoma organoids were successfully cultured in the special medium[80].
By immunohistochemistry and other methods, liver cancer organoids have been
shown to stably maintain the tumor tissue structure and protein expression (AFP,
EPCAM, KRT19, ALB, Ki-67, etc.) which are similar to those of tumors in vivo in longterm subculture[84]. There are now detailed test methods[21,80,81] to introduce the culture
and analysis of mouse and human liver cancer organoids. Fong et al[84] used a 3D
macroporous hydrogel instead of the classic Matrigel to culture PDX liver cancer
organoids. PDX-derived liver cancer organoids can retain the genetic information and
apparent information of the original tumors. Moreover, the liver cancer organoids
also have internal heterogeneity[84]. Liver cancer organoids preserve not only the
heterogeneity of the liver cancer genome but also that of the liver tumor tissue
structure (Figure 4A).

Application of hepatocellular carcinoma organoids
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Figure 4 Culture and application of liver cancer organoids. A: Culture of liver cancer organoids. Primary liver
cancer cells are obtained after the enzymatic hydrolysis of collagenase, and similar liver organoids are used to form
liver cancer organoids; B: Malignant transformation of normal liver organoids to form liver cancer organoids. Liver
organoids are routinely formed, gene editing technology is used to generate multiple-gene, multistep mutations in
organoids, and the organoids are orderly cultured to form liver cancer organoids; C: Application of liver cancer
organoids. Liver cancer organoids can be used for research of basic mechanism of liver cancer and screening of liver
cancer drugs, for example, screening the best chemotherapeutic drugs by comparing the effects of different drugs on
the size or number of liver cancer organoids. HCC: Hepatocellular carcinoma; FGF2: Fibroblast growth factor 2; EGF:
Epidermal growth factor.

The tumor microenvironment (TME) plays an important role in tumorigenesis and
malignant progression [85] . Broutier et al [80] obtained hepatocellular carcinoma
organoids by 3D culture of PDX tissue. Hepatocellular carcinoma organoids and
primary tumors are not only genetically similar but also reproduce the homogeneous
microenvironment in which hepatoma cells are naturally located (Figure 4C)[80]. In
addition, invasion and metastasis of hepatocellular carcinoma are important in
malignant progression. Wang et al[86] found that liver cancer organoids formed by
coculture of hepatoma cells and nonstromal cells can express proteins associated with
malignant progression, such as a malignant progression-related protein (MMP-9), an
angiogenesis-related protein (VEGFR2), and proteins associated with tumor
inflammatory mediators (CXCR4 and CXCL12). For patients who have lost the
opportunity for surgery, chemotherapy may be the main treatment for hepatocellular
carcinoma. However, hepatocellular carcinoma is very insensitive to conventional
systemic chemotherapy. The insensitivity is often caused by the multiple-gene,
multistep mutations in liver cancer and by the lack of effective individual preclinical
models to screen the systemic chemotherapeutic agents[73] (Figure 4C). Broutier et al[80]
have demonstrated the value of liver cancer organoids in drug sensitivity experiments
in vitro and in vivo and initially showed that anti-ERK inhibition (SCH772984) may
have a significant inhibitory effect on the progression of hepatocellular carcinoma.
Further studies found that the establishment of PDX-derived liver cancer organoids
verified that CRIPTO expression increased the possibility of resistance to sorafenib in
liver cancer patients; furthermore, blocking the CRIPTO/GRP78 signaling pathway
could increase the sensitivity of liver cancer patients to sorafenib[87]. In addition, future
gene editing techniques will also be applied to the study of liver cancer organoids.
The CRISPR/Cas9 system, an emerging gene editing technology, can introduce or
knock out related genes to activate or inhibit oncogenes and has been widely used to
study some tumors[88]. The study reported that normal intestinal organoids, through
CRISPR/Cas9 genome editing, introduced a combination of genes commonly
mutated in colorectal cancer (CRC) (APC, KRAS, SMAD4, TP53, etc.), thereby
inducing carcinogenesis in normal intestinal organoids[89,90]. Recently, CRISPR/Cas9
and organoids have also been used in combination to study the mechanism of
progression of pancreatic cancer[91]. Hepatocellular carcinoma is also a malignant
tumor formed through multiple steps involving multiple gene mutations. However,
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there have been no reports, through CRISPR/Cas9 genome editing, that the
appropriate combination of genes was introduced in order to induce canceration in
normal liver organoids (Figure 4B). Therefore, hepatocellular carcinoma organoids
may provide a valuable preclinical model for future research on the mechanisms of
malignant hepatocellular carcinoma progression, gene mutations and signaling
pathways of hepatocellular carcinoma, personalized screening of systemic
chemotherapy regimens, and gene editing techniques for the treatment of tumors.

Application of cholangiocarcinoma organoids
Cholangiocarcinoma is the second most common tumor among hepatic malignancies.
The degree of malignancy of cholangiocarcinoma is extremely high, and early
diagnosis is difficult, resulting in the majority of patients being diagnosed in the
advanced stage[92,93]. Only approximately one-third of patients can be diagnosed early
and receive surgery, but the literature reports that the 5-year survival rate for
cholangiocarcinoma is less than 25% after surgery[94]. The mechanisms of pathogenesis
and malignant progression of cholangiocarcinoma are still unclear, and
cholangiocarcinoma is insensitive to chemotherapeutic drugs. The study of
cholangiocarcinoma lacks a preclinical model that can mimic the structure and genetic
information of tumors. This preclinical model can be used not only to study the
pathogenesis of cholangiocarcinoma but also to screen for chemotherapeutic drugs to
which cholangiocarcinoma shows sensitivity. Intrahepatic cholangiocarcinoma
organoids can be directly derived from surgical tissue specimens, and can also be
generated from PDX tissue. Long-term culture of surgical tissue specimens and PDX
tissue can form cholangiocarcinoma organoids, maintaining the primary tumor tissue
structure and gene expression specificity. For example, the tumor markers (Ki-67 and
CK-19) in intrahepatic cholangiocarcinoma organoids are basically consistent with
those in primary tumor tissues[95,96]. It was further found that cholangiocarcinoma
organoids form tumors in nude mice and that the tumor tissues are very similar to the
primary tumor tissues. To date, cholangiocarcinoma organoids have been gradually
used in several applications. In the past, intrahepatic cholangiocarcinoma was mainly
caused by carcinogenesis of the intrahepatic bile duct epithelium. However, in recent
years, it has been reported that intrahepatic cholangiocarcinoma can also stem from
differentiated hepatocytes. Experiments have also shown that cholangiocarcinoma in
mice can also be derived from hepatocytes[97]. Through the culture of intrahepatic
cholangiocarcinoma organoids, some functions of hepatocytes can be restored, such as
the production of mature hepatocytes (exhibiting albumin, bile acids, CYP3A4,
HNF4A, etc.). This finding indirectly proves that cholangiocarcinoma can originate
from hepatocytes[95]. Extrahepatic cholangiocarcinoma (ECC) accounts for only 10% of
cholangiocarcinomas, but its malignancy is always very high, and the prognosis is
very poor. At present, there is no corresponding animal model of ECC. By culturing
KTC-positive and -negative mouse choledochal cells to form choledochal organoids
and planting them under the skin of nude mice, it was found that KTC-positive
choledochal organoids had undergone carcinogenesis, which indicates that the KTC
gene has an important carcinogenic role in cholangiocarcinoma[98]. Organoids also
play an indispensable role in the treatment of cholangiocarcinoma. Lamp is et al[96]
through the screening of organoid RNA and 3D drugs for cholangiocarcinoma, found
that microRNA21 may be a driver of cholangiocarcinoma resistance to HSP 90
inhibitors. Therefore, the organoid model of cholangiocarcinoma may also be a
valuable research model for studying the pathogenesis of cholangiocarcinoma and for
screening chemotherapeutic drugs in the future.

Application of secondary liver cancer organoids
Secondary liver cancers are often formed by the metastasis of gastrointestinal
malignant tumors, and sometimes the clinical manifestations of liver cancer are
mainly found after distant metastasis and a lost opportunity for surgery. The
mechanism of liver metastasis in secondary liver cancers is still unclear. Therefore, a
metastatic liver cancer model is needed to simulate the liver metastasis process of
malignant tumors so that the metastatic mechanism can be well studied. In terms of
treatment, chemotherapy for patients with metastatic liver cancer may downgrade the
clinical stage of the tumor and may even afford the opportunity to undergo an
operation after chemotherapy. However, metastatic liver cancer is usually insensitive
to the standard clinical chemotherapeutic regimens, and there is an urgent need for a
preclinical model of metastatic liver cancer to screen for the optimal chemotherapy for
each patient. Recently, Buzzelli et al[99] obtained metastatic colon cancer organoids
from colon cancer liver metastasis tissue; the organoids not only expressed proteins
expressed in colon cancer liver metastasis tissues (EpCAM, MUC2, etc.) but also
maintained primary colon cancer characteristics. In the susceptibility test, the
organoids maintained a similar sensitivity to chemotherapy as that of primary colon
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cancer[99]. Through gene editing technology, colon cancer organoids with mutated
Trp53 were able to cause liver metastasis of colon cancer when they were implanted
into nude mice, which further confirmed that Trp53 promotes liver metastasis of
colon cancer[100]. When Broutier established secondary liver cancer organoids and
implanted them into immunodeficient mice, it was surprisingly found that tumors
had also appeared in the liver of the mice[80]. In the future, secondary liver cancer
organoids can be used to study tumor metastasis mechanisms and to perform drug
susceptibility experiments.

CONCLUSION
Liver organoids are currently in the early stages of fetal liver development and lack
the microvascular and microbiliary systems of normal liver tissue. For liver tumor
organoids, there is also a lack of nutritional network microvessels. We must recognize
the advantages and limitations of existing liver organoids. Future research will be
conducted to promote the development of mature hepatic lobular structures in liver
organoids. Tissue engineering techniques will facilitate reshaping the integrity of liver
lobules and even larger volumes of liver tissue (tumor tissue) anatomy (microvascular
or microbiliary network). In short, the differentiation and self-organization of liver
organoids are individualized, complex, and structurally and functionally similar to
those of the original tissue, making liver organoids an ideal disease pathogenesis and
drug screening platform.
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Abstract
Upper gastrointestinal (UGI) tract involvement of inflammatory bowel disease
(IBD) is commonly seen in pediatric patients. Upper endoscopy is included in the
routine workup of children with suspected IBD to enhance the diagnosis and
management of these patients. Currently, childhood IBD is classified into
ulcerative colitis (UC), atypical UC, Crohn’s disease (CD) and IBD unclassified.
Histologic confirmation of UGI tract involvement, in particular the presence of
epithelioid (non-caseating) granulomas, is helpful in confirming the diagnosis of
IBD and its classification. Herein, we reviewed selected IBD-associated UGI tract
manifestations in children. Lymphocytic esophagitis, seen predominantly in CD,
is histologically characterized by increased intraepithelial lymphocytes (> 20 in
one high-power field) in a background of mucosal injury with absence of
granulocytes. Focally enhanced gastritis is a form of gastric inflammation in
pediatric IBD marked by a focal lymphohistiocytic pit inflammation with or
without granulocytes and plasma cells in a relatively normal background gastric
mucosa. Duodenal inflammation seen in children with IBD includes cryptitis,
villous flattening, increased intraepithelial lymphocytes, and lamina propria
eosinophilia. Finally, epithelioid granulomas not associated with ruptured
gland/crypt are a diagnostic feature of CD. The clinicopathologic correlation and
differential diagnosis of each microscopic finding are discussed. Clinicians and
pathologists should be cognizant of the utility and limitations of these histologic
features.
Key words: Pediatric; Inflammatory bowel disease; Lymphocytic esophagitis; Focally
enhanced gastritis; Epithelioid granuloma; Crohn’s disease; Ulcerative colitis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Upper gastrointestinal tract inflammation is frequently observed in pediatric
patients with inflammatory bowel disease. Distinct inflammatory patterns such as
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lymphocytic esophagitis and focally enhanced gastritis are helpful in rendering the
diagnosis of inflammatory bowel disease in an otherwise non-specific case. Epithelioid
granulomas are the only specific microscopic finding to distinguish Crohn disease from
ulcerative colitis. Meanwhile, duodenal inflammation demonstrates various non-specific
histologic findings in the setting of pediatric inflammatory bowel disease. This review
highlights the diagnostic criteria and differential diagnosis of each pathologic finding.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a complex and multifactorial disorder of the
gastrointestinal tract characterized by relapsing inflammation with a peak age of
onset between 15 and 30 years of age[1]. The incidence of pediatric IBD varies based on
the geographical region with the highest incidence seen in Europe (0.2-23 per 100000)
and North America (1.1-15.2 per 100000)[2]. Benchimol et al[3] reported increasing
prevalence of childhood-onset IBD in Canada over time. The incidence, however, is
not statistically changed with an exception of the rapid increase in the youngest age
group (6 mo to 5 years of age)[3]. A population-based epidemiological study from
Wisconsin [4] , United States, reported the annual incidence of IBD 9.5 per 100000
children with 19% of cases occurred in the first decade of life. The incidence of
Crohn’s disease (CD), ulcerative colitis (UC) and indeterminate colitis in the study
was 6.6, 2.4, and 0.5 per 100000 children, respectively[4].
Phenotype classification of IBD is necessary for accurate management and
prognostication. The pediatric IBD Porto Group of the European Society of Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN)[5] classifies pediatric IBD
into five subgroups: UC, atypical UC, colonic CD, small bowel CD, and IBD
unclassified (IBDU). The classification is based on the endoscopic and pathologic
findings.
Despite many similarities between IBDs in children and adults, the pediatric-onset
IBD often presents with atypical features, making the classification of IBD in children
challenging. In addition, upper gastrointestinal (UGI) tract involvement is more
commonly identified in pediatric patients compared to adults [6] . Previously
considered to be a specific finding of CD, UGI tract involvement is no longer used to
distinguish CD from UC as it may be seen in both entities[7]. Herein, we review the
UGI tract manifestations of pediatric IBD including lymphocytic esophagitis (LE),
focally enhanced gastritis (FEG), duodenal inflammation, and epithelioid granulomas
with an emphasis on their pathologic characteristics and differential diagnosis. The
pathologic characteristics of these entities are summarized in Table 1. Monogenic IBD,
a completely separate entity characterized by its early onset and association with
underlying genetic defects, is not discussed in this review.

CLINICAL PERSPECTIVE
UGI tract inflammation is noted in approximately half of the children with IBD during
the initial assessment[6,8]. Castellaneta et al[8] reported that the most frequently involved
sites were the stomach (67%) followed by the esophagus (54%) and duodenum (22%).
The clinical manifestations include epigastric and abdominal pain, nausea, vomiting,
and weight loss[8]. However, a subset of patients with UGI tract inflammation were
asymptomatic at initial presentation[8,9,10]. Therefore, ESPGHAN Revised Porto Criteria
recommended that esophagogastroduodenoscopy (EGD) should be performed in all
children at the initial evaluation of IBD with two or more biopsies obtained from each
site irrespective of the UGI tract manifestations and endoscopic appearances[7,11].
Routine EGD allows a comprehensive evaluation of the extent of disease
involvement and is potentially helpful to classify the disease in a subset of patients
with otherwise nonspecific pancolitis[12]. The European registries (EUROKIDS and the
Hungarian Paediatric IBD Registry) reported that 35%-67% of CD patients
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Table 1 Upper gastrointestinal tract manifestations of childhood inflammatory bowel disease
Prevalence (%)
Entity

Histologic diagnostic
criteria

Differential diagnosis

CD

UC

Lymphocytic esophagitis

12-28[15,20]

7[15,20]

> 20 IELs/HPF; No
significant granulocytes;
Mucosal injury (edema;
dyskeratosis).

Candidiasis, lichen planus
esophagitis, lichenoid
esophagitis.

Focally enhanced gastritis

54-55[31,32]

21-30[31,32]

Focal pit injury
(lymphohistiocytes ± plasma
cells or granulocytes);
Relatively normal
background mucosa.

Lymphoid aggregate, H.
pylori-associated gastritis.

33-48[13,35,36,37]

0-29[13,35,36,37]

Cryptitis; Villous blunting;
Increased IELs (> 20 IELs/100
enterocytes); Lamina propria
eosinophilia

Celiac disease, H. pylori
infection, nonsteroidal antiinflammatory medications,
bacterial overgrowth,
autoimmune diseases

2.7 (esophagus); 20.1
(stomach); 3.8 (duodenum)[40]

0

Collection of histiocytes;
Non-caseating; Surrounded
by lymphocytes; Not
associated with ruptured
gland/crypt

Chronic granulomatous
disease, common variable
immunodeficiency, and
infection

Duodenitis

Epithelioid granulomas

CD: Crohn’s disease; IEL: Intraepithelial lymphocytes; UC: Ulcerative colitis; HPF: High-power field; H. pylori: Helicobacter pylori.

demonstrated macroscopic abnormalities of the UGI tract at EGD and 9%-24% of
them showed characteristic endoscopic findings of CD (aphthous lesions, ulcerations,
cobblestone appearance, and stenosis)[13,14].
Histologically, various inflammatory patterns of the UGI tract may be seen in
childhood IBD. The esophageal involvement of these patients consists of active
esophagitis, chronic esophagitis (including LE), and reflux esophagitis [8,9,15] . The
inflammatory patterns seen in the stomach include chronic active and inactive
gastritis (including Helicobacter pylori-associated gastritis), chronic atrophic gastritis,
and FEG[10,16,17]. The duodenal inflammation is characterized by crypt inflammation,
villous blunting, and increased intraepithelial lymphocytes [ 1 8 ] . Whereas the
aforementioned findings can be seen in all IBD subgroups, epithelioid (non-caseating)
granulomas are a specific histologic feature to render the diagnosis CD[5].

LE
Initially described by Rubio et al [19] in 2006, LE has been associated with IBD in
pediatric patients, particularly CD[15]. The prevalence of LE in children with CD ranges
from 12.2 to 28%[15,20]. However, LE should not be used as a distinguishing feature
between CD and UC, as a small proportion (7%) of children with UC also demonstrate
LE[15]. Clinically, children with LE do not demonstrate symptoms that distinguish
them from non-LE patients[15]. Moreover, the endoscopic findings are not specific; the
esophageal mucosa might be unremarkable, edematous, or with erosions, similar to
patients with reflux esophagitis[15,20].
LE is a diagnosis made on the basis of histologic findings. However, there is no
widely accepted diagnostic criteria. The initial description[19] defined LE as having
greater than 20 intraepithelial lymphocytes (IELs) per high-power field (HPF) with
rare granulocytes, while the articles of LE in pediatric patients[15,20] defined LE as
esophageal mucosa with greater than 50 IELs per HPF and less than 1 granulocyte per
50 IELs. Patil et al[21] argued that there is currently not enough evidence to support
formal counting of lymphocytes to diagnose LE in daily practice. The skepticism is
primarily due to the lack of data on the normal range of IELs in the esophageal
mucosa. Putra et al[22] evaluated esophageal mucosal biopsies of 17 asymptomatic
volunteers (age: 34 ± 9 years) and reported that the cut-offs for IEL (mean + 2SD) at
gastroesophageal junction, distal esophagus, and mid esophagus were 62, 46, and 41
IELs per HPF, respectively. Meanwhile, there is no available data on the normal
esophageal lymphocyte count in healthy children.
In practice, the authors use the diagnostic criteria established by Rubio et al[19]
(greater than 20 IELs per HPF with no significant granulocytes; Figure 1A and B).
Mucosal injury, in the form of edema or dyskeratosis, also often accompanies
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intraepithelial lymphocytosis[21]. IELs are more prominent in patients with CD and
they usually demonstrate peripapillary distribution[20].
It is important to note that LE is not specific for childhood IBD and this association
is not observed in adult patients [23] . LE is also seen in patients with esophageal
candidiasis, motility disorders, gastroesophageal reflux disease, and immunemediated disorders, among others[19,21-27]. Therefore, in the pathology report of LE
patients with no clinical history of IBD, a note stating that LE is a nonspecific
histologic finding and listing the clinical correlates is advised[21].
In addition to the aforementioned conditions, LE also shows overlap histologic
findings with lichen planus esophagitis and lichenoid esophagitis[28]. Microscopically,
lichen planus esophagitis is characterized by atrophic epithelial changes, a prominent
band-like infiltrate in the epithelium and lamina propria, and scattered degenerated
keratinocytes with direct immunofluorescence studies showing globular IgM deposits
at the dermo-epidermal junction and complement staining in apoptotic
keratinocytes[28,29]. Lichenoid esophagitis is a term reserved for biopsies showing
histologic findings similar to lichen planus esophagitis with negative direct
immunofluorescence studies; this histologic pattern has been associated with viral
hepatitis and human immunodeficiency virus (HIV) infection[28].

FEG
FEG was introduced by Oberhuber et al [30] as a frequent type of gastritis in CD
patients. In children, FEG is identified in both CD and UC patients with a reported
prevalence of 54%-55% and 21%-30%[31,32], respectively, therefore it does not reliably
distinguish between the two entities. The reported sensitivity and specificity of FEG
for IBD to be 36%-41% and 94%-97%, respectively[32,33]. Children with FEG are 15.4
times more likely to have an IBD[32]. Although not entirely specific, the association
between FEG and IBD is also observed in adult patients[30].
Clinically, there is no significant difference in the UGI tract symptoms between IBD
children with and without FEG[10]. Abnormal endoscopic findings are more commonly
identified in patients with FEG (49% to 68.7%) [10,31] ; these abnormalities include
aphthoid ulcers and submucosal bleeding[10].
FEG predominantly involves the antrum and is histologically defined as a focal pit
(involving at least one foveolum/gastric gland) inflammation consisting of
lymphocytes and histiocytes resulting in epithelial injury (Figure 1C and D)[30]. The
lesion may contain plasma cells, eosinophils, and neutrophils; while, the background
mucosa should be relatively normal [30,31,33] . In the setting of increased lymphoplasmacytic infiltrate in the lamina propria, the authors prefer to use the term
“chronic active/inactive gastritis”.
Multifocal involvement is common and the total number of glands involved is
higher in UC patients (6.4 ± 5.1 glands) compared to those with CD patients (4.0 ± 3.0
glands)[31]. CD patients with FEG are more likely than those without FEG to have
active ileitis and granulomas elsewhere in gastrointestinal tract. Meanwhile, there is
no correlation reported between FEG and other gastrointestinal findings in UC
patients[31].
Histologically, FEG should be distinguished from lymphoid aggregates in the
gastric biopsies. Multiple levels along with absence or presence of epithelial injury
may resolve this issue. In addition, the presence of neutrophils should prompt a
search for Helicobacter pylori organisms.

DUODENAL INFLAMMATION
Alper et al[34] reported that duodenitis is identified in 12.7% of children undergoing
endoscopy with celiac disease and IBD as the most common etiologies. The
prevalence of duodenitis in childhood CD and UC ranges from 33%-48% and 0%-29%,
respectively [13,35-37] . More than half of children with biopsy-proven duodenitis
demonstrate unremarkable duodenal mucosa on endoscopy [34] . Macroscopic
abnormalities associated with duodenitis include edema, erythema, erosions,
scalloping, and ulcers[34].
Histologically, there is no specific histologic feature that reliably distinguish IBD
from non-IBD associated duodenitis with the exception of CD-associated granulomas.
Hardee et al[18] reported that cryptitis is significantly more frequently seen in children
with IBD compared to patients with celiac disease and other underlying etiologies
(Figure 2). Other histologic abnormalities noted in the duodenal mucosa of children
with IBD include increased IELs [greater than 20 IELs per 100 enterocytes on
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Figure 1

Figure 1 Hematoxylin and eosin staining. A and B: Lymphocytic esophagitis is characterized by increased intraepithelial lymphocytes, predominantly peripapillary,
with absence of intraepithelial eosinophils and neutrophils [hematoxylin and eosin (H and E), 10 × and 20 ×]. C: Low power view of focally enhanced gastritis
demonstrates focal dense infiltrate surrounding a gland (black arrow) with a minimal increase of lymphoplasmacytic infiltrate in the lamina propria (H and E, 4 ×); D:
Focally enhanced gastritis is characterized by lymphohistiocytic infiltrate with scattered neutrophils and associated glandular damage seen on medium power view (H
and E, 10 ×).

hematoxylin and eosin (H and E) sections], villous blunting, and lamina propria
eosinophilia (greater than 20 eosinophils per HPF)[18].
In the absence of IBD, other diagnostic considerations for duodenal abnormalities
such as celiac disease, Helicobacter pylori infection, nonsteroidal anti-inflammatory
medications, bacterial overgrowth, and certain autoimmune diseases should be
considered[34,38].
The presence of villous blunting and duodenal lymphocytosis in untreated celiac
disease is more frequent and prominent compared to children with IBD. However, the
presence of partial villous blunting or mild increased IELs should raise the possibility
of early celiac disease. Alper et al[39] reported that although false-positive anti-tissue
transglutaminase antibodies (tTG) could occur in children with IBD, the prevalence of
celiac disease in these patients is similar to general population.

EPITHELIOID/NON-CASEATING GRANULOMAS
De Matos et al[40] reported that epithelioid granulomas were identified in 61% of
children with CD who underwent EGD and colonoscopy at diagnosis. A significant
proportion of these patients (13.4%) showed granulomas only in the UGI tract
biopsies, emphasizing the importance of EGD in this patient population [40] . The
frequency of granulomas in the esophagus, stomach, and duodenum of untreated CD
patients was 2.7%, 20.1%, and 3.8%, respectively[40]. Meanwhile, a higher proportion of
children showed granulomas in the terminal ileum (34.8%) and large intestine
(35.3%)[40].
Histologically, CD-associated granulomas are characterized by collections of at
least 5 epithelioid histiocytes with or without multinucleated giant cells, without
necrotizing component (caseation), and away from ruptured gland/crypt[40,41]. The
histologic differential diagnosis for granulomas includes chronic granulomatous
disease, common variable immune deficiency, and an infectious process[42]. Therefore,
clinical correlation to exclude other diagnostic considerations is crucial.
The presence of granulomas has been reported to represent a more severe disease
phenotype. CD patients with granulomas prior to treatment are associated with
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Figure 2

Figure 2 Duodenal manifestations of inflammatory bowel disease. Duodenal manifestations of inflammatory bowel disease include (A) focal cryptitis (black arrow)
[hematoxylin and eosin (H and E), 10 ×], (B) increased intraepithelial lymphocytes (H and E, 10 ×), and (C and D) Brunner gland inflammation (black arrow) (H and E,
4 × and 10 ×).

perianal disease, gastritis, hypoalbuminemia, subsequent biologic treatment and
hospitalization[40,43].

CONCLUSION
UGI tract manifestation of IBD is more frequently observed in children compared to
adults. Pathologic findings of LE, FEG, duodenal inflammation, and epithelioid
granulomas would support the diagnosis of childhood IBD in the appropriate clinical
setting. With the exception of CD-associated granulomas, the histologic findings of
these entities are non-specific; thus, cannot reliably classify childhood IBD. Clinicians
should be mindful of the utility and limitations of these histologic findings, and
pathologists should be aware of the differential diagnosis and clinical correlates of
each entity.
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Abstract
BACKGROUND
Study shows that signal transducer and activator of transcription 3 (STAT3) can
increase the Warburg effect by stimulating hexokinase 2 in breast cancer and
upregulate lactate dehydrogenase A and pyruvate dehydrogenase kinase 1 in
myeloma. STAT3 and pyruvate kinase M2 (PKM2) can also be activated and
enhance the Warburg effect in hepatocellular carcinoma. Precancerous lesions are
critical to human and rodent hepatocarcinogenesis. However, the underlying
molecular mechanism for the development of liver precancerous lesions remains
unknown. We hypothesized that STAT3 promotes the Warburg effect possibly by
upregulating p-PKM2 in liver precancerous lesions in rats.
AIM
To investigate the mechanism of the Warburg effect in liver precancerous lesions
in rats.
METHODS
A model of liver precancerous lesions was established by a modified Solt-Farber
method. The liver pathological changes were observed by HE staining and
immunohistochemistry. The transformation of WB-F344 cells induced with Nmethyl-N’-nitro-N-nitrosoguanidine and hydrogen peroxide was evaluated by
the soft agar assay and aneuploidy. The levels of glucose and lactate in the tissue
and culture medium were detected with a spectrophotometer. The protein levels
of glutathione S-transferase-π, proliferating cell nuclear antigen (PCNA), STAT3,
and PKM2 were examined by Western blot and immunofluorescence.
RESULTS
We found that the Warburg effect was increased in liver precancerous lesions in
rats. PKM2 and p-STAT3 were upregulated in activated oval cells in liver
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precancerous lesions in rats. The Warburg effect, p-PKM2, and p-STAT3
expression were also increased in transformed WB-F344 cells. STAT3 activation
promoted the clonal formation rate, aneuploidy, alpha-fetoprotein expression,
PCNA expression, G1/S phase transition, the Warburg effect, PKM2
phosphorylation, and nuclear translocation in transformed WB-F344 cells.
Moreover, the Warburg effect was inhibited by stattic, a specific inhibitor of
STAT3, and further reduced in transformed WB-F344 cells after the intervention
for PKM2.
CONCLUSION
The Warburg effect is initiated in liver precancerous lesions in rats. STAT3
activation promotes the Warburg effect by enhancing the phosphorylation of
PKM2 in transformed WB-F344 cells.
Key words: Warburg effect; Hepatic progenitor cell; Signal transducer and activator of
transcription 3; Pyruvate kinase M2; Liver precancerous lesion
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Signal transducer and activator of transcription 3 (STAT3) is stimulated in
hepatocellular carcinoma and regulates the Warburg effect in many tumors. However,
whether the activation of STAT3 can enhance the Warburg effect is unclear in liver
precancerous lesions. Here, we provide the evidence that the Warburg effect was
enhanced in liver precancerous lesions in rats, perhaps through up-regulating the
expression of pyruvate kinase M2 (PKM2) and p-STAT3 in activated oval cells. STAT3
activation promotes the Warburg effect by activing PKM2 in transformed WB-F344
cells induced with N-methyl-N’-nitro-N-nitrosoguanidine and hydrogen peroxide.
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INTRODUCTION
Cancerous cells transform significant amounts of glucose into lactate irrespective of
oxygen availability. This phenomenon, also known as aerobic glycolysis or the
Warburg effect, meets the energetic demands of tumor cells and provides them with
growth and survival advantages. The Warburg effect is frequently enhanced in
hepatocellular carcinoma (HCC)[1,2]. Many studies have shown that HCC is closely
associated with precancerous lesions. Liver precancerous lesions are well-established
histopathologically premalignant tissue with the highest risk for tumorigenesis and
are critical for hepatocarcinogenesis in human and rodents [3-5] . Recognition and
treatment at the precancerous stage might reduce the incidence and mortality of HCC.
However, the underlying molecular mechanism for the development of liver
precancerous lesions remains unclear.
The liver stem cell differentiation arrest theory and the dedifferentiation of mature
hepatocytes theory are two widely accepted hypotheses of hepatocarcinogenesis.
Studies have noted a progenitor cell phenotype in many HCCs. Alterations in the
hepatic niche can lead to the malignant transformation of hepatic progenitor cells[6-8].
Signal transducer and activator of transcription 3 (STAT3) is a member of the STAT
family of transcription factors and is activated in several cancers with a poor
prognosis, such as HCC, breast cancer, and esophageal squamous cell carcinoma[9-11].
Once it is activated by tyrosine phosphorylation, STAT3 translocates into the nucleus
and regulates the expression of target genes, mediating numerous aspects of
tumorigenesis, including proliferation, angiogenesis, immunity, motility, apoptosis,
and cell differentiation[12,13]. In addition, STAT3 can regulate aerobic glycolysis in
breast cancer cells by stimulating the transcription of hexokinase 2[14]. STAT3 also
upregulates lactate dehydrogenase A and pyruvate dehydrogenase kinase 1 to
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increase glycolysis in myeloma cells [15] . However, whether activation of STAT3
enhances the Warburg effect in liver precancerous lesions and the underlying
mechanism remain unclear.
Pyruvate kinase (PK), a key enzyme in glycolysis, catalyzes the synthesis of
pyruvate and ATP, using phosphoenolpyruvate (PEP) and ADP as substrates. There
are four mammalian pyruvate kinase isoforms: PKL, PKR, PKM1, and PKM2. PKL is
mainly expressed in the liver and kidney, and PKR is highly expressed in
erythrocytes. PKM1 is preferentially expressed in adult tissues, while PKM2 is
abundantly expressed in rapidly proliferating tissues, embryos, and tumors[16-18].
Recent studies have shown that PKM1 can promote tumor cell proliferation and
activate glucose catabolism in small-cell lung cancer (SCLC)[19]. But more results
confirm that among the four mammalian pyruvate kinase isoforms, PKM2 is most
closely related to tumor cell proliferation. PKM2 is an important regulator of the
Warburg effect and is highly expressed in many tumors. Tetrameric PKM2 has PK
activity in normal cells. PKM2 tetramers are tyrosine-phosphorylated at Y105 to
transform dimeric PKM2 in tumor cells [20,21] . Then, PKM2 dimers promote the
synthesis of deoxynucleotides, providing tumor cells with a growth and proliferation
advantage. Dimeric PKM2 can enhance aerobic glycolysis, increase lactate production,
and regulate the expression of genes that mediate the Warburg effect in many
tumors[18,20], including HCC[22]. However, whether STAT3 activation enhances the
phosphorylation of PKM2 in cancer is unknown.
Here, we showed that Warburg effect was initiated in liver precancerous lesions in
rats and STAT3 phosphorylation was involved in liver precancerous lesions probably
by activating hepatic progenitor cells in the Solt-Farber model. Furthermore, we
confirm that STAT3 activation promoted the Warburg effect by upregulating p-PKM2
in transformed hepatic progenitor cells in rats. Our study can help better understand
the role of STAT3 and PKM2 in HCC formation.

MATERIALS AND METHODS
Experimental animals
Sixty adult male Wistar rats (6 wk old), weighing 180-200 g, were purchased from
Beijing Vital River Laboratory Animal Technology Co. Ltd (Beijing, China). All animal
feeding and experimental procedures were approved by the Ethical Committee of
Capital Medical University and were performed according to National Institutes of
Health (NIH) Guidelines. A modified Solt-Farber model of liver precancerous lesions
was generated as described [23,24] . The animals were acclimatized to laboratory
conditions (23 °C, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and
water) for 1 wk prior to experimentation. Then, a single dose of diethylnitrosamine
(DEN, 200 mg/kg body weight; Sigma, St. Louis, MO, United States) was injected
intraperitoneally. After a two-week recovery, the rats were subcutaneously inserted
with 2-acetylaminofluorene (2-AAF; Innovative Research, Miami, FL, United States)
pellets (50 mg/pellet over a 21-d release) for 1 wk followed by a two-thirds partial
hepatectomy (PH). The animals were then euthanized nine days after PH. The livers
of the rats were removed rapidly and dissected. Rats with no treatment, rats exposed
to DEN and PH, and rats exposed to AAF and PH were used as controls.

Cell culture
The WB-F344 rat hepatic progenitor cell line (a gift from Dr. Geng-Tao Liu, Peking
Union Medical College) was cultured in Dulbecco’s Modified Eagle Medium and
Nutrient Mixture F-12 (DMEM/F12) (Hyclone) with 100 U/mL penicillin and 100
μg/mL streptomycin with or without 10% fetal bovine serum (FBS; Corning, KS,
United States). The cells were maintained in the logarithmic growth phase at 37 °C in
5% CO2. We induced the malignant transformation of WB-F344 cells according to a
previous study[25,26]. Briefly, WB-F344 cells were exposed to 3 μg/mL N-methyl-N’nitro-N-nitrosoguanidine (MNNG) for 24 h, and then the cells were treated with 7 ×
10-7 mol/L H2O2 for 12 h per day for 21 d. WB-F344 cells with no treatment was
cultured as controls.

Histopathology
Rat livers were fixed in formalin for 24 h, paraffin-embedded, and sectioned into 5μm-thick slices for hematoxylin and eosin (HE) staining.

Immunohistochemistry
Immunohistochemistry was performed as previously described. Sections were
incubated with rabbit anti-PKM2 (1:800; CST, MA, United States) and rabbit antiglutathione S-transferase-π (GST-π; 1:1000; MBL, Nagoya, Japan) overnight at 4 °C.
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The appropriate secondary antibody (goat anti-rabbit IgG, ZSGB-BIO, Beijing, China)
was applied for 30 min, and 3,3’-diaminobenzidine was used as the chromogen.
Negative controls were run for each antibody, using PBS instead of the primary
antibody. Representative images were captured with an Axio Imager 2 (Zeiss, OBK,
Germany).

Immunofluorescence
Immunofluorescence was conducted as described. The slices were incubated at 4 °C
overnight with mouse anti-OV-6 antibody (1:150; Roche, Basel, Switzerland) and
rabbit anti-PKM2 antibody (1:50; CST) or rabbit anti-p-STAT3 antibody (1:100; CST),
followed by fluorescent staining with FITC-conjugated anti-mouse IgG and Alexa
Fluor 594-conjugated anti-rabbit IgG (Jackson, PA, United States). DAPI was used to
stain the nuclei in the tissue samples. Images were captured with an Axio Imager 2.

Soft agar assay
Cell were assessed for colony formation in soft agar assays using a Cell Biolabs
Cytosolic Cell Transformation Assay kit (Cell Biolabs, CA, United States) as per
manufacturer’s instructions.

Analysis of glucose consumption and lactate production
Liver tissue samples were lysed in ice-cold normal saline (0.3%). Cells were seeded in
6-well plates (8.5 × 105 cells/well). The glucose and lactate concentrations in the
medium and liver tissue homogenate were measured by the glucose-oxidase method
(Applygen Technologies, Beijing, China) and with a lactic acid assay kit (Nanjing
Jiancheng Biotechnology, Nanjing, China), separately. The glucose consumption and
lactate production were normalized to protein concentration and cell numbers.

Cell cycle and aneuploidy cells assay
The cell cycle was examined by flow cytometry. Cells (106 cell/mL) were harvested
and fixed in 75% alcohol at 4 °C overnight. After a wash step in PBS, 500 μL of cell
cycle reagent propidium iodide (PI)/RNase staining solution (CST, MA, United
States) was added to each tube and incubated for 30 min at room temperature in the
dark. DNA content was analyzed on an EPICS@XL flow cytometer (Beckman Coulter,
CA, United States). DNA content of diploid cells in WB-F344 cells was used as an
internal standard to determine DNA index (DI). Cells with a DI = 0.95-1.05 were
defined as diploid, cells with a DI = 1.92-2.04 were defined as tetraploid, and cells
with a DI > 2.04 was considered as aneuploid[27]. Three independent experiments were
performed for each assay condition.

Cellular ATP level
Cells were seeded in 96-well plates (5 × 104 cells/well). At the end of the treatments,
the cell resuspension solution was collected. ATP content was measured using the
CellTiter-Glo2.0 assay kit (Promega, WI, United States) and normalized to cell
numbers. Three independent experiments were performed for each assay condition.

Western blot analysis
Liver tissue samples were lysed in ice-cold RIPA buffer that was supplemented with
protease inhibitors. Protein concentrations were determined using a bicinchoninic
acid protein assay kit (Thermo, MA, United States). The protein extracts from liver
tissue (50-100 μg) and cell lysates (40-60 μg) were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene
difluoride membranes (Millipore, MA, United States) for Western blot analysis. The
membranes were incubated with primary antibodies at 4 °C overnight and then were
incubated with the appropriate secondary antibodies at room temperature. The
primary antibodies included antibodies against GST-π (MBL, Nagoya, Japan), alphafetoprotein (AFP; Proteintech, Chicago, United States), GAPDH (GXY, Beijing, China),
cytokeratin 19 (CK19), PKM2, p-PKM2, STAT3, p-STAT3, proliferating cell nuclear
antigen (PCNA), β-tubulin, and β-actin (CST, MA, United States). The protein bands
were visualized using enhanced chemiluminescence detection reagents (Applygen,
Beijing, China) and scanned on a FlourChem HD2 System (Protein Simple, CA,
United States).

Cell transfection with siRNA
Cells were seeded into 6-well plates (1.0 × 10 5 cells/well) on the day before the
transfection. The siRNA for PKM2 (Invitrogen, Carlsbad, CA, United States) was used
for the transfection of the cells, which was achieved by using LipofectamineTM
RNAiMAX (Invitrogen, Carlsbad, CA, United States), according to the manufacturer's
lipofection protocol. The sequence of siRNA for PKM2 was 5'-GCAGCUUUG
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AUAGUUCUGATT-3'. The nonspecific miRNA (Invitrogen, Carlsbad, CA, United
States) was used as a control for nonspecific effects. The effects manifested after the
introduction of the mature siRNA into the cells were assayed at 72 h after the
transfection.

Statistical analysis
Data are expressed as the mean ± SEM. Statistical significance was determined by oneway ANOVA using SPSS 17.0 (SPSS, Chicago, IL, United States). P < 0.05 was
considered statistically significant.

RESULTS
p-STAT3 participates in the formation of liver precancerous lesions in rats by
activating hepatic progenitor cells
By HE staining, many heterocellular clusters in the liver parenchyma and portal area
were observed in Solt-Farber model rats, the cells in the heterocellular clusters were
characterized by deep nuclear staining, nuclear atypia, large karyoplasmic ratio,
disordered arrangement of hepatocyte cords, and inflammatory cell infiltration.
Compared with the model group, heterocellular clusters were hardly observed in the
DEN + PH or normal group. In addition, significant proliferation of hepatic oval cells
was observed in the liver tissues of rats both in the model group and AAF + PH group
(Figure 1A). By immunohistochemistry, GST-π, a neoplastic marker in the early stages
of carcinogenesis in HCC[28], was clearly stained in the heterocellular clusters in the
model group (Figure 1B). In contrast, GST-π was hardly expressed in the DEN + PH,
AAF + PH, or normal group, except in the portal area (Figure 1B). This result was also
shown by Western blot (Figure 1C). Oval cell 6 (OV6) and cytokeratin 19 (CK19) are
molecular markers of hepatic progenitor cells in rats. By immunofluorescence, OV6
was strongly expressed in the heterocellular clusters in the model group (Figure 1D),
consistent with the studies of Solt and Dunsford [23,29] . Western blot analysis also
showed that the expression of CK19 in the model group was elevated (Figure 1F)[30].
These results suggest that the hepatic progenitor cells are activated in liver
precancerous lesions in rats. Then, we further evaluated p-STAT3 expression in liver
precancerous lesions. The expression of p-STAT3 in the model group was significantly
higher than that in the DEN + PH, AAF + PH, and normal groups (Figure 1D and E).
Notably, OV6 and p-STAT3 were co-expressed in the same heterocellular clusters
(Figure 1D). These results suggest that the activation of STAT3 is closely related to the
activation of hepatic progenitor cells in the progression of liver precancerous lesions
in rats.

The Warburg effect is increased in liver precancerous lesions in rats, and PKM2 in
activated hepatic progenitor cells is associated with liver precancerous lesions
We detected glucose and lactate concentrations in liver tissue to determine whether
the Warburg effect was initiated at the stage of liver precancerous lesions. The
residual concentration of glucose in the model group was markedly decreased (Figure
2A). Likewise, the concentration of lactate in the model group was elevated (Figure
2B). These results illustrate that the Warburg effect has been initiated at the stage of
the liver precancerous lesions in rats.
PKM2 plays a vital role in the Warburg effect of tumors [31] . We detected the
expression of PKM2 in liver precancerous lesions. The result showed that the
expression of PKM2 in the model group was significantly higher than that in the DEN
+ PH, AAF + PH, or normal group, and there were a large number of PKM2-positive
cells around the portal area in the model group (Figure 2C and D). Especially, PKM2
was elevated in activated hepatic progenitor cells in the model group (Figure 2E).
These results suggest that PKM2 is involved in the progression of activated hepatic
progenitor cells in the liver precancerous lesions in rats.

p-STAT3 promotes malignant transformation of rat hepatic progenitor cells by
enhancing cell proliferation
In order to explore the mechanism of STAT3 involvement in liver precancerous
lesions, we replicated a model of transformed hepatic progenitor cells in vitro using
MNNG and H 2 O 2 in light of previous findings [25,26] . Transformed WB-F344 cells
became anomalous and changed in size, and contact inhibition disappeared compared
with wild WB-F344 cells. The rate of aneuploidy in transformed WB-F344 cells
increased to 24% compared with wild-type WB-F344 cells (Figure 3A). Furthermore,
the results of soft agar assay showed that clonal formation rate of transformed WBF344 cells was increased compared with the control group (Figure 3B). This indicates
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Figure 1

Figure 1 Pathological changes in liver precancerous lesions in rats. A: Heterocellular clusters were observed in the model group by hematoxylin and eosin
staining. Scale bars: 100 μm. B and C: Glutathione S-transferase-π was highly expressed in the model group, as revealed by immunohistochemistry and Western blot.
Scale bars: 100 μm. D: Immunofluorescence images showing that p-signal transducer and activator of transcription 3 (STAT3) was highly expressed in activated oval
cells in the model group compared with the diethylnitrosamine (DEN) + partial hepatectomy (PH), acetylaminofluorene (AAF) + PH, and normal groups. Scale bars: 50
μm. E: Western blot analysis showed that p-STAT3 was highly expressed in the model group compared with the DEN + PH, AAF + PH, and normal groups. F:
Western blot analysis showed that cytokeratin 19 was highly expressed in the model group compared with the DEN + PH, AAF + PH, and normal groups. All values
are the mean ± SEM derived from three independent experiments (aP < 0.05, bP < 0.01). GST-π: Glutathione S-transferase-π; STAT3: Signal transducer and activator
of transcription 3; CK19: Cytokeratin 19; DEN: Diethylnitrosamine; PH: Partial hepatectomy; AAF: Acetylaminofluorene; HE: Hematoxylin and eosin; OV6: Oval cell 6.
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Figure 2

Figure 2 The Warburg effect is initiated in liver precancerous lesions in rats. A and B: The glucose consumption and lactate production in the model group were
elevated compared with those in the diethylnitrosamine (DEN) + partial hepatectomy (PH) and normal groups. C and D: Immunohistochemistry and Western blot
analysis showed that pyruvate kinase M2 (PKM2) was highly expressed in the model group compared with that in the DEN + PH, acetylaminofluorene (AAF) + PH,
and normal groups. Scale bars: 50 μm. All values are the mean ± SEM derived from three independent experiments (aP < 0.05, bP < 0.01). E: Immunofluorescence
images showing that PKM2 was highly expressed in activated oval cells in the model group compared with the DEN + PH, AAF + PH, and normal groups. Scale bars:
75 μm. PKM2: Pyruvate kinase M2; DEN: Diethylnitrosamine; PH: Partial hepatectomy; AAF: Acetylaminofluorene; OV6: Oval cell 6.

that the transformed cells had the characteristics of anchorage-independent growth,
which is considered the most accurate and stringent in vitro assay for detecting
malignant transformation of cells. AFP expression further supported the conclusion
above (Figure 3C). These results suggest that the WB-F344 cells induced with MNNG
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and H2O2 gained the characteristics of transformed cells.
In addition, p-STAT3 expression in transformed WB-F344 cells was higher than that
in wild-type WB-F344 cells (Figure 3D). Next, we used stattic (MedChem Express,
Monmouth Junction, NJ, United States), a specific inhibitor of STAT3, to suppress the
activation of STAT3 in transformed hepatic progenitor cells. Compared with
transformed WB-F344 cells, p-STAT3, aneuploidy, the clonal formation rate, and AFP
expression decreased following 4 μmol/L stattic treatment (results of cell viability are
not shown) (Figure 3A-D). These results indicate that STAT3 promotes malignant
transformation of hepatic progenitor cells in rats.
To determine the mechanism by which STAT3 promotes malignant transformation
of hepatic progenitor cells in rats, we measured PCNA expression and the cell cycle in
transformed WB-F344 cells. As shown in Figure 3E, PCNA was highly expressed in
transformed WB-F344 cells compared with wild-type WB-F344 cells, and PCNA was
inhibited following stattic treatment. The percentage of transformed WB-F344 cells in
S phase was increased compared with wild-type WB-F344 cells. STAT3 inhibition by
stattic also significantly mitigated the increase in transformed WB-F344 cells in S
phase (Figure 3F). These results suggest that STAT3 promotes malignant
transformation of hepatic progenitor cells by enhancing cell proliferation.

STAT3 promotes the Warburg effect by enhancing p-PKM2 in transformed hepatic
progenitor cells in rats
As shown in Figure 4A, transformed WB-F344 cells took up much higher amounts of
glucose than wild-type WB-F344 cells. Similarly, lactate production in transformed
WB-F344 cells was higher than that in wild-type WB-F344 cells (Figure 4B). These
results suggest that the Warburg effect was initiated in transformed hepatic
progenitor cells. The production of ATP in transformed WB-F344 cells was steady
compared with wild-type WB-F344 cells (Figure 4C), in accordance with a previous
study[32]. In addition, in order to investigate the effect of PKM2 on the Warburg effect
in transformed hepatic progenitor cells, we also measured the expression of p-PKM2.
By Western blot analysis, it was discovered that the expression of p-PKM2 in
transformed WB-F344 cells was significantly higher than that in wild-type WB-F344
cells (Figure 4D). The same results were obtained by immunofluorescence assay, and
the expression of PKM2 in the nucleus was significantly increased in transformed
WB-F344 cells (Figure 4E).
To determine the function and mechanism of STAT3 in the Warburg effect in
transformed hepatic progenitor cells, we measured the influence of stattic treatment
on the Warburg effect. The consumption of glucose, the production of lactate, and
ATP levels were decreased following STAT3 inhibition by stattic (Figure 4A-C). These
results indicate that STAT3 promotes the Warburg effect in transformed hepatic
progenitor cells. And after STAT3 inhibition by stattic, p-PKM2 expression and
nuclear translocation were also decreased (Figure 4D and E). These results indicate
that STAT3 promotes the PKM2 expression and nuclear translocation in transformed
hepatic progenitor cells.
To explore whether STAT3 works through PKM2, TEPP-46 (MedChem Express,
Monmouth Junction, NJ, United States), a potent and selective activator of PKM2 that
promotes the formation of PKM2 tetramers, was used to act on the malignant
transformed WB-F344 cells after stattic treatment[33]. The results showed that the
suppressed Warburg effect by stattic was further reduced in transformed WB-F344
cells. Further use of PKM2 siRNA also resulted in the similar phenomenon (Figure
4A-C). These results suggest that STAT3 promotes the Warburg effect in transformed
hepatic progenitor cells probably by upregulating p-PKM2.

DISCSSION
Recent studies have shown that STAT3 plays a vital role in the Warburg effect and
adjusts the activity of key enzymes in the glycolytic pathway in tumor cells[34]. STAT3
regulates aerobic glycolysis in breast cancer cells by stimulating hexokinase 2
transcription[14]. STAT3 also increased glycolysis in myeloma cells by upregulating
lactate dehydrogenase A and pyruvate dehydrogenase kinase 1[15]. However, little
work has been performed to determine the mechanism of STAT3 in promoting the
Warburg effect in hepatocarcinogenesis. In our study, we observed that the Warburg
effect was initiated at the stage of liver precancerous lesions, likely through activation
of STAT3 and PKM2, in the Solt-Farber model. What’s more, STAT3 promoted the
Warburg effect possibly by enhancing p-PKM2 in transformed hepatic progenitor
cells in rats.
The theory of dedifferentiation of mature hepatocytes and the theory of abnormal
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Figure 3

Figure 3 Activated signal transducer and activator of transcription 3 promotes malignant transformation and cell proliferation in WB-F344 cells. A-D:
Aneuploidy, the soft agar colony formation rate, alpha-fetoprotein expression, and p-signal transducer and activator of transcription 3 expression in transformed WBF344 cells induced with N-methyl-N'-nitro-N-nitroso-guanidine (MNNG) + hydrogen peroxide (H2O2) were increased compared with those in control WB-F344 cells and
decreased following stattic treatment. E-G: Proliferating cell nuclear antigen expression and the percentage of cells in S phase in transformed WB-F344 cells induced
with MNNG + H2O2 were higher than those in control WB-F344 cells and decreased following stattic treatment. Data are expressed as the mean ± SEM (aP < 0.05, bP
< 0.01). (stattic: 4 μmol/L, 48 h). AFP: Alpha-fetoprotein; STAT3: Signal transducer and activator of transcription 3; MNNG: N-methyl-N'-nitro-N-nitroso-guanidine;
H2O2: Hydrogen peroxide; PCNA: Proliferating cell nuclear antigen.

differentiation of liver stem cells are two widely accepted hypotheses about the origin
of liver cancer. The carcinoma might originate from mature liver cells or progenitor
cells. Molecular studies have identified that adult hepatocytes are the source of HCC
because they can directly degenerate into HCC following sequential genomic
alterations. Alternatively, hepatic progenitor cells might generate HCC and
intrahepatic cholangiocarcinoma with markers of progenitor cells [35] , because
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Figure 4

Figure 4 Activated signal transducer and activator of transcription 3 promotes the Warburg effect by enhancing p-pyruvate kinase M2 in transformed WBF344 cells. A-C: The glucose concentration in medium in transformed WB-F344 cells induced with N-methyl-N'-nitro-N-nitroso-guanidine (MNNG) + hydrogen
peroxide (H2O2) was lower than that in control WB-F344 cells. The lactate concentration in medium in transformed WB-F344 cells induced with MNNG + H2O2 was
higher than that in control WB-F344 cells. Inhibition of p-signal transducer and activator of transcription 3 resulted in suppression of glucose consumption, lactate
production, and ATP level. TEPP-46 and pyruvate kinase M2 (PKM2) siRNA further reduced the Warburg effect. D: The activation of p-PKM2 was elevated in
transformed WB-F344 cells induced with MNNG + H2O2 and was inhibited following stattic treatment. Stattic, TEPP-46, and PKM2 siRNA inhibited the expression of pPKM2 in transformed WB-F344 cells induced with MNNG + H2O2. E: The expression and nuclear translocation of PKM2 were elevated in transformed WB-F344 cells
induced with MNNG + H2O2 and were inhibited following stattic treatment. (aP < 0.05, bP < 0.01) (stattic: 4 μmol/L, 48 h; TEPP-46: 25 μmol/L, 24 h). MNNG: N-methylN'-nitro-N-nitroso-guanidine; H2O2: Hydrogen peroxide; STAT3: Signal transducer and activator of transcription 3; PKM2: Pyruvate kinase M2.

hepatocytes and cholangiocytes each arise from a common progenitor (hepatoblasts)
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during liver development. Studies have noted a progenitor cell phenotype in many
HCCs[36]. And liver cancers with stem cell features have more aggressive clinical
behavior and a worse prognosis than those without stem cell features. The Solt-Farber
model is an established hepatic precancerous animal model. GST-π detoxifies
electrophiles through conjugation to thiol-reduced glutathione (GSH) and is
overexpressed in the early stages of carcinogenesis, including hepatic precancerous
lesions. Our results confirmed that many heterocellular clusters were present in the
liver parenchyma and portal area and that GST-π was highly expressed in liver
precancerous lesions in Solt-Farber model rats (Figure 1C). In addition, our results
revealed that OV6, a marker of hepatic progenitor cells in rats, was strongly expressed
in the heterocellular clusters of the liver in the model group. As another marker of
liver progenitor cells, the expression of CK19 was also elevated in the model group,
suggesting that hepatic progenitor cells were activated (Figure 1D and F).
STAT3 is activated in HCC, but its effects in hepatic progenitor cells are not entirely
clear. Our results revealed that p-STAT3 was strongly expressed in activated hepatic
progenitor cells in the model group (Figure 1D and E), suggesting that STAT3
activation is involved in the stimulation of hepatic progenitor cells in the progression
of liver precancerous lesions.
In a previous study, PKM2 promoted the Warburg effect in HCC, which provides
the tumor with many advantages for cell growth and survival [37] . However, the
mechanism of PKM2 in the Warburg effect in HCC and liver precancerous lesions
remains poorly understood. Our results indicate that the Warburg effect is initiated at
the stage of liver precancerous lesions in rats (Figure 2A and B) and enhanced
probably by PKM2 in activated hepatic progenitor cells (Figure 2C-E).
To further explore the mechanism of STAT3 in liver precancerous lesions in rats,
we observed the effect of STAT3 in transformed WB-F344 cells induced with MNNG
+ H2O2. Increased aneuploidy and anchorage-independent growth are vital feature of
tumor cells[38]. The size and shape of transformed WB-F344 cells changed, contact
inhibition vanished, and aneuploidy, clonal formation rate, and AFP expression
increased (Figure 3A-C), indicating that hepatic progenitor cells were transformed
extensively. The transformed WB-F344 cells were treated with stattic, which inhibited
the activation of STAT3, to observe the function of STAT3 during the malignant
transformation of hepatic progenitor cells. The results showed that clonal formation
rate, AFP expression, and aneuploidy fell significantly (Figure 3A-C), suggesting that
STAT3 promotes malignant transformation of hepatic progenitor cells in rats.
Intracellular STAT3 activation is closely associated with the cell cycle and
proliferation in HCC cells. Our results also showed that STAT3 enhances malignant
transformation of hepatic progenitor cells by promoting the expression of PCNA and
accelerating G1/S phase transition (Figure 3E and F).
Dimeric PKM2 promotes cell proliferation and the Warburg effect in HCC[22], but its
effects in hepatic progenitor cells are still unknown. Our results show that the
Warburg effect was initiated and the p-PKM2 expression and nuclear translocation
were increased in transformed WB-F344 cells (Figure 4A-E). This result implies that pPKM2 probably promotes the Warburg effect in transformed WB-F344 cells. In
addition, in the Solt-Farber model, the total protein expression of PKM2 in the liver
was also higher, which may be due to the complexity of the internal environment in
rats compared with that in cell culture. Following stattic treatment, p-PKM2
expression and nuclear translocation decreased, and the Warburg effect was
suppressed (Figure 4A-E). Further use of PKM2 siRNA on the basis of stattic
treatment in transformed WB-F344 cells further reduced the Warburg effect (Figure
4A-C). An interesting result is that, treatment with TEPP-46, a potent and selective
activator of PKM2, in transformed WB-F344 cells after treatment with stattic, further
reduced the production of lactate, increased ATP level, but had no significant impact
on glucose consumption, which is consistent with previous studies[39,40]. The reasons
are that TEPP-46 promotes the formation of PKM2 tetramer and forms an enzyme
with high pyruvate kinase activity as well as mediates the last step of glycolysis by
promoting glycolysis flux, and then inhibits the formation of PKM2 dimer. That is to
say, TEPP-46 in fact inhibits the Warburg effect. These results indicate that STAT3
promotes the Warburg effect possibly by enhancing p-PKM2 expression in
transformed hepatic progenitor cells in rats. Previous studies have demonstrated that
PKM2 promoted oncogenesis probably by phosphorylating STAT3[41]. Hence, whether
there is positive feedback between STAT3 and PKM2 in malignant transformation of
hepatic progenitor cells remains to be further studied.
In summary, our results provide the evidence that the Warburg effect has been
initiated at the stage of the liver precancerous lesions in rats, perhaps through high
expression of PKM2 and p-STAT3 in activated hepatic progenitor cells in rats.
Furthermore, STAT3 promotes the Warburg effect possibly by upregulating p-PKM2
expression and leading to malignant transformation of hepatic progenitor cells in rats.
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These results can help better understand the role of PKM2 and STAT3 in the
formation of HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the fifth common malignant tumor worldwide and has a
poor prognosis. HCC is closely associated with the potential precancerous lesions. Early
treatment at the precancerous stage could significantly prevent the occurrence of HCC. Signal
transducer and activator of transcription 3 (STAT3) and pyruvate kinase M2 (PKM2) can be
activated and enhance the Warburg effect in HCC. However, whether activation of STAT3
enhances the Warburg effect in liver precancerous lesions in rats, and the relationship between
STAT3 and PKM2 remain unclear. Hence, clarifying the mechanism of liver precancerous lesion
of HCC are very important.

Research motivation
Investigating the mechanism of STAT3 and the Warburg effect in liver precancerous lesions in
rats may suggest potential molecular mechanisms of hepatocellular carcinogenesis, and further
offer the potential for developing novel therapeutic strategies for HCC treatment.

Research objectives
To measure the expression of STAT3 and PKM2, and the Warburg effect in liver precancerous
lesions in rats and in transformed WB-F344 cells, and to investigate the possible molecular
mechanisms of STAT3 in liver precancerous lesions.

Research methods
The Solt-Farber model is an established hepatic precancerous animal model. The transformed
WB-F344 cells were induced with N-methyl-N ’ -nitro-N-nitrosoguanidine (MNNG) and
hydrogen peroxide (H2O2). The contents of glucose and lactate in the tissue and culture medium
of the cells were detected with a spectrophotometer. The protein levels were examined by
Western blot and immunofluorescence.

Research results
Here, we provide the evidence that the Warburg effect was enhanced in liver precancerous
lesions in rats, perhaps through high expression of PKM2 and p-STAT3 in activated oval cells.
STAT3 activation promotes the Warburg effect by activating PKM2 in transformed WB-F344 cells
induced with MNNG and H2O2.

Research conclusions
STAT3 activation promotes the Warburg effect by enhancing the phosphorylation of PKM2 in
transformed WB-F344 cells. The Warburg effect, PKM2 and STAT3 expression were increased in
liver precancerous lesions in rats.

Research perspectives
We have carried out some rat experiments and in vitro cell experiments, but further studies are
needed to explore the mechanism of liver precancerous lesions. We also need to collect clinical
samples for further validation. STAT3 and PKM2 may be potential diagnostic or therapeutic
targets and used for clinical diagnosis and therapy in the future.
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Abstract
BACKGROUND
Chronic hepatitis B is a highly heterogeneous disease that can be divided into
four phases: Immune tolerant (IT), immune active (IA), inactive carrier (IC) and
hepatitis B envelope antigen (HBeAg)-negative hepatitis (ENEG).
AIM
To investigate the immune status of natural killer (NK) and T cells in different
phases of chronic hepatitis B.
METHODS
The frequency, phenotype and function of circulating NK cells, as well as
nonantigen-specific and hepatitis B virus (HBV)-specific T cell responses were
detected by flow cytometry in healthy and HBV-infected subjects.
RESULTS
The ability of NK cells to produce IFN-γ was markedly attenuated in HBVinfected patients overall but was less compromised in IC patients. Patients in the
IT and IA phases also displayed significantly lower TNF-α production compared
to healthy subjects. NK cells were phenotypically activated in the IA and ENEG
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CONCLUSION
Our findings demonstrate the changes in immune response pattern during the
natural history of HBV infection. Both NK and T cells are functionally impaired
in the IT and IA phases. With the spontaneous clearance of HBeAg and hepatitis
B surface antigen decline, NK cell cytokine production and HBV-specific T
responses are partially restored in IC phase, and the ENEG phase is dominated
by nonantigen-specific T cell responses.
Key words: Chronic hepatitis; Hepatitis B virus; Natural killer cells; Global-T cells; Virusspecific T cells; Natural history; Heterogeneity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Chronic hepatitis B is a highly heterogeneous disease, which can be divided
into four phases: immune tolerant, immune active (IA), inactive carrier and hepatitis B
envelope antigen (HBeAg)-negative hepatitis (ENEG). Natural killer (NK) and virusspecific T cells are two key effector cells of cellular immunity. Our study demonstrates
the conversion of the immune response pattern along the natural history of chronic
hepatitis B virus infection. NK cells were phenotypically activated in the clinical phases
(IA and ENEG) with biochemical liver damage. NK, non-specific and virus-specific T
cells were functionally impaired in immune tolerant and IA phases. With the
spontaneous clearance of HBeAg and hepatitis B surface antigen decline, NK cell
cytokine production and HBV-specific T cell responses were partially restored in the
inactive carrier phase, and the ENEG phase was primarily dominated by nonantigenspecific T cell responses.

Citation: Wang WT, Zhao XQ, Li GP, Chen YZ, Wang L, Han MF, Li WN, Chen T, Chen G,
Xu D, Ning Q, Zhao XP. Immune response pattern varies with the natural history of chronic
hepatitis B. World J Gastroenterol 2019; 25(16): 1950-1963
URL: https://www.wjgnet.com/1007-9327/full/v25/i16/1950.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i16.1950

INTRODUCTION
Worldwide, an estimated 240 million people are chronically infected with hepatitis B
virus (HBV), which places them at relatively high risks of developing liver cirrhosis,
hepatic decompensation and hepatocellular carcinoma[1]. According to the natural
course and clinical manifestations, chronic HBV infection can be categorized into four
different phases: Immune tolerant [IT, also termed hepatitis B envelope antigen
(HBeAg)-positive chronic infection], immune active (IA, also termed HBeAg-positive
chronic hepatitis), inactive carrier (IC, also termed HBeAg-negative chronic infection),
and HBeAg-negative hepatitis (ENEG) phases[1-3]. The IT and IA phases manifest
disparate degrees of liver injury, although viral replication is at extremely high levels
in both clinical stages. Furthermore, the levels of serum hepatitis B surface antigen
(HBsAg), HBV-DNA and intrahepatic covalently closed circular DNA (cccDNA)
differ markedly across the four phases[4,5]. However, the underlying mechanisms or
immune features distinguishing these phases are still obscure.
HBV is a non-cytopathic virus, and it is generally accepted that immune factors are
indispensably involved in the occurrence and development of liver diseases. Among
these, natural killer (NK) cells are greatly enriched in the liver, the site of HBV
replication, and serve as an early warning system for viral infection[6]. Functional
disturbance of NK cells has been described in chronic HBV infection, potentially
contributing to ineffective antiviral immunity and the pathogenesis of liver injury.
However, multiple studies regarding NK cell phenotype or function have revealed
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partially conflicting results[7-12]. For example, circulating NK cells from HBV-infected
patients expressed higher levels of the activating receptors CD69, NKp46, NKp44[10]
and lower levels of the inhibitory receptor KIR3DL1 [11] than those from healthy
individuals. However, others have reported that NK cells exhibited an inhibitory
phenotype, with elevated expression of the inhibitory receptor NKG2A and
downregulated expression of the activating receptors CD16 and NKp30 in chronic
HBV infection[12]. This discrepancy may be attributed to the high heterogeneity of the
disease profile in chronic HBV infection, but this interpretation remains to be verified.
HBV-specific T cell responses are vigorous, polyclonal and multi-specific in
patients with resolved HBV infections[13], and their experimental depletion obviously
delayed viral clearance in chimpanzee models[14]. On the contrary, virus-specific T
cells displayed an exhausted phenotype with the upregulated expression of the
inhibitory receptor programmed death 1 (PD-1) and Tim-3 and severely impaired
antiviral ability in chronic HBV infection[6,15]. In a report from Webster et al[16], serum
HBV-DNA levels of < 107 copies/mL appeared to be the threshold for consistent
detection of circulating HBV-specific CD8+ T cells, suggesting that despite the overall
suppression in chronic HBV infection, the hierarchy of HBV-specific T cell responses
may also be influenced by virus replication and liver disease activity. It is not clear
whether the magnitude of NK and T cell responses vary along the natural history of
chronic HBV infection. The objective of this study was to analyze the characteristics of
NK cells, nonantigen-specific and virus-specific T cells, which may define the
different clinical phases.

MATERIALS AND METHODS
Study population
This study was approved by the ethics committee of Huazhong University of Science
and Technology and Tongji Hospital, and all participants provided informed consent.
All procedures conformed to the Helsinki Declaration. Peripheral blood samples were
obtained at the Infectious Disease Clinic of Tongji Hospital. All enrolled patients with
HBV infections met the following criteria: HBsAg positive for at least 6 mo; absence of
human immunodeficiency virus, hepatitis C virus (commonly known as HCV) or
hepatitis D virus co-infections; without evidence of hepatic decompensation and
hepatocellular carcinoma; absence of autoimmune disease, immunosuppressive
agents, organ transplant or other comorbid illnesses that may impact immune
response; absence of current antiviral therapy; without evidence for alcoholic
hepatitis, nonalcoholic fatty liver disease and overt liver cirrhosis. In total, 92 cases of
HBV-infected patients were enrolled in this study. The clinical phases were further
assigned by at least two clinicians based on available history and laboratory results,
using classification criteria described in clinical practice guidelines[1-3]. In addition, 23
healthy individuals were enrolled as the control group.

Serological tests of liver functions, HBV markers and HBV DNA
Liver functions were measured with routine automated techniques [normal upper
limit for both alanine aminotransferase (ALT) and aspartate aminotransferase (AST):
40 U/L]. Serum HBsAg titers were quantified using the Architect HBsAg assay
(Abbott Laboratories, Abbott Park, IL, United States; range 0.05–250 IU/mL). Serum
HBeAg titers were quantified using AXSYM HBe 2.0 (Abbott Laboratories; range
0.15–100 PEIU/mL). Serial dilutions were performed when HBsAg or HBeAg titers
exceeded the reference range. Serum HBV-DNA levels were detected by a standard
generic HBV-DNA assay (ACO Biotech Co. Ltd, Hangzhou, China; detection limit:
500 copies/mL) or COBAS TaqMan HBV Test (Roche Molecular Systems, Meylan,
France; detection limit: 20 IU/mL).

Phenotypic analysis for NK and T cells
Peripheral blood mononuclear cells (PBMCs) from HBV-infected and healthy subjects
were isolated by Ficoll-Hypaque density gradient centrifugation and were suspended
in RPMI 1640 medium supplemented with 2 mM/L L-glutamine and 10% fetal calf
serum (Hyclone, United States). For NK cell phenotypic analysis, freshly isolated
PBMCs were stained with fluorochrome-conjugated antibodies to CD3-PerCP/Cy5.5,
CD56-FITC, NKp46-PE, NKp30-APC, NKG2A-PE, NKG2D-APC, NKp44-PE, CD69APC, CD4-FITC, CD8-FITC or isotype matched controls. All antibodies were
purchased from Biolegend (San Jose, CA, United States) except NKG2A-PE (R and D
Systems, Minneapolis, MN, United States). Finally, stained cells were acquired on
Canto II flow cytometer (Becton Dickinson, United States) and analyzed using FlowJo
analysis software (Treestar, Ashland, OR, United States).
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IFN-γ production by NK cells
PBMCs were stimulated with recombinant human IL-12 (10 ng/mL; Peprotech,
United States) and IL-18 (50 ng/mL; SAB, United States) for 21 h at 37 ˚C, and then 2
µM/L monensin (MultiSciences, China) was added for the final 3 h. Cells were fixed
and permeabilized, followed by intracellular staining for IFN-γ-APC (Biolegend, CA,
United States).

NK cell degranulation
NK cell cytotoxic activity was assessed by CD107a degranulation. Briefly, after
overnight stimulation with recombinant human IL-12 (10 ng/mL) and IL-18 (50
ng/mL), or only culture medium, PBMCs were incubated for 3 h at 37 °C with K562
target cells (E:T = 5:1) in the presence of anti-CD107a-PE antibody (Biolegend, CA,
United States) and monensin (2 µM). Cells were then labeled with CD3-PerCP/Cy5.5
and CD56-FITC before flow cytometry analysis.

TNF-α, perforin and granzyme B production by NK cells and global-T cytokine
profile
PBMCs were incubated with 20 ng/mL phorbol myristate acetate plus 1 μg/mL
ionomycin (MultiSciences, China) for 1 h, and then 2 µmol/L monensin was added for
the final 4 h. Cells were stained with fluorochrome-conjugated antibodies to CD3PerCP/Cy5.5, CD56-FITC or CD8-FITC (Biolegend, San Diego, CA, United States) at 4
˚C in the dark. Afterwards, cells were fixed and permeabilized followed by
intracellular staining for IFN-γ-PE, TNF-α-PE, IL-2-APC, perforin-APC and granzyme
B-PE and isotype matched controls (IL-2-APC from eBioscience, United States; others
from Biolegend, CA, United States) at 4 ˚C in the dark. Finally, cells were detected
using a Canto II flow cytometer.

In vitro expansion of HBV-specific T cells
For HBV-specific T cell expansion, a panel of 15-mer peptides overlapping by ten
residues were pooled in two mixtures covering core (35) and S (44) proteins
(GenScript, United States). Briefly, frozen PBMCs were thawed and resuspended in
AIM-V medium with 5% human AB serum (Gibco, Invitrogen, United States). Then,
PBMCs were incubated with the core or S peptide pool, and recombinant IL-2 (20
IU/mL; Peprotech, United States) was replenished every 3 d. Finally, virus-specific T
cell responses were measured by intracellular cytokine staining, as mentioned above,
on day 10. Positive responses were determined when the frequency of T cells
producing IFN-γ or IL-2 exceeded at least twice the proportion found in unstimulated
cells and 0.1% of total T cells.

Statistical analysis
All data were analyzed with SPSS 13.0 for Windows (SPSS, Inc. Chicago, IL, United
States). Serum HBV-DNA, HBeAg and HBsAg levels were log-transformed.
Continuous variables are presented as mean ± SD. Baseline clinical characteristics
across multiple groups were compared using the Kruskal-Wallis test for continuous
variables and chi-square (χ2) test for categorical variables. Comparisons between two
groups were performed with the Mann-Whitney U test. Correlations between
variables were evaluated with the Spearman rank correlation test. P < 0.05 was
considered statistically significant.

RESULTS
Baseline patient characteristics
The demographic, biochemical and virologic data of study population are illustrated
in Table 1. In accordance with the natural course, IT and IA patients were younger
than IC and ENEG patients (P < 0.05). The levels of serum HBsAg and HBV-DNA
decreased successively from the IT, IA, ENEG to IC phase. HBeAg titers were
significantly higher in the IT phase than those in the IA phase (P < 0.05). Moreover,
serum ALT and AST levels were markedly higher in IA and ENEG patients than those
observed in IT, IC and healthy subjects.

Frequencies and absolute number of NK cells, NK cell subsets, CD4+ and CD8+ T
cells were relatively stable during the natural history
As shown in Figure 1, the proportion and absolute number of circulating CD3-CD56+
NK cells, CD56bright NK cells, CD56dim NK cells, global CD4+ and CD8+ T cells were
similar in healthy donors (HD) and patients with different clinical phases, suggesting
that direct measurement of NK and T cell frequencies and numbers did not provide
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Table 1 Baseline characteristics of the study population according to clinical phases
Parameters

HD, n = 23

IT, n = 20

IA, n = 27

IC, n = 22

ENEG, n = 18

P value

29 (22-39)

25.5 (20-33)

27 (18-36)

33.5 (23-51)

39.5 (26-56)

< 0.001

13/10

8/12

15/12

10/12

11/7

0.653

Log 10 HBV-DNA, copies/mL

negative

7.88 ± 0.53

7.49 ± 0.83

< 4a

5.97 ± 0.80

< 0.001b

Log 10 HBsAg, IU/mL

negative

4.72 ± 0.19

4.34 ± 0.32

3.06 ± 0.49

3.66 ± 0.56

< 0.001b

Log 10 HBeAg, PEIU/mL

negative

2.89 ± 0.26

2.34 ± 0.56

negative

negative

0.001c

ALT, U/L

21.7 ± 6.9

21.2 ± 7.0

132.3 ± 70.5

21.1 ± 7.1

137.8 ± 105.6

< 0.001

AST, U/L

19.0 ± 6.5

18.9 ± 5.1

75.9 ± 41.3

22.0 ± 5.3

68.3 ± 37.2

< 0.001

Tbil, µmol/L

14.9 ± 5.3

14.8 ± 6.8

14.8 ± 4.4

13.4 ± 4.1

12. 7 ± 2.9

0.501

Age, yr (Median, range)
Male/female

a

Some patients had serum HBV-DNA levels < 500 copies/mL or < 20 IU/Ml.
Kruskal-Wallis test among the four clinical phases.
Mann-Whitney U test between immune tolerant and immune active phase.
Data are presented as mean ± SD, serum HBV-DNA, HBeAg and HBsAg levels were log-transformed. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; Tbil: Total bilirubin; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen; HD: Healthy donors; IT: Immune
tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis.
b
c

distinct immune signatures for the clinical phases.

Subtle differences of NK cell phenotypes in different clinical phases
The effects of different clinical phases on NK cell phenotypes were investigated
(Figure 2A-F). Compared with HD, NKG2A expression in CD56dim NK cells was
downregulated in the IC phase (P < 0.05), while NKp46 expression in CD56dim NK
cells was upregulated in the IA phase (P < 0.05). NKp30 expression in CD56dim NK
cells and NKG2A expression in CD56bright NK cells were higher in the IT phase than
the IC phase (P < 0.05). Furthermore, the frequencies of CD56bright NK cells expressing
NKp44 and CD56dim NK cells expressing CD69 were increased in the IA and ENEG
phases in comparison to those in the IT, IC and healthy subjects (P < 0.05).

Ability of NK cells producing IFN-γ was attenuated in HBV-infected subjects but
less impaired in the IC phase
As shown in Figure 3A and B, compared with HD, the ability of IFN-γ-producing NK
cells was markedly attenuated in chronic HBV-infected patients, irrespective of any
clinical phases. Of note, IFN-γ production was less compromised in the IC phase than
in the IT and ENEG phases (P < 0.05). Patients in the IT and IA phases also displayed
significantly lower TNF-α production compared to HD (P < 0.05). Cytolytic activity
was measured by CD107a degranulation after stimulation with IL-12+18 and K562
target cells and the expression of perforin and granzyme B in NK cells (Figure 3A, C
and D). However, NK cell cytolytic activity was retained in chronic HBV-infected
patients compared with HD, and no significant difference in CD107a, perforin or
granzyme B expression was observed between the four phases (P > 0.05).

Global-T cell response in different clinical phases
The frequencies of global-T cells producing IFN-γ, IL-2 and TNF-α are shown in
Figure 4. Compared with HD, the ability of global T cells to produce IFN-γ and TNF-α
was significantly decreased in the IT and IA phase (Figure 4B and D). On the contrary,
IFN-γ and TNF-α production by global-T cells was dramatically increased in the
ENEG phase compared to the other clinical phases, and TNF-α expression was even
higher than that in HD. No statistical difference was observed for IL-2 expression in
HD and patients at different clinical stages (Figure 4C).

Virus-specific T cell responses after in vitro expansion was significantly stronger in
the IC phase than other phases
PBMCs were stimulated by HBV core or S peptide pools. After 10 d in vitro expansion,
virus-specific T cell responses were determined by detecting the frequency of T cells
producing IFN-γ or IL-2. In response to the core peptide pool, IFN-γ and IL-2
production by CD4+, CD8+ and CD3+ T cells significantly increased in the IC phase
than in other phases (Figure 5A-D). The positive responses of IFN-γ and IL-2 in both
CD4+ and CD8+ T cells were significantly higher in the IC phase than in the IA and
ENEG phases, and the positive response of CD8+ T cells producing IFN-γ was
significantly higher in the IC phase than in the IA phase (Figure 5E). In response to
the S peptide pool (Figure 5F-I), IFN-γ production by CD8+ and CD3+ T cells was
significantly increased in the IC phase than those in other phases. IFN-γ production
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Figure 1

Figure 1 Frequencies and absolute number of NK cells, CD4+ and CD8+ T cells in different clinical phases. A: Representative dot plots depicting the gating
strategy for CD3-CD56+ NK cells, CD56bright and CD56dim subsets; B: Frequencies and absolute number of circulating NK cells in different phases; C: Frequencies of
CD56bright and CD56dim NK cell subsets in different phases; D: Absolute number of CD56bright and CD56dim NK cell subsets in different phases; E: Frequencies of
CD4+ and CD8+ T cells in lymphocytes in different phases; F: Absolute number of CD4+ and CD8+ T cells in different phases. All data are presented as mean ± SD.
NK: Natural killer; HD: Healthy honors; IT: Immune tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis.

by CD4+ T cells was significantly increased in the IC phase than in the IA and ENEG
phases. IL-2 production by CD4+, CD8+ and CD3+ T cells did not significantly differ
across the four phases. In addition, the positive response of CD8+ T cells-producing
IFN-γ was higher in the IC phase than in the ENEG phase.

Longitudinal analysis of NK and T cell responses in representative individuals who
transitioned between disease phases
We identified several individuals who transitioned from one disease phase to another.
As shown in Figure 6, IFN-γ production from NK and global-T cells was relatively
stable in a patient that transitioned from the IT to IA phase, and the frequency of
CD3+ T cells-producing IFN-γ in response to the core or S peptide pool remained low.
In contrast, core and S-specific T cell responses improved in a patient who
experienced spontaneous HBeAg clearance (from IA to IC phase). When virus
reactivation occurred (from IC to ENEG phase), NK cell IFN-γ production and HBVspecific T cell responses were prominently inhibited, but IFN-γ production from
global T cells was enhanced. These longitudinal findings were consistent with results
from the cross-sectional analysis.

DISCUSSION
Chronic HBV infection is a dynamic state of complex equilibrium among virus,
hepatocytes and host immune cells[13]. In previous reports and this study[4,17], the levels
of serum HBsAg, HBV-DNA and intrahepatic cccDNA markedly differ across four
phases. In accordance with this, our study further emphasized the distinct immune
response pattern in different clinical phases.
Firstly, our study demonstrated that certain NK cell receptors are differentially
expressed among the different clinical phases. Although disease progression and HBV
replication status are relatively stable in both IT and IC phases, NKp30 expression in
CD56dim NK cells and NKG2A expression in CD56bright NK cells were significantly
higher in the high viremia IT phase than in the IC phase. Yoshioka et al[18] reported
that the frequency of the NKp46highNKG2Ahigh subset was higher in high viremia
patients, and this subset exhibited higher cytotoxicity but lower IFN-γ production.
Similarly, simultaneous up-regulation of NKp30 and NKG2A expression may lead to
more skewed NK cell function in the IT phase. In agreement with reports by Zhang et
al[8] and Ghosh et al[10], our study found that NK cells were relatively activated in the
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Figure 2

Figure 2 Phenotypes of NK cells in different clinical phases. A: Frequency of CD56bright and CD56dim NK cells expressing the activating receptor NKp46; B:
Frequency of CD56bright and CD56dim NK cells expressing the activating receptor NKp44; C: Frequency of CD56bright and CD56dim NK cells expressing the activating
receptor NKp30; D: Frequency of CD56bright and CD56dim NK cells expressing the inhibitory receptor NKG2A; E: Frequency of CD56bright and CD56dim NK cells
expressing the activating receptor NKG2D; F: Frequency of CD56bright and CD56dim NK cells expressing the activating marker CD69. NK: Natural killer; HD: Healthy
honors; IT: Immune tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis. All data are presented as mean ± SD, aP
< 0.05, bP < 0.01, cP < 0.001.

IA and ENEG phases, as evidenced by the upregulated expression of NKp44 in
CD56 bright NK cells and CD69 in CD56 dim NK cells. IA and ENEG phases were
characterized by the fluctuation of ALT levels and liver disease progression,
suggesting that NK cells played an important role in hepatitis activity.
Secondly, the ability of IFN-γ-producing NK cells was markedly impaired in HBVinfected patients, regardless of clinical stage. Notably, IFN-γ production was less
compromised in the IC phase than in the IT and ENEG phases. Meanwhile, TNF-α
production was inhibited in the IT and IA phases compared to HD. The effector
function of NK cells is regulated by the balance of activating and inhibitory receptors,
as well as cytokine milieu. Lower NKG2A expression in the IC phase may facilitate
the restoration of cytokine production in NK cells. Moreover, circulating
concentrations of IL-10 and TGF-β were increased in patients with active and
immunotolerant phases, respectively[7,19], which represented a feedback mechanism
that limits exuberant NK cell response but profoundly suppresses IFN-γ production.
What’s more, the decrease in virus load may in turn have improved NK cell activity,
which has been demonstrated in HCV patients receiving direct-acting antiviral
therapy[20]. However, NK cell cytotoxicity was not correspondingly weakened and did
not differ among the four clinical phases. Our results were in line with the report of
Oliviero et al[11], in which NK cells were functionally dichotomous. This phenomenon
may be attributed to the preferential pSTAT1-dependent cytotoxicity over pSTAT4dependent IFN-γ production when exposed to endogenous IFN-α[6].
Subsequently, upregulated, downregulated or unchanged global-T cell responses
were observed in different phases. Global-T cells primarily refer to nonantigenspecific T cell subsets, considering that the quantity of HBV-specific T cells is
negligible in comparison to global-T cells. IT and IA phases were characterized by
impaired nonantigen-specific T cell responses. In contrast, global-T cells from the
ENEG phase displayed a proinflammatory cytokine profile with upregulated IFN-γ
and TNF-α expression, which is relevant to the severity of liver injury (data not
shown). IFN-γ and TNF-α had the potential to inhibit HBV replication and degrade
cccDNA in a non-cytolytic fashion[21]. Nevertheless, intrahepatic proinflammatory
IFN-γ and TNF-α overexpression by global-T cells significantly correlated with
immune pathogenesis in HBV-associated liver failure[22].
Finally, core and S antigen-specific T cell responses after in vitro expansion were
significantly stronger in the IC phase than in other phases. Our findings are in
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Figure 3

Figure 3 NK cell functions in different clinical phases. For detecting NK cell functions, peripheral blood mononuclear cells were stimulated by IL-12 and IL-18, P/I,
K562 target cells or IL-12/18 and K562 target cells. A: Gated on CD3-CD56+ NK cells, representative dot plots depicting the expression of IFN-γ, TNF-α, CD107a,
perforin and granzyme B in NK cells; B: Pooled data showing the frequency of NK cells expressing IFN-γ and TNF-α at different phases; C: Pooled data showing the
differences in NK cell CD107a degranulation in different phases; D: Summary data showing the frequency of NK cells producing perforin and granzyme B in different
phases. IFN-γ: Interferon-gamma; TNF-α: Tumor necrosis factor-alpha; NK: Natural killer; HD: Healthy honors; IT: Immune tolerant; IA: Immune active; IC: Inactive
carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis; P/I: Phorbol myristate acetate and ionomycin. All data are presented as mean ± SD, aP < 0.05, bP <
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0.01, cP < 0.001.

accordance with a report by Liang et al[23], in which the magnitude of core or S antigenspecific CD4+ and CD8+ T cell responses was significantly more intense in the IC
phase relative to the IA phase. However, ex vivo lymphoproliferation response and
ELISPOT assays showed that the pattern of antiviral T-cell responses didn’t clearly
distinguish between the different clinical phases[24]. This discrepant result between ex
vivo and in vitro experiment was also described in patients who achieved HBsAg loss
after nucleos(t)ide analogue therapy[25]. We speculate that in vitro expansion may
render some ex vivo T-cell hyporesponsiveness into effective T-cell responses. Given
that persistent exposure to high titers of viral antigens may be a primary factor for the
frequency decline and functional exhaustion of virus-specific T cells [26] , HBsAg
decrease may facilitate the functional reconstruction of virus-specific T cells in the IC
phase. Similarly, HBsAg loss after nucleos(t)ide analogue therapy was significantly
associated with the improved virus-specific T cell responses [25] . However, HBVspecific T cells played an indispensable role in clearing HBsAg, thereby accelerating
the transition to a more stable disease state.
Our study found that both NK and T cell functions were repressed in the IT and IA
phases. In a study of the peripheral blood transcriptome, B-cell related and interferonstimulated genes were significantly upregulated in IT and IA phases[27]. Given this, IT
and IA phases may be primarily dominated by immune types other than NK and T
cells, such as type I IFN and B cell responses. With the spontaneous clearance of
HBeAg and HBsAg decline, NK and T cells played a more important role in immune
pathogenesis of chronic hepatitis B. In particular, NK cell cytokine production and
HBV-specific T cell responses were partially restored in the IC phase, which may be
associated with viral control in this low-replication phase. When virus reactivation
occurred, NK and virus-specific T cell responses were inhibited, again likely due to
the increased exposure to antigenic stimuli and immunosuppressive cytokines, but
nonantigen-specific T cell responses were simultaneously activated. Elevated
nonantigen-specific T responses may facilitate viral clearance to some extent, although
not as effective as HBV-specific T responses, but concurrently aggravate liver
inflammation by secreting the proinflammatory cytokines IFN-γ and TNF-α[28]. Our
findings countered the previous opinion that innate and adaptive responses were
synchronously inhibited or enhanced, which may result from the regulatory
mechanisms underlying them. Functional activation of nonantigen-specific T cells is
required to trigger factors other than excessive antigenic drive via MHC/peptide
interactions. Putative factors affecting nonantigen-specific T cells included the
bystander pathway, cytokine milieu, depletion of essential nutrients and
accumulation of toxic metabolites [28] . But for virus-specific T cell responses, the
fluctuation of antigen titers with the natural history disease progression may have a
direct influence on HBV-specific T cells. In addition, virus replication and hepatitis
activity affected the levels of regulatory T cells, arginine, suppressive cytokines-IL-10
and TGF-β, and suppressive surface receptors-PD-1 and Tim-3, which may further
mediate the intensity of virus-specific T cell responses[6,29].
A limitation of our study is the lack of access to hepatic tissue samples. Therefore,
we cannot exclude the local activation or inhibition of NK and T cell responses
compartmentalized within the liver. It has been previously reported that although
intrahepatic NK cells were more activated and HBV-specific CD8+ T cells displayed a
more exhausted phenotype than their peripheral counterparts, the immunologic
changes in peripheral blood could closely mirror those in the liver[8,30]. Another caveat
to our study is that we cannot follow-up with an individual through the whole
natural disease progression. However, we identified several individuals who
experienced a transition from one phase to another, which may reflect the dynamic
change of NK and T cell responses.
In conclusion, our findings demonstrate the conversion of immune response
patterns along the natural course of chronic HBV infection. NK cells were
phenotypically activated in clinical phases (IA and ENEG) with biochemical liver
damage. NK, non-specific and virus-specific T cells were functionally impaired in the
IT and IA phases. With the spontaneous clearance of HBeAg and HBsAg decline, NK
cell cytokine production and HBV-specific T responses were partially restored in the
IC phase, and the ENEG phase was primarily dominated by nonantigen-specific T cell
responses. Our results highlight the complicated roles of NK and T cells, which were
extremely helpful in understanding the immune status underlying different clinical
stages and high heterogeneity of disease profile in chronic HBV infection.
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Figure 4

Figure 4 Global-T cell cytokine production in different clinical phases. Peripheral blood mononuclear cells were stimulated by phorbol myristate acetate and
ionomycin. A: Representative dot plots depicting the expression of IFN-γ, IL-2 and TNF-α in global CD3+ T cells; B: Cumulative data showing the frequency of global
CD3+ T cells expressing IFN-γ, IL-2 and TNF-α in healthy donors and patients in different clinical phases. IFN-γ: Interferon-gamma; TNF-α: Tumor necrosis factoralpha; HD: Healthy donors; IT: Immune tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis. All data are presented
as mean ± SD, aP < 0.05, bP < 0.01, cP < 0.001.
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Figure 5 Virus-specific T cell responses after in vitro expansion in different clinical phases. Peripheral blood mononuclear cells were incubated with core or S
peptide pools. After 10 d in vitro culture, virus-specific T cell responses were determined by detecting the frequency of T cells producing interferon-gamma (IFN-γ) and
IL-2. A: Gated on CD3+ lymphocytes, representative dot plots depict the frequency of CD4+ (upper-left quadrant) and CD8+ (upper-right quadrant) T cells-producing
IFN-γ or IL-2; B: IFN-γ production by CD4+ and CD8+ T cells in response to the core peptide pool; C: IL-2 production by CD4+ and CD8+ T cells in response to the
core peptide pool; D: IFN-γ and IL-2 production by CD3+ T cells in response to the core peptide pool; E: Positive responses of CD4+ or CD8+ T cells producing IFN-γ
or IL-2 in response to the core peptide pool; F: IFN-γ production by CD4+ and CD8+ T cells in response to the S peptide pool; G: IL-2 production by CD4+ and CD8+
T cells in response to the S peptide pool; H: IFN-γ and IL-2 production by CD3+ T cells in response to the S peptide pool; I: Positive responses of CD4+ or CD8+ T
cells producing IFN-γ or IL-2 in response to the S peptide pool. IFN-γ: Interferon-gamma; TNF-α: Tumor necrosis factor-alpha; HD: Healthy donors; IT: Immune
tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative hepatitis. All data are presented as mean ± SD, aP < 0.05, bP < 0.01, cP
< 0.001.
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Figure 6

Figure 6 Longitudinal analysis of NK and T cell responses in representative individuals who transitioned from one phase to another. Patient-1, a patient
who transitioned from the immune tolerant to immune active phase. Patient-3, a patient who experienced spontaneous HBeAg clearance. Patient-5, a patient in the
clinical phase changed from inactive carrier to HBeAg-negative hepatitis phase. A: Dynamic fluctuations of clinical parameters from one phase to another, including
alanine aminotransferase, hepatitis B virus DNA and hepatitis B surface antigen; B: Phenotypic and functional changes of natural killer cells in representative patients
who transitioned from one phase to another; C: Changes of interferon-gamma production in global T cells, and core or S peptide pool-stimulated T cells. NK: Natural
killer; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen; ALT: Alanine aminotransferase; IFN-γ: Interferon-gamma;
TNF-α: Tumor necrosis factor-alpha; HD: Healthy honors; IT: Immune tolerant; IA: Immune active; IC: Inactive carrier; ENEG: Hepatitis B envelope antigen-negative
hepatitis.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis B is a highly heterogeneous disease, which can be divided into four phases:
Immune tolerant (IT), immune active (IA), inactive carrier (IC) and hepatitis B envelope antigen
(HBeAg)-negative hepatitis (ENEG). Accordingly, clinical manifestations and disease
progression markedly differ among these phases. Natural killer (NK) and hepatitis B virus
(HBV)-specific T cells are two key effectors of cellular immunity, which play an important role in
mediating liver damage and inhibiting viral replication. Therefore, the identification of immune
features in clinical phases are helpful in better understanding the highly heterogeneous disease
state of chronic HBV infection. However, the associations between host immunity and clinical
phases are obscure.

Research motivation
The motivation of this study is to explore the immunological mechanisms underlying different
clinical phases.

Research objectives
The objective of this study is to analyze the features of NK cells, nonantigen-specific and HBVspecific T cells in different clinical phases.

Research methods
The frequency, subpopulation and phenotype of circulating NK cells were detected by flow
cytometry through direct surface staining. NK cell functions, including cytokine production and
cytotoxic activity, and nonantigen-specific T cell responses were measured by flow cytometry
after stimulant incubation and intracellular staining. For HBV-specific T-cell responses, PBMCs
were stimulated by HBV core or S peptide pools. After 10 d of in vitro expansion, HBV-specific T
cell responses were determined by detecting the frequency of T cells producing IFN-γ or IL-2. In
addition, clinical phases were assigned according to the available history and laboratory results,
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using classification criteria described in clinical practice guidelines.

Research results
NK cells were phenotypically activated in the clinical phases (IA and ENEG) with biochemical
liver damage. Both NK and T cells were functionally impaired in the IT and IA phases. With the
spontaneous clearance of HBeAg and hepatitis B surface antigen decline, NK cell cytokine
production and HBV-specific T responses were partially restored in the IC phase, and ENEG
phase was primarily dominated by nonantigen-specific T cell responses.

Research conclusions
In the cross-sectional analysis and longitudinal observation from several representative
individuals, our findings depicted the shift of immune response pattern along the natural history
of chronic HBV infection. Importantly, NK cells, nonantigen-specific and HBV-specific T cells
may play a distinct role in different clinical phases. Our findings countered the previous opinion
from the single perspective that innate and adaptive responses were synchronously inhibited or
enhanced in some disease status. Our results emphasized the complicated roles of NK and T
cells, which were extremely helpful in understanding the immunological mechanisms
underlying different clinical stages in chronic HBV infection. Furthermore, the better
understanding of immune features in different phases will lead towards individualized therapy.

Research perspectives
Future research should be conducted to investigate the regulatory mechanisms of NK cells,
nonantigen-specific and HBV-specific T cells in distinct phases of chronic HBV infection. In the
future, virologic and immunological mechanisms under distinct phases will still be one of the
most focused issues due to the highly heterogeneous disease profile until chronic HBV infection
is completely solved. Virologic factors, such HBV-RNA, HBcAg, cccDNA and gene variation,
and host factors, such as hepatocyte clone and other types of immune responses, are other
perspectives for future research.
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Abstract
BACKGROUND
The circular RNA circ-PRKCI is an endogenous non-coding RNA that forms a
covalently closed ring after reverse splicing, which plays a key role in the
occurrence and development of multiple digestive system tumors.
AIM
To investigate the role and mechanism of circ-PRKCI in the occurrence and
development of hepatocellular carcinoma (HCC).
METHODS
This study used real-time polymerase chain reaction to detect the expression of
circ-PRKCI in tumor tissues, tumor adjacent tissues, and blood in patients with
HCC and other digestive system tumor cells. A series of functional tests were
performed to explore whether circ-PRKCI affects the growth of HCC cells and
what is its mechanism in HCC. Meanwhile, fluorescence in situ hybridization was
used to detect the subcellular localization of circ-PRKCI. Survival analysis was
performed to predict the correlation between circ-PRKCI and the prognosis of
HCC. Chi-square test and t-test were performed for statistical analyses.
RESULTS
The level of circ-PRKCI was significantly higher in HCC tissues than in tumor
adjacent tissues, and in HCC cell lines than in cells lines of esophageal, liver,
stomach, and colon cancers. A series of functional tests showed that circ-PRKCI
substantially inhibited cell apoptosis and promoted cell invasion. It was found
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that circ-PRKCI can act as the sponge of miRNA-545 to reduce the expression of
AKT3 protein. Moreover, the result of survival analysis showed that circ-PRKCI
target gene E2F7 can reduce liver cancer patients’ survival rate. And clinical data
suggested that the distribution of circ-PRKCI rose with the depth of invasion,
lymph node metastasis, distant metastasis, and TNM stage, indicating that circPRKCI may affect the survival and prognosis of patients with HCC by regulating
E2E7.
CONCLUSION
This study explores the role and mechanism of circ-PRKCI in HCC, which
provides a new research direction and theoretical basis for the treatment of HCC.
Key words: Circ-PRKCI; Hepatocellular carcinoma; Cell invasion; Protein kinase B
signaling pathway; Progression
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The circular RNA circ-PRKCI plays an important role in a variety of digestive
system tumors. This study explored the role and mechanism of circ-PRKCI in
hepatocellular carcinoma. The results of the study showed that: (1) significant high circPRKCI expression is present in liver cancer progression; (2) circ-PRKCI promotes the
invasion of liver cancer cells; (3) circ-PRKCI can function as a ceRNA to regulate
protein kinase B signaling pathway along with miRNA-545; and (4) circ-PRKCI target
gene E2F7 may affect the survival and prognosis of patients with liver cancer. This study
provides a new research direction and theoretical basis for the treatment of HCC.
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INTRODUCTION
Digestive system tumors have high morbidity and mortality and account for a large
proportion of all tumors [1,2] . It has been confirmed that some non-coding RNAs
(ncRNAs) are engaged in the pathogenesis of digestive system tumors, and
elucidating the role of these ncRNAs can help to understand the potential
pathogenesis of digestive system tumors. For example, the long ncRNA (lncRNA)
DANCR has been identified to be involved in the carcinogenesis of hepatocellular
carcinoma (HCC) [3] . The expression level of plasma miR-718 was found to be
significantly lower in patients with esophageal squamous cell carcinoma (ESCC) than
in healthy controls[4]. Additionally, silencing MALAT1 inhibits chemotherapy-induced
autophagy, while MALAT1 promotes autophagy of gastric cancer (GC) cells, making
GC cells sensitive to chemotherapeutic agents[5]. And miR-224-5p is up-regulated in
digestive system cancers and shows moderate diagnostic ability, which may become a
biomarker for diagnosis and prognosis of digestive system cancers[6].
Circular RNAs (circRNAs) have recently been recognized as a naturally occurring
and diverse family of endogenous ncRNAs, regulating gene expression in mammals.
It has been confirmed that circRNAs are important in the occurrence and
development of some digestive system tumors, for example GC, liver cancer, and
colon cancer [7] . There are 125 down-regulated circRNAs and 76 up-regulated
circRNAs in human colorectal cancer tissues compared with normal tissues[8]. Circ0000190 is down-regulated in GC tissues and plasma samples from patients with
GC[9]. Circ-PRKCI is produced from the PRKCI gene at 3q26.2 amplicon. It has been
verified that down-regulation of circ-PRKCI can inhibit the expression of PLCB1, a
target of miR-1324, to inhibit the cell migration and proliferation in congenital
Hirschsprung's disease[10]. In lung adenocarcinoma, circ-PRKCI acts as a sponge of
miRNA-545 and miRNA-589, and eliminates their inhibitory effects on protooncogene transcription factor E2F transcription factor 7 (E2F7)[11]. In ESCC, circ-PRKCI
can sponge miR-3680-3p to regulate AKT3 expression[12]. In this study, we explored
the role and mechanism of circ-PRKCI in HCC. The findings may provide us with a
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new insight into the diagnosis of digestive system tumors.

MATERIALS AND METHODS
Clinical samples
All tumor tissues and adjacent non-tumor tissues were taken from patients
undergoing thoracic surgery at the Qingdao Municipal Hospital (Group), and were
confirmed by experienced pathologists. Informed consent was obtained from all
patients. Human tissue samples were collected according to the International Ethical
Guidelines for Biomedical Research involving Human and Subjects. This study was
approved by Qingdao Municipal Hospital (Group) Ethics Committee, and carried out
in accordance with the regulations of the Ethics Committee.

Cell culture
All cell lines (HaCAT, LO2, CaES-17, EC109, MKN45, SNU-5, SW60, HepG2, and
Hep3B) were purchased from ATCC cell bank. LO2 cells were cultured in Minimum
Essential Medium (MEM) Eagles with Earle's Balanced Salts (MEM-EBSS). Other cells
were cultured in DMEM medium (Gibco). Penicillin (100 U/mL), streptomycin (100
mg/mL), and 10% fetal bovine serum were added to the media. All cell lines grew in
a humidified air containing 5% CO 2 at 37 °C. Passage 10 cells were used in the
experiments.

RNA extraction, siRNA construction, and quantitative PCR analysis
According to the kit instructions (Invitrogen), total RNA was isolated from tissues,
blood cells, and cultured cells with Trizol. The extracted RNA was then purified with
phenol/chloroform and precipitated in three volumes of ethanol. The quantity and
purity of RNA were detected with a NanoDrop 2000 spectrophotometer
(ThermoScience). The expression of circ-PRKCI was detected by quantitative real-time
PCR (qRT-PCR) after treatment of RNA with RNase R. GAPDH, beta-actin, and
SNRNA U6 were used as controls. Primer sequences were synthesized by Takara.
SiRNA was synthesized by the corresponding primer sequence by Suzhou Bainin. All
primer sequences are listed in Table 1. qRT-PCR (QIAGEN 208152) is a method to
measure the total amount of products after each cycle of PCR with fluorescent
chemicals in DNA amplification reaction. We used qPCR to detect circ-PRKCI levels
in liver cancer tissues, adjacent tissues, and blood.

Western blot analysis
RIPA buffer was mixed with a protease inhibitor to extract protein from cultured cells.
Then, the protein concentration was quantified by using BCA assay (BEOOTIME).
And proteins with the same amount loaded on the 10% SDS-PAGE gel were
transferred to polyvinylidene fluoride (PVDF) membranes (Millipore). After
incubation at room temperature for 1 hour in a closed buffer, the blots were incubated
with primary antibodies (Abcam), and ECL PLUS/KIT (GE Healthor) was used for
chemiluminescence detection.

Plasmid construction and cell transfection
The full-length human circ-PRKCI gene was synthesized by InEnthigon (Shanghai,
China) and cloned into the expression vector PCDNa3.1 (C clone Teal Inc., Inc.). The
final structure was verified by sequencing. DNA Midiprep kit (E.Z.N.A EndoFree.mid Mini Kit) was used to prepare plasmid vectors for transfection with
Liposome 3000 (Invitrogen).

Subcellular localization, apoptosis, and invasion analysis
In short, cells were immobilized and incubated with a fluorescence in situ
hybridization (FISH) probe (Guangzhou Reebok Company), and fluorescence
detection was performed after the uncoupled probe was washed out. According to the
instructions for cell apoptosis detection (Biyuntian C0003), fixed cells were stained,
and then sealed for apoptotic fluorescence detection. Meanwhile, cells suspended in
serum-free medium were inoculated into the upper chamber of TnWistar (Corelle).
After 24 h of cell culture, the surface of cell membrane was cleaned, fixed with 90%
ethanol, stained with crystal violet, and observed under a microscope at a
magnification of 400 times.

Statistical analysis
Chi-square test and t-test were used for statistical analyses, with P-values < 0.05
considered statistically significant. Each test was repeatedly performed at least three
times. The statistical methods used in this study were reviewed by the Information
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Table 1 Primers used for the quantitative real-time PCR and siRNA related experiments
Circ-PRKCI

F: 5‘-TAGCAGTTCCCCAATCCTTG-3'
R: 5‘-CACAAATTCCCATCATTCCC-3'

GAPDH

F: 5‘-AGAAGGCTGGGGCTCATTTG-3'
R: 5‘-AGGGGCCATCCACAGTCTTC-3'

U6

F: 5‘-AGGGGCCATCCACAGTCTTC-3'
R: 5‘-AACGCTTCACGAATTTGCGT-3'

Circ-PRKCI siRNA-1

Sense: 5'-UGUUGAUUGGGAUAUGUUAUU-3'
Antisense: 5'-UAACAUAUCCCAAUCAACAUU-3'

Circ-PRKCI siRNA-2

Sense: 5'-CCGAAAUGUUGAUUGGGAUTT-3'
Antisense: 5'-AUCCCAAUCAACAUUUCGGTT-3'

Department of Scimall Biotech Company.

RESULTS
Expression characteristics of circ-PRKCI in HCC
A series of studies have shown that there is circRNA imbalance in many
gastrointestinal cancers and other cancer cell lines[13,14]. Circ-PRKCI is located on
chromosome 3 and is formed by splicing of two exons (Figure 1). To investigate the
role of circRNA in digestive system tumors, we first confirmed the endogenous
expression of circ-PRKCI. Then, we detected circ-PRKCI levels in liver cancer tissues,
adjacent tissues, and blood by qRT-PCR. The results suggested that the expression of
circ-PRKCI in tumor adjacent tissues was inferior to that in cancer tissues (Figure 2A),
but there was no obvious difference between blood extracted from patients with liver
cancer and normal individuals (Figure 2B). We also detected the expression level in
esophageal (CaES-17 and EC109), liver (HepG2 and Hep3B), stomach (MKN45 and
SNU-5), and colon cancer (SW60) cell lines. It was observed that the expression levels
in different tumor cell lines were significantly higher than that in normal cells, and it
was highest in HCC cell lines HepG2 and Hep3B (Figure 2C), signifying that circPRKCI is generally highly expressed in digestive system tumors. Interestingly, the
expression of circ-PRKCI decreased dramatically when cells remained over-confluent
(Figure 2D). These results demonstrated that circ-PRKCI is involved in the
progression of multiple digestive system tumors, especially HCC, and might be
associated with the apoptosis of cancer cells.

Circ-PRKCI affects the growth of HepG2 cells
To investigate whether circ-PRKCI is associated with the growth of cancer cells, the
effects of circ-PRKCI knockdown or overexpression on the apoptosis and invasion of
HepG2 cells were examined. Circ-PRKCI was silenced with two specific siRNAs
(Figure 3A). To avoid the effect of linear PRKCI on the experiment, linear PRKCI was
digested with Rnase R enzyme to ensure the specificity of siRNAs and the integrity of
circ-PRKCI (Figure 3B). It was observed that apoptosis was enhanced when circPRKCI was silenced (Figure 3C). Moreover, the invasiveness of HepG2 cells
transfected with circ-PRKCI siRNA or circ-PRKCI overexpressing plasmid (Figure 3D)
was detected. The results showed that the invasiveness of cancer cells increased when
circ-PRKCI was overexpressed, and decreased significantly when it was silenced
(Figure 3E). Further, MTT assay showed that cell proliferation decreased when circPRKCI was knocked down, while increased after circ-PRKCI overexpression (Figure
3F). These results indicated that circ-PRKCI is involved in the growth of HepG2 cells
through regulating apoptosis and invasion.

Circ-PRKCI regulates cell function via the AKT3 signaling pathway
It has been reported that circRNAs are abundant in the cytoplasm of eukaryotic cells
and expressed in a tissue-, time-, and disease-specific manner[15]. Therefore, in order to
further explore how circ-PRKCI participates in the cellular processes in carcinogenic
cells, we first detected the subcellular localization of circ-PRKCI in HepG2 and Hep3B
cells by FISH, and found that circ-PRKCI is located in the cytoplasm (Figure 4A).
Previous studies have shown that circ-PRKCI can function as a sponge of miRNA545 and act as a ceRNA[11]. Therefore, we detected the protein level of AKT3 in HepG2
cells with miR-545 overexpression and circ-PRKCI overexpression by Western blot
(Figure 4B). Compared with the control group, the overexpression of circ-PRKCI and
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Figure 1

Figure 1 The structure and location of circ-PRKCI. Circ-PRKCI is a closed circular RNA located on chromosome
3.

miR-545 reduced the expression of AKT3, suggesting that circ-PRKCI may regulate
the RAC-γ serine/threonine-protein kinase pathway along with miR-545.

Role of circ-PRKCI in the prognosis of HCC
It has been reported that circ-PRKCI-miR-545-E2F7 has an impact on cancer
prognosis[11]. Survival analysis showed that E2F7 significantly affected the survival of
patients with HCC (Figure 5). The higher the expression level of E2F7, the lower the
survival rate and survival time of patients who had liver cancer. Furthermore, we
detected circ-PRKCI expression in 40 subjects, including 20 HCC patients and 20
healthy controls. The results showed that the distribution of circ-PRKCI rose with the
depth of invasion, lymph node metastasis, distant metastasis, and TNM stage (Table
2), indicating that circ-PRKCI may, to a great extent, affect the survival and prognosis
of patients with liver cancer by regulating E2E7.

DISCUSSION
Recently, a large number of circRNAs have been found in mammalian transcriptomes
through bioinformatics and experimental analysis[16], and their function in human
diseases has gotten more and more attention[17]. Emerging evidence suggests that
circRNAs may play an important role in human diseases, such as cancer, neurological
diseases, and atherosclerotic vascular disease. Therefore, they may be developed as
potential new and stable biomarkers or potential drug targets for disease diagnosis
and treatment[18]. This study aimed to investigate the role and mechanism of circPRKCI in the development and progression of digestive system tumors. The results
proved that the circ-PRKCI expression in cancer tissues was significantly higher than
that in cancer tissues, and especially noticeable in liver cancer. Then, we further
clarified that circ-PRKCI can significantly inhibit cell apoptosis and promote cell
invasion by a series of functional tests, demonstrating that circ-PRKCI may participate
in the cancer development by affecting the growth and metastasis of carcinoma cells.
In addition, it was observed that circ-PRKCI is located in the cytoplasm, suggesting
that circ-PRKCI may be involved in the process of protein translation and signaling
transduction in the cytoplasm[19,20]. Furthermore, the effect of circ-PRKCI on the AKT3
signaling pathway were detected. Akt acts as a key signaling node, bridging the
connections of carcinogenic receptors to many essential survival-promoting cell
functions, and may be the most frequently activated signal transduction pathway in
human cancer[21]. Our results suggested that circ-PRKCI was able to reduce AKT3
protein expression by forming a ceRNA with miR-545. This regulation of ceRNA has
been found by other researchers as well. For example, cir-ZNF609 can also be used as
a sponge of miRNA-150-5p to regulate the expression of AKT3 and participate in the
pathogenesis of Hirschsprung's disease[22]. Circ-PDE8A-miRNA-338 regulates MACC1
and stimulates aggressive growth through the MACC/MET/ERK or AKT pathway[23].
Therefore, the reduction of AKT3 expression by circ-PRKCI may be one of the causes
of digestive system tumors, especially HCC.
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Figure 2

Figure 2 The level of circ-PRKCI. A: The expression level of circ-PRKCI in cancer and para-carcinoma tissues. Its expression level was higher in cancer tissue; B:
The expression level of circ-PRKCI in cancer tissue and normal human blood. There was no significant difference in the level of expression; C: The expression of circPRKCI in different cell lines. The expression levels were different in different cell lines; D: When over-confluence was maintained, the content of circ-PRKCI decreased
significantly. bP < 0.01.

We also predicted the relationship between the ceRNA target gene E2F7 and the
prognosis of patients with HCC, and found that it was negatively correlated with the
survival rate of patients. In addition, circ-PRKCI expression in patients with HCC was
detected. The results showed that the distribution of circ-PRKCI increased with the
depth of invasion, lymph node metastasis, distant metastasis, and TNM stage,
implying the relationship between circ-PRKCI and the prognosis of HCC. In fact, the
regulatory role of circRNAs in liver cancer has been studied extensively. CiRS-7 has a
certain effect on the clinical manifestations and prognosis of patients with liver
cancer [24] . Circ-101764 may also play an important role in the occurrence and
development of HCC[25].
In summary, circ-PRKCI is obviously involved in the occurrence and development
of digestive system tumors. In particular, circ-PRKCI can regulate tumor cell
apoptosis and invasion in the pathogenesis of liver cancer. It also has an indicative
effect on clinical prognosis of liver cancer and may be a biomarker for clinical
detection. This will provide a theoretical basis for the diagnosis and treatment of
HCC.
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Table 2 Characteristics of hepatocellular carcinoma patients and control subjects
Patients (n = 20)

Controls (n = 20)

Variable

P-value

1

n

%

n

%

Age (yr, mean ± SD)

63.5 ± 5.9

60.3 ± 7.8

0.68

Weight (kg, mean ± SD)

68.2 ± 6.3

67.1 ± 8.5

0.81

Gender
Male

11

55

12

60

Female

9

45

8

40

T1/T2

7

35

T3/T4

13

65

N0

11

55

N1/N2/N3

9

45

M0

8

40

M1

12

60

I/II

6

30

III/IV

14

70

Yes

9

45

No

11

55

0.79

Depth of invasion

Lymph node metastasis

Distant metastasis

TNM stage

Portal venous invasion

1

Independent-samples t-test and two-sided χ2 test were used for comparison of selected variables between cases and controls.
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Figure 3

Figure 3 Effect of circ-PRKCI on the growth of HepG2 cells. A: Two specific siRNAs targeting circ-PRKCI; B: Rnase R enzyme digestion of linear PRKCI, and circPRKCI silencing by specific si-RNA1 and si-RNA2; C: After circ-PRKCI silencing, the apoptosis of tumor cells was increased (bP < 0.01); D: The expression plasmid
and control plasmid of circ-PRKCI were constructed. E: Overexpression of circ-PRKCI increased the invasiveness of cancer cells, while circ-PRKCI silencing
significantly decreased their invasiveness; F: Cell proliferation after silencing or overexpression of circ-PRKCI. CMV: Cytomegalovirus; GFP: Green fluorescent
protein.
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Figure 4

Figure 4 Circ-PRKCI regulates cell function through the AKT3 signaling pathway. A: Subcellular localization of circ-PRKCI. Fluorescence in situ hybridization
revealed that it is localized in the cytoplasm; B: Overexpression of circ-PRKCI reduces the expression of AKT3 protein. Con: Control; AKT3: AKT serine/threonine
kinase 3.
Figure 5

Figure 5 E2F transcription factor 7 affects survival rate of patients with liver cancer. The higher the expression level of E2F transcription factor 7, the lower the
survival rate of patients. When the survival rate was 50%, the survival time of the high expression group was about 82 mo, and that of the low expression group was
about 30 mo. “Survival” means only cancer related death. E2F7: E2F transcription factor 7; HR: Hazard ratio.

ARTICLE HIGHLIGHTS
Research background
Digestive system tumors have high morbidity and mortality and account for a large proportion
of all tumors. It has been confirmed that circRNAs are important in the occurrence and
development of some digestive system tumors, such as gastric cancer, liver cancer, and colon
cancer.

Research motivation
Does circ-PRKCI affect the occurrence and development of digestive tract tumors, especially
hepatocellular carcinoma?

Research objectives
To investigate the role and molecular mechanism of circ-PRKCI in the progression of
hepatocellular carcinoma.

Research methods
This study used quantitative real-time PCR, Western blot, knockdown and overexpression
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experiments, fluorescence in situ hybridization, survival analysis, and statistical analyses.

Research results
The level of circ-PRKCI was significantly higher in HCC tissues than in adjacent tissues. CircPRKCI substantially inhibited cell apoptosis and promoted cell invasion. It was found that circPRKCI can act as the sponge of miRNA-545 to reduce the expression of AKT3 protein. CircPRKCI target gene E2F7 can reduce liver cancer patients’ survival rate. Circ-PRKCI was
positively correlated with the depth of invasion, lymph node metastasis, distant metastasis, and
TNM stage.

Research conclusions
Circ-PRKCI is significantly involved in the development of hepatocellular carcinoma.

Research perspectives
This study provides a new research direction and theoretical basis for the treatment of
hepatocellular carcinoma.
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Abstract
BACKGROUND
Emergency surgical resection is a standard treatment for right-sided malignant
colonic obstruction; however, the procedure is associated with high rates of
mortality and morbidity. Although a bridge to surgery can be created to obviate
the need for emergency surgery, its effects on long-term outcomes and the most
practical management strategies for right-sided malignant colonic obstruction
remain unclear.
AIM
To determine the appropriate management approach for right-sided malignant
colonic obstruction.
METHODS
Forty patients with right-sided malignant colonic obstruction who underwent
curative resection from January 2007 to April 2017 were included in the study.
We compared the perioperative and long-term outcomes of patients who
received bridges to surgery established using decompression tubes and those
created using self-expandable metallic stents (SEMS). The primary outcome was
the overall survival duration (OS) and the secondary endpoints were the diseasefree survival (DFS) duration and the preoperative and postoperative morbidity
rates. Analysis was performed on an intention-to-treat basis.
RESULTS
There were 21 patients in the decompression tube group and 19 in the SEMS
group. There were no significant differences in the perioperative morbidity rates
of the two groups. The OS rate was significantly higher in the decompression
tube group than in the SEMS group (5-year OS rate; decompression tube 79.5%,
SEMS 32%, P = 0.043). Multivariate analysis revealed that the bridge to surgery
using a decompression tube was significantly associated with the OS (hazard
ratio, 17.41; P = 0.004). The 3-year DFS rate was significantly higher in the
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decompression tube group than in the SEMS group (68.9% vs 45.9%; log-rank test,
P = 0.032). A propensity score–adjusted analysis also demonstrated that the
prognosis was significantly better in the decompression tube group than in the
SEMS group.
CONCLUSION
The bridge to surgery using trans-nasal and trans-anal decompression tubes for
right-sided malignant colonic obstruction is safe and may improve long-term
outcomes.
Key words: Right-sided colon cancer; Large bowel obstruction; Self-expandable metallic
stent; Trans-anal tube; Trans-nasal tube
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with malignant colonic obstructions typically undergo emergency
surgery, which is associated with high rates of mortality and morbidity. To overcome
this, bridges to surgery have been proposed, but their efficacy in patients with right-sided
malignant colonic obstructions remains unclear, mainly because obstructions are less
common in patients with right- than left-sided colon cancer. We compared two bridges to
surgery: Decompression tubes and self-expandable metallic stents. The short-term
outcomes of the two groups did not differ, but the overall survival and disease-free
survival rates were better in the former patients, suggesting that decompression tube
placement may be optimal.

Citation: Suzuki Y, Moritani K, Seo Y, Takahashi T. Comparison of decompression tubes
with metallic stents for the management of right-sided malignant colonic obstruction. World J
Gastroenterol 2019; 25(16): 1975-1985
URL: https://www.wjgnet.com/1007-9327/full/v25/i16/1975.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i16.1975

INTRODUCTION
Colorectal cancer is highly prevalent, and increasing in incidence in many developed
countries. Of patients with colorectal cancer, 8%-16% present to emergency
departments with bowel obstruction[1-3]. A large proportion of patients with malignant
colonic obstruction have left-sided colon cancer, in which the incidence of obstruction
is reportedly higher than that in right-sided colon cancer[4,5]. This is likely due to the
differences in diameter and fecal consistency between the right and left sides of the
colon.
Although patients with malignant colonic obstruction typically undergo emergency
surgery, the procedure is associated with higher rates of mortality and morbidity
compared to elective surgery[6]. To overcome this, a bridge to surgery using metallic
stents was proposed. However, a bridge to surgery using metallic stents for curable
left-sided malignant colonic obstruction is not recommended due to the poor
oncologic outcomes[7-11]. Most prior studies of the management of malignant colonic
obstruction involved patients with left-sided colon cancer; thus, evidence for the
management of right-sided malignant colonic obstruction (RMCO) is lacking. Patients
who undergo emergency surgery for RMCO have a mortality rate of 10%-16%[6,12], but
a retrospective study suggested that a bridge to surgery for RMCO improved shortand long-term outcomes[13].
As an alternative to metallic stents, a bridge to surgery using a decompression tube,
first reported by Lelcuk et al[14] in 1985, can be used in patients with malignant colonic
obstruction. In Asian countries, a decompression tube is widely used for malignant
bowel obstruction. Because of the soft feces in the right colon, bowel decompression
using a trans-nasal or trans-anal tube is effective. Although the efficacy of using a
decompression tube for left-sided malignant colonic obstruction has been
evaluated[15-18], whether this is also the case for RMCO is unclear. The aim of this study
was to evaluate the optimum management strategy for patients with RMCO by
comparing the perioperative and oncologic outcomes of bridges to surgery using
decompression tubes and metallic stents.
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MATERIALS AND METHODS
Patient population
We enrolled patients diagnosed with clinically and radiologically confirmed large
bowel obstruction who subsequently underwent curative surgical resection for
confirmed colonic adenocarcinoma at our hospital from January 2007 to April 2017.
The inclusion criteria were as follows: (1) Clinically and radiologically confirmed
malignant large bowel obstruction; (2) pathologically confirmed American Joint
Committee on Cancer stage II–IV colon cancer; (3) a history of curative surgery
including resection of metastatic lesions; and (4) a primary tumor located between the
cecum and the proximal transverse colon. The exclusion criteria were as follows: (1)
Double cancer; (2) lack of intent to perform bowel decompression preoperatively; and
(3) unavailability of case data. The study was conducted with the approval of the
Ethics Committee of our hospital (approval number 2018-27).

Study design
The patients were divided into a decompression tube group and a self-expandable
metallic stent (SEMS) group. The decompression tube group consisted of patients who
intended to be treated preoperatively with a trans-nasal or trans-anal decompression
tube, and the SEMS group consisted of patients intended to be treated preoperatively
with a SEMS. The feasibility of preoperative bowel decompression was evaluated by
two colorectal surgeons and preoperative treatment was attempted when possible.
We routinely used a decompression tube preoperatively in all patients from 2007 to
2011. Following the initiation of coverage by national health insurance in 2012, SEMS
have been the standard method for preoperative bowel decompression. Patients with
technical or clinical failure of preoperative bowel decompression were analyzed in the
decompression tube and SEMS groups on an intention-to-treat basis.

Preoperative treatment and surgical procedures
In the decompression tube group, the selection of a trans-nasal or trans-anal tube was
dependent on the surgeon’s preference. The trans-nasal tube included a nasogastric
tube and a long intestinal tube. The trans-anal and long intestinal tubes were inserted
under radiological guidance, with additional endoscopic guidance used during the
insertion of the trans-anal tube (Supplemental Figures 1 and 2). Details of trans-anal
decompression and tube insertion are provided elsewhere[18]. The tip of the long
intestinal tube was placed in the distal intestine at Treiz’s ligament and the balloon
was inflated with distilled water. Following decompression tube insertion, oral intake
was restricted during decompression. In patients with trans-anal tubes, the intestinal
tract was cleaned once or twice daily using 500-1000 mL of water for a few days until
the feces content of the colon was reduced to an acceptable level.
SEMS placement was performed by two experienced endoscopists. If the bowel
dilatation was relieved by the SEMS, oral intake until the day before elective surgery
was permitted. Colectomy was performed according to optimal oncological
principles. Colectomy was performed approximately 7 d after decompression tube
insertion in the decompression tube group and approximately 14-21 d after SEMS
placement in the SEMS group to avoid the increased risk of complications due to
prolonged tube or SEMS patency.

Follow-up and data extraction
The follow-up investigation was performed according to the Japanese guidelines[19].
Data on the patients’ clinical characteristics, operative findings, and pathological
findings were collected from the medical records. Follow-up data for all patients were
available, and the study was terminated in July 2018.

Endpoint
The primary outcome was the overall survival (OS) duration on an intention-to-treat
basis. OS was defined as the time from resection of the primary tumor to death from
any cause, or was censored at the date of the last follow-up. The secondary endpoints
were the disease-free survival (DFS) duration and the preoperative and postoperative
morbidity rates. DFS was defined as the time between curative surgery and the first
relapse, a second primary colon cancer, death from any cause when no evidence of
relapse was recorded, or the last date at which the patient was known to be free of
disease (time of censoring).

Statistical analyses
Continuous variables are expressed as medians and interquartile ranges (IQR).
Correlations between categorical variables were analyzed using chi-squared tests, and
continuous variables were analyzed using the Kruskal–Wallis test. The Kaplan–Meier
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Figure 1

Figure 1 Summary of the study design. SEMS: Self-expandable metallic stents.

method and log-rank test were used to compare survival curves. The Cox
proportional hazards regression model was used for univariate and multivariate
analyses. A forward-backward stepwise method was used to retain all of the variables
with P < 0.05 in the final multivariate model. In addition, we calculated the propensity
scores of the treatments and adjusted the hazard ratios (HRs) for OS and DFS by using
inverse propensity scores as weights. All analyses were two-sided, and values of P <
0.05 were considered to indicate statistical significance. Statistical analyses were
performed using IBM SPSS software version 25 (IBM Corp., Armonk, NY, United
States) and R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria),
with the “MASS”, “survival,” and “rms” packages.

RESULTS
A summary of the study design is shown in Figure 1. Forty patients underwent
curative resection after intention to treat with bridge to surgery based on a diagnosis
of RMCO. Of these, decompression tube insertion was attempted in 21 patients and
SEMS placement in 19 patients. These patients comprised the decompression tube
group and the SEMS group, respectively. In the decompression tube group, 8 and 13
patients received trans-nasal and trans-anal decompression tubes, respectively; 3
patients who received trans-anal tubes underwent emergency surgery due to
technical or clinical failure of tube insertion. In the SEMS group, two patients received
emergency surgery due to failure of SEMS placement.

Patient characteristics
Table 1 shows the clinical characteristics and pathological findings of the patients. The
median age of the patients at the time of surgery was 67.5 years (IQR, 59-78.75 years).
The median follow-up time was 3.02 years (IQR, 1.51-5.00 years). The TNM stage
distribution was 0% stage I, 42.5% stage II, 42.5% stage III, and 15.0% stage IV.
Patients with stage IV colon cancer underwent curative surgery with resection of
metastatic lesions. There were no significant differences in patient characteristics
among the three groups, with the exception of presence of lymphatic invasion (P =
0.042).

Operative findings and short-term endpoints
Table 2 shows the operative findings and complications for each group. The technical
success rate of the decompression tube group was 90.5% (19 of 21 patients) and the
overall success rate was 85.7% (18 of 21 patients). In two patients with technical
failure of decompression tube insertion, the guide wire could not pass the tumor.
Perforation of the colon wall occurred in one patient with clinical failure of
decompression tube insertion. The median time from decompression tube insertion to
surgery was 8 d. In the SEMS group, the technical success rate was 94.7% (18 of 19
patients) and the overall success rate of SEMS placement was 89.5% (17 of 19
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Figure 2 Kaplan–Meier analysis of overall survival on an intention-to-treat basis. SEMS: Self-expandable
metallic stents.

patients). In the case of technical failure of SEMS placement, the guide wire did not
pass the tumor. The one case of clinical failure was due to perforation of the colon
wall. The median time from SEMS placement to surgery was 23 d.
Laparoscopic procedures were performed more frequently in the SEMS group than
in the decompression tube group (100% vs 61.9%, P = 0.004). The SEMS group had
significantly less blood loss and a larger number of dissected lymph nodes. The
overall postoperative morbidity rate did not differ significantly between the two
treatment groups (decompression tube, 38.1%; SEMS, 31.6%; P = 0.748), but prolonged
ileus occurred only in the decompression tube group. No mortality occurred within 30
d after surgery.

Overall survival on an intention-to-treat basis
The OS of patients on an intention-to-treat basis is shown in Figure 2. The 5-year OS
rate was significantly higher in the decompression tube group than in the SEMS
group (79.5% vs 32%; log-rank test, P = 0.043). The relationship between management
strategy and OS was analyzed using the Cox proportional hazards regression model.
In a multivariate analysis using the stepwise method, the bridge to surgery using a
decompression tube was an independent prognostic factor for OS along with sex,
histological type, and TNM stage (Table 3). Compared with the decompression tube
group, the HR of the bridge to surgery using SEMS was 17.41 [95% confidence
interval (CI), 2.50-121; P = 0.004]. Propensity scores for the two treatments were
calculated using a logistic analysis that included the following preoperative factors:
age, sex, BMI, primary site, and TNM stage. The propensity score–adjusted OS was
significantly higher in the decompression tube group than in the SEMS groups (HR =
4.51, P = 0.046).

Disease-free survival on an intention-to-treat basis
The results of the Kaplan–Meier analysis of DFS on an intention-to-treat basis are
shown in Figure 3. The 3-year DFS rate was significantly higher in the decompression
tube group than in the SEMS group (68.9% vs 45.9%; log-rank test, P = 0.032). In the
multivariate analysis, the bowel decompression method was a significant prognostic
factor along with age, histological type, number of lymph nodes dissected, and TNM
stage (Table 4). Bridge to surgery using a decompression tube significantly improved
the DFS compared with bridge to surgery using SEMS (HR = 14.56, P = 0.003).
Analysis of the propensity score–adjusted DFS rate in the decompression tube group
yielded the same results (decompression tube vs SEMS: HR = 3.83, P = 0.021).

Effects of the treatments actually performed on overall survival
Five patients who were scheduled for treatment with a decompression tube or SEMS
received emergency surgery due to technical or clinical failure. The 5-year survival
rates of patients actually treated with the decompression tube and SEMS were 84.4%
and 38.8%, respectively (P = 0.110, log-rank test), and the 3-year DFS rates were 71.3%
and 51.8%, respectively (P = 0.113, log-rank test).
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Table 1 Patient characteristics and clinicopathological findings
All cases
Cases

Decompression tube

SEMS

P value

40

21

19

67.5(59-78.75)

68(62.5-78.5)

66.5(56.5-81)

Male

19

11

8

Female

21

10

11

0.545

22.1 (21.1-24.9)

23.0 (21.8-26.1)

21.6 (20.6-23.5)

0.098

Cecum

4

4

0

Ascending colon

17

6

11

Transverse colon

19

11

8

W/D and M/D

35

18

17

P/D, muc, and sig

5

3

2

Age (median, IQR)

0.63

Sex

BMI (median, IQR)
Location

0.053

Histological type

1

Lymphatic invasion
absent

4

0

4

present

36

21

15

0.042

Vascular invasion
absent

5

1

4

present

35

20

15

2

17

8

9

3

17

12

5

4

6

1

5

0.063

3.02 (1.51-5.00)

4.43 (1.88-5.83)

2.05 (1.32-3.39)

0.075

0.172

TNM stage

Observation period (median, IQR)

IQR: Interquartile range; BMI: Body mass index; LN: Lymph nodes; W/D: Well differentiated; M/D: Moderately differentiated; P/D: Poorly differentiated;
muc: Mucinous adenocarcinoma; sig: Signet ring cell carcinoma; SEMS: Self-expandable metallic stents.

DISCUSSION
Among patients with RMCO, those who received bridge to surgery using a transnasal or trans-nasal decompression tube had better outcomes in this study. Moreover,
the perioperative morbidity rate of patients treated with decompression tubes was
similar to that of patients receiving SEMS. Patients treated with decompression tubes
also had a better OS and DFS. These results were confirmed statistically in a
multivariate analysis using the stepwise method and propensity score adjustment.
Although evidence of the optimum treatment for RMCO is lacking[6,12], preoperative
use of a bowel decompression tube may improve the prognosis.
We report here the efficacy of trans-nasal and trans-anal decompression tubes for
RMCO. A trans-nasal long intestinal tube reportedly improves bowel expansion in
patients with RMCO[20] and a trans-anal tube facilitates preoperative colonic lavage for
one-stage surgery for left-sided malignant colorectal obstruction [16,17,21] . Indeed,
patients with malignant colorectal obstruction treated with trans-anal decompression
tubes reportedly have an improved prognosis[18], possibly due to the high morbidity
and mortality rates of emergency surgery for RMCO[22] or the conservative colectomy
typically performed during emergency surgery for obstructive colon cancer. Thus,
preoperative decompression tube placement may be effective for RMCO, but this
requires external validation.
We also investigated the effects of a bridge to surgery using SEMS. SEMS
placement is not recommended for left-sided malignant colonic obstruction as a
bridge to surgery, and evidence of its suitability for RMCO is lacking[10]. Although
SEMS can be successfully placed in the right colon[23,24], this did not significantly
improve the long-term outcomes in a multicenter retrospective study. Our findings
are in agreement with these previous reports. The reason for the superiority of the
decompression tube may be the risk of tumor compression (resulting in disease
progression) associated with SEMS placement. The oncological risk of SEMS may
counteract the advantage of avoiding emergency surgery.
Whereas left-sided malignant colonic obstruction has been researched extensively,
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Table 2 Operation findings and short-term outcomes

Cases

Decompression tube

SEMS

21

19

8

0

P value

Operation method
Open
Laparoscopy
Harvested LN (median, IQR)
Operation time (min, median, IQR)
Blood loss (mL, median, IQR)

13

19

0.004

15 (9.5-27)

28 (15-34)

0.028

134 (85.5-147)

124 (84-143)

0.807

50 (10-81.5)

10 (0-50)

0.033

Complications associated with bowel decompression

3

2

1.000

Technical failure

2

1

Colon perforation during decompression

1

1

Overall postoperative complications

8

6

sSSI

3

3

dSSI

0

2

Prolonged ileus

3

0

Heart failure

1

0

Pneumonia

1

0

Pseudomembranous colitis

1

0

Delirium

0

1

0

13

13

I

2

4

II

5

0

III

1

2

0.748

Clavian-Dindo classification

0.116

IQR: Interquartile range; LN: Lymph nodes; sSSI: Superficial surgical site infection; dSSI: Deep surgical site
infection; SEMS: Self-expandable metallic stent.

few studies have addressed RMCO because the larger diameter and softer feces of the
right colon result in a lower prevalence rate. The softer feces may explain the good
results of bowel decompression. The successful SEMS insertion rate for RMCO is
reportedly 96%-100%, higher than that for left-sided malignant colonic
obstruction[17,24]. A decompression tube facilitates bowel decompression and lavage to
a greater extent in the right than the left colon. In this study, both SEMS and
decompression tubes showed highly successful decompression rates. Because transanal and trans-nasal decompression tubes enable colonic lavage and are not tumorinvasive, they can be recommended for the management of RMCO.
Regarding operative findings and short-term outcomes, the bridge to surgery using
the SEMS was associated with a higher frequency of laparoscopic surgery and less
blood loss during the operation. Previous reports suggested that bowel
decompression with SEMS for malignant colonic obstruction increased the need for
laparoscopic surgery[13,16,25]. Moreover, in a meta-analysis, laparoscopic surgery for
malignant colonic obstruction was not found to result in significantly different
morbidity and mortality rates compared with open laparotomy and was more likely
to enable minimally invasive surgery[26]. In the present study, the reason for the higher
rate of laparoscopic surgery in patients in the SEMS group might be historical, as we
routinely used a decompression tube preoperatively in all patients with RMCO from
2007 to 2011, and have preferentially used SEMS since 2012. However, we
demonstrated that laparoscopic surgery after good intestinal decompression can lead
to safer and less invasive surgery. As few studies with high evidence levels regarding
laparoscopic surgery for malignant obstruction are available, further investigations,
including assessments of long-term outcomes, are needed.
To reduce the possibility of selection bias in this retrospective study, we applied
inverse propensity scores as weights, which yielded appropriate estimates with less
mean squared error, increasing the reliability of the results[27]. In addition, to increase
the robustness of the study, we performed an intention-to-treat analysis. Patients in
the decompression tube and SEMS groups were analyzed as if they had received only
those treatments, even if they actually underwent emergency surgery due to
treatment failure.
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Table 3 Multivariate Cox proportional hazards regression analyses of overall survival
Variables

HR

95%CI

P value

0.01-0.49

0.006

0.80-54.36

0.079

Sex
Male

Reference

Female

0.08

Histological type
W/D and M/D

Reference

P/D, muc, and sig

6.61

TNM Stage
2

Reference

3

14.64

1.98-108

0.009

4

18.90

1.48-242

0.024

2.50-121

0.004

Bowel decompression
Decompression tube

Reference

SEMS

17.41

HR: Hazard ratio; CI: Confidence interval; W/D: Well differentiated; M/D: Moderately differentiated; P/D:
Poorly differentiated; muc: Mucinous adenocarcinoma; sig: Signet ring cell carcinoma; SEMS: Self-expandable
metallic stents.

There were several limitations to our study. First, as it involved a single center, the
findings require external validation. Second, relatively few patients were analyzed;
this is unavoidable due to the low incidence of RMCO. Third, the treatments applied
for malignant colonic obstruction differ among Europe, the United States, and Asia. In
Japan, long trans-nasal and trans-anal tubes are routinely used for bowel obstruction.
However, in Europe and the US, long tubes are not routinely used for bowel
obstruction, based on the results of an older trial[28], and trans-anal decompression
tubes are not available. In addition, the preoperative quality of life of RMCO patients
who are treated with a decompression tube is obviously worse than that of those
treated with SEMS. The fecal odor from the tube and the presence of the tube itself
make patients feel extremely uncomfortable[16]. Nevertheless, as recent studies have
demonstrated the satisfactory performance of trans-nasal and trans-anal
decompression tubes[18,29], their efficacy for the management of RMCO should be
evaluated in a multi-center randomized controlled study.
In conclusion, preoperative bowel decompression using trans-nasal and trans-anal
decompression tubes for RMCO is safe and may improve the long-term outcomes.
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Table 4 Multivariate Cox proportional hazards regression analyses of disease free survival
Variables

HR

95%CI

P value

Age

0.93

0.88-0.99

0.013

Histological type
W/D and M/D

Reference

P/D, muc, and sig

3.63

0.80-16.31

0.092

Harvested LN

0.93

0.87-1.00

0.047

TNM Stage
2

Reference

3

5.68

1.42-22.75

0.014

4

2.00

0.37-10.55

0.429

2.50-85.57

0.003

Bowel decompression
Decompression tube

Reference

SEMS

14.56

HR: Hazard ratio; CI: Confidence interval; W/D: Well differentiated; M/D: Moderately differentiated; P/D: Poorly differentiated; muc: Mucinous
adenocarcinoma; sig: Signet ring cell carcinoma; SEMS: Self-expandable metallic stents; LN: Lymph nodes.

Figure 3

Figure 3 Kaplan–Meier analysis of disease-free survival on an intention-to-treat basis. SEMS: Self-expandable metallic stents.

ARTICLE HIGHLIGHTS
Research background
As the incidence of obstruction with left-sided colon cancer is reportedly higher than that in
right-sided colon cancer, there is a lack of data regarding the management of right-sided
malignant colonic obstruction (RMCO).

Research motivation
Although emergency surgery is a standard treatment for malignant colonic obstruction, the
efficacy of bridges to surgery using self-expandable metallic stents (SEMS) or decompression
tubes has only recently been evaluated.

Research objectives
To evaluate the optimum management strategy for patients with RMCO by comparing the
perioperative and oncologic outcomes of bridges to surgery using decompression tubes and
metallic stents.

Research methods
This was a single-center, retrospective observational study. The subjects were patients diagnosed
with RMCO who underwent curative surgical resection. We compared patients who were
preoperatively treated with SEMS to those treated with decompression tubes. The primary
endpoint was the overall survival (OS) duration on an intention-to-treat basis and the secondary
endpoints were the disease-free survival (DFS) duration and the preoperative and postoperative
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morbidity rates. In addition, to reduce the likelihood of selection bias, we applied inverse
propensity scores as weights.

Research results
There was no significant difference in perioperative morbidity rate between the two groups. The
OS rate was significantly higher in the decompression tube group than the SEMS group (5-year
OS rates of 79.5 and 32%, respectively, P = 0.043). Multivariate analysis revealed that the bridge
to surgery using a decompression tube was significantly associated with the OS (hazard ratio,
17.41; P = 0.004). The 3-year DFS rate was significantly higher in the decompression tube group
than the SEMS group (68.9% vs 45.9%; log-rank test, P = 0.032). A propensity score–adjusted
analysis also demonstrated that the prognosis was significantly better in the decompression tube
group than in the SEMS group.

Research conclusions
The results of this study suggest that patients with RMCO who received a bridge to surgery
using a trans-nasal or trans-nasal decompression tube had better outcomes; these results were
confirmed statistically in a multivariate analysis using the stepwise method and propensity score
adjustment.

Research perspectives
Because this study used a single-center retrospective design and included relatively few patients,
further investigations, such as a multi-center randomized controlled study, are needed. In
addition, as the decompression tubes can make patients uncomfortable, a study including
quality of life measures is desirable.
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Abstract
BACKGROUND
Regional lymph node metastasis in patients with hepatocellular carcinoma (HCC)
is not uncommon, and is often under- or misdiagnosed. Regional lymph node
metastasis is associated with a negative prognosis in patients with HCC, and
surgical resection of lymph node metastasis is considered feasible and efficacious
in improving the survival and prognosis. It is critical to characterize lymph node
preoperatively. There is currently no consensus regarding the optimal method for
the assessment of regional lymph nodes in patients with HCC.
AIM
To evaluate the diagnostic value of single source dual energy computed
tomography (CT) in regional lymph node assessment for HCC patients.
METHODS
Forty-three patients with pathologically confirmed HCC who underwent partial
hepatectomy with lymphadenectomy were retrospectively enrolled. All patients
underwent dual-energy CT preoperatively. Regional lymph nodes (n = 156) were
divided into either a metastatic (group P, n = 52) or a non-metastasis group
(group N, n = 104), and further, according to pathology, divided into an active
hepatitis (group P1, n = 34; group N1, n = 73) and a non-active hepatitis group
(group P2, n = 18; group N2, n = 31). The maximal short axis diameter (MSAD),
iodine concentration (IC), normalized IC (NIC), and the slope of the spectral
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curve (λHU) of each group in the arterial phase (AP), portal phase (PP), and
delayed phase (DP) were analyzed.
RESULTS
Analysis of the MSAD, IC, NIC, and λHU showed statistical differences between
groups P and N (P < 0.05) during all three phases. To distinguish benign from
metastatic lymph nodes, the diagnostic efficacy of IC, NIC, and λHU in the PP was
the best among the three phases (AP, PP, and DP), with a sensitivity up to 81.9%,
83.9%, and 81.8%, and a specificity up to 82.4%, 84.1% and 84.1%, respectively.
The diagnostic value of combined analyses of MSAD with IC, NIC, or λHU in the
PP was superior to the dual energy CT parameters alone, with a sensitivity up to
84.5%, 86.9%, and 86.2%, and a specificity up to 83.0%, 93.6% and 89.8%,
respectively. Between groups P1 and P2 and groups N1 and N2, only IC, NIC,
and λHU between groups N1 and N2 in the PP had a statistically significant
difference (P < 0.05).
CONCLUSION
Dual-energy CT contributes beneficially to regional lymph node assessment in
HCC patients. Combination of MSAD with IC, NIC, or λHU values in the PP is
superior to using any single parameter alone. Active hepatitis does not
deteriorate the capabilities for characterization of metastatic lymph nodes.
Key words: Computed tomography; Hepatocellular carcinoma; Lymph node; Metastasis;
Hepatitis; Dual energy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Dual-energy computed tomography (CT) contributes beneficially to regional
lymph node assessment in hepatocellular carcinoma (HCC) patients, which can
differentiate metastatic and non-metastatic lymph nodes for improving regional lymph
node staging of HCC. Combination of maximal short axis diameter with dual-energy CT
quantifiable parameters (iodine concentration, normalized iodine concentration, or the
slope of the spectral curve) in the portal phase can be more advantageous in regional
lymph node assessment. Active hepatitis does not deteriorate the detection and
characterization of metastatic lymph nodes in HCC.

Citation: Zeng YR, Yang QH, Liu QY, Min J, Li HG, Liu ZF, Li JX. Dual energy computed
tomography for detection of metastatic lymph nodes in patients with hepatocellular
carcinoma. World J Gastroenterol 2019; 25(16): 1986-1996
URL: https://www.wjgnet.com/1007-9327/full/v25/i16/1986.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i16.1986

INTRODUCTION
Regional lymph node metastasis in patients with hepatocellular carcinoma (HCC) is
not uncommon. Although it is found in only 8% of cases at the time of hepatectomy[1],
in autopsies it has been reported to be as high as 26% to 37%[1], suggesting that lymph
node metastases are often under- or misdiagnosed [2,3] . Regional lymph node
metastasis is associated with a negative prognosis in patients with HCC[3,4], as the
incidence of lymph node metastasis usually indicates an advanced tumor stage with
infiltration of blood vessels [2] . Even with aggressive treatment such as radical
resection, the reported median survival rate is much lower than that for patients
without lymph node metastasis (28 mo vs 53 mo), and the tumor recurrence rate (a
median follow-up of 43 mo) is significantly higher (82.05% vs 57.64%)[1-3,5]. Although
effective treatment for metastatic lymph nodes of HCC has not yet been established[6],
surgical resection of lymph node metastasis is considered feasible and efficacious in
improving the survival and prognosis of patients with HCC[1,2,4,6].
There is currently no consensus regarding the optimal method for the assessment of
regional lymph nodes in patients with HCC[7]. The diagnostic criteria of conventional
computed tomography (CT) and magnetic resonance imaging (MRI) scans for
differentiating malignant and benign lymph nodes were established according to size

WJG

https://www.wjgnet.com

1987

April 28, 2019

Volume 25

Issue 16

Zeng YR et al. Dual energy CT for lymph node assessment in HCC

(maximal short axis diameter ≥ 10 mm)[7,8]. However, it may be inaccurate in detecting
metastatic lymph nodes in HCC, as over 80% of HCC patients in China have chronic
hepatitis B virus (HBV) infection[9,10], and it is well documented that patients with
chronic hepatitis or cirrhosis also have benign enlarged lymph nodes[10,11]. Diffusionweighted MRI is sensitive in detecting metastatic lymph nodes, but it is easily affected
by physical motion of the abdomen, and the accuracy will be lower (as low as 76%)
when metastatic lymph nodes show necrosis[12]. 18F-fluoro deoxyglucose-positron
emission tomography/CT ( 1 8 F-FDG-PET/CT) is a non-invasive method for
diagnosing lymph node metastasis, but it is expensive, low in spatial resolution[13,14],
and can give false positive results[13,15,16]. Additionally, for lymph node metastases in
HCC, the diagnostic value of a 18F-FDG-PET/CT scan is lower than conventional
imaging modalities[13]. Therefore, it is critical to explore better techniques for lymph
node assessment in HCC patients.
Dual-energy CT can provide quantitative information with monochromatic spectral
images, material decomposition images, spectrum curves, and effective atomic
number images, based on the principle that different materials have their own
characteristic X-ray absorption coefficient, combined with the technology of
instantaneously switching 80/140 kVp (kilovolt peak) voltage[17]. The role of dualenergy CT in the evaluation of malignant lymph nodes in colorectal cancer,
gynecological malignancies, hypopharyngeal cancer, and lung cancer has been
reported[18-23]. However, there have been no dual-energy CT studies regarding lymph
node assessment in HCC. The objective of this study was to evaluate the diagnostic
value of dual-energy CT in preoperative lymph node assessment for HCC patients.

MATERIALS AND METHODS
Patients
This retrospective study was approved by the institutional review board of Sun Yatsen Memorial Hospital. In this study, we conducted searches in a Picture Archiving
and Communication System for patients suspected of having HCC and who
underwent contrast-enhanced upper abdomen dual energy CT scans between July
2016 and November 2017. There were 153 patients identified with this search process,
and among them 110 were excluded for the following reasons (Figure 1): Patients did
not receive surgical treatment (n = 25), patients also had other malignant tumors (n =
3), patients underwent preoperative treatment of HCC (transarterial chemoembolization) (n = 11), pathology results confirmed a final diagnosis of non-HCC (n = 9),
patients did not undergo lymphadenectomy or partial lymphadenectomy (n = 59),
and patients did not have a CT re-examination within two weeks after surgery (n = 3).
Ultimately, there were 43 patients (37 males and 6 females; median age of 51 years; 34
patients with HBV and 10 patients with liver cirrhosis; average size of resected tumor:
4.6 cm) enrolled in the study.

Dual-energy CT acquisition
CT scans were performed on a single source dual energy CT scanner (Discovery
CT750 HD, GE Healthcare) with rapid KeV switching, including a pre-contrast CT
plain scan and a post-contrast scan in the arterial phase (AP), portal phase (PP), and
delayed phase (DP). The contrast enhanced scan began at 25 s (AP), 65 s (PP), and 180
s (DP) after the injection of Ioversol 320 (Optiray-Covidean) at a flow rate of 3 mL/s
and an amount of 1.0 mL per kilogram of body weight. The scanning parameters were
as follows: Tube current, 600 mA; tube voltage, 80/140 Kvp; tube rotation time, 0.8 s;
pitch, 1.375:1; slice thickness, 1.25 mm; interval thickness, 1.25 mm. Further analysis of
images was performed on a GE Advantage Workstation AW4.4 (GE Healthcare).

Image analysis
The image data of 43 patients with pathologically confirmed HCC were analyzed.
Regional lymph nodes were measured independently by two radiologists with more
than 10 years of experience. The radiologists were blinded to the pathological results
(metastatic or non-metastatic) but were aware of the location of any removed lymph
nodes. Lymph nodes with a short axis (≥ 4.0 mm), and which were confirmed in the
resection range by comparing preoperative and postoperative CT images (performed
within two weeks after operation), were all measured (Figure 2). A circle of region of
interest (ROI) was manually drawn in the maximal axial section for lymph nodes,
containing most of the lymph node volume as possible, and the average size of ROIs
was larger than 12.0 mm2. Measurements were repeated three times and the average
values were recorded. The iodine (water)-based material decomposition images and
monochromatic images (energy ranging from 40 to 140 keV with a 10 keV interval)
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Figure 1

Figure 1 Patient identification and exclusion. HCC: Hepatocellular carcinoma; CT: Computed tomography.

were reconstructed and analyzed. The following parameters were all measured in the
AP, PP, and DP: (1) Iodine concentrations (IC) (mg/mL), the average value of which
was calculated on the iodine (water)-based material decomposition images; (2)
normalized IC (NIC), which was a calculation of the IC of lymph nodes to the IC of
the thoracic aorta on the same slice, namely NIC = IC/ICaorta; and (3) slope of the
spectral curve (λHU), which was divided from the HU curve by the difference between
the CT values at 40 keV and 80 keV (as the curve from 80 keV to 140 keV tends to be a
horizontal line): λHU = (HU40kev - HU80Kev)/40.

Pathology and clinical data analysis
The regional lymphadenectomy included the lymph nodes in the hepatic pedicle
(including the cystic duct, peri-choledochal, hilar, periportal, and peri proper hepatic
artery), retro-pancreatic space, common hepatic artery, and celiac trunk[2,5]. Partial
lymphadenectomy restricted the extent of lymphadenectomy only to the suspected
lymph nodes which were enlarged on CT images. Removed regional lymph nodes
were categorized into groups according to the gastric cancer treatment guidelines of
the Japanese Gastric Cancer Association[24] for pathological examination. The status of
lymph nodes larger than 4.0 mm was reported pathologically. When the removed
lymph nodes were pathologically confirmed to be metastatic, we included them in a
metastatic group (group P), and when the removed lymph nodes were confirmed to
be non-metastatic, they were classified into a non-metastatic group (group N).
Clinical data and laboratory results of biochemical blood examinations of all
patients were collected. Active hepatitis was diagnosed according to the Chinese
guidelines of prevention and treatment of viral hepatitis (2000)[25]. Patients who met
one of the following conditions were considered to have active hepatitis: (1) Positive
findings of epidemiological contact history, clinical presentation, and viral hepatitis
pathogenic examination, with an elevated serum alanine aminotransferase (ALT)
level; (2) patients with chronic hepatitis and who had symptoms of hepatitis again,
with positive biochemical tests results (elevated serum ALT); or (3) a histopathological examination of the liver confirmed hepatitis. Patients who did not meet the
above requirements were considered as having no active hepatitis.

Statistical analysis
Statistical analyses were performed with SPSS 17.0 (SPSS Inc.). Quantitative data are
presented as median (P25, P75). Independent samples t-test was used for comparing
normally distributed quantitative data in the two groups and a nonparametric test
was applied when the data were not normally distributed or there was heterogeneity
of variances. The diagnostic efficacies of the axial size, IC, NIC, and λHU for lymph
nodes in the AP, PP, and DP were determined by the area under the curve (AUC)
from the corresponding receiver operative characteristics (ROC) curves. A P-value ≤
0.05 was considered statistically significant. Cut-off values, AUC, sensitivity, and
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Figure 2

Figure 2 A 31-year-old male patient with hepatocellular carcinoma (black arrow head). A and B: Preoperative computed tomography (CT) scans in the portal
phase; C: Postoperative CT scan in the portal phase. Preoperative and postoperative CT scans were compared to determine the location of the removed lymph node
(white arrow). Pathology of this lymph node was benign. CT: Computed tomography.

specificity of DECT parameters (axial size, IC, NIC, and λHU) for metastatic vs nonmetastatic lymph nodes in HCC were measured.

RESULTS
Lymph nodes
A total of 156 lymph nodes (104 non-metastatic and 52 metastatic) from 43 patients
were finally included in this study. Among them, ten patients had a total of 52 lymph
nodes which were pathologically proven to be metastatic and therefore divided into
group P, while the other 33 patients with 104 total lymph nodes that were nonmetastatic and thus divided into group N. According to the active hepatitis diagnosis
standard described above, the lymph nodes in groups P and N were further divided
into an active hepatitis group (group P1, n = 34; group N1, n = 73) and a non-active
hepatitis group (group P2, n = 18; group N2, n = 31), respectively.

Maximal short axis diameter of lymph nodes
The mean maximal short axis diameter of group P (metastasis group) was
significantly longer than that of group N (non-metastasis group) [1.25 (0.90, 1.80) vs
0.60 (0.50, 0.80), P < 0.001)] (Table 1). There was no significant difference between
group P1 (metastasis with active hepatitis) and group P2 (metastasis with non-active
hepatitis), or group N1 (non-metastasis with active hepatitis) and group N2 (nonmetastasis with non-active hepatitis) (Table 2).

IC, NIC, and λHU
IC, NIC, and λHU values were significantly higher in group P than in group N in the
AP, PP, and DP (P < 0.05) (Table 1), and they were also significantly higher in group
N1 than in group N2 in the PP (Table 2). There were no significant differences in IC,
NIC, or λHU values between groups N1 and N2 in the AP and DP, nor between groups
P1 and P2 in the AP, PP, or DP (Table 2).

ROC analysis
The ROC curves of maximal short axis diameter, IC, NIC, and λHU in the AP, PP, and
DP for diagnosing metastatic lymph nodes were drawn. The ROC curves of
combination diagnoses using the four parameters (maximal short axis diameter, IC,
NIC, and λHU) were also determined (Figure 3). The AUC, optimal cut-off value,
sensitivity, and specificity of each single parameter and combined parameters for
differentiating group P from group N are shown in Table 3. The optimal threshold of
the maximal short axis diameter was 0.950 cm, with a sensitivity and specificity of
73.3% and 88.7%, respectively. The AUCs of IC, NIC, and λHU in the PP were the
largest at an optimal threshold of 18.060 mg/mL, 0.272, and 1.098, respectively, with a
sensitivity and specificity up to 81.9% and 82.4%, 83.9% and 84.1%, and 81.8% and
84.1%, respectively. The diagnostic efficacy of combination of the maximal short axis
diameter with IC, NIC, or λHU in the PP (combined diagnosis in parallel) was superior
to using a single parameter, with a sensitivity up to 84.5%, 86.9%, and 86.2%, and a
specificity up to 83.0%, 93.6%, and 89.8%, respectively. The diagnostic efficacy of the
maximal short axis diameter with NIC (PP) was the best (Figures 4 and 5).
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Table 1 Quantitative parameters [median (P25, P75)] for metastatic vs non-metastatic lymph
nodes in patients with hepatocellular carcinoma
Parameter

Metastatic (group P)

Maximal short axis diameter (cm)
IC (mg/mL)

NIC

λHU

Non-metastatic (group N)

P-value

1.25 (0.90, 1.80)

0.60 (0.50, 0.80)

< 0.001

AP

10.46 (9.41, 11.36)

8.64 (7.62, 9.82)

< 0.001

PP

22.70 (19.08, 26.35)

13.26 (9.91, 16.26)

< 0.001

DP

19.03 (16.18, 21.34)

14.09 (12.14, 15.71)

< 0.001

AP

0.12 (0.10, 0.13)

0.08 (0.06, 0.11)

< 0.001

PP

0.54 (0.37, 0.82)

0.10 (0.07, 0.18)

< 0.001

DP

0.57 (0.49, 0.77)

0.34 (0.23, 0.44)

< 0.001

AP

0.64 (0.57, 0.73)

0.49 (0.41, 0.58)

< 0.001

PP

1.53 (1.26, 1.90)

0.87 (0.60, 0.94)

< 0.001

DP

1.30 (1.15, 1.74)

0.85 (0.71, 1.40)

< 0.001

IC: Iodine concentration; NIC: Normalized iodine concentration; λHU: Slope of the spectral curve; AP: Arterial
phase; PP: Portal phase; DP: Delayed phase.

DISCUSSION
In this study, we found that the parameters including maximal short axis diameter,
IC, NIC, and λHU were significantly different between metastatic and non-metastatic
lymph nodes in HCC patients. These parameters had favorable diagnostic value for
identifying metastatic lymph nodes in the PP. The diagnostic efficacy was notably
higher when using a combination of analysis of maximal short axis diameter with IC,
NIC, or λHU values. The maximal short axis diameter of metastatic lymph nodes was
longer than that of non-metastatic lymph nodes in the present study, with a
diagnostic sensitivity of 73.3%, and a specificity of 88.7%. This finding is different
from that of Grobmyer et al[7], who evaluated preoperative CT images of 236 lymph
nodes in 100 patients with primary or secondary hepatic malignancies and found that
the positive predictive value of diameter of lymph nodes was as low as 39%. Thus, the
diagnostic efficacy of short axis diameter analysis of lymph nodes still needs to be
explored further.
Dual-energy CT can evaluate lymph nodes quantitatively. IC and NIC can reflect
the difference in iodine contents of lymph nodes, and indirectly, their blood supply.
λ HU describes the dynamic change of CT values, and each tissue type has its
characteristic HU slope of the curve[17,26]. Our study found that the IC and NIC values
measured in the AP, PP, and DP were significantly higher in metastatic lymph nodes
than in non-metastatic lymph nodes, and one explanation is that tumor cell invasion
increases blood supply to lymph nodes[27]. We achieved a higher sensitivity with both
IC and NIC in the PP, which is superior to conventional CT and PET/CT for HCC
patients[16].
Both metastatic and non-metastatic lymph nodes followed descending spectrum
curve patterns, but the curve pattern of the metastatic nodes was much steeper,
suggesting that λHU could reflect different statuses of lymph nodes (metastatic or nonmetastatic). The sensitivity of detecting malignant lymph nodes with λHU in the PP in
our study is comparable to spectral CT in lung cancer[19,20] and colon cancer[20].
There was no statistically significant difference in the maximal short axis diameter
of lymph nodes between patients with active hepatitis and non-active hepatitis in our
study. Our result is different from that of Shu et al[10], and the possible reason may be
due to different statuses of hepatitis and hepatic fibrosis[4,10,11]. The IC, NIC, and λHU
values of non-metastatic lymph nodes in patients with active hepatitis were
statistically higher than those in patients with non-active hepatitis in the PP,
indicating that active hepatitis has an influence on regional lymph nodes, such as
causing inflammation, resulting in increased blood flow and metabolism compared to
normal lymph nodes[13,23]. There was no statistical difference in IC, NIC, or λHU values
of metastatic lymph nodes between the active hepatitis group and non-active hepatitis
group, suggesting that active hepatitis does not deteriorate the capabilities for
detection and characterization of metastatic lymph nodes in HCC patients.
In our study, the parameters of dual energy CT (such as IC, NIC, and λHU) reliably
identified the metastatic lymph nodes. The sensitivity and specificity of maximal short
axis diameter combined with IC, NIC, or λHU values were higher than those of any
single parameter (maximal short axis diameter, IC, NIC, or λHU) alone (IC: 84.5% and
83.0%, NIC: 86.9% and 93.6%, λHU: 86.2% and 89.8%, respectively). This indicates that
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Table 2 Quantitative parameters [median (P25, P75)] for lymph nodes in patients with hepatocellular carcinoma complicated with active
vs non-active hepatitis
Metastatic

Non-metastatic

Non-active
Active hepatitis
hepatitis (group
(group P1)
P2)
Maximal short axis diameter (cm)
IC (mg/mL)

NIC

λHU

AP

1.50 (1.12, 2.00)

1.40 (0.90, 1.70)

P-value

0.058

10.12 (7.63, 12.87) 11.02 (8.40, 13.68)

Non-active
Active hepatitis
hepatitis (group
(group N1)
N2)
0.70 (0.58, 0.90)

0.60 (0.50, 0.78)

P-value

0.083

0.899

9.07 (6.35, 11.53)

7.73 (5.46, 9.58)

0.099

PP

20.75 (18.40,
24.28)

18.83 (14.95,
21.31)

0.647

15.03(10.21, 18.02)

13.82 (10.40,
19.05)

0.001

DP

14.19 (11.59,
17.47)

13.49 (10.53,
18.77)

0.793

19.65 (14.47,
22.62)

18.03 (13.78,
21.13)

0.908

AP

0.12 (0.08, 0.15)

0.11 (0.08, 0.14)

0.269

0.10 (0.07, 0.12)

0.10 (0.07, 0.13)

0.598

PP

0.39 (0.27, 0.51)

0.34 (0.26, 0.43)

0.165

0.31 (0.23, 0.39)

0.19 (0.16, 0.26)

0.013
0.647

DP

0.55 (0.42, 0.68)

0.51 (0.43, 0.65)

0.785

0.40 (0.35, 0.56)

0.35 (0.25, 0.44)

AP

0.62 (0.48, 0.82)

0.70 (0.53, 0.84)

0.195

0.49 (0.35, 0.64)

0.57 (0.40, 0.73)

0.161

PP

1.45 (1.15, 1.67)

1.38 (0.89, 1.43)

0.73

0.95 (0.65, 1.16)

0.80 (0.68, 1.19)

0.002

DP

1.23 (0.90, 1.44)

1.17 (1.01, 1.33)

0.812

0.91 (0.75, 1.11)

0.87 (0.66, 1.12)

0.726

IC: Iodine concentration; NIC: Normalized iodine concentration; λHU: Slope of the spectral curve; AP: Arterial phase; PP: Portal phase; DP: Delayed phase.

the presence of metastatic lymph nodes should be considered in patients with an
enlarged lymph node (≥ 0.950 cm), especially when suspected spectral quantitative
parameters were noted in a dual energy CT scan. Dual energy CT can provide more
reliable information for the identification of benign and malignant lymph nodes than
conventional CT.
There were some limitations in this study. First, this was a retrospective study and
the population size of this study was relatively small. Second, lymph nodes with a
maximal short axis size of less than 4.0 mm were excluded from the study due to the
uncertainty of ROI measurements. Third, the absence of a comparison with MRI
presents another limitation. Finally, the distinction between normal lymph nodes,
metastatic lymph nodes, and inflammatory lymph nodes was not analyzed in our
study, since it was not our main aim.
In conclusion, dual-energy CT contributes beneficially to regional lymph node
assessment for HCC patients. A diagnosis combining analysis of maximal short axis
diameter with IC, NIC, or λHU values is superior to using any single parameter alone.
Active hepatitis does not deteriorate the capabilities for detection and characterization
of metastatic lymph nodes.
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Table 3 Cut-off values, area under the curve, sensitivity, and specificity of dual-energy computed tomography for metastatic vs nonmetastatic lymph nodes in patients with hepatocellular carcinoma
Parameter

AUC

Cut-off value

Sensitivity, %

Specificity, %

Maximal short axis diameter(cm)

0.883

0.950

73.3

88.7

IC (mg/mL)

AP

0.697

9.845

68.6

72.0

PP

0.902

18.060

81.9

82.4

DP

0.755

16.005

73.6

76.9

AP

0.756

0.106

72.8

73.9

PP

0.918

0.272

83.9

84.1

DP

0.836

0.467

74.5

79.2

AP

0.755

0.582

73.8

75.6

PP

0.889

1.098

81.8

84.1

DP

0.836

1.077

78.1

79.0

Diameter + λHU (PP)

0.945

Combined diagnosis in parallel

86.2

89.8

Diameter + IC (PP)

0.884

84.5

83.0

Diameter + NIC (PP)

0.960

86.9

93.6

NIC

λHU

IC: Iodine concentration; NIC: Normalized iodine concentration; λHU: Slope of the spectral curve; AP: Arterial phase; PP: Portal phase; DP: Delayed phase.

Figure 3

Figure 3 Receiver operating characteristic curve analysis of dual energy computed tomography quantitative parameters for metastatic and non-metastatic
lymph nodes. A: Maximal short axis diameter of lymph nodes; B: Iodine concentration (IC)/normalized IC (NIC) in the arterial phase; C: IC/NIC in the portal phase; D:
IC/NIC in the delayed phase; E: Slope of the spectral curve (λHU) in three contrast-enhanced phases; F: Combination of maximal short axis diameter of lymph nodes
with λHU, IC, or NIC in the portal phase. IC: Iodine concentration; NIC: Normalized iodine concentration; λHU: Slope of the spectral curve; AP: Arterial phase; PP:
Portal phase; DP: Delayed phase.

WJG

https://www.wjgnet.com

1993

April 28, 2019

Volume 25

Issue 16

Zeng YR et al. Dual energy CT for lymph node assessment in HCC
Figure 4

Figure 4 A 44-year-old male with hepatocellular carcinoma and lymph node metastasis. A and B: Region of interest was placed in the maximal axial section for
lymph nodes (white arrow); C: The spectrum curve of the removed lymph nodes in the portal phase showed a descending curve with a slope of about 1.0-1.7. The
iodine concentrations of the three lymph nodes were 20.01 mg/mL, 21.06 mg/mL, and 22.50 mg/mL, respectively. The normalized iodine concentrations were 0.41,
0.53, and 0.64, respectively.
Figure 5

Figure 5 A 31-year-old male with hepatocellular carcinoma and non-metastatic lymph nodes. A: Region of interest was placed in the maximal axial section for
lymph nodes (white arrow); B: Postoperative computed tomography showed that the lymph node was removed (white arrow); C: The spectrum curve of the removed
lymph node in the portal phase showed a descending curve with a slope of about 0.8. The iodine concentration of the lymph node was 12.20 mg/mL. The normalized
iodine concentration was 0.83.

ARTICLE HIGHLIGHTS
Research background
Regional lymph node metastasis in patients with hepatocellular carcinoma (HCC) is not
uncommon, and is often under- or misdiagnosed. Regional lymph node metastasis is associated
with a negative prognosis in patients with HCC, and surgical resection of lymph node metastasis
is considered feasible and efficacious in improving the survival and prognosis. It is critical to
characterize lymph node preoperatively. There is currently no consensus regarding the optimal
method for the assessment of regional lymph nodes in patients with HCC.

Research motivation
Dual-energy computed tomography (CT) can provide quantitative information with
monochromatic spectral images, material decomposition images, spectrum curves, and effective
atomic number images. The role of dual-energy CT parameters in the evaluation of malignant
lymph nodes has been reported with excellent results. However, there have been no dual-energy
CT studies regarding lymph node assessment in HCC.

Research objectives
The main objective of our study was to evaluate the diagnostic value of dual energy CT
parameters [such as iodine concentrations (IC), normalized IC (NIC), and slope of the spectral
curve (λHU)] in regional lymph node assessment for HCC patients.

Research methods
In this retrospective study, a total of 156 lymph nodes (33 patients with 104 non-metastatic and
10 patients with 52 metastatic) from 43 patients were finally included. According to the lymph
node status, the lymph nodes were divided into group P (52 metastatic) and group N (104 nonmetastatic). According to the active hepatitis diagnosis standard, the lymph nodes in groups P
and N were further divided into an active hepatitis group (group P1, n = 34; group N1, n = 73)
and a non-active hepatitis group (group P2, n = 18; group N2, n = 31), respectively. All patients
underwent three-phase dual-energy CT scan preoperatively [arterial phase (AP), portal phase
(PP), and delayed phase (DP)]. The maximal short axis diameter (MSAD), IC, NIC, and λHU of
each group in the AP, PP, and DP were analyzed.
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Research results
The MSAD, IC, NIC, and λHU showed statistical differences between groups P and N (P < 0.05 for
all) in dual-energy CT scans in all the three phases. The diagnostic value of IC, NIC, and λHU in
the PP to distinguish benign from metastatic lymph nodes was the best among the three phases
(AP, PP, and DP), with a sensitivity up to 81.9%, 83.9%, and 81.8%, and specificity up to 82.4%,
84.1% and 84.1%, respectively. To distinguish benign from metastatic lymph nodes, the
diagnostic value of combined analyses of MSAD with IC, NIC, or λHU in PP was superior to the
dual energy CT parameters alone, with a sensitivity up to 84.5%, 86.9%, and 86.2%, and a
specificity up to 83.0%, 93.6% and 89.8%, respectively. Between groups P1 and P2 and groups N1
and N2, only IC, NIC, and λHU between groups N1 and N2 in the PP had a statistically significant
difference (P < 0.05).

Research conclusions
Dual-energy CT parameters (IC, NIC, and λ HU ) are sensitive and specific, and can help to
differentiate benign from metastatic lymph nodes in patients with HCC, especially in PP CT
scans. The diagnostic efficacy of combined analysis of MSAD with IC, NIC, or λHU values is
superior to using any single parameter alone. Active hepatitis does not deteriorate the
capabilities for characterization of metastatic lymph nodes.

Research perspectives
The future direction in this field will probably focus on the comparison of diagnostic efficacy of
different imaging methods to differentiate benign from metastatic lymph nodes in patients with
HCC, e.g., between dual-energy CT and magnetic resonance imaging.
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Abstract
BACKGROUND
Chronic radiation proctopathy (CRP) occurs as a result of pelvic radiation
therapy and is associated with formation of abnormal vasculature that may lead
to persistent rectal bleeding. While incidence is declining due to refinement of
radiation delivery techniques, CRP remains one of the major complications of
pelvic radiation therapy and significantly affects patient quality of life.
Radiofrequency ablation (RFA) is an emerging treatment modality for eradicating
abnormal vasculature associated with CRP. However, questions remain
regarding CRP pathophysiology and optimal disease management.

Institutional review board
statement: This study was

AIM
To study feasibility of optical coherence tomography angiography (OCTA) for
investigating subsurface vascular alterations in CRP and response to RFA
treatment.

conducted under protocols at the
Veteran Affairs Boston Healthcare
System (VABHS) Institutional
Review Board (IRB), Harvard
Medical School (HMS) Office of
Human Research Administration
(OHRA) and Massachusetts
Institute of Technology (MIT)
Committee on the Use of Humans
as Experimental Subjects

METHODS
Two patients with normal rectum and 8 patients referred for, or undergoing
endoscopic RFA treatment for CRP were imaged with a prototype ultrahighspeed optical coherence tomography (OCT) system over 15 OCT/colonoscopy
visits (2 normal patients, 5 RFA-naïve patients, 8 RFA-follow-up visits). OCT and
OCTA was performed by placing the OCT catheter onto the dentate line and
rectum without endoscopic guidance. OCTA enabled depth-resolved
microvasculature imaging using motion contrast from flowing blood, without
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requiring injected dyes. OCTA features of normal and abnormal
microvasculature were assessed in the mucosa and submucosa. Blinded reading
of OCTA images was performed to assess the association of abnormal rectal
microvasculature with CRP and RFA treatment, and rectal telangiectasia density
endoscopic scoring.
RESULTS
OCTA/OCT images are intrinsically co-registered and enabled depth-resolved
visualization of microvasculature in the mucosa and submucosa. OCTA
visualized normal vascular patterns with regular honeycomb patterns vs
abnormal vasculature with distorted honeycomb patterns and ectatic/tortuous
microvasculature in the rectal mucosa. Normal arterioles and venules < 200 μm
in diameter versus abnormal heterogenous enlarged arterioles and venules > 200
μm in diameter were visualized in the rectal submucosa. Abnormal mucosal
vasculature occurred in 0 of 2 normal patients and 3 of 5 RFA-naïve patients,
while abnormal submucosal vasculature occurred more often, in 1 of 2 normal
patients and 5 of 5 RFA-naïve patients. After RFA treatment, vascular
abnormalities decreased, with abnormal mucosal vasculature observed in 0 of 8
RFA-follow-up visits and abnormal submucosal vasculature observed in only
and 2 of 8 RFA-follow-up visits.
CONCLUSION
OCTA visualizes depth-resolved microvascular abnormalities in CRP, allowing
assessment of superficial features which are endoscopically visible as well as
deeper vasculature which cannot be seen endoscopically. OCTA/OCT of the
rectum can be performed in conjunction with, or independently from endoscopy.
Further studies are warranted to investigate if OCTA/OCT can elucidate
pathophysiology of CRP or improve management.
Key words: Optical coherence tomography; Optical coherence tomography angiography;
Radiofrequency ablation; Chronic radiation proctopathy; Rectal telangiectasia density
scoring system; Subsurface microvascular imaging
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study we use a prototype ultrahigh-speed optical coherence tomography
(OCT) system and OCT angiography (OCTA) to perform depth-resolved visualization of
microvasculature in the mucosal and submucosal layers of the rectum without requiring
injected dyes. Abnormal distorted honeycomb patterns and ectatic/tortuous
microvasculature in the rectal mucosa and heterogenous enlarged arterioles and venules
> 200 μm in diameter in the submucosa are associated with chronic radiation
proctopathy and resolved with radiofrequency ablation treatment. OCTA/OCT is a
promising tool for investigating the pathophysiology of chronic radiation proctopathy
and further studies are warranted to understand if it can help in clinical management.

Citation: Ahsen OO, Liang K, Lee HC, Wang Z, Fujimoto JG, Mashimo H. Assessment of
chronic radiation proctopathy and radiofrequency ablation treatment follow-up with optical
coherence tomography angiography: A pilot study. World J Gastroenterol 2019; 25(16):
1997-2009
URL: https://www.wjgnet.com/1007-9327/full/v25/i16/1997.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i16.1997

INTRODUCTION
Chronic radiation proctopathy (CRP) occurs as a result of pelvic radiation therapy and
is associated with formation of abnormal vascular lesions that may lead to persistent
rectal bleeding. Up to 20% of patients receiving radiation therapy for prostate and
cervical cancer may develop CRP [1] . While the incidence is declining [2,3] due to
refinement of radiation delivery techniques [4-6] , CRP remains one of the major
complications of pelvic radiation therapy and significantly affects patient quality of
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life. For symptomatic patients with prior pelvic radiation therapy, the current clinical
standard for diagnosis and assessment of disease severity for CRP is colonoscopy or
sigmoidoscopy [7] ; which examine rectal mucosa for CRP hallmarks, such as
hemorrhage, ulcerations and telangiectasias[8]. The rectal telangiectasia density (RTD)
scoring system was developed for endoscopic assessment of CRP and was shown to
have a good correlation with clinical symptomatic assessment [9] . In this scoring
system, endoscopic appearance is evaluated based on telangiectasia density and
vascular coalescence, and a score from 0 to 3 is assigned. Biopsies can be taken during
the endoscopy to rule out other diseases associated with abnormal vascular lesions
(such as inflammatory bowel disease), but are recommended only for select cases due
to the potential of further bleeding, ulcerations, and fistulae formation[10].
Management options for CRP range from non-endoscopic treatment with topical or
oral medications, to endoscopic interventions such as dilation [ 1 1 ] , bipolar
electrocoagulation [12] , argon plasma coagulation (APC) [13] , cryotherapy [14] , laser
ablation[15] and radiofrequency ablation (RFA)[16]. More severe and refractory cases of
CRP may necessitate surgical interventions such as colostomy and proctectomy[17,18].
Due to varying degrees of invasiveness and associated morbidity and mortality, it is
essential to choose the optimal treatment strategy, which may begin by employing the
least invasive non-endoscopic approaches such as observation or medical therapy,
and escalate in accord with patient’s response to the interventions[19].
Optical coherence tomography (OCT) enables three-dimensional visualization of
tissue microstructure and was recently commercialized as volumetric laser
endomicroscopy (NinePoint Medical, Bedford, MA, United States)[20,21]. Previous OCT
studies have primarily focused on upper gastrointestinal pathologies such as Barrett’s
esophagus (BE), and have shown utility in endoscopic surveillance for detecting
dysplastic lesions that are indiscernible under white light endoscopy[22,23]. We have
recently developed an ultrahigh-speed OCT system which is more than 10 times faster
than commercial instruments and can acquire volumetric images with higher
transverse resolution and voxel density. The ultrahigh imaging speed also enables
visualization of depth-resolved en face mucosal and microvascular features (known as
OCT angiography, OCTA), in addition to cross-sectional and en face OCT imaging[24].
This pilot study investigated OCTA for assessing subsurface tissue microvasculature around the dentate line and rectum of normal patients as well as CRP
patients who were RFA-naïve or had previous RFA treatments. OCT imaging was
performed by directly placing the OCT catheter into the rectum of the patients
without endoscopic guidance. OCTA enabled depth-resolved visualization of
microvasculature, and OCTA features of normal and abnormal rectal
microvasculature were described. Blinded reading of the OCTA features were
performed to demonstrate association of abnormal rectal microvasculature with CRP
and RFA treatment, and the RTD endoscopic scoring system.

MATERIALS AND METHODS
Study setting and patient requirement
This study was conducted at the Veteran Affairs Boston Healthcare System. Two
patients with normal rectum and 8 patients referred for, or undergoing endoscopic
treatment with RFA for CRP were enrolled in the study between October 2013 and
November 2016 (n = 10). Five of the CRP patients were RFA-naïve at the baseline visit
(time of initial OCT imaging), while 3 patients had previous RFA treatments. Five of
the CRP patients imaged at the baseline visit were also imaged at RFA-follow-up
visits within the study period, yielding a total of 15 OCT/colonoscopy visits 2 normal
patients, 5 RFA-naïve patients, 8 RFA-follow-up visits). OCT imaging was performed
during scheduled colonoscopy visits immediately before the colonoscopy procedure.
Standard rectal examination with the colonoscope was conducted subsequent to OCT
imaging. RFA was performed in patients with active rectal bleeding and/or based on
endoscopic indication. A focal ablation catheter (Barrx 90, Medtronic, MN, United
States) attached to the colonoscope (CF-HQ190L or CF-2T160, Olympus, Japan)
typically in the six o’clock position and applied to the rectal mucosa with the
endoscope retroflexed, as previously described[16]. Patient charts were reviewed to
obtain information about rectal bleeding status and hemoglobin concentrations before
and after the colonoscopy visits.

Ultrahigh-speed OCT system
OCT imaging was performed with a prototype ultrahigh-speed OCT system operating
at an axial (depth) scan repetition rate of 600 kHz and a micromotor catheter imaging
at 400 frames per second[24]. The depth and lateral image resolutions were 8 μm and 20
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μm (full width at half maximum, in tissue), respectively, and the imaging range was
2.4 mm (in tissue). OCT datasets from the anterior side of the dentate line and rectum
were acquired by directly placing the OCT catheter onto the dentate line and rectum
of the patients without endoscopic guidance, but with real-time OCT imaging
guidance. OCTA images were generated by calculating the intensity changes between
sequential frames, and enabled depth-resolved imaging of microvasculature using
motion contrast from flowing blood, without requiring injected dyes [24] . Each
OCTA/OCT dataset covered an area of 10 mm × 16 mm (circumferential x
longitudinal) and was acquired in 8 seconds. En face OCT and OCTA images at a
given depth were viewed by summing over +/-50 μm depth (100 μm projection
range) to improve contrast and reduce noise. Multiple acquisitions were performed by
varying OCT catheter placement around the dentate line, guided by real-time OCT
imaging, to ensure that the squamocolumnar junction and a distal margin of ± 2 cm
were captured in the images.

Endoscopic grading of CRP severity and validation of OCTA assessment
Endoscopic RTD scores were assigned by the study physician (H.M.) during or
shortly after the colonoscopy procedure, who was blinded to the OCTA assessment.
All OCT and OCTA images were reviewed by a researcher experienced in OCT and
OCTA interpretation (O.O.A.), who was not blinded to the clinical status of the
patients. Rectal mucosal and submucosal microvasculature was assessed in normal
and CRP patients, in conjunction with standard histology literature on rectal
vasculature[25], to determine normal and abnormal microvascular features. All OCTA
images were then read by another researcher experienced in OCT and OCTA
interpretation (K.C.L.) to assess occurrence of abnormal microvascular features in the
mucosal and submucosal layers. This reader assessed depth-resolved en face OCTA
images in conjunction with the cross-sectional and en face OCT images in order to
visualize the structure of and delineate between the mucosal and submucosal layers.
This reader was blinded to the clinical status and RTD scores of the patients.

Normal and abnormal rectal OCTA features
Examples of OCT and OCTA images of rectal microstructural and microvascular
architecture of normal and CRP patients are shown in Figures 1-3. Cross-sectional
OCT images show mucosal and submucosal layers, while cross-sectional OCTA
shows the location of vasculature relative to structural features. Vascular features
exhibit a shadowing effect because structures located below large vessels fluctuate
with blood flow. En face OCT and OCTA images summed over 100 μm projection
range in the mucosa vs submucosa enable separate visualization of features at varying
depths. Based on review of the images, OCTA features of normal and abnormal
microvasculature were defined as follows (Figure 4): Normal rectal mucosal
microvasculature consisted of a honeycomb-like microvascular pattern corresponding
to subsurface capillary network described in the literature[25]. Abnormal rectal mucosal
microvasculature had distortions to the honeycomb-like microvascular pattern, and
had ectatic and tortuous microvasculature. Normal rectal submucosal
microvasculature consisted of arterioles and venules with homogeneous vessel
diameters typically of < 200 μm[25], in addition to shadowing from the superficial
mucosal microvasculature. Abnormal rectal submucosal microvasculature consisted
of arterioles and venules with heterogonous and unusually high vessel diameters (>
200 μm).

Statistical analysis
MATLAB (Mathworks, Inc, MA, United States) was used to perform all statistical
calculations. Quantitative metrics were represented as mean ± standard deviation. A
two-tailed t-test was used to compare the quantitative metrics between the continuous
variables. A p-value of < 0.05 was considered statistically significant.

RESULTS
Patient demographics and baseline clinical status
Patient demographics are summarized in Table 1. Previously-treated patients had a
mean of 2 RFA sessions prior to this study (range: 1-3). Baseline RTD scores were
significantly different between the RFA-naïve and the previously-treated patients
(mean score: 2 ± 0.7 vs 0.3 ± 0.6, respectively, P = 0.007). While the mean hemoglobin
concentrations were higher for the previously-treated patients compared to RFAnaïve patients, the difference did not reach statistical significance (mean: 13.7 ± 1.8
g/dL vs 12 ± 0.8 g/dL, respectively, P = 0.23). 4 out of 5 (80%) RFA-naïve patients
presented with rectal bleeding at the baseline visit, while none of the previously-
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Figure 1

Figure 1 Depth-resolved en face optical coherence tomography and optical coherence tomography angiography images and cross-sectional optical
coherence tomography and optical coherence tomography angiography images of a normal rectum. A: En face optical coherence tomography (OCT) image at
150 μm depth; B: En face OCT at 350 μm depth showing regular circular mucosal patterns characteristics of normal rectum; C: En face OCT angiography (OCTA)
image at 150 μm depth showing regular honeycomb-like microvascular pattern of the subsurface capillary network in the mucosal layer; D: En face OCTA image at
350 μm depth showing rectal microvasculature corresponding to arterioles and venules in the submucosal layer, in addition to shadowing from the superficial mucosal
microvasculature; E: Cross-sectional OCT image from the solid green lines in A and B, showing regular columnar architecture of normal rectum. The submucosal layer
can be identified by the vertical layers traversing across the image (arrows). A dilated mucosal gland can be observed in both en face and cross-sectional image
(asterisk); F: Cross-sectional OCTA image from the solid blue lines in C and D. Subsurface capillaries in the mucosal layer can be identified as horizontal structures
connecting submucosal layer to the mucosal layer (solid arrows), while the arterioles and venules can be identified as vertical structures in the submucosal layer
traversing across the images (dashed arrows). Cross-sectional OCTA image was averaged over a 50 µm projection range in the longitudinal direction to improve
contrast and reduce noise. Dashed and solid lines in E and F indicate 150 μm and 350 μm depth levels, respectively. Scale bars are 1 mm in A-D, 500 μm in E and F.
OCT: Optical coherence tomography; OCTA: Optical coherence tomography angiography.

treated patients exhibited rectal bleeding.

Rectal OCT and OCTA features of normal and CRP patients
OCT imaging was completed in less than 10 min for each patient (mean: 8 ± 4 min,
range: 4-18 min). OCT and OCTA images enabled depth-resolved visualization of
rectal microstructural and microvascular architecture of patients with normal rectum
(Figure 1). En face OCT images showed regular circular mucosal patterns
characteristics of normal rectum (Figure 1A and B). Images at superficial depths
showed the outline of the mucosal crypt architecture (Figure 1A) whereas images at
deeper depths delineated the mucosal architecture and patterns in greater detail and
contrast (owing to optical transmission and penetration from near-vertical columnar
epithelium and lumens to deeper depths) (Figure 1B). En face OCTA images at
superficial depths showed regular honeycomb-like microvascular pattern
corresponding to the subsurface capillary network in the mucosal layer (Figure 1C)[25].
En face OCTA images at deeper depths showed rectal microvasculature corresponding
to arterioles and venules in the submucosal layer, in addition to shadowing from the
mucosal microvasculature (Figure 1D). The submucosal arterioles and venules had
homogeneous vessel diameters of typically < 200 μm. Cross-sectional OCT images
showed regular columnar architecture of normal rectum and allowed determination
of mucosal and submucosal layer depths (Figure 1E)[26]. Cross-sectional OCTA images
showed subsurface capillaries in the mucosal layer and arterioles and venules in the
submucosal layer (Figure 1F).
OCT and OCTA images enabled depth-resolved visualization of rectal
microstructural and microvascular architecture of CRP patients (Figures 2 and 3).
OCT, OCTA and endoscopy images over the dentate line of an RFA-naïve CRP
patient were shown in Figure 2. En face OCT images showed regular circular mucosal
patterns on the rectal side with no apparent abnormalities (Figure 2A). En face OCTA
images at superficial depths showed distortions on the honeycomb-like microvascular
pattern, and had ectatic and tortuous microvasculature in the mucosal layer (Figure
2C). En face OCTA images at deeper depths showed vessels with heterogonous and
unusually large diameters (> 200 μm) suggesting presence of abnormal arterioles and
venules in the submucosal layer (Figure 2D). Rectal examination confirmed the OCTA
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Figure 2

Figure 2 Depth-resolved en face optical coherence tomography and optical coherence tomography angiography images, cross-sectional optical
coherence tomography and optical coherence tomography angiography images, and corresponding endoscopy image over the dentate line of a
radiofrequency ablation-naïve chronic radiation proctopathy patient. A: En face optical coherence tomography (OCT) image at 150 μm depth showing regular
circular mucosal patterns on the rectal side and squamous epithelium with a smooth appearance on the anal canal side; B: Shows the corresponding endoscopy
image at the dentate line showing ulcerations, and edematous and non-confluent telangiectasias (rectal telangiectasia density = 2). White arrows highlight areas of
telangiectasias on the rectal side; C: En face OCT angiography (OCTA) image at 150 μm depth showing distortions to the honeycomb-like microvascular pattern, and
ectatic and tortuous rectal microvasculature (red oval) in the mucosal layer; D: En face OCTA image at 350 μm depth showing vessels with heterogonous and
unusually large diameters (red oval) suggesting presence of abnormal arterioles and venules in the submucosal layer; E: Cross-sectional OCT image from the solid
green line in A showing mucosal and submucosal layers; F: Cross-sectional OCTA image from the solid blue lines in C and D. Cross-sectional OCTA image was
averaged over a 50 μm projection range in the longitudinal direction to improve contrast and reduce noise. Dashed and solid lines in E and F indicate 150 μm and 350
μm depth levels, respectively. Scale bars are 1 mm in A-D, 500 μm in E and F. OCT: Optical coherence tomography; OCTA: Optical coherence tomography
angiography.

findings and the corresponding endoscopy image showed ulcerations, and edematous
and non-confluent telangiectasias (Figure 2B).
OCT, OCTA and endoscopy images over the dentate line of a previously-treated
CRP patient are shown in Figure 3. En face OCT images showed regular circular
mucosal patterns on the rectal side with no apparent abnormalities (Figure 3A). En
face OCTA images at superficial depths showed regular honeycomb-like
microvascular pattern in the mucosal layer suggesting normalization of rectal
mucosal microvasculature following RFA treatment (Figure 3C). En face OCTA images
at deeper depths showed vessels with heterogonous and unusually large diameters (>
200 μm) that suggested presence of persistent abnormal arterioles and venules in the
submucosal layer (Figure 3D). Corresponding endoscopy image showed healing of
the rectal mucosa with some residual telangiectatic areas (Figure 3B).

Blinded OCTA reading results
Blinded OCTA reading results are given in Table 2. Occurrence of abnormal rectal
OCTA features were higher in RFA-naïve patients compared with normal patients or
CRP patients in RFA-follow-up visits. OCTA in 0 out of 2 (0%) normal patients, 3 out
of 5 (60%) RFA-naïve patients and 0 out of 8 (0%) RFA-follow-up visits had abnormal
rectal mucosal microvasculature. One out of 2 (50%) normal patients, 5 out of 5 (100%)
RFA-naïve patients and 2 out of 8 (13%) RFA-follow-up visits had abnormal rectal
submucosal microvasculature.
OCTA reading results for the CRP patients were also stratified according to
endoscopic RTD scores (Table 3). Occurrence of abnormal rectal OCTA features
increased with increasing RTD scores, suggesting a correlation of abnormal rectal
microvasculature, as observed with OCTA, with the RTD scores. OCTA in 0 out of 5
(0%) visits with RTD = 0, 0 out of 3 (0%) visits with RTD = 1, 2 out of 4 (50%) visits
with RTD = 2 and 1 out of 1 (100%) visit with RTD = 3 showed abnormal mucosal
microvasculature. OCTA in 1 out of 5 (20%) visits with RTD = 0, 2 out of 3 (66%) visits
with RTD = 1, 3 out of 4 (75%) visits with RTD = 2 and 1 out of 1 (100%) visit with
RTD = 3 showed abnormal submucosal microvasculature.
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Figure 3

Figure 3 Depth-resolved en face optical coherence tomography and optical coherence tomography angiography images, cross-sectional optical
coherence tomography and optical coherence tomography angiography images, and corresponding endoscopy image over the dentate line of a
previously-treated chronic radiation proctopathy patient. A: En face optical coherence tomography (OCT) image at 150 μm depth showing regular circular
mucosal patterns on the rectal side and squamous epithelium with a smooth appearance on the anal canal side; B: Shows the corresponding endoscopy image at the
dentate line showing some residual telangiectatic areas (arrows, rectal telangiectasia density = 1); C: En face OCT angiography (OCTA) image at 150 µm depth
showing regular honeycomb-like microvascular pattern in the mucosal layer; D: En face OCTA image at 350 μm depth showing vessels with heterogonous and
unusually large diameters (red oval) suggesting presence of abnormal arterioles and venules in the submucosal layer; E: Cross-sectional OCT image from the solid
green line in A showing mucosal and submucosal layers; F: Cross-sectional OCTA image from the solid blue lines in C and D. Cross-sectional OCTA image was
averaged over a 50 μm projection range in the longitudinal direction to improve contrast and reduce noise. Dashed and solid lines in E and F indicate 150 μm and 350
μm depth levels, respectively. Scale bars are 1 mm in A-D, 500 μm in E and F. OCT: Optical coherence tomography; OCTA: Optical coherence tomography
angiography.

DISCUSSION
Most OCT studies to date have been primarily focused on esophageal diseases,
specifically on BE and its related dysplasia. Traditionally, OCT imaging speeds were
limited and it was only possible to generate cross-sectional images which are
complimentary to endoscopic forward-viewing (i.e., en face) images. With advances in
OCT technology, imaging speeds more than 10 times faster than current
commercially-available technology are possible[24,27]. These ultrahigh speeds enable
depth-resolved en face imaging of tissue microstructure as well as imaging
microvasculature (with OCTA) which are analogous to endoscopic views and
complement traditional cross-sectional OCT images. To our knowledge, this is the
first study demonstrating the potential clinical utility of this next-generation OCT
technology in a lower gastrointestinal tract pathology.
The depth-resolved imaging capability of OCT is a powerful advantage for
assessing disease severity as well as efficacy of endoscopic treatment modalities such
as RFA, where it is crucial to visualize both the treatment area and depth. A previous
study on BE patients showed that presence of residual BE glands and BE epithelium
thickness post-RFA predicted treatment response[28]. In addition, OCT measurements
of epithelial thickness > 333 μm prior to RFA predicted the presence of residual BE on
follow-up with a 92.3% sensitivity and 85% specificity. A recent study on ex vivo swine
esophageal specimens showed that OCT can monitor RFA in real time (imaging
through the ablation catheter) and quantitatively assess treatment depth using optical
scattering changes of the epithelial layer during ablation[29]. Another study showed
that OCT can assess the anal canal in CRP patients undergoing RFA[30], and showed
re-epithelialization by neosquamous mucosa over areas of prior hemorrhage,
potentially forming a protective layer preventing recurrence of bleeding. Our current
study investigated depth-resolved en face OCT and OCTA images of the rectum from
normal and CRP patients, demonstrated that rectal microvasculature in the mucosal
and submucosal layers can be independently assessed and presented OCTA features
of normal and abnormal rectal microvasculature. Blinded reading of the OCTA
features demonstrated association of abnormal rectal microvasculature in RFA-naïve
patients compared with normal patients and RFA-follow-up visits (Table 2), as well as
a correlation of abnormal rectal microvasculature, as observed with OCTA, with the
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Figure 4

Figure 4 Summary of normal and abnormal microvasculature in the mucosal and submucosal layers of the rectum. A: Normal rectal mucosal
microvasculature consisted of a honeycomb-like microvascular pattern corresponding to subsurface capillary network; B: Abnormal rectal mucosal microvasculature
had distortions to the honeycomb-like microvascular pattern, and had ectatic and tortuous microvasculature; C: Normal rectal submucosal microvasculature consisted
of arterioles and venules with homogeneous vessel diameters typically of < 200 μm, in addition to shadowing from the superficial mucosal microvasculature; D:
Abnormal rectal submucosal microvasculature had arterioles and venules with heterogonous and unusually high vessel diameters (> 200 μm). Scale bars are 1 mm.

endoscopic RTD scores (Table 3). Altogether, these studies suggest the potential
clinical utility of depth-resolved OCT and OCTA imaging in assessing disease
severity of CRP as well as efficacy of endoscopic treatment modalities such as RFA.
While it is generally acknowledged that CRP is associated with angiogenic changes
and corresponding tissue remodeling, the pathophysiology of CRP with regards to its
onset and progression is not well elucidated [31] . A widely recognized model
hypothesizes that CRP originates within the mucosal layer, where the hypoxemia
caused by irradiation damages endothelial cells, inducing transcription factors such as
hypoxia-inducible factor that promote angiogenic factors such as VEGF, angiogenin
and FGF1[32,33]. This leads to neovascularization and dilatation of small vessels, and
telangiectasia formation in the mucosal layer. According to this model, inhibition of
angiogenic factors such as angiogenin and FGF1 may be a valid approach to treat
CRP[33].
A recent study, on the other hand, suggested a strong role of submucosal
microvascular changes leading to onset and progression of CRP [34] . Researchers
collected fresh surgical rectal specimens from 30 patients with CRP and 29 patients
without CRP that allowed assessment of the entire rectal wall for immunohistochemistry arrays of angiogenic factors. This was in contrast to most prior studies
which evaluated rectal biopsy samples that only sampled the mucosal layer. This
study found that angiostatin deposits that reside within rectal vessels are perfused
throughout the mucosal-submucosal layer upon radiation damage of the endothelial
cells. Angiostatins subsequently suppress microvessel formation, causing vessel
stenosis and fibrotic vascular sclerosis, decreasing microvessel density in the
submucosal layer[34]. The vascular changes and formation of telangiectasias in the
mucosal layer are hypothesized to be compensatory changes in response to the
alteration of microvasculature in the submucosal layer. This study then suggested that
restoration of vascular functionality by promoting angiogenesis in the submucosal
layer may help in reversing the effects of CRP.
OCTA can independently assess rectal microvasculature in the mucosa and
submucosa and is well suited for studying the pathophysiology of CRP in order to
develop more effective prevention and treatment approaches. OCTA allows
longitudinal study of rectal microvasculature in situ without injected dyes or
disrupting tissue integrity, unlike taking excisional biopsies or performing surgical
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Table 1 Patient demographics and baseline clinical status
Patient demographics (n = 10)
Age, mean (range)

73 (67-85)

Sex, male, No. (%)

10 (100)

Race, white, No. (%)

10 (100)

CRP Patients (n = 8)
Prior treatment

RFA-naïve, n = 5

Previously-treated, n = 3

0 (0)

2 (1-3)

P value

Baseline RTD score, mean ± SD

2 ± 0.7

0.3 ± 0.6

0.007

Baseline Hgb, g/dL, mean ± SD

13.7 ± 1.8

12 ± 0.8

0.23

Prior RFA sessions, mean (range)

Hgb: Hemoglobin concentration; SD: Standard deviation; CRP: Chronic radiation proctopathy; RFA:
Radiofrequency ablation; RTD: Rectal telangiectasia density.

resection. The results of this study demonstrated that only 3 out of 5 (60%) RFA-naïve
patients had abnormal rectal mucosal microvasculature on OCTA, but all 5 out of 5
(100%) had abnormal rectal submucosal microvasculature. This may support the
aforementioned recent hypothesis that CRP originates in the submucosal layer and
subsequently progress to the mucosal layer[34]. Furthermore, after RFA treatment,
patients had abnormal rectal mucosal microvasculature on OCTA in 0 out of 8 (0%)
RFA-follow-up visits and abnormal rectal submucosal microvasculature in only 2 out
of 8 (13%) RFA-follow-up visits. This may indicate that in a subset of patients RFA
may not be effective for coagulating the abnormal vessels in the submucosal layer.
Treatment approaches such as CSA or APC may be more appropriate to target deeper
vasculature in this cohort of patients.
The OCTA reading and endoscopic RTD scoring were performed by independent
researchers who were blinded to clinical status of the patients as well as each other’s
respective readings. Inter-observer and intra-observer agreement of these two
readings was not assessed. Previous studies have showed that RTD scoring system
has good inter-observer agreement, but this has not yet been widely validated[9].
However, it should be noted that OCTA is extensively used in ophthalmology and
multiple techniques have been developed for automatically quantitating vasculature
and vascular alterations which can be adapted to this application[35]. These software
based methods will address problems of inter-observer agreement.
This study was limited in that it was retrospective and the patient enrollment was
limited to the patient demographics at the clinical center and the availability of the
OCT system. A fraction of patients (3 out of 8) were not imaged when they were RFAnaïve. Furthermore, RFA-follow-up patients were at different stages of treatment, and
there was not a fixed interval between RFA and follow-up. Therefore, prospective
studies with larger sample sizes and standardized follow-up intervals are needed to
further validate the results of this study.
Typically, an endoscope is used to introduce the OCT probe into the GI tract via
accessory channels. Recently, a capsule based OCT device was demonstrated for
upper GI imaging which enabled wide field of view OCT imaging without requiring
an endoscope[36]. In this current study, we have also demonstrated OCT imaging
without requiring an endoscope by directly placing the OCT catheter onto the dentate
line and rectum. OCT imaging was rapid, taking an average of 8 min per patient.
OCTA images are generated by detecting OCT signal changes caused by moving
erythrocytes. Therefore, excessive OCT catheter pressure on the bowel wall may
impair vascular flow and affect the visualization of smaller microvessels[37,38]. Control
of catheter pressure was difficult and repeat acquisitions were performed over the
same regions while applying minimal pressure, but maintaining tissue contact.
During analysis, we discarded datasets that did not visualize microvasculature over
all imaging depths as well as datasets exhibiting effacement of mucosal patterns (on
the rectal side) as a surrogate marker for excessive catheter pressure. This problem
can be addressed by designing OCT imaging devices specifically for anal/rectal
applications.
The small diameter of the OCT catheter used in this study restricted the single
acquisition field of view of to 10 mm × 16 mm. Although multiple acquisitions were
performed to increase the imaging coverage in the longitudinal direction, only the
anterior side of the rectal wall was captured in the circumferential direction. Imaging
the entire circumference of the rectum is important in order to more comprehensively
assess and map vascular alterations. We have recently demonstrated a tethered OCT
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Table 2 Endoscopic rectal telangiectasia density scores and occurrence of abnormal rectal mucosal and submucosal microvasculature
based on en face optical coherence tomography angiography images
Endoscopy
Category

Total patients/visits

En face OCTA

RTD ± SD

Abnormal mucosal
microvasculature, n (%)

Abnormal submucosal
microvasculature, n (%)

Normal patients

2

Not assessed

0 (0)

1 (50)

RFA-naïve patients

5

2.0 ± 0.7

3 (60)

5 (100)

RFA-follow-up visit

8

0.5 ± 0.8

0 (0)

2 (13)

SD: Standard deviation; RFA: Radiofrequency ablation; RTD: Rectal telangiectasia density; OCTA: Optical coherence tomography angiography.

capsule which enabled circumferential imaging over a 40 mm × 240 mm area in the
esophagus in 20 seconds[39]. We also reported OCT and OCTA using a balloon-based
catheter imaging in living swine, imaging over a 50 mm × 26 mm area in 18
seconds[40]. Related devices can be developed to image the proximal portion of the
lower gastrointestinal tract for CRP assessment in the future[41]. OCTA/OCT imaging
can be performed with a stand-alone device independent of colonoscopy, prior to
colonoscopy, or with an endoscopic attachment during colonoscopy.
In summary, this study demonstrated that OCTA/OCT can visualize depthresolved tissue microvasculature around the dentate line and rectum, relevant to
assessment and treatment of CRP. We described OCTA features of normal and
abnormal rectal microvasculature in the mucosa and submucosa. Blinded reading of
these OCTA features suggest that submucosal vascular abnormalities are more
strongly associated with CRP than mucosal vascular abnormalities. Both mucosal and
submucosal vasculature was observed to normalize after RFA treatment. However,
these observations must be viewed with caution because of our small patient
enrollment. Submucosal vasculature is not visible endoscopically and OCTA/OCT
provides a unique modality for assessing CRP. OCTA is well suited for longitudinal
studies because it does not require injected dyes and can rapidly imaging large
regions of rectum to yield integrated microstructural and microvascular maps. These
advantages suggest that it could be a viable tool for rapid assessment of CRP to
elucidate pathophysiology as well as potentially plan treatment and assess response.
Further larger scale, prospective, longitudinal studies are warranted.

WJG

https://www.wjgnet.com

2006

April 28, 2019

Volume 25

Issue 16

Ahsen OO et al. Assessment of CRP with OCTA

Table 3 Occurrence of abnormal rectal mucosal and submucosal microvasculature in chronic radiation proctopathy patients based on
en face optical coherence tomography angiography images, stratified by endoscopic rectal telangiectasia density score
En face OCTA
RTD

Total visits
Abnormal mucosal microvasculature, n (%)

Abnormal submucosal microvasculature, n (%)

0

5

0 (0)

1 (20)

1

3

0 (0)

2 (66)

2

4

2 (50)

3 (75)

3

1

1 (100)

1 (100)

RTD: Rectal telangiectasia density; OCTA: Optical coherence tomography angiography.

ARTICLE HIGHLIGHTS
Research background
Chronic radiation proctopathy (CRP) occurs as a result of pelvic radiation therapy and is
associated with formation of abnormal vasculature that may lead to persistent rectal bleeding.
While incidence is declining due to refinement of radiation delivery techniques, CRP remains
one of the major complications of pelvic radiation therapy and significantly affects patient
quality of life. Radiofrequency ablation (RFA) is an emerging treatment modality for eradicating
abnormal vasculature associated with CRP. However, questions remain regarding CRP
pathophysiology and optimal disease management.

Research motivation
This pilot study utilizes ultrahigh-speed optical coherence tomography (OCT) and OCT
angiography (OCTA) to investigate microvascular features of normal versus CRP patients and
how they respond under endoscopic RFA treatment.

Research objectives
We utilized OCT and OCTA for assessing subsurface depth-resolved microvasculature around
the dentate line and rectum of normal patients as well as CRP patients who were RFA-naïve or
under treatment. OCTA can image normal and abnormal microvasculature in the mucosal and
submucosal layers of the rectum, providing information not available by endoscopy. Blinded
reading of vascular features were performed to assess incidence of abnormal features in RFA
treatment naïve CRP as well as response under treatment. Association with endoscopic rectal
telangiectasia density scoring was also investigated.

Research methods
Two patients with normal rectum and 8 patients referred for, or undergoing endoscopic
treatment with RFA for CRP were imaged with ultrahigh-speed OCTA/OCT over a total of 15
OCT/colonoscopy visits (2 normal patients, 5 RFA-naïve CRP patients, 8 RFA-follow-up visits).
Imaging was performed using a prototype ultrahigh-speed OCT instrument at 600 kHz axial
scan rate using a small imaging catheter. OCTA enabled depth-resolved microvasculature
imaging using motion contrast from flowing blood, without requiring injected dyes.

Research results
OCTA visualized normal vasculature with regular honeycomb patterns versus abnormal
distorted honeycomb patterns with ectatic and tortuous microvasculature in the rectal mucosa.
Normal arterioles and venules < 200 μm in diameter versus abnormal heterogenous enlarged
arterioles and venules > 200 μm in diameter were visualized in the submucosa. Abnormal
mucosal vasculature occurred in 0 of 2 normal patients and 3 of 5 RFA-naïve patients, while
abnormal submucosal vasculature occurred more often, in 1 of 2 normal patients and 5 of 5 RFAnaïve patients. After RFA treatment, vascular abnormalities decreased, with abnormal mucosal
vasculature observed in 0 of 8 RFA-follow-up visits and abnormal submucosal vasculature
observed in only and 2 of 8 RFA-follow-up visits.

Research conclusions
This study demonstrated that OCTA can visualize depth-resolved normal and abnormal
microvasculature around the dentate line and rectum associated with CRP and treatment
response. Submucosal vascular abnormalities seemed more strongly associated with CRP than
mucosal vascular abnormalities. Both mucosal and submucosal abnormal vasculature was
observed to normalize after RFA treatment. However, these observations must be viewed with
caution since this was a retrospective study with a small patient enrollment. Further larger scale,
prospective, longitudinal studies are warranted.

Research perspectives
The role of mucosal vs submucosal vascular alterations in CRP remains an open question in
pathophysiology. Submucosal vasculature is not visible endoscopically and therefore
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OCTA/OCT provides a unique modality for assessing CRP. Furthermore, OCTA does not
require injected dyes and is well suited for longitudinal studies. It can rapidly imaging large
regions of rectum to yield integrated microstructural and microvascular maps. These advantages
suggest that OCTA/OCT could be a viable tool for investigation of CRP to elucidate
pathophysiology as well as potentially plan treatment and assess response.
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BACKGROUND
Intra-abdominal desmoid tumors (DTs) can mimic recurrence or progression of
gastrointestinal stromal tumors (GISTs). Differential diagnosis is important to
avoid unnecessary or inappropriate treatment.
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CASE SUMMARY
All 8 patients experienced surgical resection of GIST, and median time to
diagnosis of DT was 1.8 years after surgical resection. All sites of DT were in the
peritoneum around the surgical sites of GIST. The following clinical suspicion
coupled with radiological findings contributed to the suspicion of intraabdominal DTs: (1) Occurrence of a new single lesion in the peritoneum around
the surgical sites of GIST; (2) uncontrolled lesion with imatinib while other
lesions being controlled with imatinib; (3) well-defined ovoid shaped lesion with
delayed or mild enhancement and absence of necrosis, hemorrhage, and cystic
change on computed tomography; and (4) a lesion showing mild or no
hypermetabolic activity on 18fluorodeoxyglucose-positron emission tomography,
contrary to initially hyperactive lesion of GIST. All DTs were surgically removed
except for one unresectable DT and only one DT recurred at another site of
peritoneum, which was also surgically removed.
CONCLUSION
Intra-abdominal DT should be a differential diagnosis for a new single lesion in
patients with GIST.
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Core tip: Intra-abdominal desmoid tumor should be considered as a differential diagnosis
for a new single lesion in patients with gastrointestinal stromal tumor (GIST): (1)
Occurrence of a new single lesion in the peritoneum around the surgical sites of GIST;
(2) uncontrolled lesion with imatinib while other lesions being controlled with imatinib;
(3) well-defined ovoid shaped lesion with delayed or mild enhancement and absence of
necrosis, hemorrhage, and cystic change on computed tomography; and (4) a lesion
showing mild or no hypermetabolic activity on 18fluorodeoxyglucose-positron emission
tomography, contrary to initially hyperactive lesion of GIST.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors
of the gastrointestinal tract, originating from the interstitial cells of Cajal with KIT
(85%) or PDGFRA (5%) mutations [1] . The development of imatinib, a KIT- or
PDGFRA-targeting tyrosine kinase inhibitor (TKI), has changed the paradigm of
treatment and survival outcomes for both non-metastatic and metastatic GISTs[1]. As
the survival of patients with GIST is extended, additional primary malignancies in
these patients have been reported in the literatures.
Although the association between GIST and other malignancies remains unclear,
various solid tumors and hematologic malignancies were simultaneously or
metachronously found with GIST[2]. A previous case series proposed a potential link
between the occurrence of desmoid tumors (DTs) and GISTs[3]. The estimated risk of
developing DT was significantly higher in patients with GIST than in the general
population (standardized incidence ratio = 82, 95% confidence interval 44-133)[3]. The
majority of DT cases (75%) developed after GIST[3], and were suggested to mimic the
recurrence or progression of GIST.
DTs, also known as aggressive fibromatosis, are a rare mesenchymal neoplasm
described as local infiltrative and non-metastatic disease. Severe local infiltrative
growth and tissue invasion may cause deformity and functional impairment of
adjacent organs, becoming life-threatening in cases with involvement of vital organs[4].
DT is classified into extra-abdominal, abdominal wall, and intra-abdominal
fibromatosis based on the anatomical location of the lesion[4]. Intra-abdominal DT is
extremely rare and its causes remain undetermined. It is thought that the occurrence
of DT may be related to familial adenomatous polyposis (FAP), Gardner syndrome, or
trauma from previous neoplastic surgery[4]. In cases of postoperative occurrence,
intra-abdominal DT should be distinguished from the recurrence or progression of
previous neoplasms. Cases of postoperative DT mimicking GIST have been
reported[5-9]. Meanwhile, secondary malignancy may be a differential diagnosis in
patients with GIST following the development of a new single lesion. Currently,
excisional biopsy is the only available method to distinguish a secondary malignancy
from a GIST. Despite treatment with KIT or PDGFRA targeting TKIs is feasible
suspecting recurrence or progression of GIST, performing an excisional biopsy is
recommended following the clinical suspicion of secondary malignancy, to prevent
unnecessary or inappropriate treatment with TKIs. In previous studies investigating
DT mimicking GIST, the preoperative approach to the diagnosis of new lesions in
patients with GIST suspected of DT was not described in detail. In addition, the
preoperative radiological features of new lesions were not adequately investigated
using computed tomography (CT) or 18 fluorodeoxyglucose-positron emission
tomography (18FDG-PET).
In this study, we report eight patients with intra-abdominal DT after GIST. We
conducted an analysis of the clinical conditions and radiological and pathological

WJG

https://www.wjgnet.com

2011

April 28, 2019

Volume 25

Issue 16

Kim JH et al. Intra-abdominal DT mimicking GIST

findings of new lesions suggestive of intra-abdominal DT.

CASE PRESENTATION
A total of 2745 patients with histologically confirmed GIST were treated at the Asan
Medical Center (AMC) in Seoul, Korea, from 2001 to 2017. We reviewed their medical
records and tissue specimens in the prospectively collected GIST registry at the AMC.
Among them, eight intra-abdominal DTs were identified in patients with GIST during
treatment or regular follow-up. CT was used to evaluate tumor response according to
the Response Evaluation Criteria in Solid Tumors version 1.0 criteria. 18FDG-PET was
performed in cases of non-definitive evaluation of response or equivocal lesions with
CT scan. The clinical conditions and radiological/pathological findings of the new
lesions in eight patients are summarized below. Table 1 lists the characteristics of
GIST and intra-abdominal DT.

Occurrence of a new single lesion after primary resection of low-risk GIST (patient
1)
A 59-year-old female patient presented with an asymptomatic lesion newly observed
on regular follow-up. She was diagnosed as having low-risk gastric GIST and
advanced gastric cancer (AGC) (pathological T2bN0M0 according to American Joint
Committee on Cancer 6th edition). She had no personal or family history of disease,
including FAP or Gardner syndrome. She underwent total gastrectomy and was
followed up without adjuvant therapy. However, a new 3.7-cm mass occurred in the
right diaphragmatic crus approximately 2 years after the primary resection of GIST.
The new lesion was not palpable and there were no specific findings on physical and
laboratory examinations. This mass was well-defined ovoid shaped with delayed or
mild enhancement and had homogeneous enhancement patterns on CT. The
maximum standardized uptake values (SUVmax) on 18FDG-PET was 3.5 (mild). Based
on previous pathological findings, the risk of recurrence of both GIST and AGC was
low, and biopsy was necessary for the diagnosis of the new lesion.

Occurrence of a new single lesion while receiving adjuvant therapy with imatinib
after the primary resection of GIST (patients 2-6)
Five patients (men, 4; woman, 1; median: 58, range 50-67 years) presented with
abdominal pains or no symptoms, and new lesions were observed during adjuvant
therapy with imatinib (400 mg/d) due to high or intermediate risk of recurrence,
following the primary resection of localized GIST. They had no personal or family
history of disease, including FAP or Gardner syndrome. There were no specific
findings on physical and laboratory examinations except for a palpable mass with
mild tenderness in patient 4. These masses were well-defined ovoid shaped with
delayed or mild enhancement and had homogeneous enhancement patterns on CT.
The SUVmax on 18FDG-PET was 2.2 (mild) in patient 2, no hypermetabolic activity in
patient 3 and 5, and 3.2 (mild) in patient 6. On the contrary, initial GIST showed
lobulated masses with heterogeneous enhancement patterns on CT and
hypermetabolic activity on 18FDG-PET. Initial GIST in two patients (patient 2 and 5)
showed SUVmax of 4.3 and 6.3.

Occurrence of a new single lesion while receiving palliative treatment with imatinib
for metastatic GIST (patient 7)
A 40-year-old female patient presented with an asymptomatic lesion newly observed
during palliative treatment with imatinib (400 mg/d) for metastatic GIST at small
bowel, peritoneum, ovary, and liver after initial debulking surgery. She had no
personal or family history of disease, including FAP or Gardner syndrome. The
palliative treatment decreased the size of the lesions, including the liver metastasis.
However, approximately two years after the initial debulking surgery, a new lesion
developed in the pelvic mesentery. The new lesion was not palpable and there were
no specific findings on physical and laboratory examinations. This mass was welldefined ovoid shaped with delayed or mild enhancement and had homogeneous
enhancement patterns on CT. The SUVmax on 18FDG-PET was 2.7 (mild). The findings
of the CT and 18FDG-PET examinations in a typical patient (patient 7) are shown in
(Figure 1).

Occurrence of an incidental desmoid tumor in a patient with advanced GIST
receiving palliative treatment with imatinib (patient 8)
A 72-year-old male patient who underwent wedge resection of the stomach for
primary gastric GIST 6 years ago was found to have newly developed masses in the
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Table 1 Summary of the clinical features of eight patients with intra-abdominal desmoid tumor after gastrointestinal stromal tumor

Age in
yr/sex

Metaboli
Metaboli
c activity
c
activity
Location
Primary Genotyp Imatinib Interval1
Sites of
with
with
of GIST
surgery e of GIST for GIST
(mo)
DT
SUVmax in
SUVmax in
GIST
DT

Surgery Size (cm) Patient
for DT
of DT2
status

1

59/F

Stomach

-

W/R

KIT exon
11

No

31.5

3.5

Peritoneum, Open
celiac
biopsy
area

3.7

F/U loss

2

63/F

Sigmoid

4.3

LAR

KIT exon
9

Yes

13.9

2.2

Peritoneu- SB R and
m, pelvic
A, mass
area
excision

2

Recurrence
of GIST

3

58/M

Stomach

-

W/R

-

Yes

23.7

No

Peritoneu- Lap. W/R
m, LUQ
of
area
stomach,
mass
excision

1.7

NED

4

50/M

Stomach

-

TG

-

Yes

20.3

-

Peritoneu- SB R and
m, pelvic
A, mass
area
excision

6.7

NED

5

67/M

Duodenum

6.33

PPPD

-

Yes

13.5

No

Peritoneu- Excision
of SB
m, pelvic
area
mesentery

2.2

Recurrence
of GIST

6

56/M

Jejunum

-

Seg.
resection

-

Yes

10.9

3.2

Peritoneu- SB R and
m, pelvic
A
area

3

Recurrence
of DT

7

40/F

SB with
peritoneum, liver,
ovary

-

SB R and
A

KIT exon
11

Yes

28.5

2.7

Peritoneu- SB R and
m, pelvic
A
area

3.3

Stable
GIST with
imatinib

8

72/M

Stomach,
recurrent
SB with
peritoneum

4.9

Lap. W/R

-

Yes

84.6

-

Peritoneum, adrenal
area

1.3

Stable
GIST with
imatinib

Mass
excision

1

Interval, from the date of primary resection of gastrointestinal stromal tumor (GIST) to the date of diagnosis of desmoid tumor (DT).
Size of DT was based on the pathological specimen.
3
The maximum standardized uptake values of recurrent GIST.
GIST: Gastrointestinal stromal tumor; DT: Desmoid tumor; W/R: Wedge resection; F/U: Follow-up; EUS: Endoscopic ultrasound; LAR: Lower anterior
resection; SB R and A: Small bowel resection and anastomosis; LUQ: Left upper quadrant; TG: Total gastrectomy; PPPD: Pylorus preserving
pancreaticoduodenectomy; Seg: Segmental.
2

small bowel and peritoneum. He had abdominal discomfort and had no personal or
family history of disease, including FAP or Gardner syndrome. There were no specific
findings on physical and laboratory examinations and he received palliative treatment
with imatinib (400 mg/d) for recurrent GIST. The lesion in the peritoneum of the left
adrenal fossa was well-defined ovoid shaped with delayed or mild enhancement and
had homogeneous enhancement patterns on CT. On the contrary, other GIST lesions
showed lobulated masses with heterogeneous enhancement patterns on CT and
hypermetabolic activity with SUVmax of 4.9 on 18FDG-PET. During treatment for GIST,
the disease remained stable without the occurrence of new lesions.

FINAL DIAGNOSIS
The suspicious lesions were surgically removed for both diagnostic and treatment
purpose except for one unresectable lesion in the right diaphragmatic crus, which was
located near the aorta in patient 1. Patient 1 underwent open biopsy. The tumor
specimens were examined by an experienced pathologist. Representative tumor
sections were made into formalin-fixed, paraffin-embedded blocks and hematoxylin
and eosin stained slides were reviewed. Immunohistochemical staining such as
CD117, CD34, DOG-1, smooth muscle actin (SMA), S-100, and β-catenin were also
performed for differential diagnosis. The size of most tumors ranged from 1cm to 4cm
and tumors were firm and grossly circumscribed without necrosis, cystic change, or
hemorrhage. Microscopic examination showed spindle cell proliferation in fibrotic
background with infiltrative growth patterns. The spindle cells lacked cytologic
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Figure 1 Abdominal computed tomography and 18fluorodeoxyglucose-positron emission tomography revealed intra-abdominal desmoid tumors in patients
with gastrointestinal stromal tumors, showing well-defined ovoid shaped masses with delayed or mild enhancement on computed tomography and mild or
absence of hypermetabolic activity on 18fluorodeoxyglucose-positron emission tomography. A: Patient 7: A 40-year-old female patient presented with small
bowel gastrointestinal stromal tumors (GIST) with metastasis in the peritoneum, liver, and ovary. Pelvic lobulated masses with heterogeneous enhancement were
observed on computed tomography; B: Initial GIST lesions showed hypermetabolic activity on 18fluorodeoxyglucose-positron emission tomography (18FDG-PET); C: A
new single mass occurred in the pelvic peritoneum; D: The maximum standardized uptake values was 2.7 as shown on 18FDG-PET; E: The dose of imatinib was
escalated to 800 mg/d and the size of desmoid tumors was stable for approximately 1.3 years. 18FDG-PET: 18Fluorodeoxyglucose-positron emission tomography;
GIST: Gastrointestinal stromal tumors.

atypia, atypical mitosis, or epithelioid component. On immunohistochemical staining,
tumor cells were negative for CD117 and CD34 but, positive for β-catenin. SMA and
S-100 were negative. All these features were consistent with DT and a representative
case (patient 7) is shown in (Figure 2).

TREATMENT
Patient 1 initiated imatinib (400 mg/d) for unresectable DT. In patient 2-6, all patients
had new lesions in the peritoneum approximately 1-2 years after primary resection of
GIST and the initial suspicion was postoperative reactive change or recurrence of
GIST. Among them, four patients maintained the dose of the adjuvant imatinib (400
mg/d) because peritoneal changes were not regarded as recurrence of GIST.
However, in one patient with initial suspicion of recurrence of GIST, the dose was
escalated to 800 mg/d. In four patients maintaining 400 mg/d imatinib, the size of the
tumors increased. In contrast, such an increase in tumor size was not observed in the
patient treated with 800 mg/d imatinib, with the tumor remaining stable for
approximately 1 year. Subsequently, a change of enhancement within a new lesion
was considered as focal progression (FP) of GIST. All patients eventually underwent
surgical resection of tumors and DT was newly diagnosed and removed. In patient 7,
because the new lesion was initially suspected as disease progression, the dose of
imatinib was escalated to 800 mg/d. The tumor showed stable disease for 1.3 years
and surgical resection of residual lesions after disease control with imatinib was
performed. DT was newly diagnosed and removed. In patient 8, surgical resection of
the residual lesions was performed after disease control with imatinib, and DT was
incidentally diagnosed in the peritoneum of the left adrenal fossa and removed.

OUTCOME AND FOLLOW-UP
Patient 1 achieved stable disease with imatinib (400 mg/d) for 6 mo, after which she
was lost to follow-up. In patient 2-6, DT was treated with surgical resection and, in
one patient treated with the escalated dose of imatinib (800 mg/d), the dose was
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Figure 2 Histological examination of intra-abdominal desmoid tumors in patients with gastrointestinal stromal tumors showed low or moderate cellularity
with proliferative spindle cells in a fibrotic background and infiltrative growth patterns (hematoxylin and eosin, original magnification × 400). Tumor cells
were negative for CD117 and DOG-1, whereas positive for β-catenin. A: Patient 7: A 40-year-old female patient presented with small bowel gastrointestinal stromal
tumors (GIST) with metastasis in the peritoneum, liver, and ovary. She underwent initial debulking surgery. GIST cells were positive for CD117; B: Desmoid tumor
(DT) in the pelvic peritoneum showed low cellularity with collagen fibers and was negative for CD117; C: DT was positive for β-catenin; D: DT was negative for DOG-1.
GIST: Gastrointestinal stromal tumors; DT: Desmoid tumor.

subsequently reduced to 400 mg and all patients completed the planned adjuvant
therapy with imatinib for GIST. Additional peritoneal changes occurred in three
patients. One patient immediately underwent excisional biopsy since DT was strongly
suggested because of similar radiological findings of the peritoneal mass to those of
the first DT. However, two patients with multiple peritoneal seeding nodules were
administered imatinib (400 mg/d) suspecting for recurrent GIST. In one of those
patients, the treatment was maintained with equivocal change in the seeding nodules
for 8 mo. However, the size of the tumor increased in one patient during one year of
treatment with imatinib (400/800 mg/d) and surgical resection of focal progressive
disease was performed. Recurrence of GIST was pathologically confirmed and the
patient was treated with sunitinib (37.5 mg/d) and resumed imatinib for
approximately one year each. The patient was lost to follow-up and expired one year
later. In patient 7 and 8, there was no recurrence of DT after surgical resection for
subsequent 4 and 1.3 years of follow-up. They continued palliative treatment with
imatinib (800 mg/d and 400 mg/d, respectively) for minimal residual GIST without
disease progression.

DISCUSSION
The possibility of secondary malignancy should always be considered in patients with
GIST when a new single lesion develops. This is relevant regardless of the patients’
clinical settings; whether their diseases are localized, or whether they are receiving
imatinib for palliative or adjuvant treatment. Intra-abdominal DT has been
considerably related to GIST[3] and should be included as a differential diagnosis in
cases of occurrence of new single lesion in patients with GIST. The present case series
provide clinical information on the preoperative approach in suspecting intraabdominal DT in patients with GIST, since excisional biopsy is necessary for the
diagnosis of intra-abdominal DT. Moreover, the present case series described in detail
the characteristic findings of DT on CT or 18 FDG-PET. The following clinical
conditions and radiological findings contributed to the suspicion of intra-abdominal
DTs: (1) Occurrence of a new single lesion in the peritoneum around the surgical sites
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of GIST resection; (2) uncontrolled lesion with imatinib while other lesions being
controlled with imatinib; (3) well-defined ovoid shaped lesion with delayed or mild
enhancement and absence of necrosis, hemorrhage, and cystic change on CT; and (4) a
lesion showing mild or no hypermetabolic activity (low values of SUVmax) on 18FDGPET, contrary to initially hyperactive lesion of GIST.
Table 2 summarizes 27 previously reported cases of DT after GIST[3,5-9]. The study
population was predominantly male (one case showed no gender data), and the
median age of the included patients was 58 years (range: 34-74 years). Primary
locations of GIST were the stomach (n = 20), small bowel (n = 11), and peritoneum (n
= 2). All patients underwent surgical resection of GIST, and 19 patients were treated
with imatinib following the occurrence of new lesions. The median time to diagnosis
of DT was 2.5 years (range: 0.5-15.9 years) after the surgical resection of GIST. The
most common site of DT was the peritoneum around surgical sites, and the median
size of DT was 6.5 cm (range: 1.6-17 cm). None of the patients were diagnosed
preoperatively. In the present case series, the patients were predominantly male
(male-to-female ratio = 5:3), and their median age was 58.5 years (range: 40-72 years).
Consistent with previous cases, all patients had a history of surgical resection of GIST
and the median time to diagnosis of DT was 1.8 years (range: 0.9-7.1 years) after the
surgical resection. The locations of primary GIST were the stomach (n = 4), small
bowel (n = 3), and sigmoid (n = 1). All sites of DT were in the peritoneum around the
surgical sites of GIST.
The confirmative diagnosis of DT should be based on histological examination with
positive immunohistochemical staining for β-catenin[4]. Mutation in the β-catenin gene
is found in approximately 85% of sporadic DT cases, and its analysis is encouraged for
the diagnosis of sporadic DT[4]. However, considering that intra-abdominal DT mimics
the recurrence or progression of GIST, it is difficult to perform excisional biopsy in
every patient with GIST. Preoperative CT or 18FDG-PET may be useful in suspecting
intra-abdominal DT in patients with GIST. The following eight characteristics on CT
suggest the diagnosis of DT: Extra-gastrointestinal location, ovoid or irregular
contour, homogeneous enhancement, absence of intralesional necrosis, mild degree of
enhancement, and low lesion/aorta CT attenuation ratio[10]. Despite the limited data
available for patients examined through 18FDG-PET, those with intra-abdominal DT
demonstrated relatively low SUV, below a SUVmax of 4.7[11]. In contrast, examination
via CT showed that GISTs were hypervascular lesions in the arterial phase and washout lesions in the portal phase, showing heterogeneous enhancement with a low
attenuation center due to necrosis, hemorrhage, and cystic change[10]. The mean basal
SUV max on 18 FDG-PET was relatively higher in GISTs (5.8) than in DTs [12] . In the
present case series, all intra-abdominal DTs had a well-defined ovoid shape, with
delayed or mild enhancement on CT, and mild hypermetabolic activity with an
SUVmax of 2.0-3.5 on 18FDG-PET. Although the initial impression was recurrence or
progression of GIST, the radiological findings of the new single lesion strongly
suggested to perform excisional biopsy for the diagnosis of intra-abdominal DT.
Consequently, unnecessary treatment was avoided in these patients. The diagnosis of
recurred DT in one patient was also facilitated because of the immediate excisional
biopsy performed based on radiological findings. Furthermore, on 18FDG-PET for the
diagnosis of initial or recurrent GIST in three patients, all GISTs showed relatively
higher hypermetabolic activity compared to one’s own intra-abdominal DTs. This
finding suggests that changes in metabolic activity may assist in distinguishing intraabdominal DT from GIST.
With a new single lesion, recurrence or FP[13] may be initially considered in patients
with localized or metastatic GIST. The guidelines[1,14,15] and recent studies[16-18] suggest
the beneficial role of surgical resection of FP in metastatic GISTs, compared with
either dose escalation of imatinib or switching to a second-line TKI. In addition,
secondary malignancy, especially the intra-abdominal DT, should be distinguished
from GIST when a new single lesion occurs. Excisional biopsy is also a curative
treatment for resectable DT. Taken together, surgical resection for a new single lesion
as FP disease in patients with GIST could be recommended for both diagnostic and
therapeutic purposes.
Notably however, two patients in our case series had intra-abdominal DTs that
remained stable for over one year with imatinib. In specific, the intra-abdominal DT
progressed while on 400 mg/d of imatinib but stayed stable when dose was escalated
to 800 mg/d. Previous phase II studies evaluating the efficacy of imatinib for
unresectable or advanced DT reported objective response rate (ORR) ranging 6%25%[19-21]. The highest ORR of 25% among the cited studies was achieved in a study
which every patient initiated 800 mg/d of imatinib[21]. Although heterogeneity of
tumor locations exists and the small number of patients does not permit to draw
conclusions, the higher dose of imatinib (800 mg/d) was shown to be necessary for
antitumor activity in patients with intra-abdominal DT. Nevertheless, both patients in
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Table 2 Comparison between previous cases in the literatures and patients included in the present case series
Previous cases1 (n = 27)
Sex (Male : Female)

Present cases (n = 8)

19:7 (one patient; unknown)

5:3

58 (34-74)

58.5 (40-72)

Stomach

20

4

Small bowel

11

3

Peritoneum

2

0

Colon and rectum

0

1

Disease status following the occurrence of a new single lesion

62

8

Localized GIST

5

6

Metastatic GIST

1

2

Age (yr) (median, range)
Primary GIST

Imatinib for GIST following the occurrence of a new single lesion

19

7

2.5 (0.5-15.9)

1.8 (0.9-7.1)

Stomach

1

-

Small bowel

5

-

Colon

1

-

Peritoneum/Mesentery

15

8

Others (liver and spleen)

2

-

Extra-abdominal organ3

3

-

6.5 (1.6–17)4

2.6 (1.3-6.7)

Interval time from surgical resection of GIST to the diagnosis of DT (yr)
Sites of DT

Size of DT (cm) (median, range)

1

Previous case reports[5-9] and cases with desmoid tumor after gastrointestinal stromal tumor [3].
Available previous data (n = 6).
3
Abdominal wall (n = 2) and thigh (n = 1).
4
Available previous data (n = 6).
GIST: Gastrointestinal stromal tumor; DT: Desmoid tumor.
2

our case series eventually underwent surgical resection for the intra-abdominal DTs
as recommended by current standards.

CONCLUSION
Secondary malignancy should be suspected in cases of occurrence of a new single
lesion in patients with GIST. Considering the close relationship between intraabdominal DT and GIST, DT should be considered as an important differential
diagnosis. Surgical resection is necessary for both the diagnosis and treatment of
intra-abdominal DT to avoid unnecessary or inappropriate treatment. Clinical
experiences and radiological findings using CT or 18 FDG-PET may assist in
performing surgical resection.
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