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Abstract
Esophageal cancer is on the rise. The known precursor lesion is Barrett’s
esophagus (BE). Patients with dysplasia are at higher risk of developing
esophageal cancer. Currently the gold standard for surveillance endoscopy
involves taking targeted biopsies of abnormal areas as well as random biopsies
every 1-2 cm of the length of the Barrett’s. Unfortunately studies have shown that
this surveillance can miss dysplasia and cancer. Advanced imaging technologies
have been developed that may help detect dysplasia in BE. This opinion review
discusses advanced imaging in BE surveillance endoscopy and its utility in
clinical practice.
Key words: Barrett’s esophagus; Advanced imaging; Chromoendoscopy; Endomicroscopy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Barrett’s esophagus (BE) is a precursor of esophageal cancer, the incidence of
which is on the rise worldwide. Advanced imaging in BE includes dye
chromoendoscopy, electronic chromoendoscopy narrow band imaging (NBI), confocal
laser endomicroscopy and volumetric laser endomicroscopy (VLE). The decision to
perform these procedures ultimately depends on if the benefit outweighs the cost and any
added time performing the procedure. In our practice the added benefits of NBI and VLE
outweighs the costs and added time and thus we have incorporated this into our Barrett’s
surveillance routine.
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INTRODUCTION
Barrett’s esophagus (BE) is the development of specialized intestinal metaplasia in the
esophagus. The exact incidence of BE is not known, but it is estimated to be from
0.2%-2% per year[1]. It is a premalignant lesion for adenocarcinoma of the esophagus.
Though the rates of esophageal squamous cell carcinoma and distal gastric cancers are
declining, the incidence of esophageal adenocarcinoma is rising more than any other
malignancy[2]. Reports have quoted an average annual increase of up to 17%[2]. This
increase may be due to environmental and population factors, but also due to
insufficient detection of Barrett’s and insufficient surveillance protocols for patients
with known BE[3,4]. The Seattle protocol guides the surveillance procedure of many
endoscopists, which consists of 4-quadrant biopsies at intervals of every 1-2 cm and
separate samples of areas of mucosal irregularity, may miss a significant number of
areas of low-or high-grade dysplasia[5]. In a large multicenter study, 53% of patients
who underwent consecutive surveillance endoscopies documenting non-dysplastic
tissue or intestinal metaplasia without dysplasia, developed high grade dysplasia
and/or cancer within a mean of 3 years[1].
Unfortunately, the mortality for esophageal adenocarcinomas is very high, with a
mean 5-year survival rate of less than 20% for advanced disease. Many patients are
diagnosed at presentation with advanced disease, and there is a need to find better
means to identify patients at earlier stages. BE confers a 30-40 fold increased risk for
esophageal adenocarcinoma, but it is unclear if such focus on surveillance in BE
patients has improved outcomes[2]. Patients with surveillance-detected BE have higher
rates of survival at two years compared to patients that are diagnosed outside of a
surveillance program (73.3% vs 12.5%, P = 0.02), yet few patients (3.9%) are diagnosed
with BE before their cancer diagnosis[2]. In other studies, there was no association
between surveillance in BE and decreased risk of death from esophageal adenocarcinoma (OR = 0.99; 95%CI: 0.36-2.75) and the detection of advanced disease was
equivalent in surveillance and non-surveillance groups[4]. Therefore, current surveillance strategies may be ineffective in improving patient outcomes.
Endoscopic surveillance of known BE may be improved through advanced
imaging. Advanced imaging technologies allow visualization of abnormalities that
may not be seen on routine endoscopic evaluation. These are also termed as red flag
technologies as they point attention to abnormal areas that can be consistent with dysplasia or early cancer.
Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) was
developed in 2011 by the American Society of Gastrointestinal Endoscopy (ASGE) to
recognize important clinical questions and develop diagnostic and/or therapeutic
thresholds for endoscopic technologies related to these clinical questions[6]. In 2016,
performance thresholds were established to evaluate real-time imaging-assisted
modalities used for endoscopic targeted biopsies in the endoscopic surveillance of
non-dysplastic BE which included chromoendoscopy (using acetic acid and methylene blue), electronic chromoendoscopy [using narrow-band imaging (NBI)], and
both probe and endoscopic based confocal laser endomicroscopy (CLE). Volumetric
laser endomicroscopy (VLE) was not evaluated in the PIVI initiative given the recent
release on the market at the time and thus lack of studies. These per-formance
thresholds included: (1) Sensitivity of ≥ 90% and a negative predictive value of ≥ 98%
for detecting high grade dysplasia (HGD) or early adenocarcinoma (EAC) compared
to standard protocol, and (2) Imaging technology with high (80%) specificity to allow
reduction in the number of biopsies compared to random biopsies. Acetic acid
chromoendoscopy, narrow band imaging and endoscopic CLE met the thresholds set
by the ASGE PIVI, and thus the ASGE Technology Committee endorsed using these
modalities to guide surveillance in patients with previously non-dysplastic BE.
Given the number of tools on the market, the main question to ask is, is it worth
performing any of these technologies? Ultimately it comes down to how cumbersome
is it to perform the technology compared to the yield of additional cases of dysplasia
being detected that changes management. Cost to the patient and health care system
is also a factor that can contribute to usage of a technology. We describe the technologies from these viewpoints in this mini-review.
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DYE CHROMOENDOSCOPY
Dye chromoendoscopy uses chemical agents to highlight mucosal changes of dysplasia to allow for improved detection of abnormalities[3]. Such dye agents include
methylene blue, indigo carmine and acetic acid. Methylene blue is absorbed by nondysplastic intestinal-type epithelium and can also be used to detect Barrett’s mucosa.
In several studies comparing rates of detection of intestinal metaplasia and dysplasia
between methylene blue and 4-quadrant biopsies, the rates for methylene blue were
similar than 4-quadrant biopsies, but the number of biopsies used to detect those
changes were lower with methylene blue[7]. Other studies have found four-quadrant
biopsies detect significantly more dysplasia than methylene blue[8]. In addition, there
is concern that methylene blue may damage DNA in Barrett’s epithelium potentially
leading to errors in diagnosis[9]. These solutions are difficult to handle and use endoscopically and therefore their use is not standard. Indigo carmine has also been
shown to be effective in detecting mucosal patterns, but when compared to highresolution white light endoscopy, indigo carmine showed no significant difference in
detecting early neoplasia[10,11]. Given its cumbersome use and lack of incremental yield
vs high definition white light endoscopy, its use is also not standard.
Acetic acid can be used to enhance different mucosal pit patterns in columnar
epithelium. Certain pit patterns have shown high sensitivity and specificity for intestinal metaplasia. In a meta-analyses, acetic acid chromoendoscopy has shown a
sensitivity of 96.6%, negative predictive value of 98.3% and a specificity of 84.5% in
detecting dysplasia or esophageal adenocarcinoma[6].
Acetic acid is a safe, rapid, and inexpensive. It can highlight ridged and villous
patterns that are associated with mucosal abnormalities associated with dysplasia.
Therefore, its use is high yield in surveillance in BE[12].

ELECTRONIC CHROMOENDOSCOPY
Electronic chromoendoscopy techniques involve the use of NBI (Olympus America,
Center Valley, PA, United States) and I-Scan (Pentax Medical, Montvale, NJ, United
States). Blue light imaging and linked color imaging (Fujifilm, Tokyo, Japan) are
newer electronic chromoendosocpy platforms. They will not be discussed here due to
limited data in Barrett’s esophagus. NBI highlights vascular patterns on the mucosal
surface by using spectral narrow-band optical fibers[13]. Figure 1 shows a patient with
Barrett’s and high-grade dysplasia with NBI imaging. I-Scan uses a post-processing
technology to highlight contrast between squamous and columnar epithelia [3] .
Patterns detected by NBI have been shown to predict histology. In one study, a ridge/
villous pattern predicted the presence of intestinal metaplasia with a sensitivity of
93.5% and a specificity of 86.7%, and an irregular/distorted pattern predicted highgrade dysplasia with a sensitivity of 100% and sensitivity of 98.7%[14]. In a prospective,
blinded, tandem endoscopy study of 65 patients comparing NBI-targeted biopsies to
random biopsies via the Seattle protocol with high definition white light, NBI was able
to identify more patients with dysplasia (57% vs 43%, P < 0.001) and also found high
grades of dysplasia (18% higher grade vs 0%, P < 0.001) [15] . In another study
comparing results in patient who were first screened for Barrett’s with high definition
white light and then NBI-targeted biopsies at a 6-wk interval, there was no significant
difference in detection of intestinal metaplasia and dysplasia (P = 0.15), but NBI
required a significantly fewer number of biopsies to make a diagnosis (3.6 vs 7.6, P <
0.001)[16]. A study comparing computed virtual chromoendoscopy to conventional
chromoendoscopy with acetic acid, a sensitivity of 83% and 92% for high grade
intraepithelial neoplasia was found, respectively, with no significant difference between the two methods (P = 0.617)[17].
Overall, electronic chromoendoscopy shows high sensitivity for the detection of
high-grade dysplasia in patients with BE and provides a means to more efficiently
biopsy patients. Its ability to detect low grade dysplasia is comparable to that of highresolution white light endoscopy. We recommend using electronic chromoendoscopy
given its ease of use (turning on a switch on the endoscope processor), low cost (already incorporated into the scope technology), and that it meets PIVI thresholds.

CONFOCAL LASER ENDOMICROSCOPY (CLE)
A CLE examination of the gut mucosa is performed using endoscopically delivered
laser light. This light is reflected through a pinhole onto sensors that relay the signals
to a computer, which provides a cross-sectional microscopic image of the mucosa[18].
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Figure 1

Figure 1 A patient with Barrett’s and high-grade dyspalsia with narrow band imaging. A: A segment of Barrett’s esophagus on high definition white light
endoscopy (HDWLE); and B: narrow band imaging (NBI) from a patient with prior long segment disease post two sessions of endoscopic resection, 4 sessions of
radiofrequency ablation, and one session of cryotherapy. The HDWLE did not show any features concerning for dysplasia. The NBI shows an area of disrupted
vessels (upper yellow arrow, lower white arrow) concerning for dysplasia.

CLE is almost analogous to looking real time at a microscope during the endoscopy
exam. There is limited data on the learning curve for use of CLE in Barrett’s, but it
appears favorable[19]. This allows for detailed analysis of the intestinal mucosa and in
vivo histology during ongoing endoscopy[20]. CLE has shown high accuracy rates (85%94%) for the detection of high-grade dysplasia and a sensitivity of 80% in the
identification of advanced neoplasia with good interobserver agreement[20,21]. In an ex
vivo study, CLE was shown to have positive and negative predictive values for highgrade dysplasia/early cancer of 44% and 83%, respectively[22]. When combined with
high-definition white light endoscopy, probe-based CLE was able to detect all cases of
high-grade dysplasia/early cancer in this study, but this was not statistically significant compared to these imaging methods alone[23].
Currently endoscope-based CLE (e-CLE) is not available for use in the United
States, but the probe-based CLE (pCLE) version (Cellvizio, Mauna Kea Technologies,
MA, United States) is. The pCLE version images a small area at a time and thus has a
narrow field of view. Thus, it is cumbersome to use in long segments of Barrett’s
where advanced imaging is more of a need vs short segments. In our practice we find
CLE to be helpful when wanting to examine a specific area if considering a biopsy vs
endoscopic resection, however its routine use for surveillance is limited given its
narrow field of view; especially since it does not meet PIVI thresholds. It should be
noted that CLE also requires intravenous fluorescein which has been reported to be
safe in GI procedures[23].

VOLUMETRIC LASER ENDOMICROSCOPY (VLE)
VLE (NvisionVLE, Ninepoint Medical, Bedford, MA, USA) is the latest advanced
imaging technology in Barrett’s. It is second-generation optical coherence tomography
using infrared light to produce real-time, high-resolution, cross-sectional microstructure imaging of tissue [24] . VLE can scan a 6-cm length of the esophagus in
approximately 90 s, providing surface and subsurface wide-field cross-sectional
imaging with an axial resolution of 7 μm, and to a depth of 3 mm[25]. Ex-vivo studies
comparing VLE features to endoscopic resection specimens have demonstrated
sensitivities of 86%-90% and specificities of 88%-93% for the detection of dysplasia in
BE[26]. The benefits to VLE is that an entire segment of Barrett’s can be imaged in a
short period of time, abnormalities can be laser marked for targeting, the
interobserver variability among experts is limited[27], and the learning curve for image
interpretation appears favorable[28]. In a large retrospective study comparing the dysplasia yield in BE’s patients undergoing Seattle protocol biopsies, VLE without laser
markings, and VLE with laser markings (VLEL), both VLE with and without laser
marking had statistically significant differences in dysplasia yield compared to Seattle
protocol, (14% vs 1%, P = 0.001) and (11% vs 1%, P = 0.003), respectively[25]. VLE
appears to be a safe form of advanced imaging. In a case series on 52 patients, the
safety and feasibility of the NVision VLE system was assessed. Of the 52 patients
undergoing VLE, only 2 minor adverse events were reported which includes mucosal
lacerations that did not require therapy or intervention[29]. VLE does not appear to
significantly increase endoscopic risk to patient but can lead longer procedure times,
estimated 22 ± 6 min standard deviation, which can be of anesthetic concern[30].
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The downside to VLE is that a large amount of information is presented that may
be overwhelming or time consuming to interpret. Artificial intelligence (AI) technology has been developed that has recently been released and is under study in a
prospective fashion [31] . This may help physicians process the large amount of
information and images that are presented at one time. The AI technology is termed
intelligent real-time image segmentation (IRIS) and highlights three VLE features
associated with dysplasia . The three features of dysplasia include hyper-reflective
surface, hypo-reflective structures, and a lack of layering. A hyper-reflective surface
indicates a high surface signal (appears darker) relative to the subsurface. The image
feature is represented as a pink color bar at the tissue surface. The lack of layering
image feature is represented by an orange color bar at the exterior edge of the VLE
image space. The hypo-reflective structure (usually glandular structures) is represented by a blue image overlay on top of the structure. IRIS displays an en face
image of the scanned esophagus. There is also a luminal en face view that reconstructs
the Barrett’s segment in regard to the three features. These allow for easier identification of overlap between the three colors and is high yield for areas that could
be dysplastic. Figures 2-4 show VLE images with IRIS in patients with Barrett’s
esophagus and high-grade dysplasia. Figure 5 shows the endoscopy view of the
targeted laser marks (upper yellow arrow, lower yellow arrow) placed using volumetric laser endomicroscopy.
Prospective in vivo studies are needed looking at the sensitivity and specificity of
VLE in dysplasia detection for BE. A prospective multi-center study examining this
has been completed and we are awaiting results [32] . We suspect VLE is the most
sensitive tool for the detection of dysplasia in BE. For reference, acetic acid chromoendoscopy, narrow band imaging and endoscopic CLE have been shown to have
high sensitivity of close to 90% in various studies. The VLE scoring system is evolving
as quickly as the technology is being developed. The traditional current VLE scoring
system (OCT-SI) generates a dysplasia score after the combination of 2 independent
criteria (surface to subsurface signal intensity and glandular archi-tecture). The novel
VLE diagnostic algorithm (VLE-DA) where a segment of BE is first characterized as
having complete or partial effacement, then further categorized by subsurface
intensity and number of atypical glands respectively. In a head to head comparison
for the detection of dysplasia, pCLE, OCT-SI and VLE-DA were evaluated. The
sensitivity for pCLE was 76% (95%CI: 59-88), for OCT-SI was 70% (95%CI: 52-84) and
for VLE-DA was 86% (95%CI: 69-96) [33] . Finally cost utility studies are needed
comparing the benefit of finding dysplasia and preventing cancer and its associated
costs.

CONCLUSION
Advanced imaging in BE can be useful in management of these patients if it helps
increase yield of dysplasia detection or help change management in a procedure. The
decision to perform these procedures ultimately depends on if the benefit outweighs
the cost and added time performing the procedure. In our practice the added benefits
of narrow band imaging and volumetric laser endomicroscopy outweighs the costs
and added time and thus we have incorporated this into our Barrett’s surveillance
routine.
Future research may dictate which advanced imaging techniques become incorporated in the gastrointestinal society guidelines, but for now if the sensitivity,
specificity, and cost of an exam is acceptable locally for a center/endoscopic imaging
expert[34], then the advanced imaging tool is generally acceptable and thus worth the
squeeze!
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Figure 2

Figure 2 Volumetric laser endomicroscopy with artifical intelligence from the same patient as in Figure 1 with an en-face view showing an area of overlap
(yellow arrow) between three features of dysplasia (orange is lack of layering, blue is glandular structures, and pink is a hyper-reflective surface).
Figure 3

Figure 3 Volumetric laser endomicroscopy from the same patient showing cross-sectional view of the area of overlap (yellow arrow 5.73” 5.41”) between
three features of dysplasia (orange is lack of layering, blue is glandular structures, and pink is a hyper-reflective surface).
Figure 4

Figure 4 Volumetric laser endomicroscopy with artificial intelligence showing an up close snap shot of the abnormal area of overlap between three
features of dysplasia (orange is lack of layering, blue is glandular structures, and pink is a hyper-reflective surface).
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Figure 5

Figure 5 Endoscopy view of the targeted laser marks (upper yellow arrow, lower yellow arrow) placed using volumetric laser endomicroscopy. This
corresponds to the same area highlighted by narrow band imaging. The pathology showed high-grade dysplasia.
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Abstract
The intestinal epithelium possesses a remarkable ability for both proliferation
and regeneration. The last two decades have generated major advances in our
understanding of the stem cell populations responsible for its maintenance
during homeostasis and more recently the events that occur during injury
induced regeneration. These fundamental discoveries have capitalised on the use
of transgenic mouse models and in vivo lineage tracing to make their conclusions.
It is evident that maintenance is driven by rapidly proliferating crypt base stem
cells, but complexities associated with the technicality of mouse modelling have
led to several overlapping populations being held responsible for the same
behaviour. Similarly, it has been shown that essentially any population in the
intestinal crypt can revert to a stem cell state given the correct stimulus during
epithelial regeneration. Whilst these observations are profound it is uncertain
how relevant they are to human intestinal homeostasis and pathology. Here,
these recent studies are presented, in context with technical considerations of the
models used, to argue that their conclusions may indeed not be applicable in
understanding “homeostatic regeneration” and experimental suggestions
presented for validating their results in human tissue.
Key words: Intestinal stem cell; Plasticity; Lgr5; Regeneration
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INTRODUCTION
The intestinal lining is one of the most rapidly proliferating epithelia in humans. In
the small intestine this single-cell thick structure is thrown into folds consisting of villi
that protrude into the lumen and crypts that are embedded in the intestinal wall. The
colonic epithelium is similar although lacks villi. At a histological level the small
intestine and colon are also alike. In the small intestine the most prevalent cell type is
the absorptive enterocyte and, in the colon, the colonocyte. Both organs also possess
secretory goblet, enteroendocrine and tuft cells (Figure 1). The main cellular difference
between the small intestine and colon is the presence of secretory Paneth cells. These
long-lived secretory and niche cells are only found in the bottom of small intestinal
crypts and rarely found in the normal colon. A functionally similar cell type, termed
the deep crypt secretory cell, has however recently been shown to exist in colonic
crypts[1,2]. Both epithelia are highly proliferative and retain a remarkable ability for
regeneration following injury. Homeostatic proliferation throughout the intestine
takes place in the bottom of the crypts, being most active in the so-called transit amplifying zone – an area directly above the crypt base. Differentiation occurs as cells
migrate up the crypts onto either villi or the colonic mucosal plateau.
Over the last two decades the intestine has become an area of great interest in stem
cell biology and is arguably the prototypical organ for the study of epithelial
homeostasis and regeneration partly due to the unique structure of the crypt that
facilitates ready quantification of stem cell clonogenicity. Following seminal findings
using lineage tracing, of the clonogenic function of undifferentiated crypt cells during
homeostasis, the concept of cellular plasticity has more recently been explored using
contemporary in vivo techniques. Plasticity is defined as a change in cell fate in
response to a stimulus. The results of these new studies have however led the field
into a complex and confusing period where, on face value, it appears that almost any
cell type in the intestinal epithelium can revert to a stem cell state during regeneration. In this opinion review I discuss both the important original and more recent
studies and propose that whilst the findings are striking they may not be entirely
relevant for our understanding of “homeostatic regeneration”. Here, I define
homeostatic regeneration as the cellular changes that occur during the response to
injury classically occurring during mammalian life and commonly encountered pathologies.
Evidence for the existence of intestinal stem cells was first demonstrated in the
1970s by Cheng and Leblond who showed that after treating mice with tritiated
thymidine, crypt base columnar cells (CBCs) developed labelled phagosomes
following phagocytosis of nearby non-viable cells[3]. Subsequent tracing of these
labelled phagosomes over time found they were inherited by all the differentiated cell
types of the epithelium. These experiments proposed that stem cells present in the
base of intestinal crypts could generate all the differentiated cell types of the intestinal
epithelium. Following this, attention focussed on cells in the so-called +4 position that
appeared both quiescent and undifferentiated – a feature commonly found in stem
cells in other organs[4]. The field however underwent a sea change in 2007 following
the publication from Hans Clevers’ laboratory demonstrating that Lgr5 expression
marked rapidly proliferating CBCs in the small intestine and colon which were
capable of profound clonal capacity as shown using a lineage tracing technique in
mice[5]. This highly elegant study provided the first direct proof that rapidly cycling
Lgr5+ CBCs were the bona fide homeostatic stem cells of throughout the intestine.
There then followed a period of intense debate about the nature of the +4 cell with
several groups showing marker overlay of genes of interest with cells in this position
also possessing stem cell capacity including Bmi1, Hopx and mTert[6-8]. Interestingly,
like the original Barker et al[5] study, all three of these studies primarily used the
location of promoter driven reporter expression to define the anatomical location of
cells expressing the respective gene of interest. It is however unknown what degree of
gene activity is required to drive reporter expression and this can be compounded by
the introduction of Cre recombinase as a conditional activator of reporter expression
as is often used in lineage tracing studies. Highlighting these issues, two separate

WJG

https://www.wjgnet.com

3117

July 7, 2019

Volume 25

Issue 25

Buczacki S. Intestinal plasticity
Figure 1

Figure 1 Schematic of the arrangement of cells in the small intestine. CBC: Crypt base columnar cell; LRC:
Label retaining cell.

studies of Bmi1 expressing cells using different models; Bmi1-CreER and Bmi1-GFP
(both knocked in at the endogenous locus) show different results with one study
finding the cells to be stem cells and the other mature enteroendocrine cells[6,9]. The
Cre enzyme is also seen to possess apparent regional differences in expression when
under the control of reportedly pan intestinal promoters; Cre is often found to have
greater activity the more proximal in the intestinal tract making it hard to compare
with stem cell behaviour in the distal small intestine and colon[10,11]. Whether this is
due to promoter, enzyme intrinsic or reporter differences is incompletely understood.
These concerns can be compounded when a CreER system is used to drive conditional
recombination. In this situation off-target effects of both tamoxifen and impaired stem
cell function following activation of Cre have been reported by two separate studies[12,13]. These important studies indicate that quantification of stem cell behaviour
following tamoxifen driven Cre activation may not be accurate or representative of
the true in vivo situation.
Tissue specific gene promoters can also have problems with both sensitivity and
specificity for all cells on the crypt-villus axis. A comparison between two intestinal,
reportedly pan-epithelial Cre models, Villin-Cre and Ah-Cre showed unexpected
variation in the Ah-Cre driven recombination that failed to target a cell population that
was capable of driving regeneration[14]. Previously the Ah-Cre model had been reported to induce recombination in all IECs other than terminally differentiated Paneth
cells[10]. However, in the study by Parry et al[14] the authors found that Ah-Cre also
failed to induce recombination in a non-Paneth cell putative reserve stem cell
population. The implication of this work is that quantifying global clonal output using
Ah-Cre driven reporters may not include all potentially clonogenic populations and
erroneous conclusions could be drawn.
It is also unknown how long reporter proteins persist and are visible for, following
cessation of their production. It is likely that different reporters have varying stability
that could confound analysis if induced conditionally and thus temporally where expression may still be visualised in daughter cells that aren’t expressing the mRNA of
the gene of interest. This may lead to an assumption that reporter expression is
directly correlated with gene expression which has not definitively be proven. Cells
may also express low levels of the gene of interest and still possess the same
functionality as those with high levels of expression (as the marker itself is unlikely to
directly drive function) but low expressors may fail to be identified by reporter
expression. Indeed, precisely these concerns were found valid when bulk gene expression comparisons were used to compare the transcriptome of CBC Lgr5+ cells
with +4 located Bmi1+ cells suggesting that these cells are in reality one and the same
and the +4 cell may well be Lgr5 expressing[15]. Cumulatively, all these early studies
certainly provide direct evidence that homeostatic stem cells exist at the base of the
intestinal crypts but also demonstrate the clear difficulties in using transgenic mouse
models to dissect sub-populations and functionality at a high level of detail.
Given the striking ability of the intestinal epithelium to regenerate, a natural
progression of recent research focus has been to understand which cell populations
are responsible for this behaviour. Theoretically there are two possible cell types responsible for regeneration; a distinct quiescent sub-population waiting to become
activated when required or a population that has one role during homeostasis but that
can revert to a stem-like state during injury i.e., plastic. The first named population
found to have a role in regeneration were Dll1 expressing crypt cells[16]. Using a combination of lineage tracing in combination with irradiation the Clevers group found
that during homeostasis these cells were proliferating secretory progenitors but
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following irradiation and cell death they acquired stem cell capacity and were thus
capable of regenerating the injured epithelium. The question of what the apparently
quiescent +4 cell represented was further addressed by Doug Winton’s group using a
novel split-Cre mouse to conditionally genetically mark label-retaining cells (LRCs)[17].
Supporting the findings of the Clevers group this study found LRCs to be a slowlycycling Paneth and enteroendocrine cell progenitor that similarly reverted to a stem
cell-like fate during injury induced regeneration albeit at very low frequency - partly
due to the complexities of the transgenic model employed.
Following the finding of plasticity in Dll1 cells and LRCs, attention has focussed on
whether other populations can perform similar functions. Indeed, it has now been
shown that goblet cells, enteroendocrine cells, enterocytes and Paneth cells are all
capable of contextually acquiring stem cell capacity[9,18-28]. Analysis of these reports
however shows wide variation in the types of injury models employed varying from
relatively mild oral dextran sulfate sodium (DSS) that induces mucosal inflammation,
to lethal whole-body irradiation (12Gy), making it difficult to compare results
between studies (Table 1). More recently it has also been shown that some secretory
progenitor populations even during homeostasis may stochastically acquire stemness[22,26,28]. This bi-fated character of some secretory progenitors was originally
demonstrated in 2004 where a small number of Ngn3 enteroendocrine cell progenitors
were also found to have clonal/stem cell capacity during homeostasis[29]. Whilst it is
entirely plausible that there are a wide range of cell types capable of plasticity there
are evidently those that cannot, as clone formation has never been found arising on
villi even during classical injury induced regeneration. Schwitalla et al [30] have
however demonstrated that aberrant elevated NF-kB signalling in apparently terminally differentiated enterocytes on the villi can cause de-differentiation to a
tumour-initiating Lgr5+ status. This finding proposes that at the very least, if given a
strong enough stimulus, even terminally differentiated villus-based enterocytes may
acquire some stem cell characteristics.
Cumulatively, these studies show widespread plasticity amongst almost every cell
type described to-date in the murine intestinal epithelium however there are many
inconsistencies between studies driven primarily from the technical issues related to
ascribing identity and plasticity (Table 2). It could also be argued that the apparent
broadly found plasticity may not be relevant to advancing our understanding of what
cell types are actually at play in humans during routine epithelial insult. It has been
known for decades that cell types can be reprogrammed to different identities and
this forms the fundamental basis of induced pluripotent stem cells (iPS) technology.
In Waddington’s classical model of the epigenetic landscape of differentiation it is
therefore clear that cells can traverse between several deep valleys given the appropriate stimulus to ascend the elevations between[31]. Evidently, any cell type if pushed
hard enough can de-differentiate or trans-differentiate but the question remains what
represents a physiological injury and what cell types are involved in the subsequent
“homeostatic regeneration”? It may well be the case that during different forms of
injury such as that seen between Crohn’s disease and ulcerative colitis varying cell
types are mobilised via plasticity to the stem cell state to try and repair the damaged
epithelium.
How then can the field move forward to make meaningful in-roads into translating
these previous animal findings to the benefit of patients? There are two areas that
would seem ripe for development – tools for lineage tracing in humans and better
validated injury models in mice. Lineage tracing in mice is primarily performed
through generating transgenic mouse strains which is clearly impossible in humans.
There are however several new tools that could permit lineage tracing analysis in
human tissue albeit by quantifying the clonal output of all potentially clonogenic cells.
Two important recent reports have made use of next generation sequencing technology to identify clones through the quantification of somatically acquired mosaic
mutations found in human and murine tissue [32,33] . The advances now made in
sequencing technologies enabling combined single cell DNA (scDNAseq) and RNA
sequencing (scRNAseq) allow for similar sequencing approaches with higher
coverage to uncover cellular hierarchies from human tissue in both disease and homeostasis.
Clonal marking in humans can also be performed by quantifying mitochondrial
DNA (mtDNA) mutations through dual immunohistochemical (IHC) staining for the
mitochondrially encoded enzyme cytochrome-c oxidase (CCO) [34] . Cells acquire
mtDNA mutations infrequently and can be identified through this IHC technique as
cumulatively more are acquired in the many mtDNA copies of the CCO gene via
stochastic genetic drift. As the mutation is genetic and therefore heritable, the clonal
output of cells acquiring these mutations can be quantified. More recently several new
similarly working but genomic DNA (gDNA) encoded neutral IHC clonal marks have
been described by the Winton laboratory[35]. Importantly, both CCO staining and the

WJG

https://www.wjgnet.com

3119

July 7, 2019

Volume 25

Issue 25

Buczacki S. Intestinal plasticity

Table 1 Mouse injury models used for plasticity studies
Study

Plastic cell identified

Injury model used

Tian et al[18]

Bmi1+ cell

DTR Lgr5+ ablation

Roth et al[19]

Paneth cell

12Gy radiation

van Es et al[16]

Dll1+ cell

6Gy radiation

Buczacki et al

Label-retaining cell

6Gy radiation, doxorubicin or hydroxyurea

Asfaha et al[20]

Upper crypt progenitor

12Gy radiation +/- 5-Fluorouracil

Tetteh et al[27]

Alpi1+ enterocyte

DTR Lgr5+ ablation

Jadhav et al[9]

Goblet cell progenitors

DTR Lgr5+ ablation

Yan et al[21]

Enteroendocrine cell

12Gy radiation

Ishibashi et al[22]

Atoh1+ cell

DSS (1.75%) for 5 d

Nusse et al[23]

Lgr5- crypt cell

Parasite infection

Schmitt et al

Paneth cell

DSS (3%) for 1 wk

Tomic et al[26]

Atoh1+ cell

6Gy radiation, AOM or 2% DSS

Yu et al[25]

Lyz1+ Paneth cell

12Gy radiation

Castillo et al[28]

Atoh1+ cell

DSS (2.5%-3%) for 5 d

[17]

[24]

newer clonal marks allow the quantification of clonal behaviour in situ from human
tissue. Using these techniques on matched sections of diseased and normal tissue
allows an understanding, at the numerical level, of changes in behaviour such as seen
in plasticity. Further, combining these lineage tracing approaches with scRNAseq
could provide profound insights, like those described in the mouse, to understanding
intestinal homeostasis and plasticity in humans.

CONCLUSION
Finally, there is an urgent need to better define the cellular effects of common human
intestinal epithelial injuries to identify appropriate murine model equivalents. The
current use of multiple different forms of injury models which only bear a passing
relationship to human disease in that there is some degree of cell death is far from
ideal. The interplay between epithelial loss, stromal tissue, immune cells, vasculature
and resident microbiota is highly complex and very likely inadequately modelled in
our current simplistic models of injury performed on mice housed in clean animal
facilities. Here, the opposite approach to that presented earlier could be used: Human
studies into the precise cellular events occurring during various injuries could inform
the development of better murine injury models. It would appear that the field is
reaching the limitations of what can be achieved with current tools and models and in
order to advance as rapidly as previously, new approaches are required that maximise on novel technologies and translationally relevant models.
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Table 2 Concepts leading to difficulties in ascribing behaviour to cell types in the intestine
CreER and Tamoxifen

Toxicity
Off-target effects

Incongruity between reporter expression and protein expression

Regional differences
Chronicity of reporter stability
Reporter and mRNA expression differences

Inconsistent injury models

Intestinal specific effects including incomplete cell type eradication e.g.,
diphtheria toxin mediated cell death
Off-target whole body effects e.g., irradiation
Representative of “homeostatic regeneration”
Different cell-type responses to different injuries

Laboratory differences
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Abstract
The transplanted liver can modulate the recipient immune system to induce
tolerance after transplantation. This phenomenon was observed nearly five
decades ago. Subsequently, the liver’s role in multivisceral transplantation was
recognized, as it has a protective role in preventing rejection of simultaneously
transplanted solid organs such as kidney and heart. The liver has a unique
architecture and is home to many cells involved in immunity and inflammation.
After transplantation, these cells migrate from the liver into the recipient. Early
studies identified chimerism as an important mechanism by which the liver
modulates the human immune system. Recent studies on human T-cell subtypes,
cytokine expression, and gene expression in the allograft have expanded our
knowledge on the potential mechanisms underlying immunomodulation. In this
article, we discuss the privileged state of liver transplantation compared to other
solid organ transplantation, the liver allograft’s role in multivisceral
transplantation, various cells in the liver involved in immune responses, and the
potential mechanisms underlying immunomodulation of host alloresponses.
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Core tip: The liver not only protects itself from host alloimmune responses, but also
modulates alloimmune responses to other simultaneously transplanted solid organs like
heart or kidney. The titer of donor specific alloantibodies decreases after liver
transplantation, making transplantation of other solid organs possible even in highly
sensitized high-risk patients. The immune cells from the liver allograft cross-talk with
recipient immune cells and modulate the immune system towards tolerance. The crosstalk between these cells suppress the genes involved in alloimmunity and upregulate the
genes involved in tissue repair and metabolism.
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INTRODUCTION
The liver has baffled researchers for decades because of its complex set of functions
and unique architecture. From a metabolic and anatomic standpoint, it has a dual
blood supply with the portal vein carrying blood from the gastrointestinal tract and
the hepatic artery carrying systemic blood. From an immunological standpoint, the
liver is home to many cells of the lymphoid system. Together, the liver’s unique
architecture and resident immune cells, allow it to play a key role in transplant alloimmunity. It is well recognized that the liver is an immunologically privileged organ,
compared to other organs that are commonly transplanted. The liver allograft not
only protects itself from the host immune system, but this protection also extends to
other simultaneously transplanted solid organs from the same donor. Many
researchers have investigated potential mechanisms of this donor-specific hyporesponsiveness. Recent studies on the host T-cell subtypes and gene expression in the
allograft after multi-visceral transplants that include the liver, have expanded our
knowledge on the liver’s role in transplant immunity[1-3]. In this article, we revisit the
liver allograft’s role in modulating host alloimmunity with special emphasis on
combined organ transplants.

LITERATURE SEARCH
For purpose of this review, the Embase and Ovid MEDLINE databases were searched
from January 2000 through January 2019 using keywords “Liver transplant*” and
“Alloimmunity”. The search included Epub ahead of print, in process, and other nonindexed citations. After removing duplicate publications, 242 studies were finally
reviewed by title and abstract for selecting full text articles for current review. The
studies describing liver-based modulation of cells of the immune system in solid
organ solitary liver or multivisceral transplantation were selected for review.

THE LIVER IS AN IMMUNOLOGICALLY PRIVILEGED
ORGAN
The liver’s immune-privileged status was first recognized in the porcine liver
transplantation model[4]. As early as 1965, it was observed that pigs undergoing liver
transplantation survived for prolonged periods with limited immunosuppression,
whereas other organs, including skin, heart, and kidneys were quickly rejected[4]. This
phenomenon has since been observed in other animal models[5].
The first reports of tolerance in human liver transplantation came from Dr. Thomas
Starzl and the Pittsburgh group[6,7]. Their early experience showed that 27% of liver
transplant recipients could be weaned from all immunosuppression[8]. Subsequently,
many other groups tried immunosuppression weaning in patients with stable liver
function[6,9-11]. In a pilot study, 60% of carefully selected pediatric liver transplant
recipients could be successfully weaned off immunosuppression[10]. This approach,
however, was associated with increased rejection [9-11] . Nevertheless, most liver
transplant patients require less maintenance immunosuppression than recipients of
other solid organs. Likewise, induction immunosuppression, other than steroids, is
rarely needed in liver transplantation.

Antibody-mediated rejection
Compared to other solid organ transplants, liver transplant recipients have fewer
episodes of antibody-mediated rejection (AMR). While donor specific alloantibodies
can cause antibody-mediated hyperacute or acute rejection in other solid organs, their
role in liver transplantation remains unclear [12-17] . Liver transplantation is often
performed without a prospective cross-match and outcomes do not appear to be
related to pre-transplant positive cross-matches[18,19]. The majority of recipients with
preformed donor specific antibodies (DSA) show decline in their DSA levels after
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liver transplantation (Figure 1). InMoreover, persitent post-transplant DSA, do not
appear to be negatively impact allograft survival within the first year following liver
transplantation[20]. The observed decline in DSA post-transplant appears to be linked
to the overall health of the liver allograft, as persistence of DSA or development of de
novo DSA are observed more commonly in patients with allograft fibrosis or recurrent
disease. However, this protection is not absolute and there is evidence of complement
fixation in recipients with persistent DSA in protocol liver biopsies[20]. In patients with
de novo DSA against class II human leukocyte antigens (HLA), overall survival is
inferior when compared to those with no DSA[21]. Importantly, de novo DSA are not
uncommon in patients in whom immunosuppression withdrawal is attempted,
suggesting that most liver transplant patients require some, albeit minimal,
immunosuppression to counter the host alloimmune responses[22].
Several factors are felt to play a role in the liver’s resistance to antibody-mediated
hyperacute rejection. These factors include the liver’s dual blood supply, its fenestrated sinusoidal complex, secretion of soluble major histocompatibility complex
antigens, and its ability to absorb antibody (Figure 2). In contrast to other solid
organs, the microvascular network of the liver is sinusoidal and lined by fenestrated
endothelium with a scant underlying basement membrane (Figure 2, g) [23] . This
sinusoidal network is in contrast to other organs that not only have a single afferent
blood supply, but also have standard capillary microvasculature that results in
ischemia when occluded by complement activated immune complexes. In the liver,
only the biliary system is truly dependent on capillary microvasculature. This
histological variation may result in a more limited, biliary-specific, form of injury in
liver transplantation compared to other solid organs[24].

T cell-mediated rejection (TCMR)
Unlike other solid organs, cellular (T cell-mediated) rejection (TCMR) in liver
transplantation follows a bimodal pattern of distribution with the majority of cellular
rejections occurring very early (< 6 weeks) post-transplant[25]. When early cellular
rejection episodes occur in liver transplant patients, these episodes require much less
immunosuppression compared to TCMR in heart, pancreas, lungs, or kidney.
Similarly, unlike other solid organs, these early episodes of TCMR do not appear to
have a long-term impact of patient or allograft survival[25]. In liver transplantation,
TCMR can largely be treated by increasing the dose of immunosuppression or by
pulse steroids without requiring lymphocyte depleting antibody-based treatment.

THE LIVER’S ROLE IN MULTIVISCERAL
TRANSPLANTATION
Liver-induced immunological tolerance to other allografts was first recognized in
pigs, when liver allografts were noted to prevent rapid rejection of skin, kidney, and
heart from the same donor[4]. This phenomenon was observed to be true for both
orthotopic and auxiliary liver transplants[4]. Since these initial animal models, the
same observation has been made in human multivisceral transplants[1,2,26-32]. Patients
who undergo a combined liver-kidney transplantation (LKT) experience a lower
number of kidney TCMR episodes compared to matched solitary kidney transplant
recipients (4.2% vs 32.6%)[33]. The protective effect of the liver allograft on simultaneously transplanted kidneys persists long term[2,34]. In a study comparing kidney
transplantation after liver or heart/lung transplantation, recipients who previously
had a liver transplant had fewer episodes of TCMR in their kidneys (20% vs 36%)[34]. In
addition, the observed rejection episodes were less severe (all rejection episodes were
grade IA/IB), and grade II or grade III rejections were seen only after heart/lung
transplantation (0% vs 16%)[34]. Similar protective effects against AMR have been
reported by several groups. In Sweden, auxiliary liver transplantation was performed
in a group of highly sensitized kidney patients who were otherwise deemed too risky
to transplant, so as to facilitate kidney transplantation, with partial success[35]. We
have also demonstrated protection of the heart allograft from AMR in highly
sensitized patients by initial liver transplantation from the same donor[27]. All patients
in this cohort had pre-existing DSA and positive cross-matches. In this group, there
was an immediate decrease in DSA and stable cardiac and liver allograft function at
mean follow up of nearly 2 years[27]. Furthermore, there was less cardiac allograft
vasculopathy (assessed with 3D volumetric intravascular ultrasound), lower plaque
volume, and slower plaque progression in the cardiac allografts of patients who
underwent combined liver-heart transplantation[36]. In a series of 13 combined liverlung transplants, only 3 patients experienced early rejection that was successfully
treated with methylprednisolone [28] ; this rate is much lower than that seen after
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Figure 1

Figure 1 Typical course of donor-specific antibodies and flow cytometric cross match after liver transplant in
a patient with fully functional liver allograft who is maintained on triple regimen immunosuppression
(tacrolimus, mycophenolate, and prednisone). DSA: Donor specific antibodies; FXM: Flow cytometric cross match.

solitary lung transplantation[28]. Similar protective effects have been observed in
combined liver-intestine transplantation[26,37].

OVERVIEW OF ALLOIMMUNITY
Detailed discussion of alloimmunity and downstream pathways after antigen
presentation is beyond the scope of this article. Briefly, alloantigens from the
transplanted organ are recognized by the host lymphocytes in the secondary lymphoid organs. Dendritic cells, macrophages, B cells, and endothelial cells can play the
role of antigen-presenting cells (APC) under various circumstances. Allo-recognition
occurs via three main pathways: (1) The direct pathway where T-cell receptors on host
T cells directly interact with the HLA molecules on the surface of donor APC; (2) The
indirect pathway where host APC process donor peptides (mostly derived from
donor HLA) and present to host T cells; and (3) The semidirect pathway that involves
membrane exchange between donor and host cells or extra-cellular vesicles[38,39]. T cell
activation after antigen presentation (Signal 1) requires two additional signals. T-cell
receptor interaction occurs through binding of costimulatory molecules on T cells
(CD40, CD28) with corresponding ligands on the APCs (CD40L, CD80, CD86) (Signal
2) The presence of T cell stimulatory cytokines in the microenvironment (Signal 3)
then results in T cell proliferation (Figure 3).

THE LIVER AS A LYMPHOID AND IMMUNE-REGULATORY
ORGAN
Liver architecture is uniquely adapted to provide immunomodulation after exposure
to foreign antigens from the gastrointestinal tract. The liver receives a dual blood
supply from the high-pressure systemic and the low-pressure portal circulation. These
two circulations meet in the hepatic sinusoids resulting in low oxygen saturation, low
pressure, and irregular flow facilitating interaction between antigens, T cells and other
resident immune cells[40]. Although cell migration occurs in all types of solid organ
transplants, the large population of migratory cells in liver allografts may explain the
privileged tolerogenicity of the liver compared to other organs (Figure 2)[41]. The
hepatocytes are arranged as sheets around the sinusoids. The liver is constantly
exposed to microbial antigens carried through the portal circulation. In order to avoid
immune activation in response to microbial antigens, liver has developed many
molecular modifications. This is evident from high levels of lipopolysaccharide in the
portal blood when none is detected in the systemic circulation under normal
conditions[42]. Therefore, there is evolutionary advantage to the immunomodulatory
role of liver parenchyma. In fact, the liver has been described as a “lymphoid”,
“immunoregulatory” and “immunomodulatory” organ with various cells playing active role in supporting this function[13,42,40].
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Figure 2

Figure 2 Liver architecture and resident immune cells. A: The liver’s unique architecture and the large number of passenger immune cells that accompany it
during transplant likely play a role in its immunologic activity. Class I major histocompatibility (MHC) antigens are strongly expressed on bile ducts (c) and to a lesser
extent on sinusoidal and endothelial cells (g). By contrast, Class II MHC antigens are primarily expressed on capillary endothelium, sinusoidal cells and dendritic cells
(f). It is also recognized that cell surface MHC antigens are not static and can change in response to host and allograft dynamics such as infection and rejection; B:
Liver transplants secrete soluble class I MHC antigens that bind and neutralize systemically circulating antibodies. Kupffer cells (d) also are involved in neutralization
of antibodies. As such, liver allografts are thought to function as sinks for circulating immune complexes. EC: Endothelial cell; NK: Natural killer; MHC: Major
histocompatibility complex.

Immune cells of both lymphoid and myeloid lineage line the thin walled sinusoids,
mostly in the space of Disse (Figure 2, e)[42]. These cells include Kupffer cells, dendritic
cells, T cells, B cells, natural killer cells, natural killer T cells, hepatic stellate cells
(HSC), and hematopoietic stem cells[42,43]. The phenotype of hepatic T cells also differs
con-siderably from that observed in the periphery as reflected by a higher ratio (3.5:1
vs 1:2) of CD8+ vs CD4+ cells[44]. The unique architecture of liver sinusoids (low
pressure, fenestrated system, expression of adhesion molecules) allows direct contact
of circulating T cells with these cells. These alloantigen recognizing T cells are exposed to IL-10, PD-L1, and lack of co-stimulation leads to their destruction in the
liver[42].

Endothelial cells
The sinusoidal endothelial cells (EC) comprise of 50% of non-parenchymal liver cells
(Figure 2, g)[40,43]. The sinusoidal EC uniquely lack a basement membrane, are fenestrated, and express scavenger receptors that remove circulatory antigens[42]. ECs
also express class I and II HLA and costimulatory molecules, making them potent
APCs. However, their main role seems to be induction of tolerance because they
respond to antigen stimulation by IL-10 secretion[42]. ECs increase their expression of
FasL upon exposure to antigen and induce apoptosis of activated CD4+ T cells[45]. ECs
also induce apoptosis of reactive CD8+ T cell via a pro-apoptotic Bcl-2 family member
Bim[46].

Dendritic cells
The dendritic cells (DC) are professional APCs derived from bone marrow (Figure 2,
f). The liver contains two types of DC: Plasmacytoid (pDC) and myeloid (mDC)[42].
The observed frequency of pDC in the liver is more than that in the lymph nodes[42].
The liver contains these cells in immature form. Under normal circumstances, these
cells have low expression of the costimulatory molecule CD80[47]. Liver pDC play an
important role in innate immunity, as they can produce and secrete IFN-γ[42]. On the
other hand, pDC can express PD-L1 on their cell surface, and increased expression of
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Figure 3

Figure 3 Activation of naïve helper T cells is thought to occur through a three signal pathway. Signal 1, antigen recognition by the T cell receptor complex.
Antigens are presented by major histocompatibility complex II cells [antigen presenting cells (APC) such dendritic cells]. Signal 2, co-stimulation, the interaction
between the APC (CD80 and CD86) and the T cell (CD28). Signal 3, cellular proliferation and T cell differentiation into effector phenotypes (Th1, Th2), through
cytokine stimulation. MHC: Major histocompatibility complex; APC: Antigen presenting cells.

PD-L1 on pDC in tolerant liver transplant patients has been correlated with elevated
Tregs[48]. Liver mDC, unlike their counterparts isolated from other organs, appear to
have a more inherent tolerant phenotype. For example, under normal circumstances,
liver derived mDCs secrete IL-10 and mediate differentiation of T cells into Tregs[49].
Myeloid DC interactions with hepatic stellate cells may play a role in downregulating
the immune response[50]. Hepatic stellate cells regulate mDC function by inducing
signal transduction, activating transcription, and upregulating indolamine 2,3dioxygenase (IDO)[50]. Therefore mDC, primed by hepatic stellate cells, have impaired
ability to induce allogenic T cell responses[50].

Kupffer cells
The Kupffer cells (KC) are macrophages present in the intra-sinusoidal space and
comprise of 15% of all liver cells and 20% of non-parenchymal liver cells (Figure 2,
d)[40,43]. Their main role is phagocytosis and cytokine secretion[40]. They also express
HLA and costimulatory molecules, therefore they can present antigens to T cells[42].
However, compared to DC, their expression of HLA and costimulatory molecules is
low[40]. KC secrete IL-10 and downregulate secretion of proinflammatory cytokines IL6 and TNF-γ after exposure to lipopolysaccharide[51]. KC have also been found to
secrete prostaglandin E2 (PGE2) and 15-deoxy-delta 12,14-PGJ2 (15d-PGJ2)[52]. PGE2
and 15d-PGJ2 inhibit activation of CD4+ T cells[52]. KC can also stimulate Tregs to
secrete IL-10[53].

Natural killer cells
The liver contains a high percentage of natural killer (NK) cells (50% of liver
lymphocytes) compared to peripheral blood (Figure 2, b)[40,42]. Two type of NK cells
exist in the liver: CD3 - CD56 d i m CD16 + CD27 - (cytotoxic phenotype and
CD3-CD56brightCD16- CD27+ (cytokine secreting phenotype)[40]. Their role in alloimmunity and rejection appears to be influenced by their origin, such that the NK cells
derived from the recipient are involved in rejection while donor-derived NK cells
induce tolerance[54]. NK cells have been found to overexpress certain genes in tolerant
liver transplant recipients signifying their important role in tolerance induction[55].
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This is consistent with the upregulation of NK cell transcripts in tolerant liver
transplant patients[56]. In addition, natural killer T cells (NKT), which express markers
of NK cells along with the T-cell receptor Vα chain, appear to have a role in liverinduced tolerance, as tolerance is reversed in mice deficient in Vα14 NKT cells [57].

Hepatic stellate cells
Hepatic stellate cells (HSC) (Figure 2, h) are located in the subendothelial space and
comprise 10% of the liver cells[43]. Known also as Ito cells, HSC store vitamin A and are
involved in various fibrotic processes[43,58]. They express HLA class I, HLA class II and
can activate T cells[58]. However, they also express PD-L1 that can lead to tolerance by
inactivating activated T cells[42,59,60]. There is evidence that both parenchymal and nonparenchymal cells in the liver cause activation followed by apoptosis of the T cells in
the liver allograft as well as in vitro[42,61]. Allogenic HSC can migrate to lymph nodes
and induce expression of Tregs[62].

Mesenchymal stromal cells
The mesenchymal stromal cells (MSC) have also been localized in the liver[63]. MSC
were first described by Friedenstein et al[64] as fibroblast like colonies in the bone
marrow cultures[64]. Subsequently, MSC have been identified in various organs such as
adipose tissue and the liver. These cells are characterized by their ability of trilineage
differentiation, plastic adherence, and expression of certain markers on their
surface[65]. Though liver derived MSC have not been well characterized yet, extensive
research on the bone marrow and adipose tissue-derived MSC shows that MSC have
the ability to modulate every cell of the immune system including macrophages, DC,
NK cells, B cells, and T cells[66]. Interaction of APC with MSC program the former
towards a tolerant phenotype as evident from increased IL-10 secretion[66]. MSC may
modulate these responses by IDO[67]. Liver MSC appear to be more potent than the
bone marrow- and adipose-derived MSC in their capacity to modulate alloimmune Tcell responses, at least in vitro[68].

THE LIVER’S ROLE IN TOLERANCE DEVELOPMENT AND
THE UNDERLYING MECHANISMS
“True tolerance” is long-term acceptance of the allograft in the absence of any
immunosuppression and without evidence of any DSA or signs of lymphocyte activation on biopsy[38]. True tolerance in human beings is a rare phenomenon. A more
common scenario in clinical transplantation is stable graft function for at least 1 year
in the absence of immunosuppression (“operational tolerance”) or with minimal
immunosuppression (“prope tolerance”)[38,69-71]. Nearly 25% of adult and 60% of pediatric liver transplantation recipients can achieve operational tolerance[55,72]. While
different tolerance mechanisms have been demonstrated in animal models and
limited clinical studies, how exactly the liver allograft dampens the host alloimmune
responses remains unknown.

Chimerism
The liver contains a population of hematopoietic stem cells[73]. In fact, liver transplants
can behave like bone marrow transplants and rare cases of graft versus host disease
have been described after liver transplantation[74-76]. In the earliest era of clinical liver
transplantation, presence of donor cells in the recipient circulation was observed
(chimerism), and chimerism was thought to lead to tolerance. Chimerism was first
demonstrated in 1968, with karyotyping studies of male donor livers that had been
transplanted into female recipients[77]. It was observed that the majority of the allograft
retained its donor specificity, but the bone marrow derived passenger leukocytes,
including KCs, were largely replaced with recipient female cells within 100 days.
There was also evidence of adoptive immunity, with demonstration of newly
acquired immunoglobulin types of donor specificity and donor derived anti-erythrocyte isoagglutinin-associated hemolysis. Despite these subtle clues, it would not be
until almost two decades later, that the conviction that donor cells were wholly
eliminated by the immune system would be challenged[7]. In 1992, decisive steps were
taken to search for donor leukocytes in the blood and tissue of thirty human recipients
of successful liver transplants performed up to 29 years prior. Female recipients from
male donor were found to have microchimerism in their allografts and extrahepatic
tissues 10 to 19 years post-transplant[7].
The early alloresponse after liver transplantation is characterized by recruitment of
CD4+ T cells to the allograft and by their proliferation and IFN-γ production[78].
However, later there is selective reduction of T cells in the recipient[78]. At the same
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time the donor hematopoietic and T cells migrate from the allograft into the recipient.
These donor-derived cells may survive in the recipient for a prolonged period of time
and lead to chimerism observed after liver transplantation[79]. If donor hematopoietic
cells constitute more than 1% of the recipient tissue, this is termed macrochimerism,
and if they are < 1%, microchimerism[79]. In one study, all patients showed chimerism
initially after liver transplantation, however chimerism decreased to variable degrees
in the first year[79]. The rejection episodes in this study correlated with the lower
degree of chimerism[79]. The patients with high degrees of chimerism had measurable
in vitro alloreactive response after one year suggesting that chimerism did not lead to
complete depletion of cytotoxic T cells[79]. Passenger cells in the liver may play a role
in tolerance induction[6,7,79,80], as strategies to reduce the number of these passenger
cells before transplantation prevents tolerance induction in experimental models[81].

T cell deletion
The unique architecture of the liver and the cross-talk between alloreactive T cells and
liver inhabitant cells may play a significant role in tolerance induction by destroying
host T cells[42,45,61]. The fenestrated endothelium of hepatic sinusoids facilitates direct
contact between T cells and parenchymal cells leading to T cell deletion[74]. There is
distinct expression of genes for T cell recruiting cytokines after LKT in tolerant
patients[82]. This study found large number of CD3+ T cells and macrophages in the
liver allograft but only a few in the simultaneously implanted kidney allograft[82]. It
seems that increased expression of chemokines in the liver attracts alloreactive T cells
that are subsequently destroyed by coming in contact with various liver cells
inherently programmed towards tolerance induction. Another study found donor
specific hypo-responsiveness, down regulation of T helper type I cytokine (IFN-γ) and
no change in T helper type 2 cytokine (IL10) in the in vitro mixed lymphocyte reaction
in recipients who achieved operational tolerance[83]. A similar cytokine pattern was
found in the allograft on real time reverse transcriptase polymerase reaction (RTPCR)[83]. Animal experiments have shown that T cells activated in the lymph nodes are
capable of mediating immune response but T cells activated in the liver are short
lived, defective, and are not able to mount immune responses[84].

Peripheral Tregs
An alternative model is the development of regulatory T cells (Treg) that actively
regulate alloreactive T cells[62]. The liver cells secrete cytokines after antigen presentation that differentiates host T cells into a regulatory phenotype[48,49,53,62].

DSA neutralization
Under normal circumstances, liver has strong expression of class I HLA, secretes class
I HLA antigens, and has weak class II expression[13,85]. Soluble class I HLA may absorb
anti-HLA type I DSA leading to lower risk of antibody mediated rejection. We studied
DSA levels in the serum of liver transplant recipients who did not receive any
antibody-targeting induction[20]. Nearly 20% of recipients had preformed DSA that
markedly decreased in all but three recipients 7 days after transplantation[20]. In rare
instances, when DSA persisted, there was compliment activation and C4d deposition
in the liver[20]. One year follow-up showed stable function despite antibody-mediated
complement activation in patients with persistent DSA[20]. The unique architecture of
hepatic sinusoids (fenestrated endothelium, lack of basement membrane, wider
lumen) may confer resistance to complement activity. When endothelial injury does
occur, it is seen in the microvasculature but not in the sinusoids[86]. This may be the
reason for the increased susceptibility of peribiliary plexus to immunological or
ischemic damage as its blood supply is derived from the hepatic artery[43,86]. DSA
levels in the recipient seem to be the net result of two opposing factors: Host memory
cells mounting immune attack and liver mediated neutralization of alloantibodies.
Though protection against de novo class II DSA is less, incidence of de novo class II DSA
is lower in liver transplantation compared to kidney transplantation[13].
At Mayo Clinic, we perform nearly 400 solid organ transplants in a year and many
are combined liver-kidney transplants. Our group has investigated the liver’s role in
modulating host alloimmune responses in these combined transplant recipients. Our
program also employs protocol kidney biopsies to investigate the extent of subclinical
and chronic alloreactivity. In our work, we have found that liver allografts from LKT
protect the kidney from hyperacute/acute antibody mediated rejection [odds ratio
0.11, 95% confidence interval (CI) 0.03-0.32] and acute cellular rejection (odds ratio
0.13; 95%CI 0.06-0.27). Moreover, in assessing variables, the presence of a functioning
liver allograft was the most predictive factor for protecting kidney allografts from the
chronic injury (odds ratio 0.22, 95%CI 0.06-0.59)[1]. Solitary kidney transplant patients
with positive DSA had 44% decline in GFR by 5 years while LKT patients with
positive DSA had stable GFR [1] . The LKT recipients had a lower frequency of
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circulating CD8+, activated CD4+, and effector memory T cells, compared to kidney
transplant alone (KTA) recipients[2]. Moreover, surviving T cells in LKT patients had a
lower proliferative response to the donor cells (11.9% vs 42.9) [2,87]. This donor-specific
hypo-responsiveness persisted after the first year of transplant [2] . We further
compared molecular changes in the kidney allograft after LKT and KTA by doing RTPCR on the protocol kidney biopsies[3]. We found that mechanisms underlying the
liver’s protective role do not only operate inside the liver but extend to the kidney as
there were distinct gene expressions seen on the RT-PCR [3] . The kidneys in LKT
showed markedly increased expression of genes associated with tissue integrity/metabolism, even in cross-match positive transplants[3]. We hypothesize that
liver inhabitant cells migrate into the circulation after liver transplant transplantation
to home at the site of inflammation in the second co-transplanted solid organ and
modulate host immune cells. While the key cell type is not yet known, this hypothesis
is supported by our work and previously published studies[2,3,7,80,88].
Tolerance can be conceptualized as a state of fine balance between two opposing
forces: Host immune system and liver mediated immune-regulation. This balance can
be tilted towards rejection by stimulation of the immune system by tissue damage[89].
After exposure to endotoxins from infectious agents or Toll Like Receptors resulting
from ischemia-reperfusion injury, there is upregulation of class II HLA on hepatic
EC [13] . While operational tolerance has been demonstrated in a small number of
patients, the majority of liver transplant patients require small amounts of immunosuppression to counter the effect of host alloimmune response.

CONCLUSION
The liver microenvironment is inherently programmed towards induction of tolerance
as a result of evolution to avoid immune activation on exposure to the gut delivered
antigens. This has important implications for alloimmunity in the context of liver
transplantation alone or in multivisceral transplants. Liver-induced protection against
the host immune system is likely the result of a multitude of effects including
microchimerism, deficient antigen presentation due to lack of costimulation, expression of inhibitory molecules, deletion of activated recipient T cells in the liver, a
large antigen load in liver, active secretion of HLA molecules neutralizing alloantibody, and generation of Tregs in peripheral lymph nodes. Liver parenchymal as
well as non-parenchymal cells, including MSC, may play a crucial role in some or all
of the effects of the liver on the host immune system.
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Hepatocellular carcinoma (HCC) remains a global medical burden with rising
incidence due to chronic viral hepatitis and non-alcoholic fatty liver diseases.
Treatment of advanced disease stages is still unsatisfying. Besides first and
second generation tyrosine kinase inhibitors, immune checkpoint inhibitors have
become central for the treatment of HCC. New modalities like epigenetic therapy
using histone deacetylase inhibitors (HDACi) and cell therapy approaches with
chimeric antigen receptor T cells (CAR-T cells) are currently under investigation
in clinical trials. Development of such novel drugs is closely linked to the
availability and improvement of novel preclinical and animal models and the
identification of predictive biomarkers. The current status of treatment options
for advanced HCC, emerging novel therapeutic approaches and different
preclinical models for HCC drug discovery and development are reviewed here.
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medical need. Novel therapeutic options comprise new tyrosine kinase inhibitors,
epigenetic modifiers and increasingly also cell therapy and immune checkpoint inhibitors
and combinations of those modalities. Development of better drugs is closely linked to
improved preclinical and animal models and has to be accompanied by the
implementation of predictive biomarkers, which is still lacking for hepatocellular
carcinoma. The current status of these aspects is reviewed in this manuscript.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the
liver, accounting for approximately 85% of all cases. It is considered to be the 6th most
commonly diagnosed cancer and the 4th most common cause of cancer related death
worldwide, with 2 to 3 times higher rates for men[1]. Major risk factors are chronic
viral hepatitis [hepatitis B virus (HBV) and hepatitis C virus (HCV)], aflatoxin exposure, alcohol intake, and the globally increasing high rates of obesity and type 2
diabetes[2]. The 5-year survival rate of advanced HCC remains devastating at 1% and
is the poorest of all solid cancers[3]. Treatment of advanced stages of HCC is often
limited by the underlying liver disease which is commonly accompanied by cirrhosis
and end-stage liver disease with significantly impaired liver function. Due to those
different etiologies and pathogenetic mechanisms, the identification of common
oncogenic drivers is challenging although heterogeneous sets of mutations could be
detected in HCC (Table 1), of which especially telomerase, p53, β-catenin and others
were linked to distinct and prognostic HCC subtypes (Table 2)[4,5].
Curative therapy is currently only possible in early stages by complete surgical
resection or orthotopic liver transplantation, the latter being limited by availability of
donor organs. Locoregional therapies [e.g., transarterial chemoembolization (TACE),
different ablation strategies, selective internal radiotherapy (SIRT)] are available for
intermediate stages or HCCs not amenable to surgical therapy and can be applied
repeatedly also for downstaging in preparation of transplantation or in an adjuvant
setting prior to surgery[6,7]. In addition, external beam radiation (EBRT) is a valuable
adjuvant therapy option for small HCCs, in combination with surgery or other
locoregional therapies or as a bridging option to orthotopic liver transplantation. It
can also help to reduce pain in extrahepatic metastases and prolong survival after
surgical resection[8]. For further details on locoregional and non-systemic treatment
options, we refer the reader to a recent meta-analysis on the management of HCC[9].
Since the introduction of the multi-kinase inhibitor sorafenib about a decade ago,
only little progress has been made in treatment of advanced HCC. In this article, we
will review the current status of novel drugs for the treatment of advanced HCC
including the emerging immune checkpoint inhibitor therapies. We will also highlight
recent trends in identifying predictive biomarkers and establishing animal models
that closely resemble the complex and diverse human pathophysiology of HCC.

CONVENTIONAL CHEMOTHERAPY AND MOLECULAR
TARGETED THERAPIES
Prior to the approval of sorafenib, no standard chemotherapy regimen had been
established for treatment of advanced HCC. Randomized trials and meta-analyses
showed a poor response rate of different agents like 5-fluorouracil (5-FU), cisplatin,
doxorubicin or hormonal therapy (e.g., tamoxifen or somatostatin-analogues). The
high intrinsic resistance of HCC is considered due to the high expression of efflux
pumps (linked to the physiologic metabolic capacity of the liver parenchyma), altered
blood flow and fibrosis as well as high expression and mutations in drug resistance
genes like p53. Most tested drugs showed only modest activity with minimal
improvement in overall survival but with significant toxicities in combination[6,10].
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Table 1 Known dysregulated pathways and genes in hepatocellular carcinoma with mode of action and frequency (modified from[4,5,92])
Pathways / genes

Alteration

Frequency in HCC

RPS6KA3

Mutation

2%%-9%

TSC1 and TSC2

Mutation or deletion

3%-8%

PTEN

Mutation or deletion

1%-3%

FGF3, FGF4 and FGF19

Amplification

4%-6%

PI3KCA

Mutation

0%-2%

Amplification

3%-7%

Mutation Mutation

3%-6% 2%-8%

TP53*

Mutation or deletion

12%-45%

RB1

Mutation or deletion

3%-8%

CCND1*

Amplification

5%-14%

ARID1A*

Mutation or deletion

4%-17%

ARID2*

Mutation

3%-18%

BAP1

Mutation

5%[117]

Promotor mutation amplification

54%-60% 5%-6%

Mutation

5%

Mutation

Up to 10%[117]

MET*

Amplification

30%-50%

MYC

Amplification

4%

Mutation

Up to 40%[118]

Catenin β1*

Mutation

11%-37%

AXIN1*

Mutation or deletion

5%-15%

AKT-mTOR-MAPK signaling

Angiogenesis
VEGFA
Antioxidation
NFE2L2 KEAP1
Cell cycle control/tumor suppressors

Epigenetic and chromatin remodeling

Immortalization/telomere maintenance
ERT*
JAK/STAT
JAK1
Metabolic pathways
Afamin apoptogenic protein 1, mitochondrial
Oncogenes

TGFβ pathway
Osteopontin
G2/mitotic-specific cyclin-B2 Cyclin-dependent kinase 1 lymphoid enhancer-binding factor 1
Integrin α2
Wnt pathway

HCC: Hepatocellular carcinoma.

The small-molecule multi-kinase inhibitor sorafenib was the first drug to show an
overall survival benefit in first-line therapy of advanced HCC (10.7 mo vs 7.9 mo; 6.5
mo vs 4.2 mo in Asian patients) in randomized controlled trials[11,12]. Since then, only
lenvatinib was able to achieve increased overall survival (in a phase 2 study) and was
proven to be non-inferior to sorafenib in a recent phase 3 study, reaching a median
survival time of 13.6 mo compared to 12.3 mo for sorafenib[13,14].
Similarly, results for new drugs in a second-line setting after failure of sorafenib
were mostly disappointing. Regorafenib, a derivative of sorafenib, and the novel
multi-kinase inhibitor cabozantinib achieved a significant increase in overall survival
in placebo-controlled trials. Regorafenib increased overall survival to 10.6 mo vs 7.8
mo[15], while cabozantinib achieved overall survival of 10.2 mo vs 8.0 mo with toxicity
similar to regorafenib[16]. Lately the vascular endothelial growth factor receptor 2
(VEGFR-2) antibody ramucirumab proved efficacy in sorafenib pretreated patients
with an alpha-fetoprotein level of ≥ 400 mg/mL[17]. The randomized phase-III placebo
controlled trial REACH-2 showed median overall survival times of 8.5 mo for ramucirumab treated patients vs 7.3 mo for the placebo arm [hazard ratio (HR) = 0.7; P <
0.0001]. This is the first study to show a significant survival benefit for a bio-marker
(alpha-fetoprotein) selected subgroup of HCC.
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Table 2 Summary of classification schemes of hepatocellular carcinoma (modified from[119])
First author

Lee et al[120]

Boyault et al[121]

Chiang et al[122]

Hoshida et al[123]

Désert et al[124]

TCGA network[117]

Year

2004

2006

2008

2009

2017

2017

HCC cases

91

56

91

232

1133

559

Number of
subgroups

2

6

5

3

4

3

Names of classes

Cluster A/B

G1-G6

CTNNB1proliferation

S1-S3

PP, PV, ECM, STEM iCluster1-iCluster3

X

X

X

Major applied technology for molecular profiling
Transcriptomics

X

Genetic Mutations

X
X

Copy number
alterations

X
X

X

X

Metabolomics

X

Epigenomics

X (CDH1 and
CDKN2A)

X

Proteomics

X

Major HCC Classes with clinic-pathological features and high mutation rates
Proliferative phenotype
Poor outcome

A

G1, G2, G3

Proliferation

S1 + S2

ECM + STEM

iCluster 1 + 3

G5, G6

CTNNB1

S3

PP + PV

iCluster 2

High AFP
Moderate to poor
differentiation
P53
Non-proliferative phenotype
Good to moderate
outcome

B

Low AFP
CTNNB1

ECM: Extracellular matrix; PP: Periportal; PV: Perivenous; STEM: Stem/progenitor cells; HCC: Hepatocellular carcinoma.

Several other targets for inhibition of receptor tyrosine kinase function in HCC
were investigated. Hepatocyte growth factor (HGF) and its receptor c-Met are commonly overexpressed in HCC and have been linked to poor prognosis and re-sistance
to e.g., sorafenib treatment[18-20]. c-Met is targeted by several multi-kinase inhibitors
like gefitinib or cobazitinib and more recently also selective inhibitors like capmatinib
or tepotinib entered clinical trials but results for studies in HCC are still pending[21-23].
Other less selective compounds with c-Met inhibition properties like crizotinib,
brivanib or foretinib did not lead to significant prolongation of overall survival (OS)
in phase III studies or were not investigated in HCC patients yet[21,22,24,25].
All of these compounds are recommended for patients with preserved liver
function, i.e., Child-Pugh score 5, 6 and 7[26]. Treatment options for patients with more
advanced liver impairment or cirrhosis are still lacking and represent an urgent
medical need. Esp. the use of sorafenib in patients with portal vein tumor thrombosis
(PVTT) remains controversial[27]. In a study with 30 patients with advanced HCC and
PVTT treated with sorafenib monotherapy, a disease control rate of 33.3% was
achieved, including thrombus revascularization in a small number of patients. Yet, OS
and progression-free survival (PFS) still remained disappointing with only 3.1 and 2.0
mo, respectively [28] . In combination with TACE, sorafenib was able to induce a
significant survival benefit compared to TACE only in patients with type B (13 mo vs
6 mo) or type C (15 mo vs 10 mo) in a stud enrolling 99 patients[29]. Similar results were
obtained in combination with radiofrequency ablation (RFA)[30]. Still, prospective
randomized controlled trials on sorafenib or regorafenib monotherapy in this setting
are missing and the effect of the combination approach is probably overruling the
currently available results[27].
Different combination studies of sorafenib and other agents have been performed.
Interestingly, vitamin K was shown to enhance the antitumor effects of sorafenib via
reduction of expression of des-γ-carboxy prothrombin (DCP), a proangiogenic growth
factor that can also trigger signaling via c-Met and which is commonly upregulated
after sorafenib treatment[31,32].
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Combination studies with other targeted agents showed only a modest increase in
survival but had significant increase in drug related adverse events or even showed a
worse outcome than single agents like the sorafenib/erlotinib combination[33]. These
agents have also been investigated in earlier disease stages but could not demonstrate
a survival benefit in combination with locoregional approaches like TACE or in an
adjuvant setting[7].
In summary, sorafenib and lenvatinib are options for first-line therapy of advanced
HCC, while regorafenib, cabozantinib and ramucirumab can be used as second-line
options afterwards.

IMMUNE CHECKPOINT INHIBITORS AND NOVEL
IMMUNOTHERAPY TARGETS IN HCC
The development of immune checkpoint inhibitors like anti-CTLA4 (ipilimumab,
tremelimumab) or anti-PD-1/PD-L1 (nivolumab, pembrolizumab, tislelizumab,
camrelizumab, atezolizumab, durvalumab, avelumab) antibodies has dramatically
changed clinical oncology nowadays and achieved sustained treatment responses in
an unprecedented manner across different cancer types. Chronic inflammation due to
the various underlying etiologies is a mainstay of HCC development. Different
immune cell subtypes (T cells, macrophages, Kupffer cells) are currently intensively
investigated to understand their role in HCC pathogenesis and to exploit them as
novel and specific therapeutic approaches for this disease. Kupffer cells and CD8+ T
cells in HCC have been shown to express high levels of PD-1 and PD-L1, thus playing
a key role in the immune evasive phenotype of HCC. High expression of PD-L1 on
tumor cells was associated with poorer outcome in HCC patients[34-37].
Several immune checkpoint inhibitors are currently investigated in clinical trials as
single agents or in combination with neo-epitope releasing locoregional therapies,
epigenetic drugs or conventional targeted agents[38].
In a phase 1 study, tremelimumab reached a clinical disease control rate of 76.4%
with 17.6% of patients achieving partial response[39]. In combination with subtotal
radiofrequency ablation or chemoablation, 26.3% of patients reached partial response
and a median overall survival of 12.3 mo. Responders also showed increased infiltration of CD8+ T cells and HCV positive patients had a significant reduction in
viral load[40].
Based on positive results of the phase 1/2 CheckMate-040 study, nivolumab
received FDA approval as a 2nd line therapy option in HCC[41]. An objective response
rate of 20% was reached overall, and patients expressing PD-L1 on tumor cells even
reached 26%. A subgroup analysis revealed disease control rates of up to 75% and a
median duration of response of 9.9 mo. Results of the phase 3 CheckMate-459 study
that compares nivolumab vs sorafenib are still pending.
Similar results were obtained for pembrolizumab in the KEYNOTE-224 study.
Here, 17% of patients had partial response, 44% had stable disease and overall 77% of
responding patients had durable responses of 9 mo or more. Pembrolizumab also
received FDA approval as a 2nd line therapy after sorafenib therapy.
Several further studies are currently ongoing to evaluate these checkpoint inhibitors in first or second line therapy of HCC, including the HIMALAYA study that
explores durvalumab alone or in combination with tremelimumab vs sorafenib or the
IMbrave50 study that combines atezolizumab with bevacizumab vs sorafenib[42].
Due to its physiologic role in clearing portal vein blood flow from potentially
harmful gut content, the liver is a key immunologic organ and contains a high proportion of macrophages (Kupffer cells) and other cells of lymphoid lineage, including
B and T cells as well as natural killer (NK) and NKT cells[43]. As outlined above, HCC
commonly develops on the basis of chronic inflammatory liver injury and exploiting
the immunologic repertoire of the liver. The first promising results of immune
checkpoint inhibitors in HCC further support this approach. Different technologies
have been developed to apply an adaptive cell transfer as a therapeutic option also in
HCC, including application of tumor infiltrating lymphocytes, cytokine induced killer
cells or fostering neoepitope release by locoregional ablation techniques[44-46].
Recently, chimeric antigen receptor-engineered T (CAR-T) cells yielded outstanding responses in hematologic malignancies and received FDA approval for the
treatment of acute lymphoblastic leukemia[47,48] and diffuse large B-cell lymphoma[49,50].
In brief, T cells of patients are harvested, genetically modified, expanded and
reinfused into the patient. CARs consist of an extracellular antigen recognition domain, a hinge/spacer domain, a transmembrane domain and a T cell activation domain (CD3ζ). CARs of the 2nd and 3rd generation have additional costimulatory molecules like CD27 or CD134 in between the transmembrane and the CD3ζ domain to
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achieve prolonged T cell expansion and antitumor effects[51]. Success of CAR-T cells in
solid tumors is limited by their broader mutational load compared to hematologic
malignancies and suitable tumor antigens are thus more difficult to identify. An
additional hurdle is the localization of modified T cells to the tumor, which is
influenced by tumor angiogenesis, low levels of chemokines to attract T cells into the
tumor and, esp. in HCC, a tumor microenvironment (stroma, fibrosis) that does not
permit sufficient tissue penetration of large molecules[52]. The latter can be overcome
by selective local administration like hepatic artery infusion which makes HCC an
interesting option for this therapy approach and several studies using CAR-T cells
were therefore initiated in HCC[44,53] (Table 3). Interestingly, most studies use the cell
surface glycoprotein glypican-3 (GPC3) as an antigen, which is highly expressed in
HCC but not in other adult tissues and has been linked to poor prognosis of HCC[54,55].
Preclinically, CAR-T cells targeting GPC3 were able to eliminate HCC cells and
prolong survival of tumor-bearing mice[56,57]. Ongoing studies also evaluate different
application routes like hepatic artery infusion, systemic infusion or combination with
transarterial (chemo-)embolization and the effect of lymphodepleting conditioning.
Preliminary results from study NCT02395250 indicate that GPC3-CAR-T cells are safe
in relapsed or refractory Chinese HCC patients. In this study, 1 partial response and 2
stable diseases were observed as best response (from 6 evaluable patients), all durable
for more than one year[58].

EPIGENETIC THERAPY WITH HDAC INHIBITORS IN HCC
Epigenetic dysregulation of gene activity is essentially involved in HCC tumorigenesis as evidenced by dysregulation of histone deacetylases in vitro, in vivo and in
situ[59,60]. Treatment with HDAC inhibitors (HDACi) therefore represents an attractive
therapeutic option in liver cancer that addresses different molecular mechanisms
compared to chemotherapy or targeted therapies to inhibit tumor cell growth and
promote cell death. HDACi inhibitors commonly inhibit cell cycle progression by reexpression of p21cip1/waf1 in a p53-dependent manner but can also mediate alternative
cell death pathways like unfolded protein response and ER stress pathways due to
their non-specific acetylation of proteins also outside the nu-cleus[61-65]. Although some
case reports showed a positive effect of HDACi in com-bination with sorafenib in
HCC[66], most studies are disappointing so far. A phase 2 study using belinostat
(inhibitor of all zinc dependent HDAC isoforms) in unresectable HCC showed a PFS
and OS of 2.6 and 6.6 mo, respectively [67] . The SHELTER study investigated
resminostat (oral pan-HDACi with predominant activity against HDAC1, 2 and 3) in
combination with sorafenib in a 2nd line setting of adv-anced HCC and demonstrated
an OS of 8.0 mo, while monotherapy resminostat reached only 4.1 mo[68]. Interestingly,
this combination was also used in a 1st line setting in Asian patients but did not
provide evidence for an OS benefit over sorafenib[69].
These studies, like others investigating tyrosine kinase inhibitors, usually enroll
patients with progressive, unresectable, locally advanced or metastatic HCC with an
overall poor prognosis that limits the chance of achieving PFS or OS advantages[70].
Yet, epigenetic therapies may be able to overcome such hurdles and even enhance the
results of immune checkpoint inhibitors in HCC. Epigenetic targeting with the
enhancer of zeste homolog 2 (EZH2), a histone-lysine-N-methyltransferase, inhibitor
3-Deazaneplanocin A (DZNep) and the DNA methyltransferase 1 (DNMT1) inhibitor
5-azacytidine reactivated transcriptionally repressed chemokines genes and augmented T cell trafficking to the tumor[71]. Consequently, epigenetic pretreatment may
lead to priming of so-called immune cold tumors also in HCC[71,72].

NOVEL BIOMARKERS TO IMPROVE PATIENT OUTCOME
HCC patients are commonly stratified based on their liver function capacity as
assessed by Child-Pugh score, which overall seems to be a better predictor for treatment outcome than the underlying etiology of HCC[70,73]. Biomarkers that could
predict treatment response are therefore urgently needed, esp. for targeted therapies
and immunotherapy approaches[74].
In a recent biomarker analysis of the sorafenib phase 3 STORM trial (BIOSTORM),
none of the biomarkers related to angiogenesis or cell proliferation or other molecular
markers like gene signatures or mutations could predict a treatment benefit or recurrence-free survival (RFS). Only p-ERK and microvascular invasion were associated
with poor RFS. This study proposed a new 146-gene signature that identified about
30% of patients which benefit from sorafenib treatment. Interestingly, those patients
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Table 3 Clinical trials with chimeric antigen receptor T cells cells in hepatocellular carcinoma
NCT

Antigen

NCT02715362

GPC3

NCT03672305

c-Met/PD-L1

NCT02723942

GPC3

NCT03198546
NCT02395250

Phase

Patients

Sponsor

Status

Comments

I/II

30

Company

Recruiting

HAI

I

50

Academic

Not yet recruiting

IV

I/II

60

Academic

Completed

GPC3

I

30

Academic

Recruiting

GPC3

I

13

Academic

Completed

NCT03349255

AFP

I

18

Company

Recruiting

NCT03130712

GPC3

I/II

10

Company

Recruiting

IT

NCT03084380

GPC3

I/II

20

Academic

Not yet recruiting

Combination with TACE

NCT029051881

GPC3

I

14

Academic

Not yet recruiting

NCT03302403

GPC3

I

48

Academic

Not yet recruiting

NCT03146234

GPC3

I

20

Academic

Recruiting

NCT01935843

Her2

I/II

10

Academic

Unknown

NCT02959151

GPC3

I/II

20

Company

Unknown

NCT02587689

MUC1

I/II

20

Company

Unknown

NCT03013712

EpCAM

I/II

60

Academic

Recruiting

[58]

IV vs HAI

1

Location of study is United States, all other trials are conducted in China. HAI: Hepatic artery infusion; IT: Intratumoral injection; IV: Intravenous
injection; TACE: Transarterial chemoembolization.

were also enriched in CD4+ T and B cells, NK cells and were associated with
signature of poor response to immune checkpoint inhibitors[75].
Analysis of the regorafenib phase 3 study in HCC (RESORCE), also recently
identified a plasma protein expression profile [angiopoietin 1, cystatin B, oxidized low
density lipoprotein (LDL) receptor 1, latency associated peptide of transforming
growth factor β (TGF-β) and macrophage inflammatory protein 1α (MIP1α)] and 9
plasma miRNAs that were associated with increased overall survival and time to
progression. The proposed soluble plasma protein biomarkers are also known to play
a role in inflammation and HCC pathogenesis. Interestingly, none of these predictive
biomarkers was so far shown to have prognostic relevance[76].
Overall, the identification and validation of biomarkers in HCC was previously
limited by the availability of tissue specimens as international guidelines did not
mandate a biopsy sample for diagnostic purposes. Recently, guidelines from EASL
recommend taking tissue and liquid biopsies from HCC patients participating in
clinical studies which could improve this situation[77]. Biomarker analyses in HCC are
often limited by small sample size in respective subgroup analyses due to the diverse
etiologic backgrounds like viral hepatitis, NASH/NAFLD, cirrhosis status etc. which
all significantly impact on the underlying chronic inflammation or have direct influence on oncogenic pathways.
Numerous new diagnostic and prognostic biomarkers like GPC-3 or c-Met have
been proposed recently and were also translated into CAR-T cell based therapy
approaches (see above) but no clear predictive biomarker for either targeted therapies
or for immune checkpoint inhibitors is available so far[78,79].
Liquid biopsies are capable of detecting genetic and epigenetic alterations as well as
expression patterns of DNA, RNA and miRNA from circulating tumor cells, cell-free
nucleic acids or from exosomes. Success rate of these technologies is still variable
depending on tumor size and stage but with further technological advances, e.g., on
next generation sequencing from cell-free DNA, it is rapidly maturing to clinical
applicability[80-82].
Assessment of metabolic pathways including proteomics and glycomics could
further contribute to biomarker development although current approaches, e.g., detection of CD44v9[83] or Hippocalcin-like 1 (HPCAL1)[84], are used for diagnostic or
prognostic settings or to predict disease recurrence and have not been linked to
treatment responses.

NEW PRECLINICAL MODELS TO IMPROVE HCC THERAPY
The successful development of novel drugs is largely dependent on the availability of
suitable and predictive preclinical models. Besides the specific biochemical (cell-free)
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inhibition of a distinct target, novel compounds need to prove their potency in
various in vitro and in vivo model systems before entering human clinical trials.
In the past, high throughput screening was performed on 2D cultures using
immortalized cell lines. Although this approach allowed screening large numbers of
cell lines, it lacks the complex interaction of different cell types and matrix structures
within real tissue. Consequently, more complex 3D culture systems were established,
also from primary human cancer samples, that also contain components of extracellular matrix and additional cell types as fibroblasts[85,86]. Recently, spheroids and
organoids that mimic organ structure and aggressiveness of human HCC have been
established as tools for drug sensitivity screening[87,88]. To reflect the genetic heterogeneity of human cancers, mixtures of barcoded tumor cell lines can be subjected to
high throughput screening. This technology secures homogeneous drug exposure to
genetically different cell types at the same time and was shown to identify responders
and non-responders to specific treatments as well as to create new biomarker
hypotheses[89].
Precision-cut liver slices represent an interesting ex vivo model system for drug development. Complex tissue architecture is preserved and the model allows to investigate different pathophysiologic conditions and drug testing on primary human
tissue samples[90,91].
Animal models, however, still represent standard models for early drug development approaches. As HCC usually develops on the background of chronic
underlying liver diseases associated with chronic inflammation, viral infection or
fibrotic remodeling, and clear oncogenic driver mutations have not been identified
yet, finding suitable and appropriate models still remains an urgent task. An ideal
model would therefore in parallel describe the underlying liver disease and tumor
development. The increasing role of immunotherapies in HCC also urgently warrants
the development of respective immunocompetent models (Table 4)[92].
The subcutaneous implantation of HCC cell lines was extensively used in the past
and still has value when using primary cell lines or tissue explants (patient-derived
xenograft models). These models are relatively easy to handle and provide an easy
readout of tumor growth by caliper measurement. Orthotopic implantation reflects
the primary site of tumor formation and crossplay with liver matrix and cells but
requires surgical expertise and more advanced imaging technologies to monitor
tumor growth. Both systems need immunodeficient mice unless syngeneic murine
tumors are used. This limits the application of those models for studying immunotherapy approaches.
As human HCC can also develop upon chronic exposure to toxic agents, chemical
induction in mice using diethylnitrosamine (DEN) has been established as a standard
method but is limited by high variability of tumor formation and time to develop
tumors[93]. Yet, chemical models can easily be combined with other approaches (e.g.,
fibrosis induction, NASH models, alcohol) and thus provide an option for rapid
evaluation of novel drugs under distinct pathophysiologic conditions[94-97].
Genetically engineered mice (GEM) are useful tools to study the contribution and
effects of individual genes on HCC pathogenesis. They are technically more
demanding and may have a longer latency period than other models. With the option
of targeted knock-in and knock-out systems and combinations of those approaches,
distinct molecular backgrounds can be analyzed. As today no clear single oncogenic
driver for HCC development has been identified, several GEM models have been
established as useful tools, e.g., p53-deficient[98] mice or mice overexpressing MYC[99] or
WNT pathway components[100,101]. The option to study HBV and HCV transgenic mice
is of special interest. We have shown previously that dependent on the host genetic
background, ER stress pathways can be activated that are known to lead to cellular
stress and chronic inflammation and that are involved in fibrogenesis and ultimately
also HCC pathogenesis[102,103].
As outlined above, HCC commonly develops on the basis of an underlying chronic
liver disease. Therefore, specific liver disease models are of very high relevance to
study HCC pathogenesis and explore new therapeutic options[92]. Several small animal
models for the development of liver fibrosis and cirrhosis are currently established.
Application of carbon tetrachloride (CCl4) or thioacetamide (in combination with
ethanol)[104] leads to rapid fibrosis development and acute inflammation[105]. While easy
to handle, these models can be combined with GEM or orthotopic transplantation
models and provide a good tool to study tumor cells with a fibrotic microenvironment.
Although less clear in its pathogenesis for HCC, the increasing prevalence of
metabolic liver diseases associated with diabetes mellitus, adipositas, hyperlipidemia,
hypertriglyceridemia and metabolic syndrome puts models for NAFLD/NASH in the
focus of today’s research models[106-108]. NAFLD and NASH can easily be induced by
dietary models, e.g., using a high-fat (HFD), high-cholesterol (HCD), high-fructose or

WJG

https://www.wjgnet.com

3143

July 7, 2019

Volume 25

Issue 25

Neureiter D et al. HCC in research and clinical practice

Table 4 Available techniques for induction of hepatocellular carcinoma in relation to temporal and technical aspects as well as major
advantages and disadvantages (summarized from[92])
Method and specification

Time to HCCshort (+) to long
(+++)

Technical effortslow (+) to high
(+++)

++

+

Major “Pros” (+) vs “Contras” (-)

Chemotoxic agents linked models
Diethylnitrosamine
9,10-dimethyl-1,2-benzanthracene

(+) good combination options with
other methods
(-) time to HCC not easily predictable

Direct implantation of tumor cells or tissue
Heterotopic/orthotopic

+

+/++

(+) heterotopic xenografts are often
and easily done
(+) syngeneic orthotopic models
better reflect the natural liver
microenvironment

Syngeneic/xenografts

(-) xenografts need
immunocompromised mice
(-) orthotopic tumor implants need
surgical and imaging experience

Genetically engineered mouse models
Mouse embryo manipulation

++/+++

+++

Cre-Lox recombination

(+) hepatocarcinogenesis can be
analyzed stepwise
(-) effects of manipulated gene(s)
could have heterogeneous latency
and genetic penetrance

Hydrodynamic injection
CRISPR-Cas9
Humanized mouse models
Immunologically humanized mice

+++

+++

Genetically humanized mice

(+) immunotherapeutical issues can
be studied based on human cell lines
in mice
(-) establishment difficult due to
engraftment failure and development
of stable stem cell-derived
hepatocytes

HCC: Hepatocellular carcinoma.

methionine and choline-deficient (MCD) diets or combinations of those classical
inducers[109]. Yet, dietary models are often limited by not completely following the
human course of disease, e.g., lacking HCC formation for high-fat diet or lacking
obesity for the MCD diet. Therefore, models have been further refined by combining
the dietary stimulus with distinct genetic models like PTEN-deficient mice, MC4R
(melanocortin 4 receptor) or ALR (augmenter of liver regeneration) knockouts that
reliably lead to HCC formation in 60% to 100% after approximately one year[110].
Recently, it was shown that HFD and HCD triggers liver cancer formation in an
ApoE/LDL-receptor double knockout mouse, linking metabolic stress and atherosclerosis to HCC formation[111].

CONCLUSION
Integrative and comprehensive molecular and genomic analyses could classify
hepatocellular carcinoma on the basis of landscapes of genetic and molecular
signatures (Tables 1 and 2) which could then lead to the identification of predictive
biomarkers for novel treatment options and then impact HCC trial design and patient
outcome. Consequently, all HCCs should be biopsied and specimen should be
intensively investigated applying “omics”-technologies for real precision medicine
approaches. Furthermore, the biological roles of the identified driver genes in HCC
must be analyzed in the deeper integration of inter- and intratumoral, interpatient,
and inter-ethnic tumor heterogeneity in more detail. Deeper knowledge about those
drivers is urgently needed, as the underlying pathogenesis of HCC is complex and
currently shifting from chronic viral infections to more metabolically driven tumorigenesis as seen in NASH. As inflammation seems to be a common ground for
HCC development, it is not surprising that immune checkpoint inhibitors are moving
into first line therapy setting and it is expected that this compound class will also
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significantly shift the therapeutic landscape in HCC soon. Therefore, tumor models
with complex genetically engineering are an essential drug development and
technology transfer tool closing the gap between in vitro experiments and intensive
clinical trials in future (Table 4). Finally, artificial intelligence and machine learning
could essentially help to analyze, to classify and to interpret the dramatically
increasing and high-dimensional amount of transcriptomic, genomic, epigenomic,
metabolic, proteomic and imaging data in HCC[112-114]. The desirable aims of such
approaches will be to (1) identify cancer drug targets, (2) predict anticancer sensitivity, toxicity and cancer resistance, and (3) give robust recommendations for
therapeutic strategies in the future[115,116].
Overall, the better understanding of the molecular pathogenesis of HCC allows for
more stringent patient selection criteria in biomarker-driven studies that can improve
patient outcome.
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Abstract
Liver cancer is one of the most common malignancies, and various pathogenic
factors can lead to its occurrence and development. Among all primary liver
cancers, hepatocellular carcinoma (HCC) is the most common. With extensive
studies, an increasing number of molecular mechanisms that promote HCC are
being discovered. Surgical resection is still the most effective treatment for
patients with early HCC. However, early detection and treatment are difficult for
most HCC patients, and the postoperative recurrence rate is high, resulting in
poor clinical prognosis of HCC. Although immunotherapy takes longer than
conventional chemotherapy to produce therapeutic effects, it persists for longer.
In recent years, the emergence of many new immunotherapies, such as immune
checkpoint blockade and chimeric antigen receptor T cell therapies, has given
new hope for the treatment of HCC.
Key words: Hepatocellular carcinoma; Mechanisms; Immunotherapy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Among all primary liver cancers, hepatocellular carcinoma (HCC) is the most
common and accounts for 90% of cases. Mechanisms related to HCC progression and
treatment strategies have been extensively reported. In this paper, we review the
molecular mechanisms involved in HCC progression and the latest advancements in
immunotherapy by combining the research progress and results from our laboratory in
recent years.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause of cancer death worldwide in 2018,
accounting for approximately 841,000 new cases and 782,000 deaths annually. Primary liver cancer includes HCC and intrahepatic cholangiocarcinoma as well as other
rare types, with HCC accounting for 75%-85% of cases[1,2]. The main risk factors for
HCC are chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV),
aflatoxin-contaminated foodstuffs, heavy alcohol intake and type 2 diabetes[2]. Studies
on the mechanisms of HCC processes have confirmed that the inactivation of multiple
tumor suppressor genes (such as p53), abnormal activation of oncogenes (K-ras, etc.,)
and multiple signaling pathways (PI3K, MAPK, JAK/STAT, NF-κB, Wnt/β-catenin,
etc), abnormal regulation of epigenetic events (such as microRNAs), and even
exosomes that deliver a large number of protumorigenic molecules are all involved in
HCC development and progression[3]. The liver also acts as a special immune organ.
In addition to the above carcinogenic factors, the immunological microenvironment in
the liver is associated with HCC occurrence and development. In recent years, the
interaction between various immune cells and tumor cells has attracted extensive
attention. Many molecular mechanisms associated with the biological characteristics
of tumor cells during hepatocarcinogenesis also have important effects on the
immune system. Although improvements have been made in surgery, radiofrequency
ablation and chemotherapy for HCC, the prognosis of HCC patients remains
unsatisfactory due to the high rates of recurrence and metastasis. The emergence of
many new immunotherapies, such as immune checkpoint blockade and chimeric
antigen receptor (CAR) T-cell therapies, has given new hope for the treatment of
HCC. Here, we review the molecular mechanisms that influence HCC progression
and the latest advancements in immunotherapy by combining the latest research
progress and results from our laboratory.

MOLECULAR MECHANISMS UNDERLYING HCC
The promotive effect of HBV on HCC
Chronic hepatitis caused by HBV infection is one of the main causes of HCC.
Numerous studies have confirmed that HBV can activate a variety of signals to promote viral replication and inflammation progression and to accelerate hepatocarcinogenesis[4-7].
HBx and HCC: We also found that HBV further promoted viral replication by
activating signal transducer and activator of transcription 3 (STAT3) signaling in
HBV+ HCC, while blocking STAT3 can inhibit HBV replication and proliferation and
angiogenesis in HBV+ HCC[8]. The HBV genome encodes four proteins, including the
envelope protein (S/Pre-S), the core protein (C/pre-C), the polymerase (P), and the X
protein (HBx). Among them, the multifunctional HBx protein has attracted substantial
attention. HBx can block p53-mediated apoptosis and activate numerous signal
transduction cascades (STAT, NF-κB, AP-1, etc.,) associated with cell proliferation and
survival, promoting HCC occurrence and development[9-13]. HBx mutations in HCC
patients haven been shown to be important for the development of HCC[14-16].
HBV and microRNAs: A large number of recent studies have shown that microRNAs
play important roles in the occurrence and development of HBV-related HCC.
Through the analysis of microRNA profiles, the expression levels of various microRNAs, such as miR-150 and miR-342-3p, were found to be changed in HBV-related
HCC[17]. The analysis of a large number of clinical samples showed that microRNAs
such as miR-375, miR-25, and let-7f are specific for HBV and have potential clinical
value for the prediction and diagnosis of HBV + HCC [18-20] . Further studies have
demonstrated that HBV promotes HCC by intervening with Wnt, MAPK, Notch and
other signaling pathways through different microRNAs[17,21-24] (Figure 1). However,
miR-122 expression is inhibited in HBV+ HCC, which suggests that this microRNA
likely plays an inhibitory role in HCC progression[25]. Mao et al[26] found that the
tolerance of HBV+ HCC patients to sorafenib was significantly higher than that of nonHBV-infected HCC patients, which was related to activated Mcl-1-mediated
inhibitory effects on miR-193b, and restoration of miR-193b expression could increase
the sensitivity of HBV+ HCC to sorafenib. These phenomena indicate that the role of
microRNAs in the progression of HBV-related HCC is complex and not simply
promotive or suppressive.
HBV and immune tolerance: In addition to the above mechanisms, HBV-induced
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Figure 1

Figure 1 Hepatitis B virus promotes hepatocellular carcinoma by intervening various signal pathways
through different microRNAs. Lines ending with arrows or bars indicate promotion or inhibitory effects, respectively.
HBV: Hepatitis B virus.

suppressive effects on innate and adaptive immune cells promote the evolution from
inflammation to tumorigenesis. In patients with chronic HBV hepatitis, the activation
and function of natural killer (NK) cells are significantly inhibited, and these impaired
NK cells cannot effectively clear HBV, which further accelerates the progression of
hepatitis to HCC[27,28]. The TGF-β-miR-34a-CCL22 signal induces regulatory T (Treg)
cell infiltration and promotes the metastasis of HBV+ HCC[29], and the imbalance
between helper T (Th)-17 and Treg cells is a risk factor for patients with HBV infection
progressing to HCC[30]. In the course of chronic HBV infection, the expression of
programmed death-1 (PD-1), cytotoxic T lymphocyte antigen-4 (CTLA-4), CD244 and
other inhibitory receptors on virus-specific CD8+ T cells is increased, which mediates
T cell depletion[27,31]. Recently, Zong et al[32] showed that in HBsAg-transgenic mice, the
expression of TIGIT, a promising immune checkpoint in tumor immunotherapy,
maintained the tolerance of CD8+ T cells to HBV, and disrupting this tolerance by
TIGIT blockade or deficiency could induce chronic hepatitis in HBsAg-transgenic
mice and eventually lead to HCC development, suggesting that immune checkpoint
therapy in HBV carriers might increase the risk of chronic hepatitis and liver cancer.
To date, the role of HBV in HCC progression has been widely studied, providing
new ideas for the effective prevention and treatment of HCC.

STAT3 and related signaling pathways
As an important member of the STAT family, STAT3 is constitutively activated in
many tumor and immune cells in the tumor microenvironment. The abnormal
activation of STAT3 signaling is closely related to the occurrence, proliferation, drug
resistance and stemness of various tumors, including HCC. STAT3 also plays an
important role in the regulation of the complex network formed in the tumor microenvironment[33-36].
STAT3 and microRNAs: STAT3 deficiency prevents hepatocarcinogenesis in the
thioacetamide-induced liver injury model[37]. Constitutive activation of STAT3 is
observed in HCC cells and tissues, and STAT3 decoy oligodeoxynucleotides (STAT3decoy ODN) can specifically block the activation of STAT3 signaling in HCC,
resulting in the inhibition of proliferation and apoptosis in tumor cells[38]. MicroRNAs
such as miR-589-5p and miR-500a-3p maintain the drug resistance and stemness of
HCC by activating STAT3 signaling[39-41]. However, some microRNAs have been found
to inhibit tumor development by interfering with STAT3. MiR-345 upregulation has
been shown to inhibit epithelial-mesenchymal transition (EMT) in HCC by targeting
interferon regulatory factor 1 (IRF1)-mediated mTOR/STAT3/AKT signaling [42] .
Furthermore, miR-451 may function as a potential suppressor of tumor angiogenesis
in HCC by targeting IL-6R/STAT3/VEGF signaling, indicating a promising therapeutic strategy for HCC[43]. Although different microRNAs have different effects on
HCC, STAT3 plays a key role in the regulation of microRNA signaling during hepatocarcinogenesis.
TLR4 and STAT3: The relationship between inflammation and tumors has been well

WJG

https://www.wjgnet.com

3153

July 7, 2019

Volume 25

Issue 25

Jiang Y et al. HCC: Mechanisms and immunotherapy

established[44]. Approximately 70% of the blood supply to the liver comes from the
outflow of intestinal veins, and the presence of the hepato-intestinal axis makes the
liver the first line of defense against enterogenous antigens. Pathogen-associated
molecular patterns (PAMPs) derived from the intestinal microbiota play a regulatory
role in liver diseases by activating Toll-like receptors (TLRs). In a liver injury-cancer
model induced by a combination of diethylnitrosamine (DEN) and the hepatotoxin
carbon tetrachloride (CCl4), TLR4-/- mice showed a significant decrease in tumor
number and volume formation compared to wild-type mice. Moreover, intestinal
microbiota-derived lipopolysaccharides (LPS) can activate TLR4 signaling in
hepatocytes to promote inflammation-induced hepatocarcinogenesis[45]. We also found
that TLR4 was constitutively expressed in HCC, and further study demonstrated that
TLR4 promoted HCC occurrence and progression depending on the activation of the
Cox-2/PGE2/STAT3 axis and was associated with multiple drug resistance [46] .
Significantly, sorafenib can inhibit HCC by blocking TLR4/STAT3/SUMO1 activation[47].
STAT3 and the tumor microenvironment: With advancements in research, the
occurrence and development of tumors is thought to arise due to not only the deterioration and proliferation of tumor cells, but also the immunosuppressive tumor
microenvironment. As a key transcription factor, STAT3 is constitutively activated in
both tumor cells and immune cells in the microenvironment (Figure 2). We found that
blocking STAT3 in HCC cells could effectively disrupt tumor-induced immune tolerance and induce an antitumor reaction in tumor-bearing mice, which might be
related to the downregulation of transforming growth factor-beta (TGF-β) and
interleukin(IL)-10 and the upregulation of type I interferons (IFNs)[48,49]. Alternatively,
STAT3 could directly regulate miR-146a expression to upregulate the expression of
TGF-β, IL-17 and VEGF and downregulate the expression of type I IFNs, mediating
the inhibitory effect of NK cells on HCC[50]. More importantly, STAT3 could inhibit the
Th1 immune response and promote the formation of an immunosuppressive microenvironment[51,52]. Studies have shown that tumor-associated macrophages (TAMs)
promote HCC progression by secreting cytokines such as IL-8 and IL-6 to activate
STAT3 in HCC [53,54] . HCC-associated fibroblasts induce the activation of STAT3
pathways in neutrophils and dendritic cells (DCs), and these STAT3-over-activated
neutrophils and DCs display protumorigenic roles[55,56]. Blocking STAT3 activation in
immune cells such as TAMs and DCs can inhibit HCC progression[56,57]. Meanwhile,
blocking STAT3 not only inhibits HCC proliferation but also upregulates NKG2D
ligand expression, such as ULBPs and MICA/B, in HCC cells to increase the
sensitivity of HCC to NK cell-mediated cytolysis and enhance the anti-HCC activity of
NK cells[48,49].
In summary, STAT3 signaling can interact with multiple pathways to promote
HCC. STAT3 plays an important role in both the maintenance of HCC malignancy
and the suppression of the immune microenvironment, which makes STAT3 an ideal
target for HCC treatment. The development of STAT3 inhibitors used for clinical
application is an attractive research topic. STAT3 inhibitors, including AZD9150 and
TTI-101, have entered the clinical trial phase for HCC treatment (ClinicalTrials.gov
identifier: NCT03195699 and NCT01839604, respectively). Several drugs, which were
not initially applied for tumor treatment, have also been found to exert anticancer
effects by blocking STAT3[58-60]. Thus, the identification of new STAT3-targeted inhibitors is still an important direction for drug development.

Homeobox genes
Homeobox genes were first discovered in the fruit fly Drosophila, which are divided
into many subfamilies (Hox, PAX, NKX, etc.,) on the basis of the level of similarity
among them[61]. Homologous homeobox genes have been found in mammals. Most
homeobox genes are involved in regulating the expression of genes related to embryonic development and cell differentiation. Mutations in these genes can lead to
abnormal organ development in eukaryotes[61-64]. In addition, in recent years, a variety
of homeobox genes have been found to be involved in the occurrence and development of tumors[64,65], and different homeobox genes have been shown to play
different roles in the progression of cancer such as HCC.
Hox and HCC: The Hox gene, an important member of the homeobox family, is
abnormally expressed in multiple malignant solid tumors[65]. The role of Hox has also
been studied in HCC over the years. Among HOX genes, HOXA13 has been reported
to be the most deregulated in HCC. HOXA13 overexpression in HCC cell lines results
in increased colony formation and migration but reduced sensitivity to sorafenib[66-68].
Knockdown of endogenous HOXA7 results in decreased proliferation of HCC cells by
inhibiting cyclin E1/cyclin-dependent kinase-2[69]. HOXB7 can promote EMT and
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Figure 2

Figure 2 STAT3 signaling contributes to form an immunosuppressive microenvironment in hepatocellular
carcinoma. Long lines ending with arrows or bars indicate activating or inhibitory effects, respectively. Short arrows
pointing up or down indicate up-regulated or down-regulated, respectively. TAMs: Tumor-associated macrophages;
CAFs: Cancer-associated fibroblasts; NK cell: Natural killer cell; DCs: Dendritic cells; NE: Neutrophil elastase; HCC:
Hepatocellular carcinoma.

stemness formation by upregulating the expression of c-Myc and Slug in HCC[70].
HMBOX1 and HCC: Homeobox containing 1 (HMBOX1), a novel human homeobox
gene, was first isolated from the human pancreatic cDNA library. HMBOX1 belongs
to the HNF homeobox class of the homeobox family[63,71]. The expression of HMBOX1
is reported to be up- or downregulated in some tumors[72-75]. Our previous study revealed that the expression level of HMBOX1 in liver cancer was lower than that in
adjacent noncancerous tissues[74]. Further study showed that HMBOX1 expression was
negatively correlated with the differentiation and clinical stage of HCC, and HMBOX1
overexpression could inhibit HCC by promoting autophagy, inhibiting the cancer
stem cell phenotype and increasing tumor cell sensitivity to NK cell-mediated cytolysis. The underlying mechanisms may be related to changes in the expression of Fas
and programmed cell death ligand 1 (PD-L1) in HCC cells mediated by HMBOX1
overexpression[76]. Additionally, HMBOX1 expression in hepatocytes has been shown
to prevent inflammation and liver injury by reducing macrophage infiltration and
acti-vation, thereby blocking inflammation-related tumor development[77].
Other homeobox genes and HCC: Prospero-related homeobox 1 (PROX1) is closely
related to proliferation, differentiation and prognosis in HCC. PROX1 can upregulate
IL-8 expression and activate NF-κB and β-catenin signals to promote HCC
angiogenesis and sorafenib resistance[78-80]. NK3 homeobox 1 (NKX3.1) was initially
found to play an important role in the regulation of prostate development and tumorigenesis[81]. Recently, NKX3.1 expression was shown to be decreased in HCC tissues,
and NKX3.1 overexpression induced G1/S phase arrest in HCC cells through upregulation of FOXO1[82]. HLXB9 is highly expressed in poorly differentiated HCC
samples[83].
From the above, different homeobox genes exhibit different functions via related
mechanisms to promote or inhibit HCC progression (Table 1). Because the homeobox
family has a large number of genes, its role in HCC and other tumors remains to be
further explored.

Wnt signaling
As a highly conserved signaling pathway during biological evolution, the Wnt
signaling pathway plays an important role in a variety of physiological and pathological processes[84]. With advancements in research, the regulatory role of the Wnt
signaling pathway in cancer progression and the emergence of stemness has attracted
widespread attention. According to the different mechanisms of signal tran-sduction,
the Wnt pathway is generally divided into the canonical Wnt/β-catenin and noncanonical β-catenin-independent pathways.
Wnt signaling and HCC: Aberrant activation of the Wnt/β-catenin signaling path-
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Table 1 Homeobox genes show different roles in the progression of hepatocellular carcinoma
Homeobox genes

Involvement in HCC process

Target genes

Ref.

HOXA13

Colony formation (+), migration (+), Drug resistance (+)

—

HOXA7

Proliferation (-)

Cyclin e1/cdk2

HOXB7

Stemness (+), EMT (+)

c-Myc, slug

HMBOX1

Autophagy (+), Stemness (-), Immunosuppression (-)

PD-L1, Fas

PROX1

Drug resistance (+), angiogenesis (+)

IL-8, NF-κB, β-catenin

NKX3.1

Proliferation (-)

FOXO1

[65,67]
[68]
[69]
[75]
[77-79]
[80]

(-): Inhibit; (+): Promote; -: Unavailable; HCC: Hepatocellular carcinoma.

way has been observed in HCC patients, and various molecules, such as the protein
components of HBV and HCV, as well as hypoxia-induced factor (commonly known
as HIF), can activate the Wnt/β-catenin pathway in HCC[5,85-88]. The activation of
Wnt/β-catenin signaling is closely related to the occurrence and development of
HCC, the formation of stemness and drug resistance[79,89-91] (Figure 3). In addition, Wnt
signals regulate HCC progression by interacting with Hippo and Notch signaling
pathways [92-94] . In addition to mutations in CTNNB1, AXIN1 and other related
genes[95-98], epigenetic regulation is involved in the aberrant activation of the Wnt
signaling pathway. For instance, the long noncoding RNA lncTCF7 promotes stemness and dissemination in HCC by activating Wnt signaling[99]. In HBV-related HCC,
HBx silences secreted frizzled-related proteins (SFRPs) by mediating DNA
methylation to activate Wnt signaling[100]. Many microRNAs regulate the activation of
Wnt signaling at the posttranscriptional level to affect HCC progression. For example,
miR-542-3p can target the frizzled 7/Wnt signaling pathway to inhibit HCC[101], while
Octamer 4/miR-1246 promotes stemness by inhibiting AXIN2 and GSK3 and thereby
activating Wnt/β-catenin signaling in HCC[102].
Wnt signaling and the tumor microenvironment: In addition to the effect on tumor
cells themselves, Wnt signaling has recently been found to play an important role in
the formation of a tumor immunosuppressive microenvironment. β-catenin activation
in DCs can inhibits the process of antigen cross presentation at CD8+ T cells[103,104] and
participates in the differentiation and activation of Treg cells[105]. Wnt/β-catenin
activation in TAMs facilitates M2 polarization, which promotes HCC[106]. TAMs also
activate β-catenin by secreting CCL17 to promote EMT in HCC[107]. Although many
studies have demonstrated that Wnt activation plays an immunosuppressive role, the
mechanism of Wnt activation in the tumor microenvironment remains to be further
explored. A better understanding of the role of Wnt signaling in HCC progression is
thus essential for the prevention and treatment of HCC.

Role of exosomes in HCC
Exosomes can be released by all cell types, including cancer cells and immune cells,
and play important roles in intercellular communication[108]. As carriers and transporters, exosomes deliver a variety of biological molecules, including proteins, lipids,
and nucleic acids. Exosomes have been shown to play important roles in most cancerassociated processes.
Exosomes promote HCC: We have reported that exosomes present in the sera of
chronic hepatitis B patients contain both HBV-derived nucleic acids and HBV proteins
and can transfer HBV to hepatocytes in an active manner. Moreover, exosomes mediate the transmission of HBV into NK cells, resulting in the impairment of NK cell
functions[109]. This may contribute to the progression of chronic HBV infection to HCC.
Exosomes derived from metastatic HCC cell lines carry a large number of
protumorigenic RNAs and proteins, such as MET protooncogenes and S100 family
members. These exosomes promote metastasis by triggering the PI3K/AKT and
MAPK signaling pathways in hepatocytes and increasing the secretion of active matrix metalloproteinase (MMP) 2 and MMP-9[110].
Exosomes and chemoresistance: HCC is highly resistant to chemotherapy. Qu et al[111]
found that exosomes derived from HCC cells can induce sorafenib resistance by
activating the HGF/c-Met/Akt signaling pathway. Moreover, exosomes derived from
highly invasive HCC cells have greater efficacy than exosomes derived from less
invasive cells[111]. Exosomal miR-32-5p can induce multidrug resistance in HCC by
activating the PI3K/Akt pathway[112]. Therefore, HCC cell-derived exosomes might be
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Figure 3

Figure 3 Aberrant activation of the Wnt/β-catenin signaling pathway in hepatocellular carcinoma. A: Wnt signaling is inactive in the absence of Wnt ligands
(OFF); B: Wnt signaling can be activated by various molecules in HCC (ON). HBV and HCV can active Wnt/β-catenin signaling by activating TCF or inhibiting GSK3β;
HBx can silence SFRPs to activate Wnt signaling; LncTCF7 triggers Wnt7a and TCF7 expression to activate Wnt signaling. Lines ending with arrows or bars indicate
activating or inhibitory effects, respectively. HIF1α: Hypoxia-inducible factor 1α; LEF: Lymphoid enhancer-binding factor; LRP: Low-density lipoprotein receptor-related
protein; TCF: T cell factor; FZD: Frizzled; E-cad: E-cadherin; SFRPs: Secreted frizzled-related proteins; CTGF: Connective tissue growth factor; WISP2: Wnt1
inducible signaling pathway protein 2.

an important target for reversing chemoresistance.
Exosomes and the tumor microenvironment: As carriers, exosomes play an important role in cell-cell interactions in the tumor microenvironment. Anticancer drugs
induce the release of exosomes containing heat shock proteins (HSPs) from HCC cells,
which elicit effective NK cell-mediated antitumor responses[113]. However, 14-3-3ζ
proteins delivered by exosomes can be transmitted from HCC cells to tumorinfiltrating T cells, impairing the functions, proliferation and activation of T cells[114].
Additionally, HCC-derived exosomes containing lncRNA TUC339 can be taken up by
macrophages to play important roles in macrophage activation and regulation of
M1/M2 polarization[115]. Additionally, highly metastatic HCC cell-secreted exosomal
miR-1247-3p directly targets B4GALT3, leading to the activation of β1-integrin-NF-κB
signaling in fibroblasts, which converts normal fibroblasts to cancer-associated
fibroblasts. Activated cancer-associated fibroblasts further promote cancer progression. Clinical data also show that high serum exosomal miR-1247-3p levels are
correlated with lung metastasis in HCC patients[116].
Therefore, exosomes play important roles in the development of HCC (Figure 4).
Nevertheless, more studies on how exosomes mediate HCC progression are still
needed to promote the clinical utilization of exosomes.

HCC IMMUNOTHERAPY
Clinical treatment of HCC includes liver transplantation, surgical resection,
chemotherapy, radiotherapy, interventional therapy and immunotherapy. Liver
transplantation is the only treatment option for HCC patients with unresectable
tumors or cirrhosis[117]. The 5-year survival rates can reach 60%–70% in patients with
HCC after liver transplantation[118]. However, the number of patients that need liver
transplantation exceeds the number of available donor organs[119]. Therefore, HCC
patients must be selected very carefully in terms of tumor size and number of tumor
nodules[120]. Surgical resection of early HCC is still the first choice for treatment, but
the recurrence rate within five years is as high as 70%[2]. The multikinase inhibitor
sorafenib is recognized as the most effective molecular targeted drug for the treatment
of advanced HCC worldwide. Despite advancements in molecular therapy with the
multikinase inhibitor sorafenib, the prognosis of advanced HCC cases remains poor,
with five-year survival rates of 3%-11%[121]. The immune system plays a key role in
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Figure 4

Figure 4 Exosomes play important roles in the development of hepatocellular carcinoma. Exosomes deliver a variety of biological molecules that have been
proven to play important roles in hepatocellular carcinoma progression and immunosuppression. Lines ending with arrows or bars indicate activating or inhibitory
effects, respectively. HCC: Hepatocellular carcinoma.

controlling and eradicating cancer. Therefore, immunotherapy has received much
attention in recent years. Additionally, although immunotherapy takes longer than
conventional chemotherapy to produce a therapeutic effect, it persists for longer. Earlier immunotherapy mainly included cytokine-mediated immunotherapy, oncolytic
virus therapy, TLR agonist therapy and DC vaccine. In recent years, emerging immunotherapies, such as immune checkpoint blockade and CAR T cell therapies, have
shown better therapeutic effects on some tumors, thus giving us new hope for the
treatment of HCC.

Immune checkpoint blockade
Checkpoint blockade, currently the top candidate in immunotherapy, has been shown
to be effective for the treatment of many cancers, especially for chemotherapy resistant malignant tumors. Among the available immune checkpoint inhibitors, CTLA4 and PD-1 display the most pronounced effects and have shown remarkable efficacy
in the treatment of malignant melanoma[122,123]. Nivolumab, pembrolizumab (PD-1
inhibitor) and tremelimumab (CTLA-4 inhibitor) have been demonstrated to be safe
and effective in clinical trials[124-126], and nivolumab has been approved by the U.S.
Food and Drug Administration (commonly known as the FDA) as a second-line treatment for HCC[127].
Although good results have been achieved in the treatment of HCC with
checkpoint blockade, the response rate to the treatment is relatively low due to the
formation of an immunosuppressive microenvironment. The combination of
checkpoint blockade inhibitors and other methods may enhance the efficacy[128,129].
Recently, Zhou et al[130] found that the combined use of checkpoint inhibitors and
myeloid-derived suppressor cell infiltration blockers can augment the therapeutic
effect of anti-PD-L1 antibody in HCC. The use of tremelimumab combined with
radio-frequency ablation to treat advanced HCC promoted the accumulation of CD8+
T cells in tumor tissues, suggesting that this combined treatment might be a new
therapeutic method[131]. The combined use of anti-CTLA-4 antibodies, anti-PD-L1
antibodies and the histone deacetylase inhibitor belinostat completely eliminated tumor load in HCC tumor-bearing mice[132]. An increasing number of researchers are
investigating the therapeutic effect of combination therapy when immune checkpoint
blockade alone is not effective. Thus, combined therapy may be a new strategy for the
future application of checkpoint blockade in solid tumors, including liver cancer, but
large amounts of clinical trial data are still needed to support the development of
specific treatment strategies.

Adoptive transfer of genetically modified lymphocytes
Adoptive cell transfer is the most representative tumor immunotherapy at present,
and it is mediated by cytolytic activity against tumor cells by the transfer of lymphocytes from the patient themselves or from donors. Before the emergence of CAR T
cells, adoptive transfer therapy in HCC mainly focused on tumor-infiltrating
lymphocytes and cytokine induced killer cells[133-135]. With the recent discovery of CAR
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T cells and their amazing therapeutic effect on hematological tumors[136], the effect of
CAR T cell therapy in solid tumors such as HCC has attracted increasing attention.
CAR T cells: CARs provide T cells with the ability to directly recognize tumor antigens independent of the human leukocyte antigen. This allows CAR engineered T
cells to recognize a wider range of targets than natural T cells. At present, the most
widely used CAR structure consists of a single-chain antibody extracellular domain
that recognizes and binds specific antigens, an extracellular hinge region, a transmembrane region, and an intracellular domain that provides proliferation and
activation signals. Throughout the entirety of the immunotherapy process, the design
and integration of CARs into T cells to generate CAR T cells are the most critical
steps[137]. Multiple studies have demonstrated that glypican 3 (GPC3) is an attractive
liver cancer-specific target, because its expression is high in HCC tissues but limited
in normal tissues[138]. GPC3-specific CAR T cell therapy for HCC exhibits a strong
killing effect on GPC3-positive HCC cells both in vivo and in vitro[139]. Furthermore, a
relevant phase 1 clinical trial study (ClinicalTrials.gov identifier: NCT02395250) showed that autologous T cells bearing GPC3-specific CARs were safe and effective in
patients with relapsed or refractory HCC. Meanwhile, another phase 1 clinical trial
(ClinicalTrials.gov identifier: NCT02541370) involving CD133-directed CAR T cells for
advanced HCC demonstrated feasibility, controllable toxicities and effectiveness[140].
However, immunosuppressive microenvironments can hinder the infiltration of CAR
T cells into tumor tissues, thereby reducing CAR T cell-mediated antitumor effects[141].
Interestingly, Guo et al[142] showed that further inhibition of PD-1 expression in GPC3specific CAR T cells can enhance the killing effect of CAR T cells on HCC cells.
Treatment of HCC based on NK cells: Similar to T cells, NK cells can be modified
with CARs that recognize antigens expressed by tumors and combine with signaling
components that enhance NK cell activity. At present, clinical studies on CAR NK
cells mostly focus on the treatment of lymphoma and hematological tumors, and only
a few studies exist regarding the treatment of solid tumors such as HCC. Yu et al[143]
found that GPC3-specific CAR NK cells constructed with NK-92 cells could effectively
inhibit proliferation and promote apoptosis in HCC cells. Furthermore, CAR NK cells
display lower toxicity than CAR T cells and do not need patient matching, which
makes CAR NK cells more promising for cancer treatment [144] . Previously, we
constructed gene-modified NK cells to augment NK cell activity and found that IL-15or IFN-α-gene modification increased the production of TNF-α and IFN-γ by NK-92
or NKL cells, promoting apoptosis in HCC cells by upregulating the expression of
NKG2D ligands and Fas on HCC cells. These NK cells also exerted enhanced antitumor effects in vivo[145-147].

TLR agonists
The role of TLR agonists as a vaccine adjuvant and tumor immunotherapeutic agent
has been recently noted[148-150]. As a vaccine adjuvant, TLR agonists trigger antigen
presentation by promoting the maturation of DCs. Multiple TLRs, such as TLR3 and
TLR9, have been confirmed to be expressed on HCC cells[151-153], and the role of TLR
agonists in tumor therapy has received much attention. The TLR2/4 agonist OM-174
has potential roles in the prevention of invasion and metastasis in HCC[154]. We also
found that both TLR3 agonist poly (I:C) and TLR9 agonist ODN M362 can exert
antitumor effects on HCC cells. Surprisingly, we found that simultaneous transfection of poly (I:C) and ODN M362 exhibits a lower proapoptotic effect on HCC than
transfection of poly (I:C) alone. Further investigation demonstrated that ODN M362
blocks the entrance of poly (I:C) when simultaneously used to treat HCC cells and
then decreases the activation of poly (I:C)-triggered cellular apoptosis; however, poly
(I:C)-mediated proapoptotic effects could be enhanced by pretreating HCC cells with
CpG ODN[155]. TLR agonists can also work as adjuvants to stimulate the immune system during tumor treatment, but their effects on tumor cells cannot be ignored. These
therapeutic effects may thus be the overall outcome of various mechanisms.

Tumor vaccine
DCs are central regulators of the adaptive immune response and are thus necessary
for T-cell-mediated antitumor immunity. DC vaccines have the characteristics of low
complication rates and good tolerance, and DC-based tumor vaccines have been used
for a variety of solid tumors[156]. Currently, there are many clinical studies on the use
of DC vaccines for HCC treatment. The injection of DCs prestimulated by HCCspecific antigens can increase the number of CD8+ T cells, promote antitumor immune
responses and improve liver function[157-159]. The combined use of DC vaccines and
other treatments, such as radiotherapy, can induce immunogenic death of tumor cells,
which can prolong the overall survival of patients[160].
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Exosomes display an array of HCC antigens. Rao et al[161] demonstrated that tumor
cell-derived exosomes could trigger a stronger DC-mediated immune response than
cell lysates and improve the HCC tumor microenvironment. Exosomes derived from
α-fetoprotein (AFP)-expressing DCs (DEXAFP) elicited strong antigen-specific immune
responses, resulting in significantly delayed tumor growth and prolonged survival
rates in mice with HCC tumors[162]. Therefore, DEXAFP might be a promising vaccine
for HCC immunotherapy. AFP, a carcinoembryonic antigen, is highly expressed in
HCC and serves as an important marker in the diagnosis of HCC, as well as a
potential immunotherapy target for HCC. Zhang et al[163] prepared a mouse AFP
recom-binant vaccine by genetic engineering and found that it could induce cellular
and humoral immune responses in tumor-bearing mice and show obvious antitumor
effects. Additionally, with the use of HCC cell lysates derived from STAT3-inhibited
HCC cells to immunize healthy mice, we found that a variety of immune cells, such as
T cells and NK cells, were significantly activated after challenge with murine HCC
cells in these immunized mice, showing effective inhibition characteristics against the
transplanted tumor and resulting in the formation of immune memory[164]. Therefore,
as a target for HCC treatment and prevention, blocking STAT3 not only prevents
tumor growth but also exerts an important effect on immune system activation.
Although immunotherapy for HCC has made significant progress, the clinical
efficacy still needs to be further improved. Finding new targets for the treatment of
HCC is still the direction of scientific researchers in the next few years. In recent years,
studies about the roles of epigenetics and metabolomics on HCC progression have
also become hot spots. Related drug development is also ongoing. A single treatment
may not bring satisfactory therapeutic effect. Individual differences need to be more
considered. Combined therapy and individualized therapy may be a promising
option in HCC treatment.

CONCLUSION
The development of HCC results from the accumulation of many factors and the
interaction among many mechanisms. Exploring the molecular mechanisms
underlying the occurrence and development of HCC is important for us to obtain a
more comprehensive understanding of the disease process and to identify more
effective therapeutic targets and strategies. With continuous breakthroughs in
research, in addition to traditional therapies, immunotherapies have shown good
efficacy for HCC in both preclinical and clinical trials, offering hope for curing this
disease. Thus, the combination of drugs acting on various pathways, targets and
treatment methods might be effective strategies to achieve greater clinical benefits for
the treatment of HCC.
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Abstract
The significance of hepatitis E virus (HEV) as an important public health problem
is rising. Until a decade ago, cases of HEV infection in Eur-ope were mainly
confined to returning travelers, but nowadays, hepatitis E represents an emerging
zoonotic infection in many European countries. The aim of this manuscript is to
perform a systematic review of the published literature on hepatitis E distribution
in humans, animals and environmental samples ("One Health" concept) in the
South-Eastern European countries. Comparison of the available data showed that
the anti-HEV seroprevalence in the South-Eastern Europe varies greatly,
depending on the population studied, geographical area and methods used. The
IgG seroprevalence rates in different population groups were found to be 1.1%24.5% in Croatia, up to 20.9% in Bulgaria, 5.9-%17.1% in Romania, 15% in Serbia,
up to 9.7% in Greece and 2%-9.7% in Albania. Among possible risk factors, older
age was the most significant predictor for HEV seropositivity in most studies.
Higher seroprevalence rates were found in animals. HEV IgG antibodies in
domestic pigs were detected in 20%-54.5%, 29.2%-50%, 38.94%-50% and 31.1%91.7% in Serbia, Bulgaria, Romania and Croatia, respectively. In wild boars
seroprevalence rates were up to 10.3%, 30.3% and 31.1% in Romania, Slovenia
and Croatia, respectively. A high HEV RNA prevalence in wild boars in some
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countries (Croatia and Romania) indicated that wild boars may have a key role in
the HEV epidemiology. There are very few data on HEV prevalence in
environmental samples. HEV RNA was detected in 3.3% and 16.7% surface
waters in Slovenia and Serbia, respectively. There is no evidence of HEV RNA in
sewage systems in this region. The available data on genetic characterization
show that human, animal and environmental HEV strains mainly belong to the
genotype 3.
Key words: Hepatitis E virus; "One-Health"; Humans; Animals; Environment; South-East
Europe
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Core tip: In South-East Europe, the hepatitis E virus (HEV) prevalence as in other parts
of Europe varies greatly, depending on the studied population, geographical area and
methods used. Seroprevalence rates were found to be 0%-36% in humans and 10.3%54.5% in animals. Human studies showed sporadic detection of HEV RNA in patients
with acute hepatitis and in transplant population. HEV RNA was detected in up to 31.6%
pigs and 16.7% environmental samples. Studies on phylogenetic characterization in
human, animal and environmental samples showed that HEV strains from the southeastern European countries mainly belong to the genotype 3.
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INTRODUCTION
Hepatitis E represents an important public health problem in many parts of the world.
The World Health Organization estimates that 20 million hepatitis E virus (HEV)
infections occur worldwide leading to an estimated 3.3 million symptomatic cases and
44000 deaths related to hepatitis E. Until a decade ago, cases of HEV infection in
Europe were mainly confined to travelers returning from endemic areas, whereas
nowadays, hepatitis E is endemic in many European countries. It is estimated that 5%15% of all acute hepatitis infections of unknown origin in Europe are caused by
HEV[1]. The seroprevalence ranges from 0.6% to 52.5%, depending on the population
group tested and geographical region. In addition to differences in seroprevalence
rates between countries, there are also differences in HEV seropositivity within the
same country [2] . Changes in HEV epidemiology could be explained by the confirmation of zoonotic nature of the disease. To date, three zoonotic HEV genotypes
have been confirmed to infect humans. In addition to well-known HEV-3 and HEV-4
genotypes, a new genotype HEV-7 has also been recently described to infect humans [3,4] . Domestic pigs and wild boars represent the most important animal
reservoirs for HEV-3 and HEV-4 worldwide with usually high seroprevalence rates
ranging between 23%-100%[5]. However, zoonotic transmission of HEV has also been
reported from some other animal reservoirs such as rabbits, deer and camels[3,6-8]. In
addition, HEV must be considered as a food-borne pathogen as well, since food-borne
cases of hepatitis E in humans are increasingly reported. Food-borne HEV-3 and
HEV-4 infections due to consumption of undercooked meat and meat products from
infected animal reservoirs have been repeatedly described[4,6,9-11]. Furthermore, HEV-3
has also been found in mollusks and human consumption of contaminated shellfish
has been implicated as the cause of sporadic cases of acute hepatitis E[12,13]. Other types
of food such as berry fruit have rarely been suspected to act as vehicles for HEV transmission after environmental contamination with animal feces[14,15].
In this manuscript, a bibliographic review of the literature on hepatitis E was performed with the aim of gathering the latest data regarding the prevalence, risk factors
and HEV genotype distribution in the South-East Europe in the multi-disciplinary
"One Health" concept (Tables 1-3).
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Table 1 Prevalence of hepatitis E in different population groups

Country

Population

Sample size

Method

anti-HEV

HEV RNA
(%)/genotype
(subtype)

Albania

Refugees in Greece
(pregnant women)

500

EIA

2%1

NT

Malamitsi-Puchner
et al[16]

Refugees in Greece
(adult population)

350

EIA/IB

4.85%1

NT

Dalekos et al[17]

General population

ND

ND

IgG 9.7%

NT

Adhami et al[18]

Thalassemic
children

ND

ND

IgG 0%

NT

Patients with
109
chronic liver disease

EIA

36.6%1

NT

Patients with no
apparent liver
disease

190

EIA

12.1%1

NT

Patients with
symptoms of acute
hepatitis

806

EIA

IgM/IgG 2.48%

NT

Baymakova et al[23]

Hospitalized
325
patients with clinical
symptoms of
hepatitis and
outpatients with
laboratory data of
liver dysfunction

EIA

IgM 13.2%

NT

Stoykova et al25]

IgG 20.9%

NT

Patients with acute
hepatitis E (IgM
positive)

105

RT-PCR

NT

G3 98% (3e 62%; 3f
Bruni et al[26]
24%; 3c 13%); G1 2%

Patients conducting
ambulatory
examination due to
various reasons

741

EIA

IgM/IgG 1.48%

Bulgaria

Croatia

Greece

WJG

Ref.

Kondili et al[19]

Teoharov et al[27]

IgG 9.04%

Patients with clinical 504
symptoms of
hepatitis negative
for
HAV/HBV/HCV

EIA/IB/RT-PCR

IgM/IgG 10.7%

IgM positive 35.7%

HIV-infected
patients

88

EIA/IB

IgG 1.1%

NT

Liver transplant
recipients

242

EIA

IgG 24.5%

NT

Mrzljak et al[32]

Alcohol abusers

56

EIA/IB

IgG 8.9%

NT

Vilibic-Cavlek et
al[33]

Patients with PTSD

35

EIA/IB

IgG 8.1%

NT

Injecting drug users

49

EIA/IB

IgG 6.1%

NT

Persons with risk
sexual behaviour

37

EIA/IB

IgG 0%

NT

Forest workers

37

EIA/IB

IgG 8.1%

NT

Jeličić et al[34]

Healthcare workers

50

EIA/IB

IgG 2.0%

NT

Jeličić et al[34]

Pregnant women

68

EIA/IB

IgG 2.9%

NT

Jeličić et al[35]

Hunters

25

EIA/IB

IgG 4.0%

NT

Jeličić et al[35]

General population

87

EIA/IB

IgG 3.4%

NT

Jeličić et al[34]

Blood donors

1036

EIA/IB EIA

IgM 1.7% IgG 20.3% NT

Miletic Lovric et al[36]

Transplant patients

76

RT-PCR

NT

1 positive/1.3% G3

Sinakos et al[45]

Transfusion
dependent
thalassaemia

96

EIA

IgG 0%

0%

Klonizakis et al[44]

Blood donors

1 200

EIA

IgG 2.9%

NT

Zervou et al[49]

HIV patients

243

EIA

IgG 7.3%

NT

Politou et al[48]

Blood donors (South 265
Greece)

EIA

IgG 9.43

NT

Pittaras et al[47]

Patients after openheart surgery

EIA

IgG 5.4%

NT

Zervou et al[43]

204
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Patients on
haemodialysis

351

EIA

IgG 4.8%

NT

Stefanidis et al[46]

Non-A,-B hepatitis
patients

198

EIA/RT-PCR

IgG 7.6% IgM 1%

1 positive

Psichogiou et al[42]

Healthy controls

316

EIA/RT-PCR

IgM 0%/IgG 2.2%

NT

Healthy blood
donors

2636

EIA/IB

IgG 0.23%

NT

Refugees from
southern Albania

350

EIA/IB

IgG 4.85%

NT

Children

165

EIA/IB

IgG 0%

NT

Injecting drug users

65

EIA/IB

IgG 0%

NT

Multiply transfused
patients

62

EIA/IB

IgG 0%

NT

Patients with
chronic viral
hepatitis

75

EIA/IB

IgG 5.30%

NT

Chronic
haemodialysis
patients

149

EIA/IB

IgG 1.34%

NT

Healthy blood
donors

380

EIA/IB

IgG 0.53%

NT

Chronic
hemodialysis
patients

62

EIA/IB

IgG 9.7%

NT

Kosovo

Kosovar refugees

104

EIA/RT-PCR

IgM 7.7%

0%

Rey et al[56]

Montenegro

Patients with acute
viral hepatitis

400

EIA

IgM 6%

NT

Terzić et al[57]

Romania

Patients with
hepatitis B or C

25

EIA

IgG 12%

NT

Anita et al[59]

Students

40

EIA

IgG 12.5%

NT

Voiculescu et al[60]

Doctors and nurses

93

EIA

IgG 13.98%

NT

Voiculescu et al[60]

Persons undergoing 148
routine
hematological tests

EIA

IgG 14.86%

NT

Anita et al[61]

General population

67

EIA

IgG 5.9%

NT

Savuta G et al[62]

Serbia

Blood donors

200

EIA RT-PCR

IgG 15%

0%

Petrović et al[66]

Slovenia

Acute/recent
hepatitis E (IgM
antibodies)

10

RT-PCR

NT

3/10 (G3e and G1)

Steyer et al[74]

Epirus region

Agrinion area

Dalekos et al[17]

1

Total anti-hepatitis E virus antibodies. HEV: Hepatitis E virus; EIA: Enzyme immunoassay; IB: Immunoblot; RT-PCR: Reverse-transcriptase polymerase
chain reaction; NT: Not tested; ND: No data.

Search strategy and selection criteria
A literature search was conducted in the following electronic databases: PubMed,
Web of Science, Medline and Scopus along with hand-searching references of key
articles and a ResearchGate and Google search with no limitations placed on year of
publication and language restriction. The search included articles in peer-reviewed
journals and grey literature. Books, dissertations, review articles and unpublished
reports were excluded. In addition, non-relevant studies by the review of the abstracts
were also excluded. Keywords searched were: Hepatitis E virus, epidemiology,
human, animals, pigs, wild boars, environment, waste water, vegetables,
seroprevalence, risk factors, HEV RNA, genotype. Once a comprehensive list of
abstracts has been retrieved and reviewed, any studies appearing to meet inclusion
criteria were reviewed in full.
Out of 11 south-eastern European countries, data for Albania, Bulgaria, Croatia,
Greece, Kosovo, Montenegro, Romania, Serbia and Slovenia are available and
presented in this review (Figure 1). So far, there have been no data published on HEV
for Bosnia and Herzegovina and the Republic of North Macedonia.

ALBANIA
There are few studies on hepatitis E in Albania published in 1990s and 2000s. In the
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Table 2 Prevalence of hepatitis E in different animal species
Country

Population

Sample size Method

anti-HEV

HEV RNA (%)/genotype
(subtype)

Ref.

Bulgaria

Piglets

44

EIA

IgG 50%

NT

Pishmisheva et al[28]

Fattening pigs

41

EIA

IgG 29.2%

NT

Domestic pigs

848

RT-PCR

NT

24.5% (G3)
12.3% (G3)

Croatia

Greece

Romania

Serbia

Wild boars

536

RT-PCR

NT

Molluscs (mussels, oysters)

538

RT-PCR

NA

0%

Cattle

32

RT-PCR

NT

0%

Red fox

50

RT-PCR

NT

0%

Deer

320

RT-PCR

NT

0%

Muflons

12

RT-PCR

NT

0%

Ferrets

8

RT-PCR

NT

0%

Martens

10

RT-PCR

NT

0%

Pigs (serum samples)

60

EIA/RT-PCR IgG 91.7%

13.3% 8.1%
8.1%

NA

Prpić et al[40]

Lipej et al[39]

Pigs (bile samples)

60

RT-PCR

Pigs, domestic

1424

EIA/RT-PCR IgG 32.94% 0%

Wild boars

1000

EIA/RT-PCR IgG 31.10% 11.33%

Mussels

51

RT-PCR

NT

0%

Diez-Valcarce et al55]

Black rats/Norway rats

20

RT-PCR

NT

10%

Ryll et al[50]

Farm pigs

50

EIA/IB

IgG 50%

NT

Savuta et al[62]

Jemeršić et al[41]

Backyard pigs

95

EIA/IB

IgG 38.94%

Backyard pigs

112

EIA

IgG 49.27% NT

Savuta et al[58]

Pigs (2-4 mo) stool samples

19

RT-PCR

NT

31.58% (G3)

Anita et al[61]

1

Wild boars

52

EIA

9.61%

NT

Porea et al[63]

Wild boars

68

EIA

IgG 10.29% NT

Porea et al[63]

Wild boars

50

RT-PCR

NT

18% (G3)

Porea et al[65]

Farm pigs (pooled stool samples)

30

RT-PCR

NT

30%

Petrovic et al[67]

Farm pigs (polled tissue samples)

20

RT-PCR

NT

45%

Backyard pigs (pooled tissue
samples)

15

RT-PCR

NT

0%

Wild boars (pooled stool samples)

10

RT-PCR

NT

0%

Backyard pigs

315

EIA

IgG 34.6%

NT

Lupulovic et al[68]

Pigs (liver samples)

50

NT

NT

26%

Savic et al[69]

Fattening pigs

95

NT

NT

7.37%

Petrović et al[71]

Piglets (8 wk)

50

NT

NT

64%

Pigs (blood samples)

55

EIA

IgG 54.54% NT

Pigs (meat juice samples)

55

EIA

IgG 20%

NT

17/1

RT-PCR

NT

0%

Ryll et al[50]

Domestic pigs

85

RT-PCR

NT

20.3%

Steyer et al[74]

Suckling pigs (0-3 wk)

38

RT-PCR

NT

5.3%

Weanling pigs (3-10 wk)

21

RT-PCR

NT

28.6%

Fattening pigs (> 10 wk)

26

RT-PCR

NT

Wild boars

288

EIA/RT-PCR 30.21%1

0.35%

Žele et al[75]

Pigs (stool samples)

811

RT-PCR

NT

5.4%

Raspor Lainšček et al[76]

Pigs (bile samples)

811

RT-PCR

NT

4.9%

Pigs (liver samples)

811

RT-PCR

NT

5.3% (G3a, 3b, 3c, 3e)

Slovenia Black rats/Norway rats

Lupulovic et al[70]

26.9%

1

Total anti-hepatitis E virus antibodies. HEV: Hepatitis E virus; EIA: Enzyme immunoassay; IB: Immunoblot; RT-PCR: Reverse-transcriptase polymerase
chain reaction; NT: Not tested; NA: Not applicable.

studies conducted among Albanian refugees in Greece, the anti-HEV prevalence was
2% among pregnant women[16] and 4.85% in the adult population from southern
Albania[17]. In 2000s, acute HEV in Albania made up 2.4% of all acute viral hepatitis
cases. HEV infections occurred more frequently in women (female to male ratio 2:1),
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Table 3 Prevalence of hepatitis E virus RNA in different environmental samples
Country Sample
Greece

Serbia

Sample size

HEV RNA (%)/ genotype (subtype)

Ref.

Vegetable leafy greens

Pooled samples

4.76%1 3.2%1

Kokkinos et al[51]

Sewage

48

0%

Kokkinos et al[54]

Sewage

5

0%

Vegetable leafy greens

Pooled samples

Clemente-Casares et al[53]
1

1

Kokkinos et al[51]

4.76% 3.2%

Berry fruits

Pooled samples

2.5%

Maunula et al[15]

Surface waters

60

16.67%

Lazić et al[73]

Urban sewage

6

0%

12

0%

Steyer et al[77]

Swabs from the different site on the slaughter line

62

3.2% (G3)

Raspor Lainšček et al[76]

Minced meat

22

0%

Bratwurst

30

0%

Surface water

60

3.3% (G3)

Slovenia Waste water treatment plant

1

Steyer et al[74]

1

Pooled samples. HEV: Hepatitis E virus; EIA: Enzyme immunoassay; IB: Immunoblot; NT: Not tested.

as well as in adults over 35 years (73.3%). In the general population, the prevalence of
anti-HEV antibodies was 9.7% and increased progressively with age, from 1.2% in
children less than 9 years to 17.7% in persons older than 60 years. There was no
difference in the prevalence between the general population and patients with chronic
liver disease (10.5%). The prevalence of anti-HEV antibodies in pregnant women was
lower than in the general population (1.1%). No positive cases were found among
children with thalassemia receiving multiple transfusions[18]. In contrast, in the other
Albanian case-control study, HEV antibodies were found in 36.6% patients with
chronic liver disease compared to 12.1% in patients with no apparent liver disease. In
the univariate analysis, anti-HEV prevalence was found to be associated with the age
(> 50 years), lower education status (≤ 8 years of formal education) and positivity for
hepatitis B surface antigen (HBsAg), while no association was observed in people who
lived in villages and/or those who were occupationally involved with handling
animals. In the multivariate analysis, significant associations remained for age and
HBsAg positivity[19].
Since there are no recent data on HEV infection in Albania, the burden of diseases
caused by HEV is not known. Moreover, no data on the role of animals in the epidemiology of HEV infections in Albania is currently available. Therefore, more research should be done to evaluate a local HEV epidemiology in Albania.

BULGARIA
In Bulgaria, the first human cases of hepatitis E were reported in 1995[20]. Several
studies reported cases and hospitalized patients with acute hepatitis E[21,22]. A retrospective study of acute viral hepatitis performed in Sofia (2004-2012) found antiHEV IgM/IgG antibodies in 2.48% patients[23]. HEV infection more frequently affected
males (61%-69%), with the highest incidence in persons over 50 years of age[23,24].
Another study in the North-Eastern Bulgaria (2012-2016) analyzed the prevalence of
HEV infection in hospitalized patients with clinical symptoms of acute hepatitis and
outpatients with laboratory data of liver dysfunction. Acute infection was documented in 13.2% patients, while 20.9% patients showed only IgG antibodies
indicating past HEV infection[25]. A study conducted from 2013 to 2015 analyzed HEV
genotypes in patients with acute hepatitis E. Phylogenetic analysis showed HEV-3 in
98% and HEV-1 in 2% of cases. Subtyping of HEV-3 sequences showed 3e (62%), 3f
(24%) and 3c (13%) subtypes. There were differences in the geographical distribution
of genotypes. Subtypes 3f and 3c were scattered throughout the country, while 3e
subtype was restricted to the South-West area[26]. A seroepidemiological study conducted in the general Bulgarian population from Plovdiv region during 2012-2013
found anti-HEV IgG seroprevalence of 9.04%, while 1.48% participants showed both
IgM and IgG antibodies. Seropositivity did not differ significantly between males
(9.87%) and females (8.47%), but increased with the age from 3.53% in the age group
1-9 years to 19.23% in the group over 60 years[27].
In 2016, serum samples from clinically healthy pigs from five industrial farms in
two districts in South Bulgaria were collected and tested for the presence of anti-HEV
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Figure 1

Figure 1 Data on hepatitis E prevalence in South-East Europe in humans, animals and environmental
samples ("One health" concept).

antibodies. The overall HEV seroprevalence was 40.0% with 50.0% seropositive
piglets and 29.2% fattening pigs. Seropositivity differed significantly among regions
from 0% (Peshtera) to 100% (Nova Zagora)[28]. In a recently published study, genetic
diversity and the phylogenetic relationships among different strains of human HEV
genotype 3 were analyzed to estimate the date of origin and the demographic history
of HEV epidemic in Bulgaria. The root of the Bayesian tree showed at least two different epidemic entrances for HEV genotype 3e strains[29].
Seroprevalence data and the high prevalence of clinical cases registered indicate
that HEV infection in Bulgaria is endemic. Phylogenetic analysis showed that human
HEV isolates in 98% of cases belonged to HEV 3 genotype.

CROATIA
In Croatia, the first autochthonous human case of hepatitis E was reported in 2012[30].
A study conducted from 2011 to 2013 in patients with clinical symptoms of hepatitis
and elevated liver enzymes who tested negative for hepatitis A-C, detected HEV
IgM/IgG antibodies in 10.7% patients. Among IgM positive patients, 35.7% were
positive for HEV RNA[31].
Several studies analyzed the seroprevalence of HEV infection in different population groups in Croatia. HEV IgG antibodies were detected in 24.5% liver transplant recipients [32] , 8.9% alcohol abusers [33] , 8.6% patients with war-related
posttraumatic stress disorder[33], 8.1% forest workers[34], 6.1% injecting drug users[33],
4.0% hunters[35], 3.4% general population[34], 2.9% pregnant women[35], 2.0% healthcare
workers[34] and 1.1% HIV-infected patients[31]. No person with high-risk sexual behavior was HEV seropositive[33]. One study conducted among blood donors in 2016
showed a high IgG seroprevalence rate of 20.3% with 1.7% IgM positive. None of IgM
positive samples was positive for HEV RNA[36]. HEV IgG positivity increased significantly with the age[33,37]. In addition, seroprevalence rates were higher in residents
of suburban and rural areas compared with residents of urban areas, sub-jects living
in families with more household members, persons who use wells as a source of
drinking water[33] and those who use a sewage system connected to a septic tank[37].
Gender, marital status, educational level, history of blood transfusions, surgical
procedures, tattooing and traveling were not associated with HEV ser-opositivity[33].
In 2018, the first documented case of HEV induced acute-on-chronic liver failure was
reported with severe clinical course considered for liver tran-splantation. The patient
was treated with ribavirin and subsequently recovered[38].
Several studies addressed the HEV distribution in domestic animals and wildlife in
Croatia[39,40]. During 2009-2010, a comprehensive survey was carried out based on HEV
RNA detection in blood, spleen and liver samples originating from different domestic
and wild animals from all Croatian counties. Furthermore, digestive gland samples
from molluscs were also analyzed. A high HEV RNA prevalence was found in domestic pigs (24.5%) and wild boars (12.3%), whereas cattle, molluscs, ruminant and
carnivore wildlife samples tested negative. Molecular characterization confirmed the
phylogenetic clustering of the obtained sequences into HEV genotype 3[40]. In 2012, the
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epidemiology of naturally occurring hepatitis E was investigated in swine herds from
three large pig farms in continental Croatia. Nearly all animals (91.7%) tested seropositive for HEV. In addition, active infection was detected in all age groups by
detection of HEV RNA in 13.3% serum samples and 8.1% bile samples[39]. In 2016, the
overall HEV seroprevalence was shown to be 32.94% (range 8.33%-60.00%) in domestic pigs from 11 counties and 31.10% (range 7.70%-50.60%) in wild boars from six
Croatian counties. While no positive HEV RNA samples were detected in domestic
pigs, 11.33% seropositive wild boars were found to be HEV RNA positive indicating
that wild boars may have a key role in HEV epidemiology[41].
Data on genetic characterization of HEV are available only for animal species,
confirming genotype 3 in pigs and wild boars. It is important to note a relatively small
sample size of some tested population groups in humans. Therefore, studies on larger
samples as well as species comparison studies on HEV genotypes are needed to
obtain better insight into HEV epidemiology/molecular epidemiology in Croatia.

GREECE
In 1995, autochthonous hepatitis E virus was documented in Greece. Several studies
investigated HEV infection in various population groups in different regions in
Greece. A study conducted among patients with clinical signs of hepatitis showed a
significantly higher anti-HEV IgG seroprevalence among acute non-A, non-B hepatitis
patients (7.6%) compared to healthy controls (2.2%). Acute HEV infection (IgM
antibodies) was confirmed in 1.0% of acute non-A, non-B hepatitis patients, while one
patient was HEV RNA positive. None of anti-HEV IgM positive patients reported any
possible risk factors[42].
In the north-western Greece (Epirus and Agrinion region), a very low anti-HEV IgG
prevalence was reported in various populations. In Epirus region, none of different
population groups such as children, injecting drug users or multiply transfused
patients tested positive for HEV antibodies. Seroprevalence in healthy blood donors
was only 0.23%. In contrast, higher anti-HEV prevalence was found among patients
with chronic viral hepatitis (5.3%) and patients on hemodialysis (HD) (1.34%). Even
higher anti-HEV prevalence was found among HD patients in the Agrinion region
(9.7%). No association between the seroprevalence and duration of hemodialysis,
seropositivity for hepatitis B or C, history of hepatitis, increased alanine aminotransferase, renal transplantation, history of transfusion or number of units transfused
was detected[17]. Another study from the Epirius region (Ioannina) analyzed the risk of
blood borne HEV transmission among patients after open-heart surgery who had
received more than three blood units perioperatively. Past HEV infections were
documented in 5.2% of surgical patients and 0% of healthy controls[43].
Another study from northern Greece analyzed the presence of antibodies and HEV
RNA in transfusion dependent thalassaemia patients. The study confirmed no past or
acute HEV infection in this multi-transfused population[44].
The most recent data from northern Greece (Thessaloniki) found that 1.3% of liver
transplant patients were positive for HEV RNA. Phylogenetic analysis showed that
the sequences clustered into the HEV genotype 3 clade. The only patient that tested
RNA positive experienced acute hepatitis flare without progression into chronic form.
The HEV RNA prevalence in the Greek transplant population (1.3%) corresponds
with previously reported data in immunocompromised patients from other European
countries[45].
Study from the semi-rural region of central Greece (Thessalia region) on HD
patients in three different HD units found a total seroprevalence rate of 4.8% (varying
from 1.8%-9.8% according to the unit). The highest anti-HEV prevalence was found in
Karditsa unit (9.8%), which finding the authors assume to have been a result of a local
infection in the past. Risk factors for HEV seropositivity (age, sex, duration of HD,
hepatitis B or C virus infection markers, previously elevated aminotransferase levels
or history of transfusion) were not identified[46].
Data from southern Greece showed even higher seroprevalence rates. In 2014, a
study among blood donors from urban population of Athens demonstrated a seroprevalence of 9.43%[47]. Furthermore, a study on HIV patients in Athens indicated
7.3% anti-HEV IgG seroprevalence[48].
A recent study from 11 Blood Services throughout Greece revealed 2.9% and 3.6%
of anti-HEV IgG seroprevalence among blood donors and multi-transfused patients,
respectively. The highest seroprevalence rate (13.3%) had male blood donors from
Heraklion, Crete. The seroprevalence was higher in persons older than 50 years (5.9%)
compared to younger group (1.8%)[49].
There is only one study on HEV infection among animals in Greece. The animals
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tested included Norway rats (Rattus norvegicus) and Black rats (R. rattus) from northern Greece, with the total prevalence of 10% in both species[50].
HEV was reported in a leafy green vegetable supply chain in Greece, showing that
HEV RNA was found in 4.76% and 3.2% samples from the primary production and
point-of-sale phases, respectively[51]. Later, the same authors investigated the presence
of HEV in irrigation water samples used for the leafy green vegetables production
and showed that one out of 20 samples tested positive[52]. The sample which was
found HEV positive was a groundwater sample collected from the depth of 100 m, indicating well contamination unlikely[51].
Further two studies tested sewage samples from Patras (western Greece) for the
presence of HEV. HEV RNA was not found in any of the samples[53,54]. Likewise, commercial mussels tested at the retail in Greece showed no samples positive for HEV
RNA[55].
In conclusion, higher seroprevalence rates were detected in southern parts of
Greece, the highest so far being in Crete, in contrary to the seroprevalence rates in the
northern regions. Moreover, the prevalence of anti-HEV in risk populations (transplant, HIV, HD patients) was higher than in healthy blood donors. Phylogenetic
analysis of human HEV isolates in Greece showed that the sequences clustered into
the HEV genotype 3 clade. Further researches are needed, especially in animals and
environmental samples in individual regions in Greece to gain a better insight in local
HEV epidemiology.

KOSOVO
An outbreak of acute hepatitis E occurred among the Kosovar refugees in July 1999,
after the return to their country. Several field surveys were undertaken as well as a
serological study in patients with symptoms of hepatitis to assess the possible risk
factors for HEV infection. A higher incidence of HEV infection was found among
well-water consumers compared to those drinking network waters. An acute HEV
infection (anti-HEV IgM positive) was found in 7.7% of refugees that had been tested.
Only four persons had clinical symptoms, while the others were asymptomatic. There
are no other published data on HEV prevalence/seroprevalence in Kosovo[56].

MONTENEGRO
The first available investigation about HEV infection in Montenegro was published in
2009. Data included hospitalized and out-patients with acute viral hepatitis collected
from 2000 to 2007, showing that 6% of patients had acute hepatitis E. Although a
higher seropositivity was found in males (62.5%) than in females (37.5%), the difference was not statistically significant. Epidemiological data showed that the
majority of patients had never travelled out of the country, indicating an autochthonous HEV infection in Montenegro. An asymptomatic form of the disease was
serologically confirmed in 7/24 patients, whereas the mild or short course of subclinical disease in 5/7 patients. No one patient had severe, fulminant or chronic
course of disease[57].

ROMANIA
There are several studies on HEV infection in humans in Romania. The earliest human
studies analyzed anti-HEV IgG prevalence in eastern Romania. The seroprevalence
rate of 5.9% was found in the general population[58] and of 12% among patients with
hepatitis B or C[59].
A study from 2010 analyzed the prevalence rates in low risk population groups in
South and South-Eastern Romania. The seroprevalence of anti-HEV IgG among
students (mean age: 22.91 ± 0.56 years) was 12.5%, whereas among doctors and nurses
(mean age: 36.71 ± 8.88 years) was 13.98%[60].
A following study from the North-Eastern Romania among persons undergoing
routine haematological tests with no signs of hepatitis showed anti-HEV IgG
seroprevalence of 17.1% and 12.82% in 2011 and 2012, respectively. In 2011, the youngest age group (9-20 years) tested negative, whereas as older age groups (> 20 and
> 40 years) had seroprevalence of 28.6% and 12.9%, respectively. In 2012, the youngest
age group (18-45 years) had seroprevalence of 6.25%, whereas the older groups had
the seroprevalence up to 28%. These results indicate that HEV infections in this region
mainly affect middle-aged adults. Moreover, anti-HEV IgG was more prevalent in
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women (15.78%) than in men (10%)[61].
One of the earliest animal studies investigated swine population for the presence of
anti-HEV IgG in farm and backyard pigs. The immunoblot results for the backyard
pigs showed seroprevalence rates of 50%[58,62] and for the farm pigs of 38.94%[62].
A more recent study tested fecal samples from five swine farms (pigs aged between
2 and 4 mo) for HEV RNA, and 6 out of 19 samples tested positive. Phylogenetic
analysis showed that Romanian swine isolates grouped into genotype 3 and were
closely related to the swine and human HEV isolates identified in other European
countries[61]. In 2015 and 2016, serological studies investigated HEV prevalence in wild
boars from eastern Romania. The seroprevalence rates were 9.61% (5/52) [63] and
10.29% (7/68), respectively[64]. A recent study on molecular detection of HEV in liver
and spleen samples from wild boars aged > 1 year from eastern Romania showed an
overall prevalence of 18%. All isolates belonged to the genotype 3 subtypes 3a and
3h[65].
Studies in humans are scarce and new data are needed to define the seroprevalence
of HEV infection. Studies conducted in animal species show high seroprevalence
rates. Phylogenetic analyses show that Romanian swine and wild boar isolates
grouped into genotype 3.

SERBIA
There is only one published study on the HEV seroprevalence in humans in Serbia.
The study was conducted among volunteer blood donors aged 19 to 65 years (average
age 39.3 years), of whom 15% tested positive for anti-HEV IgG. No significant
difference in anti-HEV IgG seropositivity was found between men and women (14.6%
and 16.7%, respectively). HEV seroprevalence increased with age, as higher rates were
recorded in subjects older than 51 years (21.5%) when compared with younger age
groups (< 50 years or < 30 years)[66].
Several studies on HEV prevalence were conducted in Serbia in different animal
species. The first study on HEV in swine population in 2007, tested pooled swine stool
and tissue samples (spleen, mesenteric lymph node and liver). Thirty percent of stool
and 45% of tissue samples tested HEV positive. HEV RNA was detected in four out of
five pig farms examined. Simultaneously, all samples from backyard pigs and wild
boars were negative[67]. Further studies also confirmed the high prevalence of HEV
among pigs in Serbia. The first HEV serology testing in pigs was done on 315 serum
samples collected from 3-4 mo old backyard pigs in 63 herds from 28 towns and
villages of four different districts in northern Serbia (Vojvodina province),
demonstrating seroprevalence rate of 34.6%. The prevalence of anti-HEV antibodies
varied widely between municipalities (range 16.7%-75.0%) and herds (range (0100%)[68].
Furthermore, a study in 2010 analyzed liver tissue samples from 50 dead farm pigs
aged 7 to 15 wk which died on pig farms from different regions in Serbia, and
detected HEV RNA in 13 of samples (26%)[69]. In 2013, a study on 55 serum samples
and meat juice samples collected from three slaughterhouses were analyzed for the
presence of anti-HEV IgG antibodies. The mean seroprevalence in the pig serum and
meat juice samples was 54.54% and 20%, re-spectively[70]. In addition, stool, liver, bile
and meat samples from 145 animals (95 fatteners and 50 eight weeks piglets) collected
on during slaughter were tested for HEV RNA. Among fatteners, HEV has been
detected in 7.37% of the stool samples. In piglets, HEV RNA prevalence was high and
detected in 54%, 26%, 16% and 10% samples of stool, bile, liver and meat,
respectively[71]. The presence of HEV IgG and HEV RNA was examined in 201 blood
and 298 liver samples from wild boars culled during hunting season from January
2010 until February 2011. The samples were collected from 27 hunting grounds
located on the territory of 7 counties of the country. The overall seroprevalence rate
was 34.33%. HEV RNA prevalence was 9.40% with marked regional differences. A
high proportion of adult wild sow and wild boars were found positive for HEV
RNA[72].
In addition to animal studies, there are few data regarding the environment reporting the contamination of vegetable supply chain in Serbia. Namely, HEV RNA
was found in 4.76 % and 3.2% of samples of leafy green vegetable from the primary
production and point-of-sale phases, respectively[51]. Another report also documented
the presence of HEV RNA in frozen raspberries (2.6%)[15]. Lately, HEV RNA has also
been detected in surface waters in northern Serbia (Vojvodina Province) where 16.67%
of samples tested positive for HEV RNA, during summer sampling occasion, whereas
none of the tested urban sewage systems tested positive[73].
In Serbia, different population groups should be studied in future in order to reflect
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local epidemiology, modes of transmission and risk factors for HEV infection. Animal
and environmental studies on larger samples as well as studies on HEV genotyping
are needed to obtain better insight into HEV epidemiology.

SLOVENIA
Human studies on HEV infection in Slovenia are scarce. Steyer et al[74] tested 10 serum
samples of patients with the diagnosis of acute/recent hepatitis E based on detection
of HEV IgM antibodies, and three samples tested HEV RNA positive. One sample was
typed as genotype 3, clustered in the lineage "e" and the second was genotype 1 strain.
Slovenian human HEV strains were not related to porcine HEV strains identified in
this study[74].
There are several studies in different animal species in Slovenia. In 2011[74], 20.3%
stool samples of domestic pigs were positive for HEV RNA, of which 5.3%, 28.6% and
26.9% were from suckling, weanling and fattening pigs, respectively. All HEV strains
were analyzed at 5’ ORF1 and 5’ ORF2 regions and both genome regions confirmed
that Slovenian HEV strains represent a distinct genotype 3 lineage. All but one HEV
strains detected in pigs in Slovenia represent a monophyletic branch in phylogenetic
trees, with a high degree of sequence identity. One human HEV strain belonged to
genotype 1 and two to genotype 3 but did not match the new genotype 3 lineage detected in Slovenian pig herds.
HEV RNA was tested in Norway rat and Black rats from one site close to Ljubljana
and none of the rats tested HEV-RNA positive[50]. The HEV presence in the wild boar
population in Slovenia was first documented in 2016, showing HEV antibodies in
30.2% of animals tested, whereas HEV RNA was detected in only one sample (1/
288)[75].
Recently, the possibility of HEV entering into the food supply chain was investigated in a large study analyzing pigs entering a slaughterhouse. The study
covered three different age groups and three different samples (feces, bile and liver),
showing the overall HEV RNA (sample) prevalence of 5.4%, 4.9% and 5.3%, respectively[76]. In the group of three months old pigs, 13.7% of feces, 13.0% of bile and
2.1% of liver samples were HEV RNA positive. The youngest group originating from
Slovenia (none imported), was proven to be a group for highest risk for HEV infection. In the group of six months old pigs (imported from Austria), only one liver
and one bile sample out of 400 tested positive. In the category of sows, no positive
samples were found. The same study analyzed swabs collected at three different sites
on the slaughter line (the hooks that were used to hang the liver and the lung, the
containers in which livers were stored and the hooks for hanging carcasses in the
cooling room). Of 62 swab samples, two were positive (a swab from the hook that
carried liver and one from the liver container). However, all minced meat and bratwurst samples from these studies tested HEV RNA negative[76]. The phylogenetic
analysis revealed that detected strains were clustered into subtypes 3a, 3b, 3c and 3e.
Further environmental studies investigated surface water and waste water
treatment plant. Out of 60 surface water samples tested throughout the country, only
two (3.3%) were HEV RNA positive, one of them in the near vicinity of a pig farm.
HEV sequences detected in the surface water belonged to genotype 3[74]. In another
study, the waste water treatment plant samples were collected from the effluent on a
monthly basis from January to December 2012 and tested for HEV RNA. No HEV
RNA was detected during the whole length of the study, neither before nor after the
concentration step[77].
There are several studies in different animal species showing high prevalence of
HEV RNA in Slovenia, with the genotype 3 being the most common. On the other
hand, studies in humans are lacking.

CONCLUSION
In the South-East Europe, anti-HEV seroprevalence as in other parts of Europe varies
greatly, depending on the population studied, geographical area and assays used for
the detection. Studies on HEV RNA detection and phylogenetic characterization in
human samples showed that human HEV strains from the South-East European
countries mainly belong to the genotype 3. Detection of the same genotype in animals
as well as in the environment emphasizes the need of the multidisciplinary collaboration ("One Health" approach) in the surveillance and control of this emerging
infection.
Although significant progress in HEV epidemiology has been made in the past
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decade, many important questions remain [9] . The origin of HEV is still largely
unknown. Swine and wild boars were proven to be the primary natural HEV reservoir, but recent studies indicate that rabbits may serve as an additional reservoir of
HEV[78]. Some hepatitis E cases observed in immunocompromised patients clustered
with rabbit HEV strains confirming their contribution to zoonotic HEV transmission[79,80]. It is still unclear whether HEV strains present in other animals can cross
the species barrier and infect humans. However, it is likely that the known host range
of HEV has increased and novel strains continue to be identified. Transmission of
HEV-3 from deer to humans has been described, although deer most probably
undergoes spillover infections from wild boars, rather than being a natural HEV
reservoir[7]. It seems that recently described new HEV-7 has been widely distributed in
dromedary camels from the Middle East [3,8] , but was also detected in an immunocompromised transplant patient who regularly consumed camel milk and meat[4].
While HEV transmission by breast milk was confirmed in humans[81], a recent study
from China indicates that viral RNA of HEV-4 can be excreted by cow milk [82] .
Although cattle have been rarely described to be infected with HEV, these findings
implicate possible HEV transmission through milk or milk products. Human contacts
with other animals, especially pet animals should be investigated in future for better
understanding of HEV epidemiology. Rabbits are commonly farmed in many
countries for meat consumption and fur production but also as pet and possible transmission from pet house rabbits to humans should be considered as another possible
transmission route [83] . Infection of dogs and cats with HEV is confirmed serologically [84] , but their importance in HEV epidemiology need to be further investigated.
Although HEV infection is not an economically important pig disease, development of a vaccine against the zoonotic genotypes 3 and 4 and vaccination of swine
should be considered as a possible public health measure. Such vaccine should also be
useful for high-risk populations such as organ transplant recipients since the majority
of the chronic hepatitis E are caused by the zoonotic HEV-3[9].
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Abstract
Helicobacter pylori (H. pylori) is the causative agent of gastritis, peptic ulcer
disease, mucosa associated lymphoid tissue lymphoma and gastric cancer (GC).
While this bacterium infects 50% of the world’s population, in Africa its
prevalence reach as high as 80% as the infection is acquired during childhood.
Risk factors for H. pylori acquisition have been reported to be mainly due to
overcrowding, to have infected siblings or parent and to unsafe water sources.
Despite this high H. pylori prevalence there still does not exist an African
guideline, equivalent to the Maastricht V/Florence Consensus Report of the
European Helicobacter and Microbiota Study Group for the management of this
infection. In this continent, although there is a paucity of epidemiologic data, a
contrast between the high prevalence of H. pylori infection and the low incidence
of GC has been reported. This phenomenon is the so-called “African Enigma”
and it has been hypothesized that it could be explained by environmental, dietary
and genetic factors. A heterogeneity of data both on diagnosis and on therapy
have been published. In this context, it is evident that in several African countries
the increasing rate of bacterial resistance, mainly to metronidazole and
clarithromycin, requires continental guidelines to recommend the appropriate
management of H. pylori. The aim of this manuscript is to review current
literature on H. pylori infection in Africa, in terms of prevalence, risk factors,
impact on human health, treatment and challenges encountered so as to proffer
possible solutions to reduce H. pylori transmission in this continent.
Key words:Helicobacter pylori; Africa; Risk factors; African enigma; Prevalence;
Treatment; Diagnosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Africa has the highest rates of global prevalence of Helicobacter pylori (H.
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pylori) infection worldwide. Nevertheless, scarce data are available, describing in some
cases both inappropriate diagnostic approaches and therapeutic regimens. This probably
depends on the lack of continental consensus guideline for the management of H. pylori
infection. As a consequence, there is an increasing number of papers reporting, in several
countries, a high rate of bacterial resistance to the most commonly used antibiotics for H.
pylori treatment. This manuscript gives an update on the African literature about H.
pylori infection and on the present and future challenges in this context.
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IMPACT OF HELICOBACTER PYLORI INFECTION ON
HUMAN HEALTH
Helicobacter pylori (H. pylori) infection is mostly asymptomatic in its carriers, but when
it affects human health, gastritis, gastric ulcers and duodenal ulcers (DU) can be
induced. About 90% to 100% of all DU and 70% to 80% of all gastric ulcers are caused
by H. pylori infection[1,2]. After bacterial eradication the recurrence rate of peptic ulcer
is dramatically reduced to 5%-10%[3]. In 1994, The International Agency for Research
on Cancer, an arm of the World Health Organization classified H. pylori as a class I
carcinogen for gastric cancer (GC), a definition given for the highest cancer causing
agent[4]. As a consequence, H. pylori eradication has also been identified and adopted
from several studies as a potential strategy for the primary prevention of GC[5]. Thereafter, H. pylori was identified as the causative agent of mucosa associated lymphoid
tissue lymphoma[6].
Beyond its role in several gastroduodenal disorders, H. pylori has been involved in
many extra-gastroduodenal manifestations, like idiopathic thrombocytopenic
purpura, cardiovascular diseases, chronic liver diseases, iron-deficiency anaemia, and
diabetes mellitus (DM)[7-9]. However, the Maastricht V/Florence Consensus Report of
the European Helicobacter and Microbiota Study Group actually consider causal
association with H. pylori only in the case of unexplained iron-deficiency anemia and
idiopathic thrombocytopenic purpura[10]. Our objective was to review the current literature on H. pylori prevalence, impact on human health, treatment and challenges
encountered in Africa.
On the bases of our aim, the main inclusion criteria of the articles considered were
that these must have been published within 10 years (from 2009 onwards), that they
were published in peer-reviewed journals and in English language and that they were
performed on Africans, resident/located in Africa. Articles not meeting these
inclusion criteria were excluded. Also, articles published as correspondence, letters,
and conference proceedings were not considered. When no article was found in a
particular African region, an exception of extending the publication year for more
than 10 years was made. The search databases included MEDLINE, PUBMED, Web of
Science, Scopus, the Cochrane Database of Systematic Reviews and Google scholar.

PREVALENCE OF HELICOBACTER PYLORI IN AFRICA
There is a huge paucity of data on H. pylori prevalence in the general population
across different regions of Africa. The majority of data published on the prevalence of
H. pylori included patients presenting with symptoms of gastroduodenal diseases. H.
pylori infects over 50% of the world’s population. The distribution of H. pylori is influenced by age, sex, geographical location, ethnicity, and socio economic factors[11-13].
The geographical distribution of H. pylori shows higher prevalence in the developing
countries when compared to the developed countries especially in younger ages. With
a majority of countries in Africa, classified as developing or underdeveloped, H. pylori
is therefore mainly ubiquitous in this continent.
A systematic review with meta-analysis, carried out by Hooi et al[11], included 184
studies, from 62 different countries, published between 1970 to 2016 on the prevalence
of H. pylori infection and its worldwide distribution. Africa had the highest rate of H.
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pylori infection with a prevalence of 70.1%, followed by South America and Western
Asia with prevalence of 69.4% and 66.6%, respectively. The authors re-ported that
Nigeria had the highest H. pylori prevalence at 87.7% followed closely by Portugal and
Estonia with a H. pylori prevalence of 86.4% and 82.5%, respectively[11]. In contrast,
Zamani et al[13] in a recent meta-analysis evaluating the global prevalence of H. pylori
infection found Latin America and the Caribbean to have the highest prevalence of H.
pylori worldwide with a prevalence of 59.3%. Nevertheless, these authors also
reported that Nigeria had the highest prevalence of H. pylori infection with a rate of
89.7%. The high prevalence of H. pylori in Africa is presumed to be influenced by
sociodemographic and geographical factors[14].
In Rwanda, Southern Africa, Walker et al[15] reported 75% positivity rate to H. pylori
in patients attending the University Hospital Butare over a period of 12 mo, which
was found to be similar to the prevalence of other sub-Saharan African countries. A
study on genomic evolution H. pylori in two South African families revealed that
transmission episodes were significantly more frequent between individuals living in
the same house and close relatives, however transmission did not always occur within
families[16]. Comparing horizontal and familial transmission of H. pylori in Africa,
Schwarz et al[17] reported that horizontal transmission occurred often between persons
who do belong to a core-family, hence tainting the typical pattern of familial transmission in developed countries. This is substantiated by the work of Nell et al[18], from
Central Africa who reported the acquisition of H. pylori by Baka pygmies of
Cameroon through secondary contact with their non-Baka agriculturist neighbours.
The prevalence rate of H. pylori infection amongst asymptomatic patients from Harare, Zimbabwe was 67.7%[19].
In Northern Africa, a recent study in Egypt compared the prevalence of H. pylori
antibodies in patients with idiopathic thrombocytopenic purpura and in the general
Egyptian population[20]. Seropositivity of anti-Helicobacter IgM was higher in the
general population (54.4%) when compared with patients with idiopathic
thrombocytopenic purpura (28.9%). Also, seropositivity of anti-Helicobacter IgG was
higher in the general population (79.8%) when compared with the controls[20]. In
Morocco, Bounder et al[21] assessed H. pylori prevalence in subjects with and without
symptoms of gastric disorders. The authors reported an overall H. pylori seropositivity
prevalence of 92.6% among asymptomatic Moroccans and 89.6% among patients with
gastric disorders.
In Eastern Africa, a study from Kenya, among patients who presented with
dyspepsia, showed a prevalence of H. pylori infection of 73.3% in children vs 54.8% in
adults[22]. Taddesse et al[23] reported a H. pylori prevalence of 53% in dyspeptic patients
in Addis Ababa with an estimated prevalence peak in patients aged between 54-61
years. Another study by Hestvik et al[24], in Uganda, reported a prevalence of 44.3% of
H. pylori in healthy children aged 0-12 years, with identified factors of increased
infection risk including source of drinking water, use of pit latrine and wealth index
driving transmission. These factors coupled with re-crudescence or reinfection from
multiple sources accounts for the continuous high prevalence of H. pylori infection in
Africa[25]. Though the route of transmission of this infection is not well established;
possible routes of transmission such as person-person, oral-oral and faecal-oral have
been suggested. The ability of the pathogen to survive for some days in water buttressed the fact of possible water transmission[26,27].
Melese et al[28] evaluated the prevalence of H. pylori in Ethiopia by different studies
carried out on different populations and different geographical areas of the country.
The results of their meta-analysis showed an overall pooled prevalence of H. pylori as
52.2%. The authors also reported that the prevalence of H. pylori was highest in Somali
(71%) and lowest in Oromia (39.9%).
In Nigeria, West Africa, the issue of differing prevalence based on geographical
location was encountered. Aje et al[29], in a study conducted in south-west Nigeria, on
dyspeptic patients, reported a 67.4% prevalence of H. pylori. In a similar study,
Jemilohun et al[30] in Ibadan, reported a prevalence of 63.5% in patients with gastritis.
However, Etukudo et al[31] in a study from Uyo, south-south Nigeria, reported a lower
seroprevalence rate (30.9%) in children with a peak (40.7%) for the 6-10 years age
group. Factors associated with high seroprevalence were increased household
population (P = 0.009), source of drinking water (P = 0.014), low social class (P =
0.038), type of convenience used (P = 0.019) and method of household waste disposal
(P = 0.043).
Ophori et al[32], including healthy volunteers in Delta State in South South Nigeria,
reported a prevalence of H. pylori infection of 89.7% in their study population. Ishaleku and Ihiabe reported a H. pylori infection prevalence of 54% amongst healthy
university students in Nassarawa state, North Central Nigeria[33]. In contrast, Ezeigbo
and Ezeigbo reported 39.7% H. pylori prevalence amongst apparently healthy adults
residing in Aba, Abia State, South Eastern Nigeria [34] . A current report on the
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prevalence of H. pylori from patients with and without type 2 DM in South West and
South South Nigeria showed a prevalence of 68.4% amongst those with type 2 DM[35].
Awuku et al[36], using a lateral flow immunochromatographic assay for the qualitative detection of H. pylori antigen in a fecal specimen, reported a prevalence of H.
pylori of 14.2% among asymptomatic children in a rural setting in Ghana. Table 1
shows the prevalence rate of H. pylori in Africa. An observation reported in all African
studies was that H. pylori prevalence increased with age and that factors such as location, access to potable water and hygiene, and socio-economic status influenced the
variability seen in H. pylori prevalence within and between countries.

Helicobacter pylori and socio-economic status
A study from Zambia, Southern Africa, performed by McLaughlin et al[37] showed no
correlation between H. pylori infection and socio-economic factors. In Kano, NorthWest Nigeria, Bello et al[38] showed high prevalence of H. pylori particularly amongst
subjects with low socioeconomic status. Factors such as unclean water source,
overcrowding and cigarette smoking were significant risk factors for H. pylori infection. In contrast, in a study from South–West Nigeria, Smith et al[39] reported that
most characteristics studied such as smoking, alcohol consumption and sources of
drinking water were not significantly associated with H. pylori. Rather, prior antibiotic
use, overcrowding, having siblings/parents with history of ulcer/gastritis had significant association. Thus, overcrowding was the main common risk factor in both
studies in Nigeria.
These reports were also corroborated by Aguemon et al[40] in a study performed in
Benin republic, Western African too, who reported that overcrowding and family
contact with infected persons were as-sociated risk factors for H. pylori acquisition and
slightly in support of these findings were reports from Cameroon, Central Africa, by
Kouitcheu Mabeku et al[41] where risk factors for H. pylori acquisition were low income
and family history of GC.
A study from Ghana showed that low socio-economic class and farming profession
accounted for higher H. pylori prevalence[25]. Another study from the same country,
including children, reported increasing household numbers, open-air defaecation and
other sources of drinking water with the exception of pipe and borehole as risk factors
of H. pylori[36]. A study from Egypt, Northern Africa, by El-Sharouny et al[42] reported
the isolation of H. pylori from drinking water by culture and polymerase chain
reaction (PCR) although at low prevalence (3.8%).

PECULIARITY OF THE IMPACT OF H. PYLORI INFECTION
ON HUMAN HEALTH IN AFRICA (THE AFRICAN ENIGMA)
The natural history of H. pylori in Africa seems to differ from those in the developed
countries. In fact, in this continent, the most common gastroduodenal disease
associated with H. pylori infection is gastritis. Kuipers and Meijer[43] suggested that the
progression of H. pylori infection to atrophic gastritis in the African population is
quite similar to that reported in the Western countries or other regions, but unidentified factors could inhibit the evolution to GC. As a consequence, despite the
worldwide reported association between gastric adenocarcinoma and H. pylori, the
development of this malignancy is rare in Africans, a phenomenon that has been
referred to as the “African enigma”[44]. This occurs even when risk factors (positivity
for cagA and vacA genes) for development of cancers are ubiquitous in H. pylori
isolates of African origin[45].
The term “African Enigma” was first coined by Holcombe describing the phenomenon of high prevalence of H. pylori in Africa but without a corresponding severe
pathology such as GC[46]. According to this observation is the fact that the infection has
different patterns from that of the Western countries, in term of age of acquisition,
environmental and dietary factors, and genetics. Holcombe identified gastritis as the
main health problem caused by H. pylori infection in Africa and this has been largely
confirmed[46].
In Northern Africa, despite the scarcity of publications on H. pylori prevalence
among patients with gastroduodenal diseases or in the general population, the few
studies showed that gastritis was the most common disease associated with H. pylori
infection followed by peptic ulcer. In Morocco, Boukhris et al[47] found a significant
association between H. pylori infection and gastritis followed by that with peptic ulcer
disease, but no significant association was seen between H. pylori and GC. Similarly,
in the same country, Bounder et al[21] found chronic gastritis as the most gastric disease
associated with H. pylori infection[21]. In Egypt, although GC is rare, studies with small
sample size including patients with GC, found the presence of H. pylori in all ca-
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Table 1 Prevalence rate of Helicobacter pylori in Africa
Region

Includedsample

Prevalence (%)

Asymptomatic

92.6

Gastric disorder

89.6

1

79.8

Nigeria

1

87.7-89.7

Ghana

Children

14.2

Ethiopia

Dyspeptic

52.2-53.0

Kenya

Children

73.3

Adults

54.8

Children

44.3

South Africa

Gastric related morbidities

66.1

Rwanda

1

75.0

Zimbabwe

Asymptomatic

67.7

Ref.

North Africa
Morocco

Egypt

General

[21]

[20]

West Africa
General

[11,13]
[36]

East Africa

Uganda

[23]
[22]

[24]

Southern Africa

General

[16]
[16]
[19]

1

General: People chosen without stating whether symptomatic or asymptomatic.

ses[48,49]. Thus, this contrasts with the above-suggested pattern but the above reported
limitation could explain the difference with the general literature.
In Eastern Africa, gastritis was the most reported common disease associated with
H. pylori infection[50-52]. In Ethiopia, Alebie and Kaba found a high prevalence of H.
pylori infection (71.0%) among students with gastritis[53]. Ayana et al[50], in Tanzania,
reported the prevalence of H. pylori in patients with gastroduodenal disorders. In this
cohort, the authors found gastritis (61.1%), gastroesophageal reflux disease (57%),
peptic ulcer disease (24.1%), and GC (6.7%). However, only gastritis and DU were
significantly associated with H. pylori infection. Similarly, Oling et al[51], in a tertiary
hospital that served both Kenyans and Ugandans, evaluated the prevalence of H.
pylori in dyspeptic patients. The authors found chronic non-active gastritis as the most
common gastroduodenal disorder and reported a strong association between gastritis
and DU with H. pylori.
There are scarce data on the prevalence of H. pylori infection among patients with
gastroduodenal diseases or the general population in Central Africa. The majority of
the current articles on H. pylori were reported from Cameroon, and similarly to the
African literature, a strong association between gastritis and H. pylori was found.
Ankouane et al[53] observed in their study that 71.2% of patients with atrophic gastritis
were positive for H. pylori infection. The authors also found a statistically significant
association between the severity of atrophic gastritis and H. pylori infection. This
result was corroborated by Ebule et al[54] also in Cameroon, who reported that 72.8% of
patients with superficial gastritis were infected with H. pylori.
In Ghana, Western Africa, a study by Afihene et al[55] found that the most common
ailment among patients with gastroduodenal disorders was gastritis. However, the
authors observed that the only gastroduodenal disorder significantly associated with
H. pylori infection was DU. Similarly, Darko et al[56], even in Ghana, found gastritis and
DU as the two most common endoscopic findings in patients with H. pylori infection.
In Nigeria, Harrison et al[57] found a significant correlation between H. pylori infection
(identified by urea breath test) and chronic gastritis but did not find such association
with other disease outcomes.
Tanih et al[58], in the Eastern Cape Province of Southern Africa, reported that the
prevalence of H. pylori, in patients suffering from gastric-related morbidities, was
66.1% and highest in patients with nonulcer dyspepsia. Though the pathogenicity of
the circulating H. pylori strain may influence its clinical manifestation, nonetheless,
mild pathogenicity and low incidence of GC in Africa is recorded even in the face of
high prevalence of highly pathogenic H. pylori strains[57]. This further corroborates the
African enigma. Probably, the latter results from a combination of three major causes:
The cancer cause potential of the specific strains of H. pylori, the modulation by
coinfections of the immune response towards a Th-2 type, and the preponderance of
antioxidants in the diet. In the traditional epidemiologic model the combination of
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these factors forms a web of causation whose dynamics most likely differs in the
groups where the enigma has been reported. The modulation of the immune system
by coinfections, such as with helminthes, plays a prominent role influencing the
impact of H. pylori infection[59].

CHALLENGES ON THE PREVALENCE OF HELICOBACTER
PYLORI IN AFRICA
Some of the challenges in estimating the prevalence of H. pylori in Africa have already
been mentioned above. Prevalence of H. pylori is variable within and between
countries, different population groups, and the testing method used[60]. Problems of
paucity of data or lack of recent articles, even in the last ten years were encountered
for some regions in Africa. Studies such as the meta-analysis by Melese et al [28]
identified that, in Ethiopia, despite the high prevalence of H. pylori there was a
decreasing pattern in the trend of infection over the years[28]. Hence, using such old
data for some African regions may not provide a good representative of the current
prevalence of H. pylori in such regions and in the continent.
Another challenge faced in reporting the prevalence of H. pylori in Africa is that a
majority of the studies focused on patients with symptoms of gastroduodenal disease.
Considering that H. pylori has been identified as the main causative organism for
gastric disorders, using data from such studies would overestimate the prevalence of
H. pylori in Africa. Even studies that evaluated the prevalence of H. pylori in asymptomatic people were hospital-based cross-sectional studies and not community
studies or population data. Carrying out a random selection of people in the community or even cross-sectional studies of people in the different African regions will
provide a more accurate prevalence of H. pylori in Africa.
Another major challenge in estimating the prevalence of H. pylori in Africa is the
different choice of the screening test used to identify the presence of the bacterium. A
majority of the studies used blood serology to test for antibodies against H. pylori. This
greatly influenced the estimated prevalence of H. pylori in Africa. In fact, according to
Hanafi et al[20] getting a positive result when testing for the presence of H. pylori
antibodies in the blood or serum does not distinguish between previous contact and
active infection.
Several studies comparing the use of different tests on the estimated prevalence of
H. pylori infection showed that the method significantly affects the prevalence of H.
pylori infection. Asrat et al[61] compared H. pylori culture, rapid urease test, PCRdenaturing gel electrophoresis, histopathology, silver staining, stool antigen test and
enzyme immunoassay assay. The authors found that H. pylori infection prevalence
varied significantly based on the detection method used. They reported a prevalence
of 69%, 71%, 91%, 81%, 75%, 81% and 80% using culture, rapid urease test, PCRdenaturing gel electrophoresis, histopathology, silver staining, stool antigen test and
enzyme immunoassay assay, respectively[61]. Similar disparities was seen in the study
by Harrison et al[57] with varying results using urea breath test, culture and a rapid
urease test. Seid and Demsiss compared the stool antigen test with a serum anti-H.
pylori IgG test. The authors found a detection rate of 30.4% and 60.5%, respectively[60].
Another challenge that affects estimating the prevalence of H. pylori infection in
Africa is its dynamics. In most Western countries, H. pylori infection prevalence
reduces with age. However, this has not been documented in most African countries
where the reverse has been observed. Some of the studies found on the prevalence of
H. pylori in asymptomatic patients or done in the community focused on children[36].
Melese et al[28], in their systematic review and meta-analysis, noted that in Ethiopia the
prevalence of H. pylori increased with age [28] . A similar trend was reported by
Mungazi et al [19] in Zimbabwe. This could reflect the so-called cohort-effect but
considering that the prevalence of H. pylori may change from childhood to adulthood,
using reports on a population group may under or overestimate the real epidemiology in that region.

TREATMENT OF H. PYLORI IN AFRICA: THE ACTUAL
SCENARIO
Literature data recommend the use of a combination of proton pump inhibitors (PPIs)
and antimicrobials to treat H. pylori. The Maastricht V Consensus Report recommends
that the first-line regimen should be based on PPI drugs, clarithromycin and amoxicillin or metronidazole for 14 d in regions with low clarithromycin resistance. In
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areas where a resistance rates of over 15%-20% for clarithromycin is recorded, the
bismuth-containing quadruple therapy or concomitant therapy (including 3 antibiotics and a PPI) are recommended. Second line treatment should be based on the
need to carry out an endoscopy. When this approach is requested, culture and
standard antimicrobial susceptibility testing (AST) should be performed to lead to the
more appropriate therapy. When endoscopy is not requested or is not possible, the
rationale of the second-line treatment is to drop the empirical use of clarithromycin,
due to the high possibility that strains of H. pylori-resistant to clarithromycin have
developed. The use of levofloxacin-containing triple therapy, as a rescue therapy
following the failure of the standard triple therapy, is a reasonable alternative when
local fluoroquinolone resistance is < 10%. Third line therapy should be guided by AST
only[10].
In Africa, there are no guidelines addressing H. pylori treatment in all countries of
the continent. Nevertheless, the actual African scenario is enriched year by year by
publications reporting the results of randomized clinical trials (RCT) or real-world
data as well as the results of microbiological and genotypic analysis of bacterial
resistance to antimicrobials.

STUDIES ON CLINICAL EFFICACY OF ANTIMICROBIALS
FOR H. PYLORI ERADICATION IN AFRICA
The African pattern of H. pylori eradication rates could be described analyzing the
macro-regions of this continent. In Tunisia, North Africa, the eradication rate has been
reported significantly higher among patients treated by omeprazole, amoxicillin and
clarithromycin (69.6%) compared to those treated with omeprazole, amoxicillin and
metronidazole (48.7%)[62]. In Morocco, the results of two clinical trials based on the
treatment with a clarithromycin-based triple therapy, indicated a high rate of H.
pylori-resistance to cla-rithromycin. The first showed an eradication rate inferior than
80% [intention to treat (ITT) analysis: 78.2; per protocol (PP) analysis: 79.6][63]. The
second showed a reduction in terms of eradication rates obtained by this regimen
(ITT: 65.9; PP: 71) [64] , indirectly suggesting an increased resistance rate to clarithromycin.
In Egypt, an attempt to found new antibiotic regimens has been reported. Two
hundred and 24 patients with dyspeptic symptoms and H. pylori–infection were
enrolled in a randomized study. Patients in group 1 received nitazoxanide (an
antibiotic with characteristics similar to metronidazole) 500 mg twice daily, clarithromycin 500 mg twice daily, and omeprazole 40 mg twice daily for 14 d. Patients
in group 2 received metronidazole 500 mg twice daily, clarithromycin 500 mg twice
daily, and omeprazole 40 mg twice daily for 14 d. To assess the eradication rate, the
stool antigen test was performed 6 wk after cessation of these treatments. The
eradication rate was significantly higher in group 1 than in group 2. According to PP
analysis, 106 cases (94.6%) of 112 patients who completed the study in the former
group obtained complete cure vs 60.6% of 104 patients who completed the study in
group 2, (P < 0.001). Thus, nitazoxanide is a promising antibiotic for the first-line
therapy of H. pylori eradication[65].
In Nigeria, West Africa, a RCT comparing a 7-d vs a 10-d regimen of rabeprazole,
amoxicillin and clarithromycin was carried out in 50 H. pylori positive patients with
several gastroduodenal symptoms. The average eradication rate was 87.2% without
significant difference between the two regimens[66].
In Kenya, East Africa, a RCT including 120 H. pylori positive dyspeptic patients,
compared the efficacy of a 7-d vs a 14-d regimen using esomeprazole, amoxicillin and
clarithromycin. The eradication rates, according to the ITT analysis, were 76.7% and
73.3% for 7 and 14 d respectively, while the eradication rates by PP analysis were 92%
and 93.6% for 7 and 14 d, respectively. Thus, there was no significant difference between these two regimens[67].
In Rwanda, Central Africa, Kabakambira et al[68] conducted a RCT from November
2015 to October 2016. The authors enrolled 299 dyspeptic patients with several gastroduodenal diseases and H. pylori infection. All subjects were randomized to either a
triple therapy, for 10 d, containing omeprazole, amoxicillin and one among
clarithromycin/ciprofloxacin/metronidazole or a quadruple therapy containing
omeprazole, amoxicillin, ciprofloxacin and doxycycline. The rate of H. pylori eradication was 80% in the total population and 78% in patients without a history of
previous triple therapy treatment. Considered globally, the results showed a higher
risk of failure in the metronidazole-based group although this was insignificant (36%,
P = 0.086).
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STUDIES ON LABORATORY-BASED ANTIMICROBIAL
RESISTANCE OF H. PYLORI IN AFRICA
Antimicrobial resistance of H. pylori is a key factor associated with eradication failure. The prevalence of such resistance varies amongst different geographical areas
and has increased globally.
Focusing on North Africa, in Egypt AST showed high phenotypic metronidazole
resistance (100%) of H. pylori to metronidazole and low resistance to other tested
antimicrobials[69]. Recently, the Cairo’s University Hospital investigated the same
issue, using molecular methods, in a study including 70 H. pylori positive biopsies of
patients never treated for this infection. In 62.9% of the samples, the rdxA gene
deletion (marker of metronidazole re-sistance) was detected, while analyzing the H.
pylori 23S rRNA V domain, the A2142G mutation (marker of clarithromycin
resistance) was shown in 55.7% of the cases[70]. The difference of results between these
two studies may be explained by at least two factors. The first is the different age of
patients included. In the latter, patients were > 18 years old while in the former
patients were 2-17 years old, a group at higher risk of exposition to metronidazole for
the treatment of parasitic infections. The second factor is the method used. In fact, in
the former study the antibiotic resistance was evaluated by culture and in vitro AST[69],
a method that have the tendency to overestimate resistance. In the latter study,
metronidazole resistance was detected through genetic analysis[70]. In Tunisia, using
both E-test and real-time PCR with Scorpion primers, resistances to clarithromycin
and metronidazole were 15.4% and 51.3% respectively, with 0% resistance to
amoxicillin. No discrepancy between the two methods was reported[71]. In Algeria, the
prevalence of H. pylori resistance to clarithromycin was 33%[72]. In another study, in
the same country, H. pylori isolates were sensitive to amoxicillin, tetracycline, rifampicin, but exhibited a high rate of resistance to metronidazole (61.1%) and a lower
rate of resistance to clarithromycin (22.8%) and ciprofloxacin (16.8%). There was no
statistically significant relationship found between vacA and cagA genotypes and
antibiotic resistance results with the exception of metronidazole, for which there was
a statistically significant relationship with cagA genotype (P = 0.001)[73]. In another
prospective study carried out in Algeria between November 2015 and August 2016,
isolation of H. pylori by culture was performed on antral and fundic gastric biopsies of
adult patients from 3 hospitals. Additionally, real-time PCR using the fluorescence
resonance energy transfer principle for the detection of H. pylori followed by a melting
curve analysis to detect mutations associated with resistance to clarithromycin was
employed. The prevalence of H. pylori infection was 57% using this technique with
primary and secondary resistance rates to clarithromycin being 23% and 36%,
respectively, and to metronidazole, 45% and 71%, respectively. All isolates were
sensitive to amoxicillin, tetracycline, and rifampicin while only one isolate was
resistant to levofloxacin[74]. In a study from Morocco, the primary resistance of H.
pylori to clarithromycin was 28.2%. It was noted that women more often than men
were infected with a resistant strain of H. pylori (38% vs 18%, P = 0.044). Using
Scorpion PCR among 22 biopsies positive for H. pylori, 15 (68%) harbored an A2142G
mutation, 6 (27%) an A2143G mutation, and 2 (9%) an A2142C mutation. The
remaining H. pylori positive biopsy harbored a mixture of both A2142G and A2143G
mutations. In 16 (77%) biopsies, a mixed infection with a susceptible and a resistant
strain was reported[75].
Hence, considering that the resistance rate to clarithromycin is largely over the
15%-20% threshold put forward by the Maastricht V Consensus Report [10] , it is
appropriate to quit the clarithromycin-based treatment as a first-line strategy in several areas of North Africa.
In Senegal, West Africa, it was reported that the bacterial isolates showed a high
rate of resistance to metronidazole (85%), low rate of resistance to clarithromycin
(1%), and no resistance to amoxicillin and tetracycline[76]. In another study from
Senegal, H. pylori resistance to metronidazole ranged from 85%-90%, that of
clarithromycin ranged from 0-1% and the reported susceptibility to amoxicillin and
ciprofloxacin was 100%[77]. In Nigeria, Aboderin et al[78] in the year 2007 reported
multiple H. pylori resistance to amoxicillin (100%), clarithromycin (100%) and metronidazole (100%), as determined by disc diffusion test. Resistance to rifampicin,
tetracycline and ciprofloxacin were 93.5%, 87.1% and 15.6% respectively. A total of 5
distinct antibiograms were encountered in the 32 H. pylori strains and the patterns
varied with resistance ranging from 4 to 6 antimicrobial agents. Interesting, the profile
of ciprofloxacin resistance was significantly different from that reported in 2005, when
0% of resistance was published by Albdulrasheed et al[79]. Another Nigerian study,
published in 2017, reported by phenotypic evaluation a high resistance rate to metronidazole (99.1%), and decreasing resistance rates to amoxicillin (33.3%),
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clarithromycin (14.4%) and tetracycline (4.5%) [57] . In Gambia, using DNA transformation and sequencing, Secka et al[80] investigated the role of the gene rdxA in
metronidazole susceptibility. Metronidazole-resistant strains of H. pylori were
rendered metronidazole susceptible by transformation with a functional rdxA gene;
conversely, metronidazole-susceptible strains were rendered metronidazole resistant
by rdxA inactivation. RdxA sequencing revealed many mutations amongst their H.
pylori strains, which probably explains inactivation of rdxA in metronidazole-resistant
strains. None of the isolates were resistant to cla-rithromycin and erythromycin while
amoxicillin and tetracycline resistances were rare. These data suggest that in Gambia,
the use of metronidazole-based therapies for H. pylori eradication should be
considered with caution[80].
In Congo, Central Africa, by using molecular methods, H. pylori resistance to
clarithromycin and tetracycline were surprisingly low (1.7 and 2.5% respectively) but
a high rate of resistance (50%) to fluoroquinolones was reported[81]. A study from
Cameroon reported high resistance rates to tetracycline, clarithromycin and
metronidazole (44.7%, 85.6% and 93.2%, respectively)[82]. In Uganda, analyzing by
molecular methods stool samples of patients with peptic ulcer disease, among
samples positive for H. pylori infection, 29% were resistant to clarithromycin and 42%
to fluoroquinolones[83].
In East Africa, H. pylori strains had resistance rates of 0-6.4% to clarithromycin, 06% to amoxicillin, 0-1.9% to tetracycline but had 4.6% to 100% resistance to metronidazole[22,84,85]. Hence, in these countries a clarithromycin-based therapy could
represent an appropriate therapeutic strategy.
In South Africa, H. pylori resistance rates were 0% for ciprofloxacin, 2.5% for
amoxicillin, 20% and 27.5% for clarithromycin and gentamicin, while the resistance
rate to metronidazole was very high (95.5%) [86] . The antibiotic resistance profile
changed analyzing data region by region and over the time. In another study, published 3 years after, the same group reported a similar H. pylori resistance to
clarithromycin (15.3%) but a higher resistance rate (10.2%) to fluoroquinolones[87].
Finally, in a systematic review with meta-analysis Jaka et al[88] investigated the
magnitude of H. pylori antibiotic resistance in Africa. Considering 26 articles, the
overall H. pylori resistance rates to fluoroquinolones, clarithromycin, tetracycline,
metronidazole and amoxicillin were: 17.4%, 29.2%, 48.7%, 75.8%, and 72.6%, respectively. As expected, the commonest mutation detected for resistant strains were
A2143G for clarithromycin, RdxA for metronidazole and D87I for fluoroquinolones.
Figure 1 shows an overview of the laboratory-based antimicrobial resistance of H.
pylori in Africa. Taking together these data suggest that in several African countries, a
clarithromycin-based first-line regimen should be abandoned and the surveillance of
antibiotic resistance should lead empirical treatments where an AST is not available.

CONCLUSION
H. pylori remains highly prevalent in Africa. However, even in the face of highly pathogenic H. pylori, the clinical manifestations of this infection are still mild. Several
factors, which have not been fully studied, fuel this intriguing issue and there is a
need for further research to identify host factors that may explain the “African
enigma” . The current prevalence of H. pylori in the different African regions does not
seemingly provide an accurate view of the prevalence of H. pylori in the continent. It is
necessary to carry out studies that will provide population data, and that will use
highly accurate methods to correctly detect the presence of H. pylori. However,
considering that such research may be expensive in a low resource continent like
Africa, meta-analyses grouping data of the different African countries or of the different regions could provide a pooled and better estimate of the prevalence of H.
pylori infection. Since H. pylori infection represents a major challenge in Africa, two
major issues should be considered, in terms of prevention and cure. First, the possibility of preventing H. pylori acquisition is linked to the availability of a vaccine and
to the amelioration of hygienic conditions of the general population[89-91]. However, the
fact that H. pylori infection induces strong humoral and cellular immune responses,
and that the latter are not able to eliminate the bacterium, raises doubts about the
possibility of developing an effective vaccine. Second, in terms of cure, it should be
detailed in each country the pattern of H. pylori antibiotic resistance. This is
mandatory to establish the more appropriate treatment. Where these data would be
available, the epidemiologic surveillance over time should lead clinicians to the choice
of the best option.
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Figure 1

Figure 1 Laboratory-based antimicrobial resistance of Helicobacter pylori in Africa. AM: Amoxicillin; CLA: Clarithromycin; FLU: Fluoroquinolones; MET:
Metronidazole; RIF: Rifampicin; TET: Tetracycline.
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Abstract
BACKGROUND
Colorectal cancer (CRC) is the third most common malignancy of the digestive
tract and the fifth leading cause of cancer-related mortality in China. Sporamin, a
Kunitz-type trypsin inhibitor isolated from sweet potato, is a potential anti-cancer
agent with activities against a number of malignant tumor cells in vitro. The liver
secretes a myriad of endocrine factors that may facilitate the growth and
transformation of tumors in the development of CRC.
AIM
To investigate the effects of sporamin on liver morphology and biomarkers of
xenografted CRC in the liver of athymic BALB/c mice.
METHODS
Twenty-seven male BALB/c nude mice were randomly divided into control,
vehicle, and sporamin groups. Mice in the latter two groups were
intraperitoneally xenografted with LoVo colorectal carcinoma cells and
intragastrically infused with saline or sporamin (0.5 g/kg body weight/d),
respectively, for 3 wk. Hematoxylin and eosin (HE) staining of the sections was
performed to observe morphological changes in hepatic tissue and real-time
fluorescent quantitative PCR (qPCR) and enzyme-linked immunosorbent assay
(ELISA) were used to measure the expression of β-catenin and vascular
endothelial growth factor (VEGF) in the liver.
RESULTS
Sporamin significantly reduced the number and weight of tumor nodules formed
in the abdominal cavity. Compared with the vehicle group, the mean tumor
weight (± SD) in the sporamin group was significantly reduced (0.44 ± 0.10 g vs
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0.26 ± 0.15 g) and the total number of tumors decreased from 93 to 55. HE
staining showed that enlargement of the nucleus and synthesis of proteins within
hepatocytes, as well as infiltration of inflammatory cells into the liver, were
attenuated by sporamin. Immunohistochemical staining and ELISA showed that
the concentrations of β-catenin and VEGF in the liver were significantly reduced
by sporamin. Compared with the vehicle group, the expression of β-catenin
measured in integrated optical density units per area was reduced in the
sporamin group (47.29 ± 9.10 vs 26.14 ± 1.72; P = 0.003). Expression of VEGF was
also reduced after sporamin intervention from 20.78 ± 2.06 in the vehicle group to
15.80 ± 1.09 in the sporamin group (P = 0.021). Compared with the vehicle group,
the concentration of β-catenin decreased from 134.42 ± 22.04 pg/mL to 109.07 ±
9.65 pg/mL after sporamin intervention (P = 0.00002). qPCR indicated that
compared to the vehicle group, relative mRNA expression of β-catenin and VEGF
in the liver of mice in the sporamin-treated group was significantly reduced to
71% ± 1% (P = 0.000001) and 23% ± 7% (P = 0.00002), respectively, of the vehicle
group levels.

First decision: April 4, 2019
Revised: May 14, 2019
Accepted: May 31, 2019
Article in press: June 1, 2019
Published online: July 7, 2019

CONCLUSION
Sporamin down-regulates the expression and secretion of β-catenin and VEGF in
the liver, which subsequently inhibits the transcription of downstream genes
involved in cancer progression and angiogenesis.

Manuscript source: Unsolicited
manuscript

Received: February 23, 2019
Peer-review started: February 23,

P-Reviewer: Demir Y, Mohamed
SY

S-Editor: Ma RY
L-Editor: Wang TQ
E-Editor: Ma YJ

Key words: Sporamin; Colorectal cancer; Liver; Vascular endothelial growth factor; βcatenin
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Sporamin, a Kunitz-type trypsin inhibitor, restrains the growth of
intraperitoneally xenografted LoVo [also known as colorectal cancer (CRC) cells] in
athymic BALB/c mice. The mechanism determined by changes in morphology and
tumor biomarkers in the liver involves sporamin-induced down-regulation of β-catenin
secretion and vascular endothelial growth factor expression. This suppresses the
formation of xenografted tumor nodules in vivo and subsequently inhibits the
transcription of downstream genes involved in cancer progression and angiogenesis. The
anti-cancer effects of sporamin against CRC are closely associated with its inhibitory
effect on these tumor biomarkers. Further studies are warranted to elucidate the
corresponding signal transduction events that mediate this process.

Citation: Yang C, Zhang JJ, Zhang XP, Xiao R, Li PG. Sporamin suppresses growth of
xenografted colorectal carcinoma in athymic BALB/c mice by inhibiting liver β-catenin and
vascular endothelial growth factor expression. World J Gastroenterol 2019; 25(25): 31963206
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3196.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3196

INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy of the digestive tract
and the fifth leading cause of cancer-related mortality in China [1,2] . The agestandardized incidence rate of CRC in China has increased from 12.8 per 100000 in
2003 to 14.2 per 100000 in 2017, while the mortality rate has risen from 5.9 to 7.4 per
100000. China has lower rates of CRC incidence and mortality than most developed
countries, but has a higher case-fatality ratio (14.0%) and mortality/incidence ratio
(52.1%)[3].
Treatment for CRC generally consists of surgery, adjuvant radiation, and
chemotherapy as well as immunotherapy. Due to the low survival rate of CRC patients, there is an urgent need for new agents to combat this malignancy[4]. Plants are a
rich source of various phytochemicals that may exert anti-oxidative, proapoptotic,
anti-proliferative, anti-metastatic, and anti-angiogenic effects, depending on tumor
type [5-8] . Sporamin is a Kunitz-type trypsin inhibitor that is found in the dico-
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tyledonous plant, sweet potato (Ipomoea batatas), which belongs to the Convolvulaceae family. The tuberous roots contain 0.49%-2.24% crude sporamin protein
on a fresh-weight basis[9,10]. Previous studies have identified sporamin as a potential
anti-cancer agent against a number of malignant tumor cells, including HT29,
HCT116, and SW480 colorectal cancer cells[11], TCA8113 tongue carcinoma cells[12] as
well as PANC-1 and BxPC-3 pancreatic cancer cells[13].
The liver plays a vital role in the development of digestive tract cancers. It secretes
a myriad of endocrine factors that may facilitate the growth and transformation of
tumors, including β-catenin and vascular endothelial growth factor (VEGF). It is also
the main metastatic target of CRC[14-16]. Thus, substances that can reduce the levels of
tumor biomarkers in the liver may have the potential to become promising anti-cancer
agents in the future. However, the effects of sporamin on the expression and secretion
of tumor biomarkers in the liver are currently unknown. Therefore, in the present
study, LoVo colorectal carcinoma cells were intraperitoneally xenografted into
athymic BALB/c nude mice and sporamin was given orally to the mice to observe its
effect on the growth of tumors, with a focus on changes in the structure and function
of the liver, especially the expression and secretion of β-catenin and VEGF.

MATERIALS AND METHODS
Materials
Sporamin was extracted from sweet potatoes as previously reported[8]. Reagents used
in these experiments were obtained from the following suppliers: SYBR Green and
cDNA Reverse Transcription Kit, Thermo Scientific, Shanghai, China; TRIzol and
diethyl pyrocarbonate, Invitrogen, Shanghai, China; anhydrous ethanol, chloroform,
and isopropanol, Beijing Chemical Reagent Company, Beijing, China; Dulbecco's
modified Eagle medium (DMEM), fetal bovine serum, and PBS buffer, Corning, NY,
United States; penicillin-streptomycin mixture and trypsin, Keygen Biotech, Nanjing,
China; VEGF and β-catenin ELISA kits, Mecenbio, Beijing, China; xylene, gradient
ethanol, 1% hydrochloric acid ethanol, and chloral hydrate dry powder, Sinopharm
Science and Technology, Beijing, China; distilled water, Experimental Platform of Capital Medical University, Beijing, China; neutral formalin fixative, Leagene, Beijing,
China; 3% hydrogen peroxide, BSA, hematoxylin dyeing solution, neutral gum, DAB
chromogenic reagent, and β-catenin polyclonal antibody, Solarbio, Shanghai, China;
VEGF polyclonal antibody, Abcam, Beijing, China; HRP-conjugated goat anti-rabbit
antibody, KPL, Wuhan, China; RNAlater RNA stabilization reagent, Sigma, St. Louis,
MO, United States.

Cells
The colon cancer LoVo cell line was purchased from the Tumor Cell Bank of the
Chinese Academy of Medical Sciences (Beijing, China). The cells were grown in
DMEM high-glucose medium supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin and maintained at 37 °C in a humidified incubator with 5%
CO2. The medium was changed every 48 h. Single cell suspensions containing 5 × 106
cells in 0.2 mL PBS were prepared during the logarithmic growth phase.

Animal experiments
All experiments were approved by the local Ethics Committee for Animal Research
Studies at Capital Medical University, Beijing, China (animal experiment ethics review number: AEEI-2016-018).
Twenty-seven male BALB/c nude mice aged 4-6 wk old and weighing 13-15 g were
purchased from Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China)
and maintained under specific pathogen-free conditions with free access to drinking
water throughout the experiments. Animals were housed in a restricted access room
under a 12-h/12-h light/dark cycle with a controlled temperature of 18-29 °C, daily
range of temperature ≤ 3 °C, relative humidity of 40%-70%, airflow velocity ≤ 0.18
m/s, and room air pressure gradient of 20-50 Pa.
After one week of acclimation, animals were randomly divided into three groups,
with nine animals in each group, and we verified that there was no significant
differences in body weight between the groups. The groups were as follows: (1) Control group; (2) Vehicle group; and (3) Sporamin group. In the latter two groups, 5 × 106
LoVo cells in 0.2 mL PBS were xenografted into the abdominal cavity of the mice.
Mice in the control group were injected with an equal volume of PBS to mimic the
operation in the other groups. Sporamin was dissolved in distilled water and given
through intragastric infusion to the mice at a dose of 0.5 g/kg body weight/d. Mice in
the control and vehicle groups were given the same amount of distilled water by
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intragastric infusion. The body weights of the mice were recorded every three days
during the experiment. After three weeks of sporamin treatment, the mice were
anesthetized with 10% chloral hydrate (0.1 mL/10 g body weight) and sacrificed by
cervical dislocation. An autopsy of each mouse was carried out and the liver and the
tumor nodes formed in the abdominal cavity were carefully counted, collected, and
weighed. Then, the tissues samples were divided into three portions. Samples for
pathological examinations were fixed in 10% neutral formalin and stored at room
temperature. Samples for quantitative PCR (qPCR) were preserved in RNA stabilization reagent and stored at -20 °C. Samples for ELISA assays were directly stored
at -80 °C in cryotubes.

Pathological examinations
Tissue samples fixed with formalin were subjected to paraffin embedding and
sectioned at 5 μm for observation. Hematoxylin and eosin (HE) staining of the
sections was performed to observe morphological changes in the tissues. After dewaxing and antigen retrieval, immunochemical assays were performed using specific
polyclonal antibodies against VEGF and β-catenin. HRP-conjugated goat anti-rabbit
antibody was then applied to the sections to label the primary antibodies. DAB
chromogenic reagent and hematoxylin were then added and coverslips were added to
sections after color development. The expression of VEGF and β-catenin in liver tissue
was qualitatively analyzed with a high-magnification inverted fluorescence phasecontrast microscope (40×; DMIL, Leica, Germany) and photographs were taken.
ImageJ was used for image analysis to compare the average optical density (AOD) of
positive staining sites in each group.

Real-time fluorescent qPCR
Total RNA was extracted from the liver with TRIzol reagent. The mRNA was reversetranscribed into cDNA and SYBR Green PCR Master Mix was used to determine the
transcriptional expression of specific genes. The primer sequences were as follows: βcatenin forward, 5’-TCT GAG GAC AAG CCA CAG GA-3’ and reverse, 5’-GCA CCA
ATG TCC AGT CCA AG-3’; VEGF forward, 5’-CTT CAG CTC GCT CCT CCA CT-3’
and reverse, 5’-CAG GCC TCT TCT TCC ACC AC-3’; β-actin forward, 5’-GTG CTA
TGT TGC TCT AGA CTT CG-3’ and reverse, 5’-ATG CCA CAG GAT TCC ATA CC3’. Amplification of the housekeeping gene beta-actin from the same samples was
used as an internal control. Relative gene expression was calculated using the 2-ΔΔCt
method[17] .

ELISA
Liver samples were ground into homogenates and assayed according to the VEGF
and β-catenin ELISA kit manufacturer’s instructions. The OD value of each sample
well was measured with a microplate reader at a wavelength of 450 nm, and the
concentrations of VEGF and β-catenin in the liver homogenates were calculated and
presented in pg/mL. Reproducibility was evaluated in three independent experiments, and two standard curves were run on each plate.

Statistical analysis
Statistical analyses were performed using SPSS 21.0 software (IBM, Armonk, NY,
United States). Image analysis was performed using ImageJ (https://imagej.nih.gov).
Statistical charts were created using Prism5.0 (Graphpad, San Diego, CA, United
States). All data are expressed as the mean ± standard deviation (SD). The differences
between any two groups were tested by independent sample t-tests and comparisons
of multiple groups were made by one-way ANOVA; Tukey’s test was used for multiple pairwise comparisons of means. A P-value < 0.05 was considered statistically
significant.

RESULTS
Body weight, liver weight, and tumor burden
The body weight of the animals in all the three groups showed an upward trend as
the experiment progressed. From day 9-15, body weight increased rapidly, but slowed
from day 16-21. In comparison with the control and vehicle groups, it was noteworthy
that the body weight of animals in the sporamin group was highest although there
were no significant differences among these groups when the increase in body weight
ceased on day 15 (P = 0.12; Figure 1). There were also no significant differences in
liver weights or liver/body weight ratios among the three groups (Table 1).
All of the nude mice that were inoculated with cancer cells developed tumor
nodules in their abdominal cavities. Figure 2 shows that the tumors grew mainly on
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Table 1 Liver weights and the liver/body weight ratios of the BALB/c nude mice
Group

Liver weight (g)

Liver/body weight

Control

1.15 ± 0.17

0.06 ± 0.01

Vehicle

1.10 ± 0.24

0.06 ± 0.01

Sporamin

1.04 ± 0.24

0.06 ± 0.01

F

0.50

0.10

P

0.61

0.76

the mesentery instead of the intestine. They were rough, hard, and grayish white
nodules differing in number and volume. Compared to the vehicle group, the total
weight of the tumor nodules in the sporamin group was reduced by 51.15% (95%
confidence interval: 0.16-0.31) and the total number of tumors was reduced from 93 to
55 (Figure 3). Compared with the vehicle group (0.44 ± 0.10 g), the mean tumor
weight in the sporamin group (0.26 ± 0.15 g) was significantly reduced (P = 0.04).

Pathological examinations
HE staining of liver histological sections showed that, compared to the control group,
the size of hepatocytes in the vehicle group was enlarged, and nuclei were also enlarged and stained deeply blue. The cytoplasm displayed a basophilic change. Cell
membranes and the borders between them became blurred. As a result, the hepatic
sinusoid was compressed by the enlarged hepatocytes and the structure of the hepatic
plate became irregular. There were also many lymphocytes which had infiltrated into
the hepatic tissues, but no metastatic tumor cells were found. Compared to the vehicle
group, the histomorphology of livers from animals in the sporamin group was similar
to that of the control group with a relatively small cell size, clearer hepatic plate, and a
reduced degree of blue staining of the cytoplasm, indicating that sporamin had restored the normal structure of the liver in these animals (Figure 4).

Immunohistochemistry
To investigate functional changes in the liver, antibodies against β-catenin and VEGF
were applied to the liver sections to show the levels and intracellular locations of
these tumor biomarkers. After antibody incubation, the nuclei of the liver cells were
stained blue and biomarkers were stained brownish yellow or light yellow. As shown
in Figure 5, high concentrations of β-catenin were found in the cytoplasm and also
translocated to the nucleus, indicating that it had bound to its target genes and had
initiated the transcription process. Quantitative analysis of the AOD of the positively
stained areas in the liver tissue sections showed that, compared with the vehicle
group (47.29 ± 9.10), the expression of β-catenin was significantly reduced by
sporamin to 26.14 ± 1.72 (P = 0.003; Figure 6). In line with the increase in β-catenin
expression and nuclear translocation in the vehicle group, the expression of the angiogenic factor VEGF, which is also a downstream target of β-catenin, was increased
in the cytoplasm of hepatocytes in the vehicle group. Similarly, expression of the
VEGF protein was also reduced after sporamin intervention from 20.78 ± 2.06 in the
vehicle group to 15.80 ± 1.09 in the sporamin group (P = 0.021; Figure 6), sug-gesting
that sporamin had an anti-angiogenic effect in these animals.

ELISA
The concentrations of β-catenin and VEGF protein in liver tissue were assessed by
ELISA. Figure 7 shows that the concentration of β-catenin increased, albeit nonsignificantly, from 134.42 ± 22.04 pg/mL in the control group to 143.33 ± 5.06 pg/mL
in the vehicle group (P = 0.35). However, the concentration of VEGF in liver tissue
was significantly increased from 132.05 ± 7.96 pg/mL in the control group to 158.73 ±
6.23 pg/mL in the vehicle group (P = 0.00007). Compared with the vehicle group, the
concentration of β-catenin after sporamin intervention decreased to 109.07 ± 9.65
pg/mL (P = 0.00002). The concentration of VEGF also decreased to 150.90 ± 10.38
pg/mL but it was not significant (P = 0.14). These results are consistent with changes
observed in the immunohistochemistry analysis.

qPCR
To further verify the effects of sporamin on the expression of β-catenin and VEGF at
the transcriptional level, qPCR was conducted to detect the relative abundance of
these mRNAs in the liver samples. Figure 8 shows that compared with the control
group, relative expression of β-catenin mRNA in the vehicle group was significantly
increased (P = 0.0004), but the increase was not significant for VEGF (P = 0.26).
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Figure 1

Figure 1 Body weight changes during sporamin treatment.

Compared with the vehicle group, the relative abundance of β-catenin and VEGF
mRNA in the sporamin group was significantly reduced to 71% ± 1% (P = 0.000001)
and 23% ± 7% (P = 0.00002) of the vehicle group levels, respectively.

DISCUSSION
CRC is one of the most common malignancies of the digestive tract in both developing and developed countries[18]. Metastasis and recurrence of the primary tumor
are the main reasons for the high mortality rate of this disease. At present, chemotherapy still has severe side effects, which limits its use in many circumstances. In
recent years, many studies have indicated that phytochemicals may be a promising
source of new anti-cancer agents against CRC which will play an important role in
chemoprevention of the disease (for review see[19]). In the current study, compared
with the vehicle group, the number and total weight of tumor nodules formed in the
abdominal cavities of the mice were significantly reduced by treatment with sporamin, a Kunitz type trypsin inhibitor obtained from the sweet potato. This is in line
with previous studies which showed that sporamin can suppress the growth of a
variety of cancer cell lines including human esophageal squamous cell carcinoma
cells[20], human pancreatic cancer cells[13], and human tongue carcinoma cells[12], both in
vitro and in vivo.
Considering that the liver is usually the first target organ of CRC metastasis, the
present study mainly focused on changes in the structure and function of the liver in
the tumor-bearing mice. The liver is the largest endocrine gland in the body which can
secrete a great number of hormones, growth factors, and cytokines and plays a crucial
role in the development and transformation of many malignant tumors. The liver is
also the most common anatomical site for hematogenous metastases of CRC, which
are one of the most difficult and challenging obstacles in the treatment of CRC [21]. In
our study, although the weights of the body and the liver and the ratio of liver weight
to body weight were not significantly different among the control, vehicle, and
sporamin groups, we found that sporamin increased body weight and reduced liver
weight compared with vehicle treatment, implying that sporamin was possibly
beneficial for the general health status of the mice. This effect may be partially attributed to the nutritional effects of sporamin because it is a dietary protein with
many biological activities[22].
In accordance with previous findings that colon cancer cells can induce the liver to
synthesize and secrete a variety of hormones, growth factors, and cytokines, which
facilitate the growth of the tumor and induce a systematic inflammatory status[23], our
studies showed that after intraperitoneal tumor cell inoculation, the histomorphology
and function of the liver were all significantly changed . In contrast, it was noteworthy that, compared with the vehicle group, sporamin demonstrated the ability
to restore the normal structure and function of the liver. Hepatocyte enlargement,
nuclear pyknosis, cell membrane blurring, and blue staining of the cytoplasm were all
improved, suggesting that sporamin had attenuated protein synthesis within the cell
and alleviated the hypertrophic status of the hepatocytes. Functionally, the accumulation of β-catenin in the cytoplasm as well as its translocation to the nucleus of
the hepatocytes was both significantly attenuated by sporamin. As is well known, the
activation of the Wnt/β-catenin signaling pathway plays a key role in the de-
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Figure 2

Figure 2 Establishment of a colorectal cancer in vivo model. Photos taken of intestines from the vehicle group (A) and sporamin-treated group (B). C: Tumor
shapes are shown.

velopment of CRC[24]. As a transcriptional activator, the translocation of β-catenin
from the cytoplasm to the nucleus initiates the transcription of a number of target
genes[25] which participate in the malignant transformation of CRC[26]. Therefore, any
agents that can reduce the level of β-catenin within the tumor cells and hepatocytes
may exhibit a potent effect against CRC. For example, in ade-nomatous polyposis coli
(APC) tumor suppressor gene-mutated APCmin/+ mice, the formation of colorectal
adenomas is inhibited by suppressing the activation of the Wnt/β-catenin signaling
pathway[27]. Therefore, our findings suggest that sporamin may partially exert its
effect by inhibiting the synthesis and function of β-catenin in the liver.
VEGF is one of the most potent angiogenic factors that can be synthesized by tumor
cells as well as hepatocytes after stimulation by various environmental factors such as
hypoxia. VEGF is also a downstream target of the β-catenin pathway, and expression
of VEGF is usually positively correlated with the expression of β-catenin in tumor
cells and with the progression of the tumor[28]. Consequently, if the expression of βcatenin in tumor cells is reduced, the expression of VEGF usually decreases as well[29].
Our results are consistent with these previous findings and show that sporamin has
an anti-angiogenic effect against CRC. As to the specific mechanisms by which
sporamin inhibits the expression of β-catenin and VEGF as well as signaling events
during this process, further investigation will be required.
In conclusion, our study suggests that sporamin can suppress the growth of
xenografted colorectal tumor nodules in mice by restoring the normal structure of the
liver and downregulating the expression and secretion of β-catenin and VEGF in the
liver. These anti-cancer effects of sporamin against CRC are closely associated with its
inhibitory effect on these tumor biomarkers. Further studies are warranted to elucidate the corresponding signal transduction events mediating this process.
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Figure 3

Figure 3 Changes in the weight and number of tumors following sporamin administration.aP < 0.05 vs vehicle.
Figure 4

Figure 4 Liver histological changes after sporamin treatment. Photomicrographs of hematoxylin and eosin staining of liver sections from the normal control group
(A), vehicle group (B), and sporamin group (C). Magnification, 20×.
Figure 5

Figure 5 Immunohistochemical staining for vascular endothelial growth factor and β-catenin in the liver of nude mice after sporamin treatment.
Photomicrographs of liver sections from the control group (A), vehicle group (B), and sporamin group (C). Magnification, 40×. VEGF: Vascular endothelial growth
factor.
Figure 6

Figure 6 Average optical density of vascular endothelial growth factor and β-catenin in the liver of nude mice after sporamin treatment. Measurements were
made using ImageJ; n = 3 per group. aP < 0.05 vs vehicle, bP < 0.01 vs vehicle. VEGF: Vascular endothelial growth factor.
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Figure 7

Figure 7 Concentrations of β-catenin and vascular endothelial growth factor in the liver of nude mice after sporamin treatment.bP < 0.01 vs vehicle. VEGF:
Vascular endothelial growth factor.
Figure 8

Figure 8 Relative mRNA expression of β-catenin and vascular endothelial growth factor.bP < 0.01 vs vehicle.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most common malignancy of the digestive tract and the fifth
leading cause of cancer-related mortality in China. Sporamin, a Kunitz-type trypsin inhibitor
isolated from sweet potato, is a potential anti-cancer agent with activity against a number of
malignant tumor cells in vitro. The liver secretes a myriad of endocrine factors that may facilitate
the growth and transformation of tumors in the development of CRC.

Research motivation
Sporamin as a potential anti-cancer agent against a number of malignant tumor cells, including
HT29, HCT116, and SW480 colorectal cancer cells, TCA8113 tongue carcinoma cells as well as
PANC-1 and BxPC-3 pancreatic cancer cells. However, the effects of sporamin on the expression
and secretion of tumor biomarkers in the liver are currently unknown. Therefore, in the present
study, LoVo colorectal carcinoma cells were intraperitoneally xenografted into athymic BALB/c
nude mice and sporamin was given orally to the mice to observe its effect on the growth of
tumors, with a focus on changes in the structure and function of the liver, especially the
expression and secretion of β-catenin and vascular endothelial growth factor (VEGF).

Research objectives
To investigate the effects of sporamin on liver morphology and biomarkers of xenografted CRC
in the liver of BALB/c athymic mice.

Research methods
Twenty-seven male BALB/c nude mice were randomly divided into control, vehicle, and
sporamin groups. Mice in the latter two groups were intraperitoneally xenografted with LoVo
colorectal carcinoma cells and intragastrically infused with saline or sporamin (0.5 g/kg body
weight/d), respectively, for 3 weeks. Hematoxylin and eosin (HE) staining of the sections was
performed to observe morphological changes in hepatic tissue and real-time fluorescent
quantitative PCR and enzyme-linked immunosorbent assays (ELISA) were used to measure the
expression of β-catenin and VEGF in the liver.

Research results
Sporamin significantly reduced the number and weight of tumor nodules formed in the
abdominal cavity. Compared with the vehicle group, the mean tumor weight (± SD) in the
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sporamin group was significantly reduced (0.26 ± 0.15 g vs 0.44 ± 0.10 g) and the total number of
tumors decreased from 93 to 55. HE staining showed that enlargement of the nucleus and
synthesis of proteins within hepatocytes, as well as infiltration of inflammatory cells into the
liver, were attenuated by sporamin. Immunohistochemical staining and ELISA showed that the
concentrations of β-catenin and VEGF in the liver were significantly reduced by sporamin.
Compared with the vehicle group, the expression of β-catenin measured in integrated optical
density units per area was reduced in the sporamin group (47.29 ± 9.10 vs 26.14 ± 1.72; P = 0.003).
Expression of VEGF was also reduced after sporamin intervention from 20.78 ± 2.06 in the
vehicle group to 15.80 ± 1.09 in the sporamin group (P = 0.021). The secretion of VEGF and βcatenin in the liver was also assessed by ELISA, which showed that the concentration of VEGF in
liver tissue increased significantly from 132.05 ± 7.96 pg/mL in the control group to 158.73 ± 6.23
pg/mL in the sporamin-treated group (P = 0.00007). Compared with the vehicle group, the
concentration of β-catenin decreased from 134.42 ± 22.04 pg/mL to 109.07 ± 9.65 pg/mL after
sporamin intervention (P = 0.00002). Quantitative PCR (qPCR) indicated that compared to the
vehicle group, relative mRNA expression of β-catenin and VEGF in the liver of the sporamintreated group was significantly reduced to 71% ± 1% (P = 0.000001) and 23% ± 7% (P = 0.00002),
respectively, of the vehicle group levels.

Research conclusions
Sporamin down-regulates the expression and secretion of β-catenin and VEGF in the liver, which
subsequently inhibits the transcription of downstream genes involved in cancer progression and
angiogenesis.

Research perspectives
Our study suggests that sporamin can suppress the growth of xenografted colorectal tumor
nodules in mice by restoring the normal structure of the liver and downregulating the expression
and secretion of β-catenin and VEGF in the liver. These anti-cancer effects of sporamin against
CRC are closely associated with its inhibitory effect on these tumor biomarkers. Further studies
are warranted to elucidate the corresponding signal transduction events mediating this process.
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Abstract
BACKGROUND
Stent insertion can effective alleviate the symptoms of benign esophageal
strictures (BES). Magnesium alloy stents are a good candidate because of
biological safety, but show a poor corrosion resistance and a quick loss of
mechanical support in vivo.
AIM
To test the therapeutic and adverse effects of a silicone-covered magnesium alloy
biodegradable esophageal stent.
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METHODS
Fifteen rabbits underwent silicone-covered biodegradable magnesium stent
insertion into the benign esophageal stricture under fluoroscopic guidance (stent
group). The wall reconstruction and tissue reaction of stenotic esophagus in the
stent group were compared with those of six esophageal stricture models (control
group). Esophagography was performed at 1, 2, and 3 weeks. Four, six, and five
rabbits in the stent group and two rabbits in the control groups were euthanized,
respectively, at each time point for histological examination.
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RESULTS
All stent insertions were well tolerated. The esophageal diameters at
immediately, 1, 2 and 3 wk were 9.8 ± 0.3 mm, 9.7 ± 0.7 mm, 9.4 ± 0.8 mm, and 9.2
± 0.5 mm, respectively (vs 4.9 ± 0.3 mm before stent insertion; P < 0.05).
Magnesium stents migrated in eight rabbits [one at 1 wk (1/15), three at 2 wk
(3/11), and four at 3 wk (4/5)]. Esophageal wall remodeling (thinner epithelial
and smooth muscle layers) was found significantly thinner in the stent group
than in the control group (P < 0.05). Esophageal injury and collagen deposition
following stent insertion were similar and did not differ compared to rabbits with
esophageal stricture and normal rabbits (P > 0.05).
CONCLUSION
Esophageal silicone-covered biodegradable magnesium stent insertion is feasible
for BES without causing severe injury or tissue reaction. Our study suggests that
insertion of silicone-covered magnesium esophageal stent is a promising
approach for treating BES.
Key words: Benign esophageal stricture; Biodegradable stent; Magnesium; Silicone
membrane
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Stent insertion can be a safe, easy, and effective way to alleviate the symptoms
of benign esophageal strictures (BES). However, metallic stent implantation is associated
with some severe complications, such as migration, tissue ingrowth, and in-stent
restenosis. Biodegradable stent has been used as an effective and accepted method to
treat BES. We fabricated a silicone-covered biodegradable magnesium stent, and
evaluated technical feasibility, tissue reaction, and stent degradation for treating benign
esophageal stricture in a rabbit model. We found that implantation of silicone-covered
magnesium stent provided reliable support for at least two weeks, suggesting that it is a
promising strategy to treat benign esophageal stricture.

Citation: Yang K, Cao J, Yuan TW, Zhu YQ, Zhou B, Cheng YS. Silicone-covered
biodegradable magnesium stent for treating benign esophageal stricture in a rabbit model.
World J Gastroenterol 2019; 25(25): 3207-3217
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3207.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3207

INTRODUCTION
Esophageal stricture is the abnormally stenotic segment of the esophagus, and benign
esophageal stricture (BES) indicates a narrowing or tightening of the esophagus
caused by non-cancerous reasons[1,2]. BES can be caused by non-operative factors like
reflux, radiation, infection, sclerotherapy, and corrosion, as well as operative factors
including surgical anastomosis and minimally invasive surgery for early esophageal
neoplasms[3,4]. As one of the most common gastrointestinal conditions impacting
patients on a day-to-day basis, BES can seriously degrade the quality of life and result
in many problems, such as dysphagia, malnutrition, weight loss, aspiration, and respiratory failure[5-7]. Therefore, the development of effective therapeutic strategies for
BES is a critical medical need.
Esophageal stenosis can be alleviated through esophageal stent insertion, which has
been widely used as an effective means to improve the quality of life for patients with
BES[8-11]. Implantation of stents fabricated from many materials can be applied for
treating BES. However, metallic stent implantation is associated with some severe
complications, such as migration, tissue ingrowth, and in-stent restenosis[8-11], which
significantly limits the use of metallic stents in BES. In addition, the temporary
recyclable stent represents a simple and feasible approach to provide sufficient
support in 10-14 days for treating BES, but it needs to be removed after use and frequently causes pain, significant foreign body reaction, as well as potential risks
including perforation and bleeding[11]. With the advancements in biological medical
material technology, stents made from biodegradable alloy or polymer are extensively
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improved to be able to provide enough force to tear the BES and reduce complications
caused by stents[8,12,13].
Recently, biodegradable stents (BDS) have been used as an effective and accepted
method to treat BES patients to improve their quality of life[14,15]. For example, polymer
polylactic L-acid (PLLA) BDS exhibited a low complication rate in BES patients, but
the high rate (77%) of early stent migration greatly limited its wider clinical application[16]. PLLA esophageal BDS manufactured with polydioxanone can reduce stent
migration risk, but results in significant hyperblastosis than PLLA-BDS[17]. Therefore,
esophageal BDS with prominent therapeutic effects and minimal adverse effects is
still the great challenge in the field. More recently, Yuan et al [18] used a poly (εcaprolactone) (PCL) and poly (trimethylene carbonate) (PTMC)-covered magnesium
alloy stent to treat BES in a rabbit model. The stent can provide sufficient support for
at least 4 wk, and did not result in damage or collagen loss in the esophageal wall[18].
With acceptable stent migration rates, the stent covered with biodegradable PCLPTMC significantly prevented serious corrosion of magnesium alloy in the corrosive
environment[18].
In this study, we integrated the biocompatibility of silicone membrane [19] and
corrosion resistant property of magnesium alloy[20] into the design of an esophageal
stent, and applied the silicone-covered magnesium stent into a rabbit model of BES.
We determined the feasibility of this stent, and monitored the in vivo tissue reaction
and stent degradation after stent insertion. Our study suggests that silicone-covered
magnesium alloy is an ideal biodegradable material for fabricating esophageal stents
to treat patients with BES.

MATERIALS AND METHODS
Fabrication of silicone-covered magnesium stents
Silicone-covered magnesium stents are magnesium stents coated with a silicone
membrane. The commercial magnesium alloy was purchased from Sanming
Biomedical Company (Yangzhou, China). The bare stent was constructed with 0.20
mm magnesium alloy, as previously described [18,21] . The skeleton of the stent is
cylindrical, which was made of the magnesium alloy wires through cross-linked
mesh. The diameter and length of the stent were 10 mm and 30 mm in the entire expansion state, respectively. The stents had 5 mm cydariform and tubiform shapes at
both ends to prevent their migration (Figure 1).
The surface of the entire magnesium stent was covered with a silicon membrane
through the dipping and spinning method developed in our laboratory[18,21]. Briefly,
silicone rubber A and rubber B in the same amount (Shanghai Yanchen Industrial
Company, Shanghai, China) were thoroughly mixed with n-octane (Shanghai Aladdin
Biochemical Technology Company, Shanghai, China). The mixed silicone was
impregnated on the stent mold and solidified for 6 h at 80 °C for drying. The molds
were cooled in ambient conditions, and the magnesium stents were peeled off. Since
the magnesium alloy and the silicon film were transparent and not developed under
the X-ray, marks on both ends of the stents were placed to facilitate their positioning
under fluoroscopy. The silicone-covered magnesium stents were compressed and
loaded through a 6-mm-wide (18 French) delivery system.

Property evaluation of silicone-covered magnesium stents
The mechanical properties of the silicone-covered magnesium stents were tested by
the mechanical compression curve analysis and the tensile stress (46 compressions), as
previously described [18,21] . The degradation behaviors of the silicone-covered
magnesium stents in terms of the magnesium mass lost were determined by incubating in two phosphate-buffered solutions with pH values of 7.4 and 4.0, as previously described[18,21].
The biological safety of silicone-covered magnesium stent was evaluated by testing
its impact on the proliferation of human smooth muscle cell line HITC6 that was
purchased from the Cell Bank of Type Culture Collection Committee of the Chinese
Academy of Sciences, Shanghai, China. Cells were maintained in RPMI 1640 medium
(Hyclone; GE Healthcare Life Sciences, Logan, UT, United States) supplemented with
10% fetal bovine serum (TransGen Biotech, Inc., Beijing, China), 100 units/mL of
penicillin, and 100 µg/mL of streptomycin (Gibco; Thermo Fisher Scientific, Waltham,
MA, United States), and grown in a humidified atmosphere with 5% CO2 at 37 ˚C.
Cells were seeded in 96 well-plates at a density of 5 × 103/well and incubated with or
without silicone-coated magnesium stents. On days 1, 3, 6 and 9, cell proliferation was
determined by the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)] assay[22].
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Figure 1

Figure 1 Photographs of the fully opened silicon coated magnesium-stent (A) and molecular formula of cross-linked silica gel (B).

Esophageal stenosis model
All experimental protocols were approved by the Animal Research Council of
Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University and followed the guidelines of the International Committee of Animal Care (US National
Institutes of Health and European Commission).
New Zealand rabbits were provided by the Experimental Animals of the Public
Health Center of Shanghai Jiao Tong University, Shanghai, China. The rabbits were
housed in the Experimental Animal Center of Shanghai Sixth People's Hospital
Affiliated to Shanghai Jiao Tong University. Rabbits were kept in cages with free access to food in an animal room with a relative humidity of 40%-50%, temperature of 2225 °C, and 12 h/12 h light and dark alternates. Healthy New Zealand rabbits (weight,
2.3-3.8 kg and age, 10-11 wk) were used for constructing a rabbit esophageal stenosis
model using the esophageal sewing method, similarly as previously described[23].
After anesthesia with 5% pentobarbital via the ear vein, rabbits were fixed in the
supine position. A longitudinal incision about 3 cm away to the thoracic entrance was
made to separate the subcutaneous tissue and muscle and expose the trachea. From
the left side of the trachea, the esophagus was truncated about 3 cm, the distal segment of the esophagus was connected with an infusion tube, and the esophagus was
further separated from the thorax about 3 cm. The 4.0 operation suture was applied to
suture the esophageal lumen, and the position of stitches was adjusted to control the
stenosis of esophagus by 50% to 60% under digital subtraction angiography (DSA; GE
Medical Systems, United States).

Stent implantation
There were 15 rabbits in the stent group, while 5 rabbits in the control group did not
receive any intervention. The silicone-covered magnesium stent was implanted into
the esophageal stricture of the rabbits under DSA guidance, as previously described[18,21]. After the rabbits were anesthetized with 5% pentobarbital via the ear vein,
a stiff wire (0.035-inch, 260-cm-long, Terumo, Tokyo, Japan) was implanted through
the mouth to the stomach under DSA guidance, and used as a guidewire to deliver
the silicone-coated magnesium stent into the esophageal stricture. After the release of
the silicone-coated magnesium stent, a balloon catheter (10 mm × 40 mm, Changhong
Medical Instrument Co., Ltd., Changzhou, China) was inflated within the siliconecovered magnesium stent to make it fully expanded. The expansion time of balloon
was 20-30 s to ensure complete expansion of the stent. The diet and water intake in the
experiment and control groups were indiscriminate.

Follow-up
Esophageal angiography was performed at 1, 2, and 3 wk after the stent implantation.
The migration, patency of the stents, and the diameter of the esophagus between the
stent group and the control group was compared.

Histological examination
Two rabbits each time in the control group, and 4, 6, and 5 rabbits in the stent group
at the indicated time points (at 1, 2, and 3 wk after the stent implantation) were
euthanized to evaluate the response and reconstruction of the esophagus wall. The
silicone-covered magnesium stent was removed from the esophagus or gastrointestinal tract. The degradation rate of silicone-covered magnesium stents was
assessed by calculating the percentage of destroyed mesh. If one of its four edges
broke down under a microscope, a mesh was considered degraded. Mild, moderate,
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and severe degradations were defined as below 25%, 25%-50%, and over 50% in
degradation rate.
Histology evaluation of the samples was performed as previously described[18,21].
Hematoxylin and eosin (HE) staining was used to assess the inflammation responses
to obtain an inflammatory score. Evaluation of submucosal collagen deposition was
conducted by Mason’s trichrome staining. The Elivision immunohistochemical
technique was used to stain the esophageal samples. Mouse anti-proliferating cell
nuclear antigen (PCNA) antibody (1:100 dilution; NeoMarkers, Thermo Fisher
Scientific Inc., Fremont, CA, United States) and α-smooth muscle actin (α-SMA) antibody (1:50 dilution; Santa Cruz Biotechnology Inc., Dallas, TX, United States) were
used as primary antibodies. Specimens were evaluated by two pathologists independently in a blinded manner.

Statistical analysis
GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego, CA, United States)
was used for data analyses. One-way or two-way analysis of variance (ANOVA) was
used to compare the overall changes in esophageal diameter, PCNA proliferation
index, and collagen area between the control and stent groups at 1, 2, and 3 wk after
stent insertion. The Shapiro-Wilk test was used to evaluate the variance and normal
distribution of the dependent variables before one-way ANOVA. Statistical significance was set at P < 0.05.

RESULTS
Silicone-covered magnesium stent evaluation
The mechanical properties of the silicone-covered magnesium stent were tested by the
tensile stress and strain (Figure 2). The silicone membrane was tightly wrapped and
fixed to the cross-linked, knitted, bare magnesium mesh tube (Figure 1), which could
maintain its size and morphology because of its prominent elasticity and flexibility.
The silicone-covered magnesium stent showed good elastic deformation properties
with no tearing or breakdown, thus was able to provide enough support against in
vivo lesion compression. The magnesium mass lost was used to determine the degradation of the silicone-covered magnesium stent in buffered solutions with pH
values of 4.0 and 7.4. As shown in Figure 3, the silicone-covered magnesium stent
showed excellent biodegradable ability and maintained the main structure even at 4
wk after incubation in the acidic environment. Therefore, the silicone-covered
magnesium stent had a retention time as long as 4 weeks. The biological safety of
magnesium-silicone gel was evaluated by its impact on the proliferation of smooth
muscle cells. As shown in Figure 4, the cells demonstrated similar proliferation ratios
at the tested time points in the presence and absence of magnesium-silicone gel,
which suggested that the silicone-covered magnesium stent had no cellular cytotoxicity against the growth of host cells.

Intervention with silicone-covered magnesium stents in the rabbit esophageal
stenosis model
Esophageal angiography was performed to verify the stent expansion and the absence
of esophageal perforation. No obvious aspiration, asphyxia, or death occurred during
the procedures of stent implantation in rabbits. No stent migration occurred during
the procedure period. Stent-related complications, such as perforation and bleeding of
the esophagus, did not occur during the process or follow-up period. Esophagography demonstrated that stent expansion was good and the contrast agent
can pass the stented esophagus smoothly [Figure 5A (a-c)].

Overview of the follow-up
After successful modeling, a total of 15 rabbits were implanted with silicone-covered
magnesium stents, while 6 rabbits were left untreated. All of these rabbits underwent
regular esophagography during follow-up and no animal died. At 1, 2, and 3 wk after
stent implantation, 4, 6, and 5 rabbits in the stent group, respectively, were euthanized
for examining the migration and location of silicone-covered magnesium stents. Stent
migration was observed in 1 (25%) of 4 rabbits at 1 wk, 3 (50%) of 6 rabbits at 2 wk,
and 4 (80%) of 5 rabbits at 3 wk after therapy. The esophageal diameter was 4.9 ± 0.3
mm before silicone-covered magnesium stent insertion and 9.8 ± 0.3 mm right after
the stent implantation. The diameter was measured as 9.7 ± 0.7 mm, 9.8 ± 0.8 mm, and
9.2 ± 0.5 mm after 1, 2, and 3 wk, respectively (P < 0.05). In the stent group, in-stent
stenosis did not occur in the follow-up period [Figure 5A (d-e)]. The weight was
measured as 3.56 ± 0.3 kg before stent insertion and 3.48 ± 0.4 kg, 3.23 ± 0.3 kg, and
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Figure 2

Figure 2 Evaluation of the mechanical properties of the silicone-coated magnesium stent. A: Mechanical compression curve analysis of the stent; B:
compression-recovery curves of length and time in repeated compression tests (n = 5, constant pressure = 10 N).

2.89 ± 0.2 kg after 1, 2, and 3 wk, while the weight of controls was 3.53 ± 0.3 kg.

Stent morphological retention and location
Under microscopic examination, the degradation rates of silicone-covered magnesium
stents, in terms of the number of degraded mesh units, in the rabbits without stent
migration were 5.23% (minor degradation; 5.0%, 5.2%, and 5.5% for three individual
rabbits) at 1 wk, 17.06% (minor degradation; 15.1%, 18.6%, and 17.5% for three
individual rabbits) at 2 wk, and 88.0% for 1 rabbit at 3 wk after stent implantation
(Figure 5B). Three stents (1 found at the first week and 2 at the second week) were in
the stomach with partial degradation. These stents had about 40% remaining and a
large amount of food residue in the cavity. Three stents (1 found in the second week
and 2 in the third week) were located in the stomach, and they were almost completely degraded with only 1.5% ± 2.3% residual identified. In addition, two stents
were excreted in the third week after stent insertion.

Histological study
The inflammation scores were 0.25 ± 0.4, 0.40 ± 0.5, and 0.22 ± 0.4 at 1, 2, and 3 wk
after stent implantation, respectively, in the stent group, and no difference was
identified between the stent group and the normal control group (P > 0.05). The
proliferation index by quantitative analysis of the PCNA-positive cells revealed a
significant difference between the two groups (P < 0.05). As indicated by the distribution of PCNA-positive cells (Figure 6A), the epithelial layer in the stent group
was obviously thinner than that in the normal control group (141.2 ± 30.5 μm vs 261.5
± 17.2 μm; P < 0.05). As revealed by immunostaining, the SMA layer in the muscle
layer was slightly thicker than that in the control group (129.0 ± 9.5 μm vs 90.5 ± 17.0
μm; P > 0.05) (Figure 6B). The thickness of the epithelial and SMA layers at 1, 2, and 3
wk after stent insertion in the stent group had no difference during the follow-up
period (P > 0.05), which indicated that the reconstruction of the esophageal wall was
completed within 1 week. Moreover, the amount of collagen did not display
differences between these two groups at 1, 2, and 3 wk during follow-up (P > 0.05;
data not shown), indicating the absence of adverse tissue responses caused by stent
dilatation injury and degradation.

DISCUSSION
Currently, two types of degradable stents, biodegradable metal stent and high polymer stent, are widely used in clinical practice. Due to the absence of chronic inflammation and SMC hyperplasia after complete biodegradation, biodegradable stents
have already been used as an effective and accepted method to treat BES patients to
improve their quality of life[8,15,24,25]. However, there are no ideal stents that can provide
enough and long-lasting force to tear the benign stricture of the esophagus as well as
completely reduce complications caused by stent implantation. Here, we determined
the feasibility of silicone-covered magnesium alloy for fabricating esophageal stents,
and analyzed the mechanical property, degradation behaviors, and biological safety
of silicone-covered magnesium stents. Through in vivo study using a rabbit model of
BES, we found that the inserted silicone-covered magnesium stents can provide

WJG

https://www.wjgnet.com

3212

July 7, 2019

Volume 25

Issue 25

Yang K et al. Biodegradable magnesium stent for esophageal stricture treatment
Figure 3

Figure 3 Evaluation of the degradation behaviors of the magnesium alloy wire. A: Topography of magnesium alloy wire with indicated length (left, 1.5 feet; and
right, 3 feet); B and C: Degradation topography of magnesium alloy wire at 4 weeks after incubation in phosphate-buffered saline with pH values of 7.4 (B) and 4.0 (C).

reliable support for at least two weeks, and did not cause severe injury or collagen
deposition in rabbits.
Magnesium alloy is a fully biodegradable and ideal material for in vivo stents. It
provides sufficient radial support force for moderate or severe stenosis and reduces
tissue hyperplasia[26,27]. However, the rapid degradation rate of magnesium alloy
makes it very difficult to maintain radial support force as long as 4 wk after its insertion for treating BES [21,28,29] . Silicone has numerous advantages like excellent
elasticity, prominent coating performance, and remarkable resistance to degradation.
We designed a new biodegradable esophageal stent with bare magnesium wire stent
coated with a silicone membrane, which was named silicone-covered magnesium
stent. This stent was proven to bear many advantages including outstanding degradability, elasticity, flexibility, and biocompatibility, which meets the general needs
in clinical practice.
The silicone-covered magnesium stent in our study can provide a reliable radial
force. After 46 compressions, the silicone-covered magnesium stent could still maintain sufficient effective mechanical compression performance. This demonstrates
that silicone can stabilize the mechanism of magnesium alloy tube and maintain its
structural stability, thus providing a sufficient support radial force during the
expected time in vivo. In addition, the silicone membrane isolated magnesium alloy in
direct contact with esophageal digestive juice, and significantly reduced the degradation rate of magnesium alloy. Our in vitro degradation experiments demonstrated that silicone membrane significantly reduced the degradation rate of magnesium wire. The degradation rates were 5.2% and 16.1% after 1 and 2 wk in the
environment with a low pH value of 4.0, respectively. This suggests that the siliconecovered magnesium stent could provide sufficient support within 2 weeks in the esophagus stenosis.
The basic concept of BES treatment is that the stent could tear the hyperplastic
smooth muscle layer and provide sufficient support during esophageal repair[12]. In
our model, silicone-covered magnesium stent implantation was successful in all the
rabbits with esophagus stenosis, and early complications like esophageal perforation,
bleeding, and stent migration did not occur. Through pathological examination, we
found that the reconstruction of the esophageal wall was completed in 1 and 2 wk
after stent insertion. Analyses of the inflammation scores, PCNA-positive cells in the
epithelial and SMA layers demonstrated that silicone-covered magnesium stent did
not induce severe injury, but caused a very slight inflammatory reaction to the
esophageal wall. Some studies showed that the best time of temporary stenting for
achalasia was usually 1-2 wk[30,31]. In our experiment, the effective support time could
last 2 weeks in the BES model, and esophageal wall reconstruction can be completed
successfully during this period. Therefore, our in vivo experiments confirmed that the
silicone-coated magnesium stent exhibited satisfactory therapeutic effects for treating
BES in rabbits. Moreover, the silicone-covered magnesium stent displayed reliable
biocompatibility without adverse effects on the growth of SMCs, while the excretion
of silicone membrane through the digestive tract further supports its biological safety.
Taken together, our study on the silicone-covered magnesium stent provides a theoretical basis for the treatment of BES, and also inspires new ideas to treat other
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Figure 4

Figure 4 Biological safety evaluation of the magnesium-silicone material by testing the impact on
proliferation of human smooth muscle cells. Smooth muscle cells were cultured in the presence and absence of
silicone-magnesium gel, and cell proliferation was assayed at 1, 3, 6, and 9 d after culturing (n = 3 for each group at
each time point). Control, cultured without silicon-magnesium gel; Mg-silicone, cultured with silicone-magnesium gel.

stenoses.
Although the experimental results are encouraging, there are still some limitations
in this study. For example, there is still room for extending the in vivo retention time
of the stent, as the effective support time is 2 wk. Further study is needed to reduce
the biodegradation rate and prolong the support time. In addition, a longer follow-up
study is required for determining the efficacy, optimal insertion time, and tissue
responses.
In conclusion, the silicone-covered magnesium stent designed in this study can
meet the requirements for clinical esophageal stents, in terms of tensile strength,
biological safety, and complications. The silicone-covered magnesium esophageal
stent exhibited good therapeutic effects in a rabbit model of BES. Injury to the esophagus and stent migration during sustained strength expansion did not occur after
the insertion of the silicone-covered magnesium stent in rabbits. As a simple,
controllable approach, implantation of the biodegradable silicone-covered magnesium
stent is a promising strategy in treating BES.
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Figure 5

Figure 5 Implantation, follow-up, and in vivo degradation of silicone-coated magnesium stents. A: Representative esophagography images show the
procedure of stent insertion in rabbits. (a) Upper-middle esophageal stenosis (yellow arrow); (b) Balloon expansion before stent implantation; (c) Esophagography
after stent implantation. Stenotic esophagus expansion and in place (yellow arrow) are shown, and positioning mark in the bottom of stent is clearly visible (red oval);
(d-e) Follow-up at 1 wk (d) and 2 wk (e) after stent insertion. Stenotic esophagus expansion and in place (yellow arrow) are shown, with positioning mark clearly visible
(red oval). B: Microscopic examination of the magnesium to track its retention before (control) and at 1 wk (1W) and 2 wk (2W) after stent implantation.
Figure 6

Figure 6 Histological examination of the epithelial layer and the α-smooth muscle layer of the esophagus after stent insertion. A: Representative images
show the proliferating cell nuclear antigen (PCNA) staining in the epithelial layer of the esophagus from the stent group and the normal control group. The percentage
of PCNA-positive proliferating cells in the epithelial layer in the control group (PCNA-1) was similar to that in the magnesium-silicone stent group (PCNA-2)
(magnification, ×100). B: Representative images showing the α-smooth muscle (SMA) staining. The thickness of the epithelial and SMA-positive layers did not differ
between the normal control group (SMA-1) and magnesium-silicone stent group (SMA-2) (magnification, ×200).
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ARTICLE HIGHLIGHTS
Research background
Stent insertion has been widely used as an effective alternative to improve the quality of life of
patients with benign esophageal strictures (BES). However, the metallic stents implantation is
associated with some severe complications, such as migration, tissue ingrowth, and instent
restenosis. Stents made from biodegradable alloy or polymer are able to provide enough force to
tear the benign stricture of the esophagus, as well as reduce complications caused by stents.

Research motivation
Magnesium alloy stents are a good candidate because of biological safety, but they show a poor
corrosion resistance and a quick loss of mechanical support in vivo. Silicone coating could
prolong degradation time of magnesium alloy and enhance the support force of magnesium
alloy stents.

Research objectives
The aim of the present study was to evaluate the technique feasibility and therapeutic effect of
and tissue response to silicone-covered bio-degradable magnesium stent insertion into the
benign esophageal stricture in rabbits.

Research methods
The silicone-covered magnesium stent was made of the magnesium alloy wires through crosslinked mesh, and was fabricated by covering with a silicone membrane. The mechanical testing
demonstrated that silicone-covered magnesium stent possessed good flexibility and elasticity,
and could provide adequate support in vivo. Fifteen rabbits underwent silicone-covered
biodegradable magnesium stent insertion into the benign esophageal stricture under fluoroscopic guidance (stent group). The wall reconstruction and tissue reaction of stenotic
esophagus were compared with those of six stenosis esophagus models (control group). Esophagography was performed at 1, 2, and 3 wk after stent insertion.

Research results
Histological examination revealed that the inflammation scores at 4 wk in the BES rabbits with
stent implantation (stent group) were similar to those in the control rabbits (control group). Both
the epithelial and smooth muscle cell layers were significantly thinner in the stent group than in
the control group. The smooth muscle actin layer in the muscle layer was thinner in the stent
group than in the control group. Without causing severe injury or collagen deposition, implantation of silicone-covered magnesium stent provided reliable support for at least 2 wk in
rabbits.

Research conclusions
The present study demonstrated that insertion of silicone-covered magnesium esophageal stent
is a promising approach for treating benign esophageal stricture without causing severe injury or
tissue reaction.

Research perspectives
The silicone-covered magnesium stent can provide reliable support for at least 1 wk, however,
reliable support of the silicone-covered biodegradable magnesium for 2 wk is not enough and
associated with high migration rates. There are still some limitations in this study. Further study
is needed to reduce the biodegradation rate and prolong the support time. Longer follow-up
study is required for determining the efficacy, optimal insertion time, and tissue responses.
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Abstract
BACKGROUND
Several studies have demonstrated a correlation between esophageal cancer (EC)
and perturbed urinary metabolomic profiles, but none has described the
correlation between urine metabolite profiles and those of the tumor and adjacent
esophageal mucosa in the same patient.
AIM
To investigate how urinary metabolic phenotypes were linked to the changes in
the biochemical landscape of esophageal tumors.
METHODS
Nuclear magnetic resonance-based metabolomics were applied to esophageal
tumor tissues and adjacent normal mucosal tissues alongside patient-matched
urine samples.
RESULTS
Analysis revealed that specific metabolite changes overlapped across both
metrics, including glucose, glutamate, citrate, glycine, creatinine and taurine,
indicating that the networks for metabolic pathway perturbations in EC,
potentially involved in but not limited to disruption of fatty acid metabolism,
glucose and glycolytic metabolism, tricarboxylic acid cycle and glutaminolysis.
Additionally, changes in most urinary biomarkers correlated with changes in
biomarker candidates in EC tissues, implying enhanced energy production for
rapid cell proliferation.
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CONCLUSION
Overall, these associations provide evidence for distinct metabolic signatures and
pathway disturbances between the tumor tissues and urine of EC patients, and
changes in urinary metabolic signature could reflect reprogramming of the
aforementioned metabolic pathways in EC tissues. Further investigation is
needed to validate these initial findings using larger samples and to establish the
underlying mechanism of EC progression.
Key words: Esophageal cancer; Metabolites; Metabolic pathways; Nuclear magnetic
resonance-based metabolomics; Tumor tissue; Urine
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Core tip: Our research provides evidence for distinct metabolic signatures and metabolic
pathway disturbances between the tumor tissues and urine of esophageal cancer patients,
and changes in the urinary metabolic signature could reflect reprogramming of
aforementioned metabolic pathways in esophageal tumor tissues.
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INTRODUCTION

2019

Esophageal cancer (EC) is the eighth most common type of malignant tumor and the
sixth leading cause of cancer-related death worldwide[1]. Identifying cancer-related
biomarkers of EC is essential for its diagnosis and therapeutic intervention in the early
stage, which in turn will significantly increase patient survival. While there are a few
diagnostic/screening techniques, such as upper gastrointestinal endoscopy, endoscopy-based balloon cytology, and serum carcinoembryonic antigen (commonly
known as CEA) test, high-throughput and sensitive molecular tools are required to
elucidate specific disease biomarkers for optimal disease management. Metabolomics,
in which the global changes of small molecular weight metabolites in a given
biological specimen are investigated, has considerable potential to identify useful
biomarkers, thereby stratifying subjects into disease or nondiseased categories[2,3].
Proton nuclear magnetic resonance (1H-NMR) spectroscopy is a well-established,
robust, noninvasive and reproducible method for quantifying metabolic profiles[4],
and it has several advantages over other analytical techniques, such as liquid chromatography mass spectroscopy and gas chromatography mass spectroscopy,
including nondestructive analysis of samples, minimal sample preparation, and the
ability to detect multiple metabolites within a single experiment[5-8]. NMR data combined with multivariate statistical analysis, such as orthogonal partial least squares
discriminant analysis (OPLS-DA), which can be utilized for disease cla-ssification
(through the use of score plots) and biomarker detection (through the use of loading
plots), allow for the identification of potential biomarkers in biological specimens and
improve the ability to identify specific metabolic pathways and networks associated
with the disease process.
Urine is a biological fluid commonly used by NMR-based metabolomics[9,10] because
it is easily collected in large volumes with noninvasive procedures and may provide
substantial diagnostic information for many cancer types[7,11-13]. Biomarkers in urine
may be derived from cell apoptosis, glomerular filtration of blood plasma, cell sloughing, epithelial cell secretion of exosomes, and other processes[14]. Several NMR
spectroscopy-based metabolomic studies have reported that metabolite compositions
of urine samples from EC patients differ from those of healthy controls (HCs)[15,16].
However, little is known about the systemic mechanistic link between esophageal
tissues and urine, owing to the invasiveness of tissue sampling and sensitivity of the
urinary metabolome to factors such as environment, food and genetic composition.
The aim of this research was to profile parallel metabolites of EC tissues and ad-
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jacent noncancerous tissues alongside urine samples from the same patients, to
investigate how urinary metabolomic phenotypes associate with tumor tissue, and to
identify specific disturbed metabolic pathways in esophageal tissues and urine. Such
information would be vital to bridge the gap between the systemic metabolic
characteristics of EC tissues and the corresponding samples of urine and may help
advance the utility of urinary-based metabolites as relevant indicators of EC tissue
microenvironment.

MATERIALS AND METHODS
Patient recruitment and sample collection
This study was approved by the Ethics Committee of Shantou University Medical
College. Written informed consent was obtained from each subject prior to participation. Early-morning midstream urine samples were collected preoperatively
from 41 EC patients and 40 HCs between August 2015 and October 2016 at the Second
Affiliated Hospital of Shantou University Medical College. EC patients were
diagnosed by microscopy, biopsy, or surgical resection, and the disease stage was
determined according to the American Joint Committee on Cancer (AJCC) staging
system for esophageal tumors: Stage I/II, 15 patients; stage III, 11 patients; stage IV,
15 patients. Each urine sample was mixed with 50 μL sodium azide preservative and
stored at −80 °C until further analysis. Patient-matched EC tissues and their corresponding adjacent noncancerous tissues (~5 cm away from the tumor margin) were
collected from 20 EC patients and immediately stored at −80 °C until NMR analysis.
Exclusion criteria for all participants included use of antibiotics, nonsteroidal antiinflammatory drugs, statins, or probiotics within 2 mo of study participation.
Additional exclusion criteria for EC patients included chemotherapy or radiotherapy
prior to surgery. The demographic and clinical characteristics of the EC patients and
con-trols are summarized in Table 1.

Urine sample preparation
Frozen urine samples were thawed at room temperature and mixed to suspend any
settled precipitate. After adding 300 μL PBS/D2O buffer (0.1 M, pH 7.4) to 600 μL of
each urine sample, the mixture was homogenized by vortexing for 60 s and then
centrifuged at 8000 rpm for 10 min. Subsequently, a volume of 500 μL of the supernatant was transferred into an Eppendorf vial, to which 50 μL of a stock solution of
sodium (3-trimethylsilyl)-2, 2, 3, 3-tetradeuteriopropionate (TSP)/D2O was added,
using a chemical shift reference (0.0 ppm) for spectral alignment. Finally, the resulting
mixture was centrifuged at 10000 rpm for 5 min, and 500 μL of the prepared sample
was transferred into a 5-mm high-resolution NMR tube for 1H-NMR analysis.

Tissue sample preparation
The frozen tissue samples weighed ~300 mg and were thawed and cut into small
pieces at room temperature. After adding 1.8 mL mixture containing 0.6 mL distilled
water (2 mL/g tissue) and 1.2 mL methanol (4 mL/g tissue), the resulting mixture
was homogenized at 16000 rpm for 80 s. After homogenization, the mixture was
added to chloroform (4 mL/g tissue) and distilled water (4 mL/g tissue) and vortexed
for 60 s. The suspension was then left on ice for 15 min and centrifuged at 2000 rpm
for 5 min to facilitate separation of the liquid layers. The resulting supernatant was
evaporated under a stream of nitrogen and then dried under vacuum for a minimum
of 18 h. Subsequently, the lyophilized powder was redissolved with 550 μL PBS/D2O
buffer (0.1 mol/L, pH 7.4), to which 50 μL of a stock solution of TSP/D2O was added.
After homogenization and centrifugation at 10000 rpm for 5 min, 500 μL supernatant
was transferred into a 5-mm high-resolution NMR tube for 1H-NMR analysis.

H-NMR analysis

1

All samples were detected by a Bruker AVII 400 MHz NMR spectrometer (Bruker
Biospin, Germany) operating at a 1 H frequency of 400.13 MHz. Magnetic field
homogeneity was optimized by gradient or manual shimming prior to acquisition.
The temperature was maintained at 298 K and lock performed on the D2O signal. 1H
NMR spectra of urine samples were obtained using a 1D nuclear Overhauser
enhancement spectroscopy pulse sequence [RD-90°-t1-90°-tm-90°- ACQ], with the
following acquisition parameters: Recycle delay (RD) 1.5 s; t1 3 µs; mixing time, tm
100 ms; 90° pulse width 7.3 μs; number of scans (NS) 256; number of points, TD 32768;
spectral width (SW) 8012.82 Hz; acquisition time (AQ) 2.04 s. Water suppression was
achieved by irradiation of the water peak during RD and tm. Esophageal tissue 1H
NMR spectra were recorded using a standard (1D) Carr–Purcell–Meiboom–Gill pulse
sequence with the following acquisition parameters: number of dummy scans 4; RD
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Table 1 Summary of clinical and demographic features for study subjects and tumor
characteristics
EC

HC

Subjects, n

41

40

Age (median, range), yr

60, 39-77

59, 28-78

Male

31

19

Female

10

21

Stage I/II

15

-

Stage III

11

-

Stage IV

15

-

Positive

2

-

Negative

31

-

Not measured

8

-

Positive

2

-

Negative

18

-

Not measured

21

-

Cervical

1

-

Upper thoracic

5

-

Middle thoracic

24

-

Lower thoracic

11

-

Dysphagia

40

-

Gastroesophageal reflux

27

-

Sex

χ2

P value

6.77

0.12

Cancer stage

CEA, ng/mL

CA 19-9, U/mL

Location

Symptoms

EC: Esophageal cancer; HC: Healthy control; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic
antigen.

70 ms; 90° pulse width 10 μs; NS 64; TD 65536; SW 8012 Hz; AQ 4.09 s.

H NMR spectral data processing

1

All free induction decays from 1D 1H-NMR of the tissues and urine samples were
multiplied by a 0.3 Hz exponential line broadening prior to Fourier transformation.
1
H-NMR spectra were then corrected for phase and baseline distortion and calibrated
to TSP at 0.0 ppm by using MestReNova software (version 8.1.0, Mestrelab Research,
Santiagode Compostella, Spain). To reduce the complexity of the NMR data, the
spectral range from 0.8 to 9.0 ppm was segmented into buckets with the equal width
of 0.004 ppm. The region of 5.5–4.5 ppm was discarded to eliminate imperfect water
suppression. Each bucket was internally normalized to the total integral of the
spectrum prior to pattern recognition analysis, to eliminate the dilution or bulk mass
differences among samples due to the different sample weight.

Pattern recognition analysis and cross validation
To maximize class discrimination between EC patient and HC urine samples, as well
as between EC tissues and their corresponding noncancerous tissues, multivariate
data analysis was applied to the 1 H-NMR spectral data according to previously
published and accepted methods[6,7]. The normalized NMR spectral data sets were unit
variance scaled and analyzed using the SIMCA-P+ program (version 14.1, Umetrics
AB; Umea, Sweden). OPLS-DA was applied to the analysis of 1H-NMR spectral data
to optimize the separation between experimental groups. The model quality was
evaluated with the R2Y and Q2 values, reflecting the explained fraction of variance and
the model predictability. R2Y scores ranged between 0 and 1 and Q2 scores between
negative and 1, where a R2Y score of 1 demonstrated that the model explained 100% of
variance, and a Q2 score closer to 1 indicated higher reliability of the prediction in the
cross-validation procedure. Validation of the OPLS-DA model was also performed by
means of a permutation test (400 times). The R2Y in the permutated plot described
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how well the data fitted with the derived model, whereas Q2 described the predictive
ability of the derived model (Q2 > 0.5 considered as good and Q2 > 0.9 as excellent). To
further evaluate the predictive power of the robust OPLS-DA model, 80% of samples
were applied to construct a model, which was used to predict the remaining 20% of
samples. The variable importance in the projection (VIP) values of all peaks from
OPLS-DA models was taken as a coefficient for peak selection. The VIP value was
represented by a unitless number, where higher values suggested greater discriminatory power of the metabolite. Those variables with VIP > 1 were considered
potential biomarker candidates for group discrimination.

Statistical analysis
The relative concentrations of those metabolites with VIP > 1 were calculated by integrating the signals in the spectra. Statistical significance was assessed using the
Mann–Whitney U test, and P < 0.05 was considered statistically significant. The
relative concentrations of those metabolites with VIP > 1 were calculated by
integrating the signals in the spectra, and data are presented as the mean fold difference in EC metabolite abundance compared to controls. To further evaluate the
diagnostic power of the potential biomarkers whose levels significantly differed
between experimental groups, receiver operating characteristic (ROC) analysis in
SPSS version 16.0 was performed, and the optimal area under the ROC curve
(AUROC), specificity and sensitivity of the metabolites were calculated, where
AUROC > 0.8 indicated excellent diagnostic ability. Pearson correlation analysis was
used to assess the association of biomarker candidates between urine and tumor
tissues of EC patients with an OPLS-DA model using a correlation coefficient cut-off
of |r| and correlation significance of P < 0.05. Correlation coefficients ranged from 1.0
(maximum positive correlation) to −1.0 (maximum anticorrelation), with a value of 0
representing no correlation. Correspondingly, |r| > 0.44 (calculated for the sample
size of 20) was considered to be a statistically significant relationship between the two
metabolites.

RESULTS
Metabolic profiles of esophageal tissues and urine samples
Representative 1D 1H-NMR spectra of urine specimens acquired from EC patients,
HCs and patient-matched esophageal tissue extracts are shown in Figure 1A and B.
The standard 1D spectrum gave an overview of all metabolites. The major metabolites
in the spectra were identified according to previous studies[17,18] and the Human
Metabolome Database (http://www.hmdb.ca/). In all urine and esophageal tissue
spectra, the aliphatic region at 0.8–4.2 ppm included numerous signals from the
following water-soluble metabolites: Glutamate, glutamine, acetoacetate, citrate,
cisaconitate, choline, creatine, creatinine and glycine, which are known to be involved
in many biochemical processes, especially in energy metabolism.
Good discrimination between EC patients and HCs was achieved by an OPLS-DA
scores plot generated from 1H-NMR spectra of urine specimens (Figure 2A-a). The
predictive ability of the model was calculated by internal validation (R2Y = 0.902, Q2 =
0.682, CV-ANONA P < 0.01), suggesting that the model possessed a satisfactory fit
with good predictive power. In order to evaluate the robustness of the OPLS-DA
model described above, a random permutation test was performed 400 times to
further evaluate the robustness of this model, as exhibited by the steep R2 and Q2
regression lines and difference between R 2 and Q 2 (R 2 Y = 0.886 and Q 2 = 0.660),
indicating that this was an excellent model suitable for data analysis (Figure 2A-b). To
further assess the predictive ability of the model for unknown samples, we randomly
selected 80% of urine samples (“training set”, 33 EC patients and 32 HCs) to construct
an OPLS-DA model, which was then used to predict the remaining 20% of samples
(“testing set”, 8 EC patients and 8 HCs). As can be seen in Figure 2A-c, the testing sets
of EC patients and HCs were correctly located in their corresponding region of the
training sets. Urine metabolites that met the following conditions were considered
potential metabolite biomarkers for EC detection: Levels of metabolites with VIP > 1
and the presence of a significant difference (P < 0.01) between metabolite levels of EC
patients and HCs according to the Mann–Whitney U test. A total of ten urine metabolites were found to be significantly changed in EC patients compared to HCs (Table
2), including higher levels of acetoacetate, cis-aconitate, citrate and glutamate,
together with lower amounts of glycine, taurine, creatinine, ethanolamine, glucose
and hippurate.
Tissue profiles from EC tumor tissues and their corresponding adjacent
noncancerous tissues were clearly separated using the OPLS-DA scores plot (Figure
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Figure 1

Figure 1 Proton nuclear magnetic resonance spectra. A: 400 MHz representative urine proton nuclear magnetic resonance (1H-NMR) spectra obtained from
esophageal cancer (EC) patient (a) and healthy control (b); B: Tissue 1H-NMR spectra obtained from EC tissue (c) and adjacent noncancerous tissue (d) referenced to
tetradeuteriopropionate (0.0 ppm).

2B-a). Model parameters of the 400 times permutation test generated R2Y = 0.908 and
Q2 = 0.842 (Figure 2B-b). Moreover, the OPLS-DA model showed good performance
for predicting the unknown samples (Figure 2B-c). Using these criteria (VIP > 1 and P
< 0.05), the 15 metabolites listed in Table 3 were found to be significantly changed in
EC tissues compared to their corresponding noncancerous tissues, including elevated
levels of valine, leucine, alanine, acetate, citrate, succinate, choline and glutamate, as
well as depleted levels of creatinine and creatine, glycine, threonine, taurine, glucose,
and glutamine.

Metabolic changes that overlap across urine and EC tissues
Our parallel investigations revealed a few distinct and overlapping discriminatory
metabolites between cancer tissues and urine of EC patients, including decreased
levels of glucose, glycine, creatinine and taurine, together with increased levels of
glutamate and citrate, as compared to their respective controls. Metabolic profiling
associations between potential urine and tissue biomarkers were further analyzed,
plotted as correlation heat maps color-coded by the strength of Spearman correlation
coefficients (Figure 3). Changes in most potential urinary biomarkers (except for
glutamate, citrate and glucose) were found to be correlated with changes in most
biomarker candidates in EC tissues (except for glycine and acetate) (|r| > 0.44, P <
0.05).

Comparison of diagnostic performance of potential urinary biomarkers for
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Table 2 Potential urine biomarkers for discriminating esophageal cancer patients from healthy controls
Fold difference
Metabolite

Chemicalshift, ppm

AUC (95%CI)

Related metabolic pathways

EC / HC P value
Acetoacetate

2.25–2.28

1.55 ↑

< 0.001

0.745 (0.636–0.836)

Fatty acid metabolism, TCA cycle

Glutamate

2.04–2.06

1.22 ↑

0.002

0.702 (0.590–0.798)

Glutaminolysis, TCA cycle

Cis-aconitate

3.40–3.46

1.30 ↑

0.001

0.719 (0.608–0.813)

TCA cycle, glyoxylate and dicarboxylate
metabolism

Citrate

2.48–2.54 2.64–2.66

1.27 ↑

0.002

0.643 (0.528–0.746)

TCA cycle

Hippurate

7.51–7.56 7.60–7.65
7.78–7.84

0.45 ↓

0.002

0.702 (0.591–0.799)

Gut microflora metabolism

Ethanolamine

3.08–3.16

0.86 ↓

0.001

0.723 (0.613–0.817)

Fatty acid metabolism

Glycine

3.54–3.55

0.85 ↓

0.003

0.633 (0.518–0.737)

Amino acid metabolism

Creatinine

3.03–3.06 4.05–4.10

0.95 ↓

< 0.001

0.790 (0.685–0.872)

Urea metabolism, Creatinine metabolism

Taurine

3.26–3.28

0.53 ↓

< 0.001

0.763 (0.655–0.850)

Amino acid metabolism

Glucose

3.73–3.80

0.89 ↓

0.007

0.694 (0.581–0.792)

Glycolysis; TCA cycle

EC: Esophageal cancer; HC: Healthy control; AUC: Area under the curve; TCA: Tricarboxylic acid.

distinguishing EC
Given that urinary glutamate, citrate and glucose in EC patients did not show correlation with esophageal tissue biomarkers, a panel of urinary metabolite markers
composed of acetoacetate, cis-aconitate, hippurate, ethanolamine, glycine, creatinine
and taurine was selected to compare their diagnostic performance for distinguishing
EC patients from HCs. ROC analysis of the comparison of single urinary biomarkers
and their combination showed that combined metabolites of the aforementioned
metabolites had better diagnostic performance than any single metabolite alone in
discriminating EC patients from HCs, with sensitivity, specificity and area under the
curve values of 92.68%, 92.50% and 0.971, respectively (Figure 4).

DISCUSSION
The current study performed parallel investigations of EC tissues and adjacent
noncancerous mucosal tissues alongside patient-matched urine samples to investigate
how changes of the urine metabolome were linked to the changes of EC tissues
metabolic phenotypes. Our study showed significant metabolic alterations in both
urine and tumor tissues of EC patients compared to their respective HCs. Correlative
analysis of the altered metabolites across both matrices revealed a few distinct and
overlapping discriminatory metabolites, such as glucose, glycine, creatinine and
taurine (decreased levels) together with glutamate and citrate (increased amounts),
suggesting that EC is associated with the following dysregulated metabolic pathway
perturbations, including but not limited to fatty acid metabolism, glucose and
glycolytic activity, tricarboxylic acid (TCA) cycle and glutaminolysis. Metabolic
profiling correlations between esophageal tissues and urine showed that most
potential urine biomarkers were correlated with most of the discriminating metabolites in EC tissues, indicating that changes in urine metabolic signature could reflect
reprogramming of metabolic pathways in tumor tissues, highlighting the significance
of the distinct urinary metabolic profiles as potential novel and nonin-vasive
indicators for EC detection.
Our NMR-based metabolomic findings identified distinct disturbances occurring in
both tissues and urine of EC patients compared to their respective controls (Figure 5).
Tumor-microenvironment cooperation may occur in cancer cells, which exhibit a high
rate of anabolic metabolism, by which they take up large amounts of nutrients to fuel
the TCA cycle and oxidative phosphorylation. Therefore, in order to meet the
increased demands of proliferation, tumor cells display changes in energy metabolism
and nutrient uptake pathways[19]. In general, tumor tissue has depleted glucose and
increased citrate and succinate, the TCA intermediates, reflecting high TCA cycle
activity to maintain tumor promotion[8,20]. Reduced glucose and increased citrate levels
were evident in EC patient urine, further indicating enhanced glycolysis under hypoxic conditions required for rapid cancer cell proliferation[21,22]. Acetate, a source for
lipid and myelin synthesis[23], is derived from acetyl-CoA via the deacetylation of N-
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Figure 2

Figure 2 Pattern recognitions. A: Pattern recognition of urine metabolomic profiles analyzed by proton nuclear magnetic resonance (1H-NMR) spectroscopy. (a)
orthogonal partial least squares discriminant analysis (OPLS-DA) scatter plot of urine samples based on esophageal cancer (EC) patients (green dots) and healthy
controls (HCs) (blue squares); (b) Statistical validation of the corresponding OPLS-DA model by permutation analysis (400 times); (c) Score plots of OPLS-DA
prediction model. 80% of samples were applied to construct the model, which was used to predict the remaining 20% of samples [testing set, 8 HCs (gold diamonds);
8 EC patients (red triangles)]; B: Pattern recognition of tissue metabolomic profiles analyzed by 1H-NMR spectroscopy. (a) OPLS-DA scatter plot of EC tissue samples
obtained (purple inverted triangles) and adjacent noncancerous tissue (orange pentagons); (b) Statistical validation of the corresponding OPLS-DA model by
permutation analysis (400 times); (c) Score plots of OPLS-DA prediction model, with 80% of the samples applied to construct the model, which was used to predict the
remaining 20% of samples [testing set, 4 EC tissues (green hexagons); 4 adjacent non-cancerous tissues (blue crosses)].

acetylaspartate. The observed elevation of acetate in EC tissues might result from an
increase in fatty acid metabolism, and this observation is supported by elevation of
alanine derived from metabolism of pyruvate, indicating activation of glycolysis to
provide higher energy needs[24]. Glutamine is also regarded as important for energy
production in proliferating cells, and it donates nitrogen for nucleotide synthesis,
resulting in the formation of glutamate (glutaminolysis). The latter can be converted
to α-ketoglutarate to increase transit through the TCA cycle, providing sustainable
energy required for rapid cell proliferation[25]. Therefore, increased glutamate along
with depleted glutamine in EC tissue could suggest changes in glutaminolytic activity
for EC development. The increased glutamate in EC urine observed in this study
could also suggest a high energy demand in proliferating cells due to augmented
glutaminolysis[26]. Increased leucine and valine in tissues and increased acetoacetate in
urine were in agreement with the ingested nutrients that fuel the TCA cycle to
support cell proliferation. Similarly, cell growth and proliferation need amino acids to
generate proteins required for cancer cell synthesis[27], therefore leading to decreased
levels of glycine and threonine in EC pa-tients. Depleted creatine/creatinine levels in
tumor tissues have been related to altered energy transfer processes and may reﬂect
increased activity of creatine kinase, which has been previously reported to be lower
in lung tumors compared to normal adjacent tissues[28]. Besides, creatinine levels in EC
patient urine samples were significantly decreased compared to HCs, which has also
been reported to be lower in urine samples from colorectal cancer patients[7]. The
observed depletion of taurine in both tissues and urine of EC patients suggest a
disruption in taurine metabolism and diffusion of gut microbes associated with EC
tumors[29]. Ethanolamine is an important fatty acid for cellular membranes[30], and its
decreased levels in EC urine could suggest increased consumption for biosynthesis of
cellular membranes and indicate activation of fatty acid metabolism. The observed
depletion of hippurate in EC urine was likely the result of gut microbiome perturbation associated with EC tumorigenesis. Hippurate is metabolized from benzoic
acid, which is metabolized from the dietary polyphenol 3-hydroxyphenyl propionic
acid by the gut microﬂora [31] . Choline is one of the major cell membrane phospholipids[32] and is overexpressed and highly active in tumor tissues and cell lines. We
observed increased choline levels in EC tissues, which was consistent with previous
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Table 3 Potential tissue biomarkers for discriminating esophageal cancer tissue from adjacent noncancerous tissue
Fold difference
Metabolite Chemicalshift, ppm
ECT / ANT

P value

AUC (95%CI)

Related metabolic pathways

Valine

0.96–0.99 1.02–1.04

1.63 ↑

< 0.001

0.988 (0.889-1.000)

Amino acid metabolism

Leucine

0.93–0.95

1.32 ↑

< 0.001

0.852 (0.705-0.944)

Amino acid metabolism

Glutamate

1.97–2.08 2.32–2.39

1.30 ↑

< 0.001

0.930 (0.803-0.986)

Glutaminolysis, TCA cycle

Acetate

1.88–1.93

1.33 ↑

0.001

0.790 (0.632-0.902)

SCFA metabolism

Alanine

1.43–1.48

1.44 ↑

< 0.001

0.920 (0.789-0.982)

Amino acid metabolism, Gluconeogenesis

Choline

3.19–3.22

1.59 ↑

< 0.001

0.980 (0.876-1.000)

Choline metabolism, Lipid metabolism

Succinate

2.39–2.40

2.12 ↑

0.009

0.738 (0.575-0.864)

TCA cycle

Citrate

2.68–2.71

1.42 ↑

< 0.001

0.942 (0.820-0.991)

TCA cycle

Glucose

3.37–3.44 3.50–3.52

0.72 ↓

< 0.001

0.928 (0.800-0.985)

Glycolysis, TCA cycle

Creatinine

3.02–3.03 4.04–4.06

0.64 ↓

< 0.001

0.963 (0.849-0.997)

Urea metabolism, Creatine metabolism

Glycine

3.52–3.55

0.75 ↓

< 0.001

0.850 (0.702-0.943)

Amino acid metabolism

Threonine

3.58–3.62

0.60 ↓

< 0.001

0.933 (0.806-0.987)

Amino acid metabolism

Creatine

3.90–3.94

0.78 ↓

< 0.001

0.917 (0.786-0.981)

Urea metabolism, Creatine metabolism

Glutamine

2.42–2.48

0.77 ↓

< 0.001

0.895 (0.757-0.969)

Glutaminolysis, TCA cycle

Taurine

3.24–3.28 3.33–3.34

0.78 ↓

< 0.001

0.878 (0.735-0.960)

Amino acid metabolism

ANT: Adjacent noncancerous tissue; ECT: Esophageal cancer tissue; AUC: Area under the curve; TCA: Tricarboxylic acid.

reports[7], indicating that choline could be a viable tissue biomarker as-sociated with
tumor promotion. However, this biomarker of EC tumor tissue was not completely
detectable at the end of metabolism of urine biomarkers in this study.
In addition to specific metabolite differences between tumor tissues and urine in EC
patients and HCs, we also evaluated the relationships between the metabolic networks in both tissues and urine. Decreased metabolite levels of glucose, glycine,
creatinine and taurine, as well as increased citrate and glutamate in EC tissues, were
also detectable in the urine of EC patients. These distinct and overlapping metabolites
may reflect tumor cell shedding and represent metabolic pathway aberrations across
both matrices. This potentially reveals linkages to disturbances of fatty acid metabolism, glucose and glycolytic activity, TCA cycle and glutaminolysis associated
with tumor proliferation. Correlative analysis of metabolic profiling between EC
tissues and urine showed that changes in most potential urinary biomarkers were
correlated with changes in most biomarker candidates in EC tissues, implying
enhanced energy production required for rapid cell proliferation. Creatinine was
found to be the most sensitive predictor of EC in urine metabolite, with an AUC of
0.790. Overall, these associations provide evidence of distinct metabolic signatures
and pathway disturbances across both matrices, and changes in urinary metabolic
signature could reflect the EC tissue microenvironment.
In conclusion, our parallel investigations of EC patients through 1H-NMR metabolomics revealed a great number of altered metabolites and metabolic pathway
networks in EC patient urine and tumor tissues compared with HCs. We identified a
few overlapping discriminatory metabolites across both matrices, derived from fatty
acid metabolism (taurine and glycine), as well as metabolites (e.g., glucose, glutamate,
citrate and creatinine) involved in glucose and glycolytic metabolism, the TCA cycle
and glutaminolysis. Correlative analysis of metabolic profiling across tumor tissues
and urine in EC patients showed that changes in most potential urinary biomarkers
were correlated with changes in most candidate biomarkers in EC tissues, implying
enhanced energy production required for rapid cell proliferation. In summary, these
associations provide clear evidence of different metabolic signatures and metabolic
pathway disturbances between EC tissues and urine, and changes in urinary metabolic signatures could reflect the EC tissue microenvironment. Our study highlighted
the significance of the distinct urinary metabolic profile as a potential noninvasive
indicator of EC detection. Further investigation is needed to validate these initial
findings using larger samples and to establish the mechanism underlying EC
progression.
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Figure 3

Figure 3 Correlation heat map color-coded by the strength of Spearman correlation coefficients (r) between metabolites found to be important in tumor
versus control discrimination. Cut-off values of |r| > 0.4 and P < 0.05 have been used. The metabolites used are those listed in Tables 2 and 3 (metabolites labeled
with “*” noted as tissue biomarkers). Red boxes indicate positive associations, and blue boxes indicate negative associations.
Figure 4

Figure 4 Comparison of single and combined metabolites receiver operating characteristic curves for distinguishing esophageal cancer patients from
healthy controls.
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Figure 5

Figure 5 Altered metabolic pathways for the most relevant distinguishing metabolites (potential biomarkers) in urine and tissue samples between
esophageal cancer patients and healthy controls. Red text: Increased with respect to control in both esophageal cancer (EC) patient tissue and urine; pink text:
Increased with respect to control in EC tissue; orange text: Increased with respect to control in EC patient urine; purple text: Decreased with respect to control in both
EC patient tissue and urine; blue text: Decreased with respect to control in EC tissue; green text: Decreased with respect to control in EC patient urine.

ARTICLE HIGHLIGHTS
Research background
A large number of studies have revealed changes of urinary metabolites between esophageal
cancer (EC) and healthy controls (HCs), and some studies have demonstrated a correlation
between EC and perturbed urinary metabolomic profiles.

Research motivation
However, none of the previous studies has described the correlation between urine metabolite
profiles and those of the tumor and adjacent colonic mucosa in the same patient. Our study
revealed a significant number of altered metabolites and metabolic pathway networks in EC
patient urine and tumor tissues compared with HCs.

Research objectives
Our work is the first parallel investigation of esophageal tumor tissues and adjacent normal
mucosal tissues alongside patient-matched urine samples to investigate how urinary metabolic
phenotypes were linked to changes in the biochemical landscape of esophageal tumors.

Research methods
All samples were detected by a Bruker AVII 400 MHz nuclear magnetic resonance spectrometer,
and all spectral data were applied to pattern recognition analysis and cross-validation by
SIMCA-P software. Then, statistical significance was assessed using the Mann-Whitney U test
and receiver operating characteristic analysis to calculate biomarker metabolites. Finally, we
employed Pearson Correlation Analysis to assess the associations of biomarker candidates
between urine and tumor tissues of EC patients.

Research results
Our study revealed metabolite changes that overlapped across both metrics, including glucose,
glutamate, citrate, glycine, creatinine and taurine, indicating the networks for metabolic pathway
perturbations in EC. Additionally, changes in most urinary biomarkers were correlated with
changes in biomarker candidates in EC tissues.

Research conclusions
Our research is the first parallel investigation to investigate how urinary metabolic phenotypes
were linked to the changes in the biochemical landscape of esophageal tumors. Our study
showed significant metabolic alterations in both urine and tumor tissues of EC patients
compared to their respective HCs. Our research revealed a few distinct and overlapping discri-
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minatory metabolites, suggesting that EC is associated with the following dysregulated
metabolic pathway perturbations. Furthermore, the metabolic profiling correlations between
esophageal tissues and urine showed that most urine potential biomarkers were correlated with
most of the discriminating metabolites in EC tissues, indicating that changes in the urine
metabolic signature could reflect reprogramming of metabolic pathways in tumor tissue, highlighting the significance of the distinct urinary metabolic profiles as potential novel and noninvasive indicators for EC detection.

Research perspectives
With experiences in our study, we realized that many metabolites have associations in samples
of cancer patients. In our same group, we are now investigating the serum samples of EC patients to see whether the same pattern of serum levels of amino acids can be found in EC
patients.
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Abstract
BACKGROUND
Barrett’s esophagus (BE) is a pre-malignant condition associated with the
development of esophageal adenocarcinoma. The prevalence of BE in the general
populations of Asian countries ranges from 0.06% to 1%. However, with lifestyle
changes in Asian countries and adoption of western customs, the prevalence of
BE might have increased.
AIM
To determine the current prevalence of BE in Taiwan, and to investigate risk
factors predicting the presence of BE.
METHODS
This retrospective study was conducted at the Health Evaluation Center of
Kaohsiung Veterans General Hospital in Taiwan. Between January 2015 and
December 2015, 3385 subjects undergoing routine esophagogastroduodenoscopy
examinations as part of a health check-up at the Health Evaluation Center were
included. Patient characteristics and endoscopic findings were carefully
reviewed. Lesions with endoscopic findings consistent with BE awaiting
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histological evaluation were judged as endoscopically suspected esophageal
metaplasia (ESEM). BE was defined based on extension of the columnar
epithelium ≥ 1 cm above the gastroesophageal junction and was confirmed based
on the presence of specialized intestinal metaplasia (IM) in the metaplastic
esophageal epithelium. Clinical factors of subjects with BE and subjects without
BE were compared, and the risk factors predicting BE were analyzed.
RESULTS
A total of 3385 subjects (mean age, 51.29 ± 11.42 years; 57.1% male) were included
in the study, and 89 among them were confirmed to have IM and presence of
goblet cells via biopsy examination. The majority of these individuals were
classified as short segment BE (n = 85). The overall prevalence of BE was 2.6%.
Multivariate analysis disclosed that old age [odds ratio (OR) = 1.033; 95%
confidence interval (CI): 1.012-1.055; P = 0.002], male gender (OR = 2.106; 95%CI:
1.145-3.872; P = 0.017), ingestion of tea (OR = 1.695; 95%CI: 1.043-2.754; P = 0.033),
and presence of hiatal hernia (OR = 3.037; 95%CI: 1.765-5.225; P < 0.001) were
significant risk factors predicting BE. The independent risk factor for the presence
of IM in ESEM lesions was old age alone (OR = 1.029; 95%CI: 1.006-1.053; P =
0.014).
CONCLUSION
Current prevalence of BE among the general population in Taiwan is 2.6%. Old
age, male gender, ingestion of tea and hiatal hernia are significant risk factors for
BE.
Key words: Barrett’s esophagus; Prevalence; Risk factors; Intestinal metaplasia; Taiwan
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The current prevalence of Barrett’s esophagus (BE), based on the diagnostic
criteria of the American College of Gastroenterology, is 2.6% among the general
population in Taiwan. Its prevalence in Taiwan is the highest among the general
population in Asian countries. Significant risk factors for BE include old age, male
gender, ingestion of tea and the presence of hiatal hernia. In clinical practice, more
attention should be paid when endoscopically suspected esophageal metaplasia is
observed in older individuals, as these lesions have a higher likelihood of bearing
intestinal metaplasia.

Citation: Chen YH, Yu HC, Lin KH, Lin HS, Hsu PI. Prevalence and risk factors for Barrett’s
esophagus in Taiwan. World J Gastroenterol 2019; 25(25): 3231-3241
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3231.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3231

INTRODUCTION
Barrett’s esophagus (BE) is generally recognized as a pre-malignant condition and is
associated with esophageal adenocarcinoma[1]. The American Gastroenterological
Association defines BE as any extent of metaplastic columnar epithelium replacing the
stratified squamous epithelium that normally lines the distal esophagus. Because
intestinal metaplasia (IM) is the only type of esophageal columnar epithelium that
clearly predisposes individuals to cancer development, its presence is a requirement
for diagnosis[2]. However, the clinical guidelines of the American College of Gastroenterology (ACG) recommend that BE should be diagnosed only when the salmoncolored mucosa extend ≥ 1 cm into the tubular esophagus proximal to the gastroesophageal junction because of high inter-observer variability and the low risk for
esophageal adenocarcinoma in cases of segments < 1 cm [3] . Periodic endoscopic
surveillance for dysplastic or cancerous lesions is suggested for patients diagnosed
with BE, although disagreement exists regarding the long-term survival benefit of
such surveillance[4].
Risk factors for BE have been extensively evaluated. White male individuals with
gastroesophageal reflux disease (GERD), hiatal hernia, obesity, cigarette smoking, low

WJG

https://www.wjgnet.com

3232

July 7, 2019

Volume 25

Issue 25

Chen YH et al. BE: Prevalence and risk factors

birth weight and obstructive sleep apnea are more likely to develop BE[5-11]. Data
concerning the role of alcohol intake in the development of BE are inconsistent.
Additionally, some previous studies have found that wine consumption is inversely
correlated with BE[8,12]. An inverse association between the presence of Helicobacter
pylori (H. pylori) infection and BE has also been reported[13,14]
The prevalence of BE in western countries is between 0.5% and 2% of unselected
individuals; in individuals with acid reflux symptoms, the prevalence is higher
ranging from 5% to 15%[15]. In Asia, the previously reported prevalence of BE is lower
than that in western countries. Tseng et al[16] reported that the prevalences of endoscopically suspected esophageal metaplasia (ESEM) and BE between 2003 and 2006 in
Taiwan were 0.28% and 0.06%, respectively. Chang et al[17] showed that the prevalence
of BE among subjects undergoing screening endoscopy in 2007 was 0.35%. However,
with lifestyle changes in Asian countries such as increased western food consumption
and adoption of western customs, the prevalence of BE might have increased.
The present study was conducted to (1) assess the current prevalence of BE among
the general population in Taiwan, and (2) investigate independent risk factors
predicting the development of BE in Taiwan.

MATERIALS AND METHODS
Subjects
Between January 2015 and December 2015, all consecutive outpatients who underwent routine esophagogastroduodenoscopy (EGD) examinations as part of a
health check-up at their own expense at the Health Evaluation Center of the
Kaohsiung Veterans General Hospital, Taiwan, were recruited into the present study.
Exclusion criteria were (1) age less than 20 years, (2) refusal to undergo biopsy of
suspicious gastrointestinal tract lesions, and (3) history of severe concomitant illness,
including decompensated cirrhosis, uremia, and congestive heart failure.

Questionnaire
As a routine practice at the Health Evaluation Center, every subject was instructed to
fill out a questionnaire detailing personal history, demographic data including age,
gender, medical history, history of smoking, alcohol drinking, and coffee and tea
consumption. Self-reported gastrointestinal discomforts including acid reflux
symptoms or common upper gastrointestinal symptoms including epigastric pain or
dyspepsia were also recorded.

Body mass index and body fat percentage
Personal data including body height, body weight, and body composition were
readily accessible during routine physical examinations. They were recorded and
transformed into body mass index (BMI) and body fat percentage (BFP) measurements, which were clinically important parameters for describing individuals as
obese or overweight. BMI was calculated as weight/height2 (kg/m2), while BFP was
determined with the bioelectrical impedance analysis method using the "X-Scan Plus
II body composition analyzer (Jawon Medical Co., Ltd, Kyoungsan, South Korea)".
The criteria of the Health Promotion Administration, Ministry of Health and Welfare
of Taiwan, define obesity as (1) A percentage of body fat of ≥ 25 in males or ≥ 30 in
females, or (2) BMI ≥ 27. Overweight was defined as a BMI of ≥ 24 and < 27. The
participants were then classified into a normal or an obesity group based on BFP, and
as normal, overweight, or obese based on BMI.

Study design
Clinical data including personal information from questionnaires, laboratory data,
body weight, BMI, BFP, endoscopy reports and pathology report were collected
through retrospective chart review. The endoscopes used for examination between
January 2015 and August 2015 were GIF-XP260N, GIF-XQ260, GIF-Q260, and GIFH260Z (Tokyo, Japan). New-generation endoscopes including GIF-H290Z and GIFHQ290 had been introduced to our department for endoscopic examination since
September 2015. All endoscopic examinations during this period were performed by
seven experienced endoscopists. Most of the endoscopic procedures were performed
under conscious sedation with the administration of sedative agents via the intravenous route by anesthesiologists. Among those not receiving conscious sedation,
the attributed reasons were to old age, high risk in anesthesia due to underlying
medical illness, or personal reasons. If more than one episode of endo-scopic
examination was performed in the same individual during the study period, the result
of the first endoscopy was used as the index data. Lesions with endoscopic findings
consistent with BE awaiting histological evaluation were judged as ESEM[18]. The
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presence and extent of ESEM were diagnosed according to the Prague C & M Criteria.
The length of ESEM was measured using the circumferential extent (C value) and the
maximum extent (M value) above the anatomic gastroesophageal junction (GEJ) in
centimeters[19]. The endoscopic landmark for the GEJ was defined as the proximal
margin of the gastric folds. When the value of “M” in the Prague C & M criteria was ≥
3 cm, the lesion was defined as long-segment BE (LSBE); if the value of “M” was < 3
cm, the lesion was classified as short-segment BE (SSBE). It was common practice for
us to perform biopsies in all patients with LSBE in a random manner from four
quadrants of the lesions, 2 cm-apart, throughout the columnar-lined esophagus per
the Seattle protocol. Target biopsy was used for individuals with small tongues of
columnar mucosa and for all patients with any suspicious IM and dysplastic lesions
under NBI evaluation. All specimens acquired were embedded in paraffin, stained
with hematoxylin and eosin and then reviewed by eight experienced general pathologists. BE was defined based on extension of the columnar epithelium ≥ 1 cm
above the GEJ and was histologically confirmed by the presence of IM epithelium
within the columnar-lined esophagus which contains goblet cells[20].
The present study was approved by the Institutional Review Board of Kaohsiung
Veterans General Hospital (VGHKS17-CT7-07).

Statistical analysis
The primary endpoint of the study was the prevalence of BE. To determine the risk
factors for BE, clinical and endoscopic parameters were examined using univariate
analysis. These parameters included age, gender, history of smoking, history of
alcohol consumption, ingestion of coffee, ingestion of tea, coexistence of an underlying disease, presence of diabetes, hypertension, cardiovascular disease, H. pylori
infection status, BFP, BMI, and endoscopic findings (including hiatal hernia, reflux
esophagitis, peptic ulcer, and gastritis). The variables found to be statistically
significant in univariate analysis were subsequently assessed using multivariate
analysis to identify independent factors predicting BE. Categorical data were
compared using the χ2 test or Fisher’s exact test, as appropriate. The Student’s t-test
was used for the comparison of continuous data. SPSS (version 12.0 for Microsoft
Windows) was used for all statistical analyses. A P value less than 0.05 was
considered statistically significant. The statistical methods of this study were
reviewed by Huey-Shyan Lin, the consultant of Research and Development, Department of Health, Kaohsiung City Government, and research consultants of several
hospitals, Taiwan.

RESULTS
Characteristics of participating subjects and endoscopic findings
During the study period, a total of 3387 subjects were recruited. The majority of these
individuals (68.5%, n = 2321) were physically robust and underwent their health
check-up to rule out physical disorders, particularly malignancy. The remaining
individuals were either employees (21.9%, n = 741) who were undergoing a regular
physical check-up arranged by their employers or those suffering from physical
discomforts (9.6%, n = 325). Of these, two who were aged below 20 years were
excluded from the study. Thus, 3385 individuals (mean age, 51.29 ± 11.42 years; 57.1%
male) were included in further analyses.
A total of 639 subjects were found to have reflux esophagitis, with a prevalence of
18.8%. Among them, males were predominant (n = 519, 81.2%). ESEM was found in
423 (12.5%) individuals, and 89 among them were confirmed to have IM and presence
of goblets cells via biopsy examination. Therefore, the overall prevalence of BE was
2.6%. The majority of these individuals were classified as SSBE cases (n = 85) whereas
the remaining four patients were considered to be LSBE cases. No dysplasia or
adenocarcinoma was detected in any of the patients. Concomitant reflux esophagitis
was identified in 31 of the 89 BE patients (34.8%).

Risk factors for BE
The baseline characteristics of BE subjects and of individuals without BE were
compared and shown in Table 1. The mean age was significantly higher in individuals
with BE than in those without BE. Male gender, alcohol consumption, betel nut
consumption, cigarette smoking, ingestion of tea, hypertension, history of cardiovascular disease, abnormal waist circumference and high BMI were more common
among BE subjects. Endoscopic findings such as hiatal hernia and reflux esophagitis
were discovered more frequently in the BE group. Multivariate analysis revealed that
old age [odds ratio (OR) = 1.033; 95%confidence interval (CI): 1.012-1.055; P = 0.002],
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male gender (OR = 2.106; 95%CI: 1.145-3.872; P = 0.017), ingestion of tea (OR = 1.695;
95%CI: 1.043-2.754; P = 0.033), and presence of hiatal hernia (OR = 3.037; 95%CI: 1.7655.225; P < 0.001) were significant risk factors predicting BE (Table 2).

Risk factors predicting the presence of IM in the ESEM lesions
Of the 423 individuals with ESEM, IM was detected using histology examination in 89
subjects. The ESEM subjects were further divided into two groups based on the
presence of IM and their baseline characteristics were compared (Table 3). Univariate
analysis revealed that subjects with IM were more likely to be older in age, of male
gender, have abnormal waist circumference, and have history of hypertension or
cardiovascular disease. Multivariate analysis showed that old age (OR = 1.029; 95%CI:
1.006-1.053; P = 0.014) was the only significant risk factor predicting the presence of
IM (Table 4).

DISCUSSION
The current study showed that the prevalence of reflux esophagitis and BE in subjects
undergoing routine health check-up in Taiwan was 18.8% and 2.6%, respectively. The
data indicate that the prevalence of BE among the general population in Taiwan is
comparable with that in the western countries, ranging from 0.5% to 2%. Our study
also demonstrated that old age, male gender, ingestion of tea, and hiatal hernia were
the independent risk factors predicting the presence of BE. In the subjects with ESEM,
old age was the only independent risk factor associated with the presence of specialized IM.
The Guidelines of the ACG define BE as any change in length of distal esophageal
epithelium that can be recognized as columnar type mucosa in endoscopy and
confirmed to have intestinal metaplasia via biopsy of the tubular esophagus. The
updated ACG guideline recommends that biopsy is crucial to confirm the presence of
IM, because esophageal or gastric cardia cancer risk in subjects with columnar lined
epithelium of the esophagus was significantly elevated in those with IM over those
without IM in a population-based cohort study (0.38% per year vs 0.07% per year,
respectively)[21]. Based on the definition, the prevalence of BE among the general
population in Asia has been reported to range from 0.06% to 1%[16,17,22,23]. A previous
study in a medical center of Taiwan reported that the prevalence of BE among
individuals undergoing routine health check-up was 0.06%[17]. Park et al[22] conducted a
nationwide study in South Korea and found a 0.84% prevalence of histology-proven
BE in individuals undergoing routine health check-up. Peng et al[23] reported a 1%
prevalence of histology-proven BE among the general population in China. The
current study defined BE as ESEM ≥ 1 cm with the presence of biopsy-proven IM, and
demonstrated that the prevalence of BE among the general population was 2.6% in
Taiwan, indicating that BE is not an uncommon disease in Taiwan currently.
Previously well-discussed risk factors for BE have included older age, male gender
and hiatal hernia, consistent with our findings[11,23,24]. Individuals of old age and male
gender might have a predisposition for the development of BE based on epidemiological data, but the underlying mechanisms accounting for the associations
between the development of BE and the two risk factors need further investigations.
Phenomena such as impaired esophageal motility or gastric emptying and decreased
lower esophageal sphincter (LES) tone have been observed in many elderly
individuals, and the risk of acid-related esophageal mucosal injury might increase
subsequently [25] . Further, gender-related differences in physiology and pathophysiology of the alimentary tract might contribute to the preponderance of BE in
males. Estrogen has been found to have anti-inflammatory activity, contributing to
tissue resistance in females in animal models[26,27]. Recently, Masaka et al[26] explored
the role of estrogen (E2) in protecting esophageal damage in a chronic rat reflux
esophagitis model. In addition, significant male-predominance in esophageal tissue
damage due to exogenous nitric oxide (NO) has been found[26]. However, the detailed
mechanism of estrogen action in controlling pathogenesis of the GERD spectrum
remains unclear.
In the current study, tea ingestion was significantly associated with the development of BE. Such a finding has been rarely reported in previous studies.
However, it undoubtedly poses a great impact on our daily clinical practice and care
of the patient with BE, especially in Asian countries where the prevalence of tea
ingestion is high. Several studies have shown that caffeine from coffee and tea
induced or aggravated acid reflux by decreasing LES pressure (LESP)[28,29]. Gudjonsson
et al[28] conducted a blinded crossover study of 12 healthy subjects to evaluate the
effect of coffee and tea upon LES function. LESP was significantly lower after intra-
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Table 1 Demographic data and endoscopic features of study groups, n (%)
Barrett's esophagus
Characteristics

P value
Yes (n = 89)

No (n = 3296)

Age (yr) (mean ± SD)

55.63 ± 10.49

51.18 ± 11.43

< 0.001a

Male gender

73 (82)

1859 (56.4)

< 0.001a

Smoking

23 (25.8)

576 (17.5)

0.041a

Consumption of alcohol

43 (48.3)

1080 (32.8)

0.002a

Consumption of betel nuts

5 (5.6)

52 (1.6)

0.016a

Ingestion of coffee

23 (25.8)

658 (20)

0.172

Ingestion of tea

26 (29.2)

624 (18.9)

0.015a

Presence of hypertension

31 (34.8)

619 (18.8)

< 0.001a

Presence of cardiovascular disease

33 (37.1)

742 (22.5)

0.001a

Presence of pulmonary disease

3 (3.4)

100 (3.0)

0.752

Presence of diabetes

8 (9)

224 (6.8)

0.419

Reflux symptoms

3 (3.4)

163 (4.9)

0.801
< 0.001a

Waist
Normal (< 90 cm for male, < 80 cm for female)

52 (58.4)

2566 (77.9)

Obese (≥ 90 cm for male, ≥ 80 cm for female)

37 (41.6)

730 (22.1)

Normal (< 25 cm for male, < 30 cm for female)

50 (56.8)

2163 (66)

Obese (≥ 25 cm for male, ≥ 30 cm for female)

38 (43.2)

1113 (34)

Body fat percentage

0.072

0.002a

Body mass index
Normal (BMI < 24)

33 (37.1)

1818 (55.2)

Overweight (24 ≤ BMI < 27)

34 (38.2)

960 (29.1)

Obese (27 ≤ BMI)

22 (24.7)

518 (15.7)

H. pylori infection

14 (15.7)

603 (18.3)

0.536

Reflux esophagitis

31 (34.8)

608 (18.4)

< 0.001a

Hiatal hernia

71 (79.8)

1739 (52.8)

< 0.001a

Gastritis

68 (76.4)

2263 (68.7)

0.119

Gastric ulcer

45 (50.6)

1345 (40.8)

0.065

Duodenal ulcer

5 (5.6)

218 (6.6)

0.709

Gastric and duodenal ulcer

47 (52.8)

1421 (43.1)

0.069

Inlet patch

8 (9)

167 (5.1)

0.137

Endoscopic findings

a

P < 0.05. BMI: Body mass index; H. pylori: Helicobacter pylori; SD: Standard deviation.

gastric instillation of regular coffee and tea. The data for lower esophageal pH
paralleled those for LESP[28]. Another single-blinded experimental study performed by
Lohsiriwat et al[29] evaluated the effect of caffeine on LES and esophageal peristaltic
contractions in healthy Thai adults. The result indicated that caffeine affected
esophageal function, resulting in a decrease in basal LESP and distal esophageal
contraction, which is known to promote esophageal reflux [29] . Additionally, tea
consumption has been shown to increase gastric acid secretion [30] . Theophylline
existing in black tea and green tea was also reported to induce esophageal acid reflux
through inhibition of LESP[31]. It is therefore reasonable to expect that tea ingestion
might be a risk factor for BE[32-34]. However, only a few studies have examined the
relationship of coffee or tea with BE, and their data have been inconsistent. No
association between risk of BE and consumption of coffee or tea was found by Sajja et
al[35]. An Italian study conducted by Filiberti et al[36] revealed that tea intake reduced
the risk of BE and reflux esophagitis. A double-blind study performed by Pehl et al[37]
compared the impact of regular and decaffeinated coffee on esophageal acidity in
terms of esophageal pH measurements, and reported that the fraction of time for
which esophageal pH was less than 4 was reduced in the decaffeinated coffeeconsuming group potentially via a reduction in esophageal reflux. Chang et al[38] have
recently studied the effect of reflux-provoking diets on acid reflux in Taiwan, and
found that frequent tea consumption increased the risk of asymptomatic erosive
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Table 2 Multivariate analysis of risk factors predicting Barrett's esophagus
Clinical factor

Coefficient

Standard error

Odds ratio (95%CI)

P value

Age

0.033

0.011

1.033 (1.012-1.055)

0.002

Male gender

0.745

0.311

2.106 (1.145-3.872)

0.017

Tea consumption

0.528

0.248

1.695 (1.043-2.754)

0.033

Hiatal hernia

1.111

0.277

3.037 (1.765-5.225)

< 0.001

CI: Confidence interval.

esophagitis in Taiwanese men. Therefore, with increased acid exposure over the
esophageal mucosa, probably by decreasing LES pressure, tea ingestion is still a
reasonable risk factor for BE. In the results of the present study, the proportion of
subjects with reflux esophagitis was indeed higher in the BE group than in the non-BE
group (34.8% vs 13.4% respectively, P < 0.001, Table 1), although the association was
not significant in multivariate analysis.
The importance of IM, which is diagnosed as identification of goblet cells in the
columnar-lined esophagus, could be explained based on higher risk of developing
adenocarcinoma in such cases compared with cases of columnar metaplasia without
goblet cells, as previously reported[21,39]. Of the 423 subjects labeled as ESEM in this
study, IM was detected in 89 individuals. The detection rate of IM in metaplastic
epithelium was 21% only. Many factors may lead to false negative detection of IM in
daily practice. For example, the number of endoscopic biopsies taken may directly
affect the yield rate of IM. Harrison et al[40]. found that the diagnostic yield of IM was
34.7% when four biopsies were taken, which increased to 67.9% with eight biopsies,
and would have reached 100% if more than 16 biopsies were taken[40]. Moreover, the
distribution of IM over the columnar-lined esophagus is markedly heterogeneous,
which could cause sampling error. Chandrasoma et al [41] demonstrated that the
prevalence and density of goblet cells between the most proximal and most distal
levels were markedly different, and the probability of finding IM was highest when
the biopsies were focused in the most proximal area of the columnar-lined esophagus.
In this study, we adopted the Seattle protocol with four quadrant biopsies, 2 cm-apart,
throughout the columnar-lined esophagus. Additionally, target biopsy was used for
individuals with small tongues of columnar mucosa and for all patients with any
suspicious IM and dysplastic lesions under NBI evaluation. Although obtaining 4quadrant biopsy specimens at interval of every 1 cm throughout the columnar-lined
esophagus might increase the yield rate of IM, the procedure time, the dose of
anesthetic agents and biopsy-related bleeding rate would increase. Our Health
Evaluation Center therefore used the Seattle protocol with 4-quadrant biopsies at
interval of every 2 cm for ESEM. Furthermore, the esophageal biopsy specimens were
interpreted by eight pathologists. Mastracci et al[42] revealed that the overall agreement
rate of the diagnostic category of “BE with IM” between pathologists is moderate,
with a K value of 0.599. This phenomenon might also be one of the confounding
factors responsible for the different detection rates between ESEM and BE.
The results of the present study demonstrated that old age significantly increased
the likelihood of discovering IM, with a 1.029-fold increase in odds ratio per year of
age increase. There are some postulated reasons which might explain this phenomenon. First, the density and surface area of IM might increase over time, due to
prolonged gastric acid stimulation[43]. Second, the prevalence of hiatus hernia, which is
a risk factor for acid reflux, increases with age[44]. Third, many older individuals, as a
result of underlying medical illness and medication, may experience decreases in
salivary flow, esophageal motility, gastric emptying, and LES tone[25]. In clinical
practice, more attention should be paid when ESEM is observed in older individuals,
as these lesions have a higher likelihood of bearing IM.
The present study also had some limitations. First, it was conducted using a
retrospective observational method, and was subject to confounding due to other
unmeasured variables. Second, in real-world clinical practice, there may exist
conditions affecting the detection rate such as poor compliance with standard biopsy
protocol or insufficient observation over the E-C junction area.
In conclusion, the current prevalence of BE among the general population in
Taiwan is 2.6%. Its prevalence in Taiwan is the highest in Asian countries, and is
comparable with that in western countries. Old age, male gender, ingestion of tea and
the presence of hiatal hernia are significant risk factors for the development of BE in
Taiwan.
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Table 3 Univariate analysis of risk factors in relation to presence of intestinal metaplasia in the subjects with columnar lined epithelium
of the esophagus, n (%)
ESEM
Characteristics
With specialized IM (BE) (n = 89)

No specialized P value
IM (n = 334)

Age (yr) (mean ± SD)

55.63 ± 10.49

51.36 ± 11.27

0.001a

Male gender

73 (82)

226 (67.6)

0.008a

Smoking

23 (25.8)

66 (19.8)

0.211

Consumption of alcohol

43 (48.3)

124 (37.1)

0.055

Consumption of betel nuts

5 (5.6)

6 (1.8)

0.059

Ingestion of coffee

23 (25.8)

90 (26.9)

0.834

Ingestion of tea

26 (29.2)

90 (26.9)

0.67

Presence of hypertension

31 (34.8)

72 (21.6)

0.010a

Presence of cardiovascular disease

33 (37.1)

80 (24)

0.013a

Presence of pulmonary disease

3 (3.4)

10 (3.0)

0.741

Presence of diabetes

8 (9)

26 (7.8)

0.710

Reflux symptoms

3 (3.4)

20 (6.0)

0.437
0.007a

Waist
Normal (< 90 cm for male, < 80 cm for female)

52 (58.4)

244 (73.1)

Obese (≥ 90 cm for male, ≥ 80 cm for female)

37 (41.6)

90 (26.9)

Normal (< 25 cm for male, < 30 cm for female)

50 (56.8)

211 (63.2)

Obese (≥ 25 cm for male, ≥ 30 cm for female)

38 (43.2)

123 (36.8)

Normal (BMI < 24)

33 (37.1)

157 (47)

Overweight (24 ≤ BMI < 27)

34 (38.2)

122 (36.5)

Obese (27 ≤ BMI)

22 (24.7)

55 (16.5)

H. pylori infection

14 (15.7)

68 (20.4)

0.326

Reflux esophagitis

31 (34.8)

112 (33.5)

0.818

Hiatal hernia

71 (79.8)

289 (86.5)

0.112

Gastritis

68 (76.4)

245 (73.4)

0.56

Gastric ulcer

45 (50.6)

143 (42.8)

0.191

Duodenal ulcer

5 (5.6)

25 (7.5)

0.542

Gastric and duodenal ulcer

47 (52.8)

152 (45.5)

0.22

Inlet patch

8 (9)

30 (9)

0.998

Length of ESEM (cm)

1.42 ± 0.84

1.31 ± 0.48

0.243

Body fat percentage

0.275

Body mass index

0.121

Endoscopic findings

a

P < 0.05. BE: Barrett’s esophagus; BMI: Body mass index; ESEM: Endoscopically suspected esophageal metaplasia; H. pylori: Helicobacter pylori; IM:
Intestinal metaplasia; SD: Standard deviation.

Table 4 Multivariate analysis of risk factors in relation to presence of specialized intestinal metaplasia
Clinical factor

Coefficient

Standard error

Odds ratio (95%CI)

P value

Age

0.029

0.012

1.029 (1.006-1.053)

0.014 a

a

P < 0.05. CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Barrett’s esophagus (BE) is generally recognized as a pre-malignant condition and is associated
with the development of esophageal adenocarcinoma. The presence of intestinal metaplasia (IM)
is generally required for diagnosis because it is the only type of esophageal columnar epithelium
that clearly predisposes individuals to cancer development. The updated guidelines of the

WJG

https://www.wjgnet.com

3238

July 7, 2019

Volume 25

Issue 25

Chen YH et al. BE: Prevalence and risk factors
American College of Gastroenterology recommend that BE should be diagnosed when there is
extension of salmon-colored mucosa into the tubular esophagus extending ≥ 1 cm proximal to
the gastroesophageal junction with biopsy confirmation of IM. The prevalence of BE in the
general populations of Asian countries ranges from 0.06% to 1%, which is lower than that in
western countries. However, with adoption of western customs and lifestyle changes in Asian
countries, the prevalence of BE might have increased.

Research motivation
Currently, there is a lack of universal diagnostic criteria for BE because the definition varies
among different countries and is updated as time goes by. Nevertheless, the most updated
guidelines from the American College of Gastroenterology provide a pragmatic framework for
our daily clinical practice. We wished to update the current prevalence of BE in Taiwan based on
these criteria strictly.

Research objectives
To determine the current prevalence of BE in Taiwan, and to investigate risk factors predicting
the presence of BE.

Research methods
Subjects undergoing routine esophagogastroduodenoscopy examinations as part of a health
check-up at the Health Evaluation Center of Kaohsiung Veterans General Hospital in Taiwan
were included. Subjects aged below 20 years or refused biopsy examination were excluded.
Endoscopic findings consistent with BE awaiting histological evaluation were judged as
endoscopically suspected esophageal metaplasia (ESEM). The diagnosis of BE requires an
extension of the columnar epithelium ≥ 1 cm above the gastroesophageal junction and the
presence of specialized IM in the metaplastic esophageal epithelium. To determine the risk
factors for BE, clinical and endoscopic parameters were examined using univariate analysis. The
variables found to be statistically significant in univariate analysis were subsequently assessed
using multivariate analysis to identify independent factors predicting BE. Categorical data were
compared using the χ2 test or Fisher’s exact test, as appropriate. The Student’s t-test was used for
the comparison of continuous data. A P value less than 0.05 was considered statistically significant.

Research results
A total of 3387 subjects were recruited in the study. Of these, two who were aged below 20 years
were excluded from the study. Thus, 3385 individuals (mean age, 51.29 ± 11.42 years; 57.1%
male) were included in further analyses. ESEM was found in 423 individuals, and 89 among
them were confirmed to have IM and presence of goblet cells via biopsy examination. Therefore,
the overall prevalence of BE was 2.6%. Factors that were significantly associated with a higher
risk for BE via multivariate analysis included old age [odds ratio (OR) = 1.033; 95% confidence
interval (CI): 1.012-1.055; P = 0.002], male gender (OR = 2.106; 95%CI: 1.145-3.872; P = 0.017),
ingestion of tea (OR = 1.695; 95%CI: 1.043-2.754; P = 0.033), and presence of hiatal hernia (OR =
3.037; 95%CI: 1.765-5.225; P < 0.001). Old age alone was the only independent risk factor for the
presence of IM in ESEM lesions (OR = 1.029; 95%CI: 1.006-1.053; P = 0.014).

Research conclusions
The current prevalence of BE among the general population in Taiwan is 2.6%. Its prevalence in
Taiwan is not only the highest in Asian countries but also comparable with that in western
countries. Adoption in western customs and foods might have contributed to this phenomenon
substantially. From this study, we confirmed that old age, male gender, and presence of hiatal
hernia were solid risk factors for BE. Besides, ingestion of tea, a common habit of Asian people, is
also significantly associated with the development of BE in Taiwan. Such a finding has been
rarely reported in previous studies. The results of the present study demonstrated that old age
significantly increased the likelihood of discovering IM in ESEM lesions, with a 1.029-fold
increase in odds ratio per year of age increase. From this point, more attention should be paid
when ESEM is observed in older individuals in clinical practice, as these lesions have a higher
likelihood of bearing IM.

Research perspectives
As this is a retrospective observational study and was subject to confounding due to other
unmeasured variables, the true prevalence of BE might have been underestimated. Welldesigned prospective clinical trials are needed to reveal the real prevalence of BE in the future.
The exact mechanism responsible for the impact of tea ingestion on the development of BE is not
clear. Further studies focusing on this topic are required.
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Abstract
BACKGROUND
Ulcerative colitis (UC) is considered to be closely associated with alteration of
intestinal microorganisms. According to the traditional Chinese medicine (TCM)
theory, UC can be divided into two disease syndromes called Pi-Xu-Shi-Yun
(PXSY) and Da-Chang-Shi-Re (DCSR). The relationships among gut microbiota,
TCM syndromes, and UC pathogenesis have not been well investigated.
AIM
To investigate the role of gut microbiota in UC and the distinction of microbiota
dysbiosis between PXSY and DCSR syndromes.
METHODS
From May 2015 to February 2016, UC patients presenting to LongHua Hospital
who met the established inclusion and exclusion criteria were enrolled in this
retrospective study. Fresh stool specimens of UC patients with PXSY or DCSR
were collected. The feces of the control group came from the health examination
population of Longhua Hospital. The composition of gut bacterial communities
in stool samples was determined by the pyrosequencing of 16S ribosomal RNA.
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The high-throughput sequencing reads were processed with QIIME, and
biological functions were predicted using Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States.
RESULTS
The composition of gut bacterial communities in 93 stool samples (30 healthy
controls, 32 patients with PXSY syndrome, and 31 patients with DCSR syndrome)
was determined by the pyrosequencing of 16S ribosomal RNA. Beta diversity
showed that the composition of the microbiota was different among the three
groups. At the family level, Porphyromonadaceae, Rikeneliaceae, and
Lachnospiraceae significantly decreased while Enterococcus, Streptococcus, and
other potential pathogens significantly increased in UC patients compared to
healthy subjects. At the genus level, Parabacteroides, Dorea, and Ruminococcus
decreased while Faeca-libacterium showed increased abundance in UC compared
to healthy controls. Five differential taxa were identified between PXSY and
DCSR syndromes. At the genus level, a significantly increased abundance of
Streptococcus was observed in DCSR patients, while Lachnoclostridium increased in
PXSY patients. The differential functional pathways of the gut microbiome
between the PXSY and DCSR groups mainly included lipid metabolism,
immunity, and the metabolism of polypeptides.
CONCLUSION
Our study suggests that the gut microbiota contributes to the distinction between
the two TCM syndromes of UC.
Key words: Ulcerative colitis; Intestinal microbiota; Pi-Xu-Shi-Yun syndrome; Da-ChangShi-Re syndrome; Traditional Chinese medicine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Ulcerative colitis (UC) is considered to be closely associated with alteration of
intestinal microorganisms. According to the traditional Chinese medicine (TCM) theory,
UC can be divided into Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficiency and
dampness, PXSY) and Da-Chang-Shi-Re syndrome (syndrome of dampness-heat in the
large intestine, DCSR). This study showed that the gut microbiota was different between
patients with PXSY syndrome and those with DCSR syndrome. The genus
Streptococcus was significantly more abundant in DCSR patients than in PXSY patients,
while Lachnoclostridium increased in PXSY patients. Our study suggests that the gut
microbiota contributes to the distinction between the two TCM syndromes of UC.

Citation: Zhang YL, Cai LT, Qi JY, Lin YZ, Dai YC, Jiao N, Chen YL, Zheng L, Wang BB,
Zhu LX, Tang ZP, Zhu RX. Gut microbiota contributes to the distinction between two
traditional Chinese medicine syndromes of ulcerative colitis. World J Gastroenterol 2019;
25(25): 3242-3255
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3242.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3242

INTRODUCTION
Ulcerative colitis (UC) is a form of inflammatory bowel disease (IBD). According to
relevant epidemiological studies, the incidence of UC is high in Western developed
countries, particularly in North America (19.2 per 100000 person-years) and Europe
(24.3 per 100000 person-years)[1]. The incidence of UC has been increasing in Asia,
especially in China, in recent years[2-4]. The high incidence of UC in China is particularly concentrated in coastal areas, such as Guangzhou (2.22 per 100000 personyears) and Hong Kong (1.66 per 100000 person-years)[5,6]. Notably, UC patients have a
higher incidence of colorectal cancer than healthy individuals[7,8]. Moreover, UC is
often difficult to treat and is accompanied by a high recurrence rate. Since di-fferent
individuals have different manifestations of UC, more accurate diagnosis and
treatment of UC for every patient have been emphasised, and precision medicine for
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UC is needed.
According to the traditional Chinese medicine (TCM) theory, the same disease can
be divided into different syndromes, and different treatments would be used
clinically depending on the different syndromes. For instance, UC can be divided into
Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficiency and dampness, PXSY) and
Da-Chang-Shi-Re syndrome (syndrome of dampness-heat in the large intestine,
DCSR)[9]. Shi-Re syndrome is caused by dysfunction of the Pi (“spleen”) and Wei
(“stomach”), and Pi-Xu syndrome has been shown to be involved in dysfunction of
the vegetative nervous system of the gastrointestinal tract and immune pathways[10].
PXSY syndrome is a deficiency syndrome, while the DCSR syndrome is a sthenia
syndrome. Studies have proven that TCM works for treating UC patients[11-13] and that
TCM drugs are closely associated with immunity[14,15], such as reducing pro-inflammatory cytokines[16]. Nevertheless, the essential molecular mechanisms of TCM
remain unknown.
Although the pathogenesis of UC is not yet clear, most studies discuss that the
dysbiosis of commensal bacterial populations is a major factor in disease pathogenesis, which interacts with genetic susceptibility and could lead to dysregulation of the immune response to bacterial antigens in IBD[17,18]. Round et al[19]
suggested that dysregulation of the gut microbiota might be the cause of UC. The
microbiota in the gut affects the health of the host by interacting with genes and the
environment. Some studies[20-22] found that the biodiversity of intestinal bacteria in
patients with UC is significantly reduced and that the increase in destructive microbiota in the gut leads to disorders in the intestinal environment. Guo et al[23] showed
that the Chinese medicine “Red Ginseng” was effective in relieving symptoms of UC
and could promote the growth of probiotic bacteria in vitro. However, the relationships among gut microbiota, TCM syndromes, and UC patho-genesis are
unclear.
Because the majority of studies have focused on the relationship between intestinal
microbiota and the onset of UC and the contribution of gut microbiota in these two
distinct TCM syndromes is still unclarified, this study compared the difference in
microbial composition and function between PXSY and DCSR syndromes to
determine the molecular mechanism of TCM in UC by investigation of the gut microbiota.

MATERIALS AND METHODS
Patient recruitment
This study was approved by the LongHua Hospital, Shanghai University of Traditional Chinese Medicine. Three groups of adults were recruited in this study (PXSY
patients, DCSR patients, and healthy controls). Volunteers under investigation in the
hospital were approached if the doctors deemed that they had either UC or a normal
colon at colonoscopy. Two types of TCM syndromes of UC, DCSR syndrome and
PXSY syndrome, were identified according to the "dysentery" diagnosis standard of
UC.
The main clinical manifestations of UC are diarrhoea, mucous pus, and blood
accompanied by abdominal pain, tenesmus and back weight, and systemic symptoms
of varying degrees. The course of disease is more than 4-6 wk. Mucous purulent blood
is the most common symptom of UC. Currently, there is still a lack of the gold standard for UC diagnosis, which is mainly based on the combination of clinical
manifestations and endoscopic, pathological, and histological findings as well as the
exclusion of infectious and non-infectious colitis. We can distinguish these two
syndromes according to patients' clinical manifestations, tongue coating, and pulse
condition. Clinical manifestations of DCSR syndrome were abdominal pain, tenesmus, stools containing blood and white mucus, a burning sensation around the anus,
and scanty, dark-yellow urine. The tongue coating was greasy and slightly yellow.
Pulse was slippery and rapid. While clinical manifestations of PXSY syn-drome were
recurrent loose stools and increased frequency of bowel movements, especially after
eating greasy food, poor appetite, gastric or abdominal distension, a sallow complexion, and lassitude. The tongue coating was pale and thin. The pulse was weak
and thready[24,25].
The exclusion criteria for UC patients were: (1) Below the age of 18 or above the age
of 60 years; (2) Use of microecological preparations or antibiotics within the previous
two weeks; (3) Previous gastrointestinal surgery; (4) Severe hypertension, diabetes,
coronary heart disease, or other internal diseases; (5) Pregnancy, lactation, or planned
pregnancy; (6) Uncooperativeness; and (7) Other autoimmune diseases.
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DNA extraction and PCR amplification
Faecal samples were collected from volunteers and stored at -80 °C before DNA
isolation. After the DNA was extracted, the integrity of the sampled bacterial genome
was examined using agar gel electrophoresis. The V4 hyper-variable region was PCRamplified with forward primer 515F (5’-GTGCCAGCCMGCCGCGG-3’) and reverse
primer 806R (5’-GGACTACHVGGGTWTCTAAT-3’). Unique barcodes were attached
to the primers to allow multiplex deep sequencing. The 25-μL reaction system
contained 2 µL DNA extract, 0.4 µL forward primer, 0.4 µL reverse primer, 0.2 µL Taq
DNA, and 2.5 µL 10 × buffer. PCR cycling parameters were initial denaturation at 95
°C for 5 min; 35 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s,
and extension at 72 °C for 1 min; and a final extension at 72 °C for 10 min. The PCR
product was electrophoresed on a 2.0% agarose gel for 30 min at 120 V, followed by
staining with ethidium bromide (0.5 µg/mL) for 20 min, and the brightness of the
image strip was observed.

Processing sequencing samples
Trimmomatic[26] (version 0.36) and QIIME[27] software (version 1.8.1) were applied for
sequence processing and analysis. In this study, reads with a length less than 200 bp
were excluded from further processing and analysis. All the joined sequences were
identified as chimaeras with USEARCH [28] , and chimaeric sequences were also
filtered. Operational taxonomic units (OTUs) were grouped by a de novo strategy
against the Greengenes database with an identity > 97%. Microbiota taxonomy was
assigned by RDP classifier. In each group, OTUs with reads of more than half the
sample size of that group were kept. Good’s coverage index was used to detect the
sequencing depth. The Chao1 index was calculated to evaluate the microbial diversity. Principal coordinate analysis (PCoA) was performed to determine the de-gree
of dissimilarity among groups using the unweighted UniFrac method.

Prediction and differential analysis of functions
The microbial 16S rRNA sequencing data were used to make OTU tables via the
closed reference OTU picking method. The microbial community metagenome
prediction was done with Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt)[29]. OTU tables were normalized by 16S
rRNA copy number, followed by metagenome predictions against Kyoto Encyclopedia of Genes and Genomes (KEGG) Orthology and compilation into KEGG
pathways. Finally, linear discriminant analysis effect size (LEfSe)[30] on galaxy online
(http://huttenhower.sph.harvard.edu/ galaxy)[31] was carried out to detect inner
function differentials among groups. Linear discriminant analysis scores larger than 2
and P-values from the Kruskal-Wallis test less than 0.05 were considered significant.

Statistical methods
Since the distribution of each clinical characteristic followed a normal distribution
except of age, the P-value of each clinical characteristic was calculated by the chisquare test, while age was estimated by the rank sum test. A Kruskal-Wallis test with
post hoc Dunn’s test was performed to compare relative abundances of taxa and
microbial diversity among the three groups. To examine significant differences
between the UC and control groups, a Wilcoxon rank-sum test with two-tailed distribution was performed. Differential taxa were identified with adjusted P-values <
0.05 (adjusted by the Bonferroni correction) for multiple comparisons, and a false
discovery rate < 0.05 was considered significantly different.

RESULTS
Human subjects
Clinical characteristics of the 93 human subjects are shown in Table 1. Of these
subjects, 63 were diagnosed with UC based on colonoscopy at LongHua Hospital,
Shanghai University of Traditional Chinese Medicine. Among these volunteers, 31 UC
patients were diagnosed with DCSR syndrome, 32 UC patients were diagnosed with
PXSY syndrome, and 30 individuals had no specific digestive system diseases and
were recruited as healthy controls. All volunteers provided informed consent before
participating in the experiment. Among all the individuals, there was no significant
difference in any clinical factor, such as gender, age, or inflammation location (P >
0.05) (Table 1). PCoA plots in Appendix Figure suggests that gender and age had no
obvious influence on sample clustering.

Characterization of microbiota ecological diversities
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Table 1 Characteristics of patients and healthy subjects
HC

DCSR

PXSY

Male

15

15

17

Female

15

16

15

Age (mean ± SD), yr

43.13 ± 10.98

44.16 ± 11.49

41.94 ± 13.42

< 1 yr

4

4

1-3 yr

11

13

3-5 yr

12

11

> 5 yr

4

4

Rectum

5

5

Left colon

21

22

Whole colon

5

5

Clinical remission

7

9

Mild activity

9

9

Moderate activity

7

7

Severe activity

8

7

Gender

Duration of disease

Inflammation location

Disease activity

HC: Healthy controls; DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome. There were no
significant differences among the three groups in gender, age, duration of disease, inflammation location, or
disease activity (P > 0.05).

Gut microbiomes of 93 samples (Table 1) were analysed by 16S rRNA pyrosequencing, and a total of 3494198 sequences were obtained after quality control.
Good’s coverage estimator was determined to measure the sequencing depth of each
sample. The alpha rarefaction curve (Figure 1) of each sample reached at the platform
extracted approximately 2700 sequences per sample, and Good’s coverage estimator
of each group approached 100% (>98.9%), indicating that the sequencing depth was
sufficient to reflect the majority of bacterial sequences in all samples.
The beta diversities of the healthy control, PXSY syndrome, and DCSR syndrome
cohorts were assessed by UniFrac analysis. The PCoA plot (Figure 2) showed that the
majority of samples were clustered by health status but not by age or gender
(Appendix Figure), reflecting that an association between health status and gut
microbiomes existed. Moreover, the UC patients were clustered into two groups
according to the two TMC syndromes, PXSY and DCSR, which indicated that the gut
microbiota may contribute to distinguishing these two syndromes.

Differences in microbiomes between healthy controls and patients with UC
Non-parametric statistical testing methods were used to analyse the differential
microbes between UC patients and healthy subjects. The microbes with an average
abundance greater than 1% in any of the groups (Table 2) are as follows:
At the family level, the relative abundance of Paraprevotellaceae, Porphyromonadaceae, Rikenellaceae, and Lachnospiraceae decreased in UC patients
compared to healthy individuals, while Enterococcaceae and Streptococcaceae were
significantly abundant in UC patients. At the genus level, the abundance of Parabacteroides, Alistipes, Ruminococcus, Phascolarctobacterium, Dorea, Sutterella, and an
uncultured genus belonging to the family Lachnospiraceae decreased in the UC group
compared to healthy controls. On the other hand, the genera Enterococcus, Streptococcus, and Faecalibacterium were more significantly abundant in UC patients than
in the healthy cohort. Notably, the families Porphyromonadaceae and Lachnospiraceae exhibited a similar depleted trend in UC patients, as some studies have
previously reported[32-34]. It has also been reported that the genera Enterococcus and
Streptococcus were differentially abundant in UC, while Ruminococcus was also
significant in the healthy cohort[24,35].

Differential microbiome analysis of the two UC syndromes
Intestinal microbiomes that were significantly different between PXSY and DCSR as
determined by the Kruskal-Wallis test are highlighted in Table 2. Bacteroides and
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Figure 1

Figure 1 Rarefaction curves of all samples. The rarefaction curve of each sample reached a plateau when
approximately 2700 sequences per sample were extracted, and Good’s coverage estimator for each group
approached 100% (> 98.9%).

Firmicutes were the dominant phyla in these samples, and differed significantly
between the PXSY and DCSR groups. Firmicutes was significantly abundant in the
DCSR cohort, while Bacteroides was differentially abundant in the PXSY cohort. The
differential taxa at the family and genus levels are shown in Figure 3. Within the
phylum Firmicutes, the family Streptococcaceae was significantly different between
DCSR syndrome and PXSY syndrome patients. At the genus level, Streptococcus and
Lachnoclostridium were significantly different between DCSR and PXSY patients.
Known as a lactate producer, Streptococcus was more abundant in DCSR patients
than in PXSY patients and healthy controls, indicating that DCSR patients might have
more lactate in the gut than PXSY patients and controls. Lachnoclostridium is more
abundant in PXSY patients than in DCSR patients and healthy controls. The species
Clostridium citroniae, which belongs to the genus Lachnoclostridium, also exhibited the
same tendency.

Lactate producers are abundant in DCSR syndrome patients
The lactate producer Streptococcus was increased in the DCSR group, which led us to
explore the lactate-producing taxa in PXSY and DCSR syndromes. The relative
abundance of the main lactate producers in the gut is shown in Figure 4. All of the
main lactate producers showed a trend of increased relative abundance. Compared to
healthy controls and PXSY patients, DCSR syndrome patients had significantly
abundant lactic acid bacteria, suggesting that more lactic acid might accumulate in the
guts of DCSR patients than in the guts of PXSY patients.

Differential functions between PXSY and DCSR
The gut microbiome composition of all groups was determined based on 16S rRNA
gene sequencing data. KEGG pathways were categorized using PICRUSt, and ten
differential functions were identified with LEfSe. The functional pathways of gut
microbiomes between the PXSY and DCSR groups are shown in Figure 5. After
differential function analysis, the functions related to liquid metabolism, such as
synthesis and degradation of ketone bodies and fatty acid metabolism, were more
significant in DCSR patients. Moreover, the RIG-I-like receptor (RLR) signalling
pathway and benzoate degradation were also more abundant in DCSR patients. In the
PXSY cohort, the genetic information processing functions of protein processing in the
endoplasmic reticulum and the carbohydrate metabolism (amino sugar and
nucleotide sugar metabolism) were abundant. In addition, nitrogen metabolism and
prenyltransferase functions were abundant in the PXSY cohort.

DISCUSSION
The gut microbiota is closely associated with the host, and its dysregulation could
lead to diseases and inflammation[36-39], such as IBD. Scaldaferri et al[40] found that the
most severe inflammation was concentrated in the gut of IBD patients at the site with
the largest number of microbes, suggesting that changes in the gut microbiota are
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Figure 2

Figure 2 Principal coordinate analysis plot of the community structure in healthy controls, patients with PiXu-Shi-Yun syndrome, and those with Da-Chang-Shi-Re syndrome. The majority of samples clustered by health
status at the PC1 vs PC3 plot, indicating that health status was a major effect factor for the phylogenetic composition
of these samples. Exceptions from all the three study groups were observed, reflecting the effect of other genetic and
environmental factors on these microbiomes. PCOA: Principal coordinate analysis; HC: Healthy controls; DCSR: DaChang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome.

closely related to intestinal inflammation and that the microbiota affects the host through the immune system[41]. This study is pilot research about the contribution of the
gut microbiota to the distinction between the two TCM syndromes of UC and the
corresponding molecular mechanism.
According to the TCM theory, PXSY syndrome is a deficiency syndrome, while
DCSR syndrome is a sthenia syndrome. Clinical manifestations of the DCSR syndrome focus on the empirical symptoms of intestinal inflammation and injury, while
the clinical manifestations of PXSY syndrome focus on the deficiency symptoms of
weakened digestion and absorption function. The main clinical symptoms of DCSR
syndrome are abdominal pain, diarrhoea, mucous purulent stool, yellowish fur, and
thready and slippery pulse. Some of these patients can also show symptoms such as
burning pain in the anus, tenesmus, body heat, short red urine, dry or bitter mouth,
and ozostomia. The main clinical manifestations in patients with PXSY syndrome
include thin sloppy stool, stool mucus that is white rather than red, white frozen, pink
tongue, tooth mark around the tongue, and white and greasy tongue coating. Some of
these patients may have the symptoms such as dull abdominal pain, abdominal
fullness and distention, poor appetite, tiredness, thready and weak pulse, and thready
and slippery pulse.
The microbiota in the guts of the healthy cohort and UC patients was investigated
in this study, which showed that the richness and diversity of the gut microbiota were
different between patients and healthy controls. We found that the intestinal
microflora was different between the PXSY and DCSR groups, which is essential for
distinguishing the two TCM syndromes of UC and potentially contributes to personalized medicine.

Microbiota and the pathology of DCSR syndrome
Using comparisons among PXSY patients, DCSR patients, and healthy subjects, our
study illustrated that the genus Streptococcus significantly increased in UC patients,
especially in patients with DCSR syndrome. The excessive growth of Streptococcus in
DCSR syndrome patients might indicate the pathological mechanisms of DCSR
syndrome.

Increased Streptococcus in DCSR syndrome
Dysbiosis of gut microbiota stimulates the inflammatory response of the host and
even induces serious complications[42-44]. The RLR signalling pathway is associated
with inflammation[45-47]. Here, Streptococcus, together with other pathogens in the gut,
could stimulate RLRs and produce pro-inflammatory cytokines such as TNF-α via the
RLR signalling pathway to promote inflammation (Figure 6). However, the continuous stimulation of the RLR signalling pathway results in an excessive inflammatory response. This excessive inflammatory response leaves the intestinal barrier
function impaired, and then more microorganisms in the intestinal lumen will pass
through an already incomplete epithelial barrier. Finally, these microbiotas will cause
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Table 2 Abundant taxa in healthy subjects and patients
HC

UC

PXSY

DCSR

UC-H FDR

P-H P1

D-H P1

D-P P1

Bacteroidetes

47.02

41.3

49.09

33.26

0.25

1.00

0.03

0.01

Paraprevotellaceae

1.04

0.18

0.35

0.00

0.02

0.07

0.02

1.00

Porphyromonadaceae

4.8

1.86

2.55

1.15

0.01

0.04

0.01

1.00

Parabacteroides

4.79

1.83

2.55

1.09

0.01

0.05

0.00

1.00

Rikenellaceae

1.66

0.71

1.15

0.25

0.04

0.11

0.04

1.00

Alistipes

1.53

0.59

0.94

0.24

0.03

0.06

0.03

1.00

Firmicutes

43.74

48.23

41.1

55.59

0.38

1.00

0.06

0.01

Enterococcaceae

0.03

0.68

0.31

1.05

0.01

0.02

0.03

1.00

Enterococcus

0.03

0.68

0.31

1.05

0.02

0.02

0.03

1.00

Streptococcaceae

0.7

2.57

1.25

3.95

0.01

0.79

0.00

0.01

Streptococcus

0.67

2.54

1.23

3.89

0.01

0.58

0.00

0.01

Lachnospiraceae

24.18

15.78

13.91

17.71

0.01

0.01

0.03

1.00

Uncultured

2.99

0.94

0.5

1.39

0.00

0.00

0.02

0.38

Dorea

8.87

2.83

2.51

3.17

0.01

0.00

0.02

1.00

Lachnoclostridium*

1.16

1.04

1.65

0.41

0.2

0.01

1.00

0.01

Unknown

2.28

1.23

1.2

1.26

0.01

0.02

0.02

1.00

Ruminococcaceae

8.46

14.56

10.72

18.52

0.08

1.00

0.01

0.17

Faecalibacterium

4.24

10.75

6.48

15.15

0.00

0.11

0.00

0.09

Oscillospira

0.61

1.4

1.65

1.13

0.08

0.01

1.00

0.17

Ruminococcus

1.63

0.42

0.45

0.39

0.00

0.01

0.00

0.84

Veillonellaceae

6.4

8.44

10.24

6.58

0.37

0.6

1.00

1.00

Dialister

0.81

3.43

5.3

1.51

0.2

0.03

1.00

0.05

Phascolarctobacterium

1.13

0.68

0.5

0.86

0.04

0.01

0.26

0.61

Proteobacteria

7.1

8.6

7.61

9.63

0.63

1.00

1.00

1.00

Alcaligenaceae

1.77

1.29

0.95

1.64

0.04

0.02

0.19

1.00

Sutterella

1.77

1.29

0.95

1.64

0.05

0.02

0.19

1.00

Enterobacteriaceae

4.47

5.97

5.61

6.34

0.76

1.00

1.00

1.00

Unknown

0.14

0.62

0.22

1.03

0.06

0.38

0.02

0.65

The average abundance in gut microbiota in each study group is listed as a percentage. Differential taxa with
an average abundance greater than 1% in any of the groups are listed. The significantly differential genera
with P-values < 0.05 are highlighted in bold.
1
Taxa that were renamed after blasting again in NCBI (The National Center for Biotechnology Information).
P1: P-value adjusted by the Bonferroni correction. HC: Healthy controls; DCSR: Da-Chang-Shi-Re syndrome;
PXSY: Pi-Xu-Shi-Yun syndrome; UC: Ulcerative colitis; FDR: False discovery rate.

inflammation and damage to the intestinal epithelium layer.

Abundant lactate producers in DCSR syndrome
The majority of gut microbiota can ferment carbohydrates to produce short-chain
fatty acids (SCFAs), lactate, and some inorganic compounds. Some of these products
are beneficial to the health of the host, but some harm the intestinal tract, such as by
causing damage to the intestinal epithelial barrier or promoting bowel inflammation.
Lactate can be produced by some microbes such as Streptococcus in the intestine.
The lactate producers can ferment carbohydrates to produce lactic acid, and the
accumulation of lactic acid can reduce the pH of the intestinal tract. It has been reported that the over-accumulation of lactate in the intestine of patients leads to a
decrease in the pH[48-49]. In disease status, disorder of the gut microbiota appears, and
blooms of lactate producers are significant in DCSR syndrome. Streptococcus in the
presence of other lactate producers (Enterococcus, Lactobacillus, Bifidobacterium and so
on)[50-54] can produce lactate. Nevertheless, the utilization rate of lactate by other microbes is decreased in disease status, which causes the over-accumulation of lactic
acid in the gut so that the intestinal pH is reduced and the distribution and abundance
of intestinal microbiota are changed. Additionally, the accumulation of lactate can
stimulate the intestinal tract and aggravate inflammation.

Lachnoclostridium is raised in PXSY patients
This study showed that the abundance of Lachnoclostridium in the PXSY group was
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Figure 3

Figure 3 Differential taxa between Pi-Xu-Shi-Yun syndrome and Da-Chang-Shi-Re syndrome cohorts at the genus and species levels. A: Differential genera;
B: Differential species. Lachnoclostridium is more abundant in Pi-Xu-Shi-Yun (PXSY) syndrome. Lachnoclostridium is more abundant in PXSY syndrome than in the
shire group and healthy controls; the species of Lachnoclostridium named Clostridium citroniae also showed the same tendency. Streptococcus was more abundant in
Da-Chang-Shi-Re patients than in PXSY and healthy controls. Relative abundance values are the mean ± SE (adjusted aP < 0.05; adjusted bP < 0.01; adjusted cP <
0.001). HC: Healthy controls; DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome.

higher than that in the DCSR group. Members of Lachnoclostridium ferment some
monosaccharides and disaccharides to acetate as the major SCFA products[55]. Within
the genus Lachnoclostridium, the differential microbes between DCSR and PXSY
patients, the main differential species is Clostridium citroniae, which also increased in
DCSR patients. Clostridium citroniae contains D-cysteine desulfatase[56] and can ferment
cysteine to sulfide, pyruvate, and ammonia as end products[57], and more Clostridium
citroniae in the PXSY group suggested that more D-cysteine desulfatase might be
present in the intestine of spleen-deficient PXSY patients than in DCSR patients.
The carbohydrate fermentation conducted by bacteria in the colon gives rise to the
luminal SCFAs, including acetate, propionate, and butyrate. Among these SCFAs,
but-yrate is considered to be the preferred source of nutrition and energy for colonic
epithelial cells and is, to a major extent, metabolized by these cells[58]. In addition,
butyrate is considered to have anti-inflammatory capacity, and the increase in sulfide
may inhibit the oxidation of butyrate, which could damage the epithelial barrier and
even result in more severe inflammation.
The gut microbiota could also activate a variety of pathogen-associated molecular
patterns on the surface of intestinal epithelial cells and downstream signalling
pathways, inducing epithelial cells to secrete anti-inflammatory substances[59,60]. However, the molecular and metabolic functions of most bacteria are still unknown[60].
Clostridium citroniae contains D-cysteine desulfhydrase, which can ferment cysteine
to produce sulfides. Here, Clostridium citroniae was more abundant in PXSY patients
than in DCSR patients and healthy subjects. While in patients with PXSY status,
increased Clostridium citroniae results in increased D-cysteine desulfhydrase, which
results in an increase in sulfides. Finally, sulfides inhibit the oxidization of butyric
acid so that the epithelial cells cannot utilize the butyrate in the gut and cause
epithelial cell apoptosis. Damage to colonic epithelial cells is reflected in the incomplete intestinal barrier, and gut microbes pass through the intestinal barrier to
induce severe inflammation and ulceration. In brief, Clostridium citroniae might be
detrimental to the health of the intestinal tract by inhibiting the utilization of butyrate.
PXSY syndrome reflects a kind of deficiency in immune activity, while DCSR
syndrome is a kind of dysfunction in gut immunity. These differential trends in the
microbiota between the two TCM syndromes of UC indicated that different effects
were exerted on the mucosal immune activity and the epithelial barrier function by
themselves. The genus Streptococcus, which could lead to inflammation, was significantly more abundant in DCSR patients. It is suggested that Streptococcus and
other microbes in the gut might have a certain relationship with DCSR syndrome
symptoms such as diarrhoea mixed with blood. These differential microbes are
expected to be the markers and therapeutic targets for the clinical precision detection
of UC.
There were several weaknesses in the study, like small sample size, non-blinding,
and cross-sectional nature. In the following studies, the sample size needs to be
further expanded to further strengthen and enrich the accuracy and stability of the
research results. This study is a cross-sectional study, and it is difficult to determine
the causal relationship between the results. In future studies, the intervention factors
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Figure 4

Figure 4 Lactic acid producers in the gut. Lactic acid bacteria were more abundant in ulcerative colitis patients,
especially in the Da-Chang-Shi-Re (DCSR) group, than in healthy controls, suggesting that there might be more lactic
acid in the guts of DCSR patients than in those of Pi-Xu-Shi-Yun patients. HC: Healthy controls; DCSR: Da-ChangShi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome.

can be considered and the dynamic observation before and after the intervention can
be carried out.
In conclusion, the gut microbiota is different between patients with PXSY syndrome and those with DCSR syndrome. The genus Streptococcus is significantly more
abundant in DCSR patients than in PXSY patients, while Lachnoclostridium increases in
PXSY patients. Dysbiosis of the gut microbiota influences the immune responses of
the host, which results in inflammation, and the microbial analysis of the two TCM
syndromes essentially reflects different immune activities in the human body, but
they all point to promotion of inflammation in the gut.
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Figure 5 Functional pathways of gut microbiomes in the Pi-Xu-Shi-Yun and Da-Chang-Shi-Re groups. Microbial functions were predicted and categorized into
KEGG pathways using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States. Linear discriminant analysis effect size was carried out to
detect inner function differentials among groups. Significantly differential functions between Pi-Xu-Shi-Yun syndrome (yellow) and Da-Chang-Shi-Re syndrome (pink)
are shown (LDA score > 2.0). DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome.
Figure 6

Figure 6 The probable contribution of the gut microbiota to the pathological mechanism of Da-Chang-Shi-Re and Pi-Xu-Shi-Yun syndromes. Da-Chang-ShiRe and Pi-Xu-Shi-Yun syndromes might have different pathological mechanisms, which are based on the differential microbiota between these two syndromes. UC:
Ulcerative colitis; DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome; RLR: RIG-I-like receptor.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is considered to be closely associated with alteration of intestinal
microorganisms. According to the traditional Chinese medicine (TCM) theory, UC can be
divided into Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficiency and dampness, PXSY) and
Da-Chang-Shi-Re syndrome (syndrome of dampness-heat in the large intestine, DCSR). PXSY
syndrome is a deficiency syndrome, while the DCSR syndrome is a sthenia syndrome. However,
the relationships among gut microbiota, TCM syndromes, and UC pathogenesis are unclear.

Research motivation
The majority of studies have focused on the relationship between intestinal microbiota and the
onset of UC, and the contribution of gut microbiota in these two distinct TCM syndromes is still
unclarified. This study aimed to compare the difference in microbial composition and function
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between PXSY and DCSR syndromes to determine the molecular mechanism of TCM in UC by
investigation of the gut microbiota.

Research objectives
The objective of this study was to investigate the role of gut microbiota in UC and the distinction
of microbiota dysbiosis between PXSY and DCSR syndromes.

Research methods
We analysed gut microbiome composition of stool samples by 16S rRNA pyrosequencing. We
assessed the beta diversity by UniFrac analysis. We also processed the high-throughput sequencing reads with QIIME, and further predicted biological functions using Phylogenetic
Investigation of Communities by Reconstruction of Unobserved States.

Research results
We determined the composition of gut bacterial communities in 93 stool samples (30 healthy
controls, 32 patients with PXSY syndrome, and 31 patients with DCSR syndrome) by 16S rRNA
pyrosequencing. Beta diversity showed that the composition of the microbiota was different
among the three groups. We found that Porphyromonadaceae, Rikeneliaceae, and Lachnospiraceae significantly decreased while Enterococcus, Streptococcus, and other potential
pathogens significantly increased in UC patients compared to healthy subjects at the family
level. We further found that Parabacteroides, Dorea, and Ruminococcus decreased while
Faecalibacterium showed increased abundance in UC compared to healthy controls at the genus
level. Five differential taxa were identified between PXSY and DCSR syndromes. We observed a
significantly increased abundance of Streptococcus in DCSR patients at the genus level, while
Lachnoclostridium increased in PXSY patients. Additionally, we found that the differential functional pathways of the gut microbiome between the PXSY and DCSR groups mainly included
lipid metabolism, immunity, and the metabolism of polypeptides.

Research conclusions
The present study identified that the gut microbiota is different between patients with PXSY
syndrome and those with DCSR syndrome. The genus Streptococcus is significantly more
abundant in DCSR patients than in PXSY patients, while Lachnoclostridium increases in PXSY
patients. The microbial analysis of the two TCM syndromes essentially reflects different immune
activities in the human body, but they all point to promotion of inflammation in the gut.

Research perspectives
The relationship between TCM syndromes and intestinal flora is an interesting and important
research topic. Our study preliminarily explored the characteristics and differences of intestinal
flora of patients with two different TCM syndrome. Further studies are required to confirm our
findings and to clarify the precise mechanism of intestinal flora characteristics related to TCM
deficiency and positive syndrome.
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Abstract
BACKGROUND
Accurate detection of significant fibrosis (fibrosis stage 2 or higher on the
METAVIR scale) is important especially for chronic hepatitis B (CHB) patients
with high viral loads but with normal or mildly elevated alanine
aminotransferase (ALT) levels because the presence of significant fibrosis is
accepted as the indication for antiviral treatment. Liver biopsy is the reference
standard for diagnosing significant fibrosis, but it is an invasive procedure.
Consequently, noninvasive imaging-based measurements, such as magnetic
resonance elastography (MRE) or two-dimensional shear-wave elastography (2DSWE), have been proposed for the quantitative assessment of liver fibrosis.
AIM
To explore MRE and 2D-SWE to identify fibrosis stage, and to compare their
performance with that of serum-based indices.
METHODS
The study enrolled 63 treatment-naïve CHB patients with high viral loads but
with normal or mildly elevated ALT levels who underwent liver biopsy before a
decision was made to initiate antiviral therapy. MRE and 2D-SWE were
performed, and serum-based indices, such as FIB-4 and aspartate transaminase to
platelet ratio index (APRI), were calculated. The diagnostic performances of
MRE, 2D-SWE, FIB-4, and APRI for assessing significant fibrosis (≥ F2) and
cirrhosis (F4) were evaluated with liver histology as the reference standard, using
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additional data are available.

receiver operating characteristic analyses.

STROBE statement: The authors

RESULTS
The liver fibrosis stage was F0/F1 in 19, F2 in 14, F3 in 14, and F4 in 16 patients,
respectively. MRE significantly discriminated F2 from F0/1 (P = 0.022), whereas
2D-SWE showed a broad overlap in distinguishing those stages. MRE showed a
higher correlation coefficient value with fibrosis stage than 2D-SWE with fibrosis
stage (0.869 vs 0.649, Spearman test; P < 0.001). Multivariate linear regression
analyses showed that fibrosis stage was the only factor affecting the values of
MRE (P < 0.001), whereas body mass index (P = 0.042) and fibrosis stage (P <
0.001) were independent factors affecting 2D-SWE values. MRE performance for
diagnosing significant fibrosis was better [area under the curve (AUC) = 0.906,
positive predictive value (PPV) 97.3%, negative predictive value (NPV) 69.2%]
than that of FIB-4 (AUC = 0.697, P = 0.002) and APRI (AUC = 0.717, P = 0.010),
whereas the performance of 2D-SWE (AUC = 0.843, PPV 86%, NPV 65%) was not
significantly different from that of FIB-4 or APRI.
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CONCLUSION
Compared to SWE, MRE might be more precise non-invasive assessment for
depicting significant fibrosis and for making-decision to initiate antiviral-therapy
in treatment-naïve CHB patients with normal or mildly-elevated ALT levels.
Key words: Antiviral therapy; Chronic hepatitis B; Liver fibrosis; Magnetic resonance
elastography; Ultrasound elastography
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present study investigated magnetic resonance elastography (MRE) and
two-dimensional shear-wave elastography (2D-SWE) to identify significant fibrosis, and
to compare their performance with that of serum-based indices in treatment-naïve
chronic hepatitis B (CHB) patients with borderline-normal alanine aminotransferase
levels, who should be considered for initiation of antiviral therapy depending on the
presence of significant fibrosis. Our data demonstrated that MRE was a more accurate
and noninvasive measurement for detecting significant fibrosis, compared to 2D-SWE as
well as serum-based indices, and our results suggested that MRE could be used as a basis
for anti-HBV treatment-decisions in treatment-naïve CHB patients.

Citation: Park HS, Choe WH, Han HS, Yu MH, Kim YJ, Jung SI, Kim JH, Kwon SY.
Assessing significant fibrosis using imaging-based elastography in chronic hepatitis B
patients: Pilot study. World J Gastroenterol 2019; 25(25): 3256-3267
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3256.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3256

INTRODUCTION
Hepatitis B virus (HBV) infection remains a major health problem, causing chronic
liver disease. If left untreated, chronic HBV infection may potentially lead to
complications such as cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC)[1]. Therefore, effective antiviral treatment in chronic hepatitis B (CHB)
patients can reduce the disease progression towards HBV-related cirrhosis and the
risk of HCC development[1,2].
Accurate staging of liver fibrosis in CHB patients is necessary not only for predicting the long-term clinical course but also for determining whether and when to
begin antiviral therapy. Recent clinical guidelines have recommended that CHB
patients with high serum HBV-DNA levels [hepatitis B e-antigen (HBeAg) positive
patients with serum HBV-DNA levels > 20000 IU/mL or HBeAg-negative patients
with serum HBV-DNA levels > 2000 IU/mL] and elevated alanine aminotransferase
(ALT) levels of twice the upper limit of normal (ULN) or greater should be considered
for antiviral treatment[3-5]. CHB patients with high viral loads and significant fibrosis
(METAVIR scoring system ≥ F2) should also be considered for treatment even if the
ALT level is normal or mildly elevated (less than 2 times) because long-term viral

WJG

https://www.wjgnet.com

3257

July 7, 2019

Volume 25

Issue 25

Park HS et al. Magnetic resonance elastography in chronic hepatitis B patients

suppression reduces liver-related complications, such as decompensated cirrhosis or
HCC, in these patients[3-5].
Liver biopsy is still considered the “gold standard” for the evaluation of significant
fibrosis in CHB patients[6]. However, its utilization is often restricted because its
invasiveness can cause lifethreatening complications[7]. Moreover, tissue obtained via
biopsy represents approximately only 1/50000 of the liver volume, which may result
in a sampling error and is associated with considerable interobserver variability in the
microscopic evaluation. Furthermore, repeating the liver biopsy to monitor changes in
liver fibrotic burden is generally not feasible in clinical practice[7,8]. To overcome these
limitations of liver biopsy, noninvasive serum- and imaging-based measurements for
staging liver fibrosis have been developed[9,10].
To date, noninvasive methods incorporating serum-based indices or imaging-based
tests using elastography have been increasingly used to assess liver fibrosis[11]. A
variety of serum-based indices have been evaluated to predict the degree of liver
fibrosis[10,12]. Among those, aspartate transaminase (AST)-to-platelet ratio index (APRI)
and fibrosis index based on four factors (FIB-4) are commonly used for identifying
liver fibrosis and cirrhosis in CHB patients because they are easily calculated with
routine laboratory tests, and they have successfully predicted liver fibrosis in large
cohorts[13]. However, their main disadvantage is their low accuracy in detecting mild
to intermediate stages of fibrosis [10,11,13] . Imaging-based methods of elastography
estimate liver stiffness that is associated with the severity of fibrosis by applying
mechanical waves and by measuring their propagation speed through tissue using
imaging [14-16] . Elastographic modalities can be either ultrasound (US)-based or
magnetic resonance imaging (MRI)-based. US-based elastography techniques include
strain-based imaging, transient elastography (TE), and shear wave elastography
(SWE)[17,18]. MRI measures tissue stiffness with magnetic resonance elastography
(MRE) [19,20] . These techniques have been proven superior to conventional crosssectional imaging for the evaluation of fibrosis and cirrhosis, especially in the precirrhotic stages[19-22]. Several studies comparing the diagnostic performance of serumbased indices and imaging-based elastographies have been published[17,23], but little is
known regarding their diagnostic performances that can be used to inform the
applicability of these modalities to whether and when to initiate antiviral therapy in
treatment-naive CHB patients with high viral loads but with normal or mildly
elevated ALT levels.
Therefore, the objective of this study was to evaluate the liver stiffness values of
MRE and two-dimensional SWE (2D-SWE) to assess liver fibrosis and to compare
their diagnostic performances with those of FIB-4 and APRI for the prediction of
significant fibrosis, which is an indicator for initiating antiviral therapy in treatmentnaïve CHB patients with high viral loads but with borderline-normal or mildly
elevated ALT levels.

MATERIALS AND METHODS
Patients
Between March 2013 and February 2018, 67 treatment-naïve CHB patients with high
viral loads but borderline-normal or mildly elevated ALT levels who underwent liver
biopsy at Konkuk University Medical Center before a decision was made to initiate
antiviral therapy were recruited. The following inclusion criteria were applied: (1)
Hepatitis B surface antigen (HBsAg) positivity more than 6 months, HBeAg positive
patients with > 20000 IU/mL, or HBeAg-negative patients with > 2000 IU/mL,
normal ALT values (our laboratory reference value was 40 IU/L), or less than two
times ULN; (2) Absence of any previous or concomitant anti-HBV therapy; (3) No
liver comorbidity, including hepatitis C virus (HCV) coinfection, chronic ethanol
consumption (more than 20 g of alcohol per day), HIV coinfection, or autoimmune
hepatitis; (4) Availability of liver histologic assessment after liver biopsy, and time
interval between liver biopsy and MRE/ 2D-SWE within 2 wk; and (5) Availability of
both MRE and 2D-SWE, and time interval between MRE and 2D-SWE within 3 d.
Patients who have clinical features or complications of liver cirrhosis, including
ascites, medium/large gastroesophageal varices, or moderate to severe thrombocytopenia (platelet counts < 80000/μL), were excluded because they should be
considered for antiviral treatment without requiring liver biopsy for confirmation of
liver cirrhosis. Patients under 35 years of age were also excluded because they might
stay in the immune-tolerant phase of chronic HBV infection. Our Institutional Review
Board approved this study, waiving informed consent because of its retrospective
nature.
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MR elastography
All MR examinations were performed using a 3-T MR unit (Magnetom Skyra,
Siemens Medical Solutions, Erlangen, Germany). Patients were asked to hold their
breath at the end-expiratory period to obtain a consistent position of the liver for each
phase offset. When the acquisition was completed, wave images were automatically
processed by the MR scanner, and images depicting tissue stiffness (elastograms)
were generated (Figure 1A-D). These quantitative images represented shear stiffness
in units of kilopascals (kPa). In addition, the elastogram was reviewed automatically
by the intrinsic software for artifacts, such as significant wave interference and
oblique wave propagation. Elastograms with 95% confidence mapping were
produced by excluding the artifact area. MRE technical failure was considered when
the following occurred: (1) Wave images showed no wave propagation; (2) Anatomic
images showed severe respiratory motion artifact along the z-axis; or (3) Substantial
loss of signal in the liver parenchyma suggesting an iron overload was present[16].
The mean shear stiffness of the liver was calculated by placing a manually specified
region of interest (ROI) into the stiffness map of MRE images. The stiffness value of
the liver parenchyma was calculated as the mean value in four ROIs (mean area,
4044.8 ± 1715.8 mm2) placed by one radiologist.

SWE technique
Measurements for 2D SWE were obtained by using an Aixplorer US system
(SuperSonic Imagine, Aix-en-Provence, France) equipped with a broadband convex
transducer (SC6-1). The operator was a single board-certified abdominal radiologist
with more than 10 years of liver US experience and more than one year of clinical
experience performing real-time elastography studies. SWE examinations were
performed in the right lobe of the liver through the intercostal space. Liver stiffness
measurements were obtained within an ROI of 10 mm2 in diameter at the area where
the elasticity image was most homogeneously displayed. SWE measurement failure
was considered when little or no signal was obtained in the SWE box, and an
appropriate color-coded elasticity map was not acquired. Five consecutive acquisitions were obtained in the same location of the liver for each patient. Each
measurement was performed during a separate breath hold. The system calculated
the mean, maximum, minimum, and standard deviation of the elasticity value of each
measurement in kPa (Figure 1E). The mean value of five liver stiffness measurements
was calculated.

FIB-4 and APRI formulae
The FIB-4 values were calculated automatically using the formula [age (years) × AST
(U/L)]/{platelets (109/L) × [ALT (U/L)]1/2}[24], in which the age of the patient was the
age at the time of the liver biopsy. The APRI values were calculated using the formula
(AST/upper limit of normal)/[platelet count (10 9 /L)] × 100 [25] . Our laboratory
reference value of AST was 40 IU/L.

Histopathologic analysis
Biopsy specimens were fixed in formalin and embedded in paraffin. Thereafter, 4mm-thick slices were cut and stained with hematoxylin-eosin. All specimens were
analyzed by a pathologist who was blinded to the MRE results, SWE results, and the
clinical data and who had 10 years of clinical experience interpreting liver pathologic
examinations. The fibrosis stage and the degree of inflammation in the liver were
assessed based on the METAVIR scoring system as shown below: F0, no fibrosis; F1,
portal fibrosis; F2, periportal fibrosis; F3, septal fibrosis; and F4, cirrhosis[26]. In this
study, a fibrosis stage of F2 or higher was considered to indicate significant fibrosis.
Inflammatory activity was graded as A0 to A3: A0, no activity; A1, mild activity; A2,
moderate activity; A3, severe activity.

Statistical analysis
Quantitative variables were expressed as the mean ± standard deviation (SD), which
were analyzed with a t-test or a Mann-Whitney U-test, and categorical variables were
demonstrated with numbers and percentages and compared using the Chi-squared
method or Fisher’s exact test, when appropriate. Correlations between noninvasive
methods and liver histological fibrosis stages were assessed using the Spearman
correlation test. The strength of the correlation coefficients was classified as follows:
0.0-0.2, very weak; 0.2-0.4, weak; 0.4-0.7, moderate; 0.7-0.9, strong; and 0.9-1.0, very
strong correlation. The difference between two dependent correlations was calculated
by the Steiger test. Factors affecting liver stiffness values of the MRE or 2D-SWE were
first analyzed with univariate testing, and those with P < 0.05 were subsequently
included in a multivariate linear regression analysis. The diagnostic performance of
noninvasive methods was assessed using receiver-operating characteristic (ROC)
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Figure 1

Figure 1 Images of magnetic resonance elastography (3A, 3B, 3C, 3D) and two-dimensional shear-wave elastography (3E) in 42-year old treatment-naïve
chronic hepatitis B woman with fibrosis stage 3 on METAVIR score. A: anatomic image, B: elastography with color mapping, C: wave image, D: confidence map
of an elastography in right lobe of the liver, and E: two-dimensional shear-wave elastography (2D-SWE) (top) and gray-scale (bottom) images of the right hepatic lobe.
Her liver stiffness values of magnetic resonance elastography and 2D-SWE were 2.66 kPa and 8.4 kPa, respectively.

analysis; areas under the curve (AUCs) with 95% confidence intervals, sensitivity,
specificity, and positive and negative predictive values were used for the classification
of significant fibrosis (≥ F2) and cirrhosis (F4). AUCs were compared using the
method of DeLong et al. A P value less than 0.05 was considered to indicate a significant difference. All statistical analyses were performed by using commercially
available software programs (SPSS version 17, SPSS, Chicago, IL, United States;
MedCalc, version 11.6, MedCalc Software, Mariakerke, Belgium).

RESULTS
Patient characteristics
Among 67 participants, MRE failed to provide liver stiffness values in one patient
because there were no visible waves on MRE images due to overweight (BMI = 27.9)
(technical failure rate, 1.5%). With regard to 2D-SWE, a proper elasticity map was not
ade-quately displayed in three patients due to overweight (n = 2), or uncontrolled
respiration (n = 1), yielding a 4.5% technical failure rate.
Finally, a total of 63 patients who could be successfully measured using both MRE
and 2D-SWE were evaluated in this study. All 63 patients were treatment naïve and
included 37 men and 26 women, with a median (range) age of 50 (30-68) years. The
mean (± SD) levels of serum ALT were 44 ± 20.8 U/L. The median HBV-DNA levels of
35 HBeAg-positive CHB patients and 28 HBeAg-negative patients were 6.93 ± 1.25
log10 IU/mL and 4.35 ± 0.59 log10 IU/mL, respectively. Histopathologically, 3, 16, 14,
14, and 16 patients were diagnosed with fibrosis stage F0 to F4, respectively. The main
characteristics of the patients are shown in Table 1.

Relationship between MRE, 2D-SWE, FIB-4, APRI and histological findings
The measurements of MRE, 2D-SWE, FIB-4 and APRI for different fibrosis stages are
shown in Table 2. All measurements increased as the fibrosis score increased (MRE, F
= 50.642, aP < 0.001; 2D-SWE, F = 16.063, bP < 0.001; FIB-4, F = 8.608, cP < 0.001; APRI,
F = 4.165, dP = 0.010). Distributions of the liver stiffness values of MRE, 2D-SWE, and
the FIB-4 and APRI scores in comparison with the different fibrosis stages using

WJG

https://www.wjgnet.com

3260

July 7, 2019

Volume 25

Issue 25

Park HS et al. Magnetic resonance elastography in chronic hepatitis B patients

Table 1 The baseline characteristics of the enrolled treatment-naïve chronic hepatitis B patients
with normal or minimally raised alanine aminotransferase levels
Characteristics (n = 63)
Sex, male/female

37/26

Age, mean (± SD) yr

50.8 (± 8.9)

Body mass index, mean (± SD) kg/m2

23.4 (± 3.4)

AST, mean (± SD), IU/L (normal 4-40 IU/L)

43.5 (± 22.6)

ALT, mean (± SD), IU/L (normal 4-40 IU/L)

44.0 (± 20.8)

Platelet counts, mean (± SD), × 103/mm3

163.5 (± 39.4)

Prothrombin time, mean (± SD), INR

1.05 (± 0.08)

Total bilirubin, mean (± SD), mg/dL

0.75 (± 0.47)

Albumin, mean (± SD), g/dL

3.97 (± 0.24)

γ-glutamyl transferase, mean (± SD), U/L

47.5 (± 31.0)

HBeAg status, positive/negative

35/28

HBV-DNA, mean (± SD), log10 IU/mL

5.78 (± 1.64)

Grade of inflammatory activity (0/1/ 2/3)

9/26/15/13

Fibrosis stage (0/1/2/3 /4)

3/16/14/ 14/16

ALT: Alanine transaminase; AST: Aspartate transaminase; INR: International normalized ratio; SD: Standard
deviation.

METAVIR scores as the reference methods are shown in Figure 2. MRE revealed a
statistical significance in distinguishing between F0/1 and F2 fibrosis stages (eP =
0.022), whereas 2D-SWE showed a broad overlap for those stages. Compared to MRE
and 2D-SWE, large overlaps existed even with F4 fibrosis stage in FIB-4 and APRI,
and they showed a wide range of readings (large SDs).
MRE showed strong correlations with fibrosis stage (MRE, r = 0.869, fP < 0.001;
Spearman correlation), whereas 2D-SWE, FIB-4 and APRI scores showed a moderate
correlation with fibrosis stage (SWE, r = 0.649, gP < 0.001; FIB-4, r = 0.517, hP < 0.001;
APRI, r = 0.431, i P < 0.001: Spearman correlation). Using the Steiger test, the
correlation coefficient between the liver stiffness values of MRE and liver fibrosis
stage is significantly higher than that between the liver stiffness values of 2D-SWE
and fibrosis stage (jP < 0.001). MRE and 2D-SWE measurements showed a moderate
correlation with each other (MRE and 2D-SWE, r = 0.669, kP < 0.001), while there were
moderate or weak correlations between radiology-based and serum-based measurements (MRE and FIB4, r = 0.465, lP < 0.001; MRE and APRI, r = 0.378, mP = 0.002;
2D-SWE and FIB4, r = 0.553, nP < 0.001; 2D-SWE and APRI, r = 0.396, oP = 0.001:
Spearman correlation).

Analyses of clinical parameters associated with liver stiffness values measured by
MRE or 2D-SWE
We investigated the factors that affect liver stiffness values by MRE and 2D-SWE.
These parameters include sex, age, body mass index (BMI), platelet counts, total
bilirubin, albumin, AST, ALT, γ-GT, prothrombin time, HBeAg status, HBV-DNA
levels, inflammatory grade, and liver fibrosis stage (Table 3). Concerning MRE, a
univariate analysis revealed correlations between liver stiffness values of MRE and
platelet counts, inflammatory grade, and liver fibrosis stage, and a multivariate analysis showed that only the liver fibrosis stage was an independent factor affecting
liver stiffness values of MRE. Concerning 2D-SWE, a univariate analysis revealed
correlations between liver stiffness values of 2D-SWE and BMI, platelet counts, inflammatory grade, and liver fibrosis stage, and a multivariate analysis showed that
not only the liver fibrosis stage but also BMI were independent factors affecting liver
stiffness values of 2D-SWE.

Comparing liver stiffness values measured by MRE or 2D-SWE from FIB-4 or APRI
scores for the diagnosis of significant fibrosis (≥ F2) and cirrhosis (F4)
The areas under ROC curve (AUCs), cut-off values, sensitivity, specificity, positive
predictive values, and negative predictive values for the diagnosis of significant
fibrosis (≥ F2) and cirrhosis (F4) using radiology-based or serum-based measurement
indices are shown in Table 4. The AUCs for MRE, 2D-SWE, FIB-4, and APRI scores
were 0.906, 0.843, 0.697, and 0.717, respectively, for the diagnosis of significant
fibrosis, and 0.894, 0.816, 0.786, and 0.701, respectively, for the diagnosis of cirrhosis.
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Table 2 Statistics of liver stiffness value measured by magnetic resonance elastography and
two-dimensional shear wave elastography, fibrosis index based on four factors score, and
aspartate transaminase-to-platelet ratio index score with the Spearman’s coefficients according
to fibrosis stages
F0/F1 (n = 19)

F2 (n = 14)

F3 (n = 14)

F4 (n = 16)

r

P value

MRE

1.96 ± 0.43

2.46 ± 0.54

2.91 ± 0.45

3.91 ± 0.50

0.869

< 0.001

2D-SWE

6.09 ± 1.58

8.05 ± 2.23

8.16 ± 2.08

11.39 ± 3.01

0.649

< 0.001

FIB-4

1.75 ± 0.61

1.76 ± 0.60

2.48 ± 0.91

3.21 ± 1.45

0.517

< 0.001

APRI

0.58 ± 0.20

0.71 ± 0.46

0.95 ± 0.44

1.04 ± 0.58

0.431

< 0.001

MRE: Magnetic resonance elastography; 2D-SWE: Two-dimensional shear wave elastography; FIB-4: Fibrosis
index based on four factors; APRI: Aspartate transaminase-to-platelet ratio index.

The AUCs of the MRE and 2D-SWE for the diagnosis of significant fibrosis were
more than 0.80, with no statistically significant differences between indicators. The
performance of MRE for the diagnosis of significant fibrosis was significantly better
than that of serum-based measurements by pairwise comparison of the ROC curves
(MRE vs FIB-4, pP = 0.002; MRE vs APRI, qP = 0.010, respectively). In addition, the
performance of SWE was not significantly different compared to FIB-4 or APRI for the
diagnosis of significant fibrosis (Figure 3A).
The AUCs of the radiology-based measurements for the diagnosis of cirrhosis were
more than 0.80, and their performance was not significantly different from that of
serum-based measurements for the identification of cirrhosis (F4) (Figure 3B).

DISCUSSION
The accurate diagnosis of significant fibrosis is of particular clinical value for
treatment-naïve CHB patients with high viral loads but with normal or mildly
elevated ALT levels because it is considered an indicator for antiviral treatment[3-5].
Among 63 patients analyzed in our study, 44 (69.8%) patients should need to initiate
antiviral therapy because they were diagnosed with significant fibrosis. If they did not
undergo liver biopsy, they did not fulfill the indications for antiviral therapy.
Therefore, a main application of our research is intended to reduce the need for
invasive liver biopsy by assessing and comparing noninvasive measurements for a
precise diagnosis of significant fibrosis and, consequently, to assist in making antiviral
treatment decisions. Our results showed that MRE was able to better discriminate
significant fibrosis from normal or mild fibrosis than 2D-SWE. Furthermore, MRE
showed a higher correlation coefficient value with fibrosis stage than that between
2D-SWE and fibrosis stage. Moreover, the performance of MRE for diagnosing significant fibrosis was better than that of FIB-4 and APRI, whereas the performance of
SWE was not significantly different from that of FIB-4 or APRI. Furthermore, liver
fibrosis stage was the only independent factor affecting the liver stiffness values of
MRE, whereas BMI as well as liver fibrosis stage can affect the liver stiffness values of
2D-SWE. In addition, technical failure rate was lower in MRE (n = 1, 1.5%) than in 2DSWE (n = 3, 4.5%). In our study, MRE could significantly discriminate between F0/1
and F2 fibrosis stage (P = 0.022), whereas 2D-SWE showed a broad overlap for those
stages. The correlation coefficient between fibrosis stage and the liver stiffness values
of MRE (r = 0.859) is higher than that between fibrosis stage and the values of 2DSWE, FIB-4, and APRI (r = 0.647, r = 0.498, r = 0.442, respectively). These data suggest
that MRE has a better diagnostic performance in the identification of significant
fibrosis than 2D-SWE as well as FIB-4 and APRI, and this is similar to a previous
study comparing MR-based and US-based elastographies[17,19]. The possible reason
may be that MRE can measure a larger volume of liver, and therefore potentially
assesses the stiffness of nearly the entire liver, whereas SWE is able to analyze a
smaller volume of liver[27,28]. Thus, MRE is more representative of liver parenchyma
with less sampling variability[29,30].
The AUCs in our study showed that MRE has excellent diagnostic accuracy in the
assessment of significant fibrosis. The AUC of MRE was numerically higher than that
of 2D-SWE but the difference was statistically insignificant (0.906 vs 0.843). The
statistical insignificance might be explained by the homogeneity of the patients in our
study, as our study selected only CHB patients with normal or mildly elevated ALT
levels, who are borderline in terms of a decision to initiate antiviral treatment,
whereas the previous studies, which showed MRE has statistically significant higher
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Figure 2

Figure 2 Box-and-whisker plots showing median and ranges for (A) magnetic resonance elastography, (B) two-dimensional shear-wave elastography, (C)
fibrosis index based on four factors, (D) aspartate transaminase to platelet ratio index at different stages of liver fibrosis on METAVIR score. MRE: Magnetic
resonance elastography; 2D-SWE: Two-dimensional shear-wave elastography; APRI: Aspartate transaminase to platelet ratio index; FIB-4: Fibrosis index based on
four factors.

accuracy than US-based elastography, enrolled participants with a wide range of ALT
values[16,27,28,31,32]. Compared to serum-based indices, the diagnostic performance of
MRE for diagnosing significant fibrosis is better than those of FIB-4 and APRI,
whereas the performance of 2D-SWE is not significantly different from those of FIB-4
and APRI. These data suggested that among MRE and 2D-SWE, only MRE might help
identify CHB patients who may benefit from treatment compared to serum based
indices, such as FIB-4 or APRI.
We also investigated the confounding factors affecting liver stiffness values by
MRE and 2D-SWE, including sex, age, BMI, platelet counts, total bilirubin, albumin,
AST, ALT, γ-GT, prothrombin time, HBeAg status, HBV-DNA levels, inflammatory
grade, and liver fibrosis stage. Except for liver fibrosis stage, the multivariate linear
regression analysis revealed no associations between those factors and liver stiffness
values of MRE. However, BMI and liver fibrosis stage were independent factors
affecting liver stiffness values of 2D-SWE, and these data suggested that BMI might be
a confounder that decreases liver stiffness values of 2D-SWE, potentially causing
underestimation of the real liver fibrosis stage. The reason why BMI affect liver
stiffness measurements of 2D-SWE is not clear. A possible explanation is that high
BMI is the most common condition associated with hepatic steatosis, and several
studies have shown that the liver stiffness value of US-based elastography is fundamentally influenced by hepatic liver fat content[33,34]. On the other hand, a few
clinical studies revealed that hepatic steatosis did not affect liver stiffness values of
MRE[35,36].
There are some limitations to the present study. First, the use of liver biopsy as the
reference standard for assessing liver fibrosis has limitations associated with sampling
errors, as well as intra- and interobserver variability, which are at least partly linked
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Table 3 Factors associated with the values of liver stiffness measured by magnetic resonance elastography and two-dimensional shear
wave elastography in univariate and multivariate linear regression analyses
Parameters

Factors associated with liver stiffness values by MRE
Univariate

P value Multivariate

Factors associated with liver stiffness values by 2D-SWE

P value Univariate

P value Multivariate

Sex, male/female

-0.054 (-0.508, 0.401) 0.815

0.685 (-0.840, 2.210)

0.372

Age, yr

0.019 (-0.006, 0.044)

0.067 (-0.017, 0.151)

0.117

BMI, kg/m2

-0.048 (-0.114, 0.018) 0.149

-0.251 (-0.469, -0.034) 0.024

AST, U/L

0.007 (-0.003, 0.017)

0.157

0.032 (-0.001, 0.065)

0.054

ALT, U/L

0.002 (-0.009, 0.013)

0.674

0.000 (-0.037, 0.037)

0.995

0.132

PLT counts, × 103/mm3 -0.007 (-0.012, -0.001) 0.014

0.001 (-0.002, 0.005) 0.530

-0.027 (-0.045, -0.009) 0.004

PT, INR

1.312 (-1.595, 4.220)

0.370

8.658 (-0.971, 18.288) 0.077

Total bilirubin, mg/dL

0.331 (-0.140, 0.802)

0.165

0.098 (-1.517, 1.713)

Albumin, g/dL

-0.540 (-1.510, 0.429) 0.270

-3.152 (-6.359, 0.055) 0.054

γ-GT, U/L

0.004 (-0.003, 0.011)

0.302

0.012 (-0.012, 0.036)

0.327

HBeAg status, +/-

0.166 (-0.282, 0.615)

0.461

1.052 (-0.445, 2.549)

0.165

HBV-DNA, log10
IU/mL

-0.051 (-0.189, 0.086) 0.456

P value

-0.186 (-0.366, -0.007) 0.042

-0.012 (-0.029, 0.004) 0.136

0.904

-0.076 (-0.541, 0.389) 0.745

Inflammatory grade

0.363 (0.153, 0.573)

0.001

0.105 (-0.031, 0.241) 0.129

0.903 (0.163, 1.644)

0.018

0.220 (-0.411, 0.852)

0.487

Fibrosis stage

0.626 (0.520, 0.732)

< 0.001

0.609 (0.487, 0.731)

1.616 (1.116, 2.116)

< 0.001

1.276 (0.690, 1.863)

< 0.001

< 0.001

MRE: Magnetic resonance elastography; 2D-SWE: Two-dimensional shear wave elastography; ALT: Alanine transaminase; AST: Aspartate transaminase;
BMI: Body mass index; INR: International normalized ratio; PLT: Platelet; PT: Prothrombin time; γ-GT: Gamma-GT.

to the size of the biopsy. Second, despite MRE has the best effectiveness, it is much
more expensive than 2D-SWE and is available only in tertiary centers. Third, as the
sample size of this study is relatively small, the present results need to be validated
independently in further studies.
In conclusion, MRE might be a non-invasive and more precise measurement for the
assessment of significant fibrosis compared to 2D-SWE as well as serum-based indices
in treatment-naive CHB patients with high viral loads but with normal or mildly
elevated ALT levels who should be considered for initiation of antiviral therapy depending on the presence of significant fibrosis.
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Table 4 Diagnostic performance of magnetic resonance elastography and two-dimensional shear wave elastography, fibrosis index
based on four factors score, and aspartate transaminase-to-platelet ratio index for evaluation of significant fibrosis (≥ F2) and cirrhosis
(F4)

MRE

2D-SWE

FIB-4

APRI

AUC (95%CI)

P value

Cutoff

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

≥ F2

0.906 (0.806, 0.965)

< 0.001

> 2.47 (kPa)

81.8

94.7

97.3

69.2

F4

0.894 (0.791, 0.958)

< 0.001

> 3.46 (kPa)

88.9

97.8

94.1

95.6

≥ F2

0.843 (0.730, 0.923)

< 0.001

> 6.73 (kPa)

84.1

68.4

86.0

65.0

F4

0.816 (0.698, 0.902)

< 0.001

> 9.50 (kPa)

77.8

80.0

60.9

90.0

≥ F2

0.697 (0.568, 0.806)

0.003

> 1.80

70.5

63.2

81.6

48.0

F4

0.786 (0.665, 0.880)

< 0.001

> 3.22

50.0

97.8

90.0

83.0

≥ F2

0.717 (0.590, 0.823)

0.001

> 0.49

84.1

52.6

80.4

58.8

F4

0.701 (0.572, 0.810)

0.006

> 0.96

50.0

84.4

562

80.9

MRE: Magnetic resonance elastography; 2D-SWE: Two-dimensional shear wave elastography; FIB-4: Fibrosis index based on four factors; APRI: Aspartate
transaminase-to-platelet ratio index; AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 3

Figure 3 Graphs showing area under the receiver operating characteristic curves of magnetic resonance elastography, two-dimensional shear-wave
elastography, fibrosis index based on four factors, and aspartate transaminase to platelet ratio index for prediction of significant fibrosis (A) and cirrhosis
(B) in trea-tment-naive chronic hepatitis B patients with normal or mildly elevated alanine aminotransferase. MRE: Magnetic resonance elastography; 2DSWE: Two-dimensional shear-wave elastography; APRI: Aspartate transaminase to platelet ratio index; FIB-4: Fibrosis index based on four factors.

ARTICLE HIGHLIGHTS
Research background
Accurate detection of significant fibrosis (fibrosis stage 2 or higher on the METAVIR scale) is
important especially for chronic hepatitis B (CHB) patients with high viral loads but with normal
or mildly elevated alanine aminotransferase (ALT) levels because the presence of significant
fibrosis is accepted as the indication for antiviral treatment. Liver biopsy is the reference
standard for diagnosing significant fibrosis, but it is an invasive procedure. Consequently, noninvasive imaging-based measurements, such as magnetic resonance elastography (MRE) or twodimensional shear-wave elastography (2D-SWE), have been proposed for the quantitative
assessment of liver fibrosis.

Research motivation
Liver biopsy is still considered the “gold standard” for the evaluation of significant fibrosis in
CHB patients. However, its utilization is often restricted because its invasiveness can cause life
threatening complications. Moreover, tissue obtained via biopsy represents approximately only
1/50000 of the liver volume, which may result in a sampling error and is associated with
considerable interobserver variability in the microscopic evaluation. Furthermore, repeating the
liver biopsy to monitor changes in liver fibrotic burden is generally not feasible in clinical practice.

Research objectives
The objective of this study was to evaluate the liver stiffness values of MRE and two-dimensional
SWE (2D-SWE) to assess liver fibrosis and to compare their diagnostic performances with those
of FIB-4 and APRI for the prediction of significant fibrosis, which is an indicator for initiating
antiviral therapy in treatment-naïve CHB patients with high viral loads but with borderline-
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normal or mildly elevated ALT levels.

Research methods
The study enrolled 63 treatment-naïve CHB patients with high viral loads but with normal or
mildly elevated ALT levels who underwent liver biopsy before a decision was made to initiate
antiviral therapy. MRE and 2D-SWE were performed, and serum-based indices, such as FIB-4
and APRI, were calculated. The diagnostic performances of MRE, 2D-SWE, FIB-4, and APRI for
assessing significant fibrosis (≥ F2) and cirrhosis (F4) were evaluated with liver histology as the
reference standard, using receiver operating characteristic analyses.

Research results
The liver fibrosis stage was F0/F1 in 19, F2 in 14, F3 in 14, and F4 in 16 patients, respectively.
MRE significantly discriminated F2 from F0/1 (P = 0.022), whereas 2D-SWE showed a broad
overlap in distinguishing those stages. MRE showed a higher correlation coefficient value with
fibrosis stage than 2D-SWE with fibrosis stage (0.859 vs 0.647, Spearman test; P < 0.001).
Multiple-regression analyses showed that fibrosis stage was the only factor affecting the values
of MRE (P < 0.001), whereas body mass index (P = 0.042) and fibrosis stage (P < 0.001) were
independent factors affecting 2D-SWE values. The MRE performance for diagnosing significant
fibrosis was better than FIB-4 (P = 0.002) and APRI (P = 0.010), whereas the performance of 2DSWE was not significantly different from that of FIB-4 or APRI.

Research conclusions
MR elastography might be a non-invasive and more precise measurement for the assessment of
significant fibrosis compared to 2D-SWE as well as serum-based indices in treatment-naïve CHB
patients with high viral loads but with normal or mildly elevated ALT levels who should be
considered for initiation of antiviral therapy depending on the presence of significant fibrosis.

Research perspectives
There are some limitations to the present study. First, the use of liver biopsy as the reference
standard for assessing liver fibrosis has limitations associated with sampling errors, as well as
intra and interobserver variability, which are at least partly linked to the size of the biopsy.
Second, despite MRE has the best effectiveness, it is much more expensive than 2D-SWE and is
available only in tertiary centers. Third, as the sample size of this study is relatively small, the
pre-sent results need to be validated independently in further studies.
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Abstract
BACKGROUND
A large proportion of patients with Hirschsprung disease experience persistent
obstructive symptoms after corrective surgery. Persistent obstructive symptoms
may result in faecal stasis that can develop into Hirschsprung-associated
enterocolitis, a potential life-threatening condition. Important treatment to
improve faecal passage is internal anal sphincter relaxation using botulinum
toxin injections.
AIM
To give an overview of all empirical evidence on the effectiveness of botulinum
toxin injections in patients with Hirschsprung disease.
METHODS
A systematic review and meta-analysis was done by searching PubMed,
EMBASE and the Cochrane Library, using entry terms related to: (1)
Hirschsprung disease; and (2) Botulinum toxin injections. 14 studies representing
278 patients met eligibility criteria. Data that were extracted were proportion of
patients with improvement of obstructive symptoms or less enterocolitis after
injection, proportion of patients with adverse effects and data on type botulinum
toxin, mean dose, average age at first injection and patients with associated
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syndromes. Random-effects meta-analysis was used to aggregate effects and
random-effects meta-regression was used to test for possible confounding factors.
RESULTS
Botulinum toxin injections are effective in treating obstructive symptoms in on
average 66% of patients [event rate (ER) = 0.66, P = 0.004, I2 = 49.5, n = 278
patients]. Type of botulinum toxin, average dose, average age at first injections
and proportion of patients with associated syndromes were not predictive for this
effect. Mean 7 duration of improvement after one botulinum toxin injections was
6.4 mo and patients needed on average 2.6 procedures. There was a significant
higher response rate within one month after botulinum toxin injections compared
to more than one month after Botulinum toxin injections (ER = 0.79, vs ER = 0.46,
Q = 19.37, P < 0.001). Botulinum toxin injections were not effective in treating
enterocolitis (ER 0.58, P = 0.65, I2 = 71.0, n = 52 patients). There were adverse
effects in on average 17% of patients (ER = 0.17, P < 0.001, I2 = 52.1, n = 187
patients), varying from temporary incontinence to mild anal pain.
CONCLUSION
Findings from this systematic review and meta-analysis indicate that botulinum
toxin injections are effective in treating obstructive symptoms and that adverse
effects were present, but mild and temporary.
Key words: Hirschsprung disease; Botulinum toxin; Internal anal sphincter; Obstructive
symptoms; Enterocolitis; Adverse effects
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with obstructive symptoms after surgery for Hirschsprung disease can
benefit from intra-sphincteric botulinum toxin injections. This study indicates that
Botulinum toxin injections are effective in treating obstructive symptoms after surgery
for Hirschsprung disease and were associated with mild and temporary adverse effects.
The proportion of patients that benefited from botulinum toxin injections was
significantly higher within one month after administration (79%) compared to longer
follow-up (46%). Beneficial effect was temporary and lasted on average 6 months,
therefore requiring on average 2-3 injections per patient before satisfactory clinical
improvement was achieved.

Citation: Roorda D, Abeln ZA, Oosterlaan J, van Heurn LW, Derikx JP. Botulinum toxin
injections after surgery for Hirschsprung disease: Systematic review and meta-analysis. World
J Gastroenterol 2019; 25(25): 3268-3280
URL: https://www.wjgnet.com/1007-9327/full/v25/i25/3268.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i25.3268

INTRODUCTION
Hirschsprung disease is a congenital absence of ganglions of the distal gut, causing
neonatal bowel obstruction. Treatment of Hirschsprung disease consists of surgical
resection of the affected aganglionic bowel segment. Despite removal of the affected
aganglionic bowel segment, about 8%-30% of patients experience persistent obstructive symptoms after corrective surgery, varying from mild constipation to ileus[1].
Causes of obstructive symptoms include: (1) Mechanical obstruction, such as
anastomotic stricture or adhesions; (2) Residual aganglionosis; (3) Stool-holding
behavior; (4) General motility disorders of the bowel; and (5) Anal outlet obstruction[1,2], caused by the absence of the recto-anal inhibition reflex or anal sphincter
defects[1]. When treated inadequately, persistent obstructive symptoms may result in
faecal stasis that can develop into Hirschsprung-associated enterocolitis, a potential
life-threatening condition that occurs in 25% to 37% of patients after surgery [3] .
Therefore, it is important to achieve adequate bowel passage in patients with Hirschsprung disease.
Many patients with Hirschsprung disease use dietary adaptations, laxatives or
rectal irrigation to manage bowel passage after surgery. When these conservative
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measures are not enough, a mechanical obstruction or residual aganglionosis needs to
be ruled out, according to current consensus-based practice [1] . Current practice
describes administration of intra-sphincteric botulinum toxin (BT) injections as a
second step in treatment of obstructive symptoms after surgery, in order to obtain
temporary relaxation of the internal anal sphincter, which subsequently improves
faecal passage. We know from patients with childhood constipation and chronic anal
fissures, that BT can be beneficial in treating constipation, regardless of sphincter
dynamics[4], suggesting comparable beneficial effects for patients with Hirschsprung
disease. Langer was the first to introduce treatment with BT injections for patients
with Hirschsprung disease in 1997, as an alternative to myotomy of the anal sphincter
and to use it as a predictive tool to assess necessity of sphincter myotomy[5].
Current consensus-based practice advises administration of 60-100 units BT diluted
in 1.0 mL of saline with a maximum concentration of 100 IU/mL, given circumferentially at the level of the dentate line where the internal anal sphincter is located.
The guideline also states that, BT injections need to be repeated every 3-6 mo as many
times as necessary upon clinical improvement, as symptoms often will improve over
time and BT injections generally become unnecessary at age older than five years.
Alternatively, topical application of nitroglycerin or nifedipine cream or myotomy of
the internal anal sphincter may be considered as treatment for post-operative
obstructive symptoms. Non-operative management however is recommended, given
the risk of faecal soiling after myotomy[1]. All these recommendations however, are
consensus-based and are not substantiated by empirical evidence.
A meta-analysis on different treatment strategies for obstructive symptoms showed
short-term improvement after BT injections in 77% of patients and decreased to 43%
of patients in the long-term[6]. However, that meta-analysis did neither draw conclusions on effects on the prevalence of enterocolitis, nor on the complication rate and
adverse events after BT injections. In addition, that meta-analyses did not assess
potential predictors of effectiveness. Better knowledge is clearly needed and would
benefit indication for treatment with BT injections and management of expectations of
patients and their parents.
The current systematic review and meta-analysis aims to provide a comprehensive
overview of all empirical evidence on: (1) Effects of treatment with BT injections on
obstructive symptoms after surgery for Hirschsprung disease and factors moderating
this effect (type of BT used, dose, age and the presence of associated syndromes); (2)
Effects of treatment with BT injections on occurrence of post-operative Hirschsprungassociated enterocolitis; and (3) Complication rate and adverse effects after BT
injections in patients after surgery for Hirschsprung disease.

MATERIALS AND METHODS
Search strategy
The search strategy combined two groups of search terms and their equivalents:
“Hirschsprung disease” AND “Botulinum toxin injections”. The search was performed in the electronic databases PubMed, EMBASE, Web of Science and the
Cochrane Database using both simple search terms and hierarchical family forms (e.g.,
Medical Subject Headings, Thesaurus, Emtree). The reference lists of eligible articles
were also screened for additional articles. The last search was conducted in December
2018.

Study selection
A flow diagram of the study search and selection is provided in Figure 1. A total of
193 records were identiﬁed corresponding to 92 unique articles. Two authors (DR and
ZAMA) independently assessed each article for eligibility. Conflicts in the selection
process were solved by either consensus or by consulting a third reviewer (JD).
Studies were included in this systematic review and meta-analysis if they: (1) Contained original patient data; (2) Described patients with Hirschsprung disease with
post-operative obstructive symptoms or enterocolitis; (3) Described treatment of these
patients with BT injections in the internal anal sphincter; (4) Described outcomes in
terms of occurrence of obstructive symptoms and/or enterocolitis at follow-up; in (5)
Were published in a peer-reviewed journal; and (6) Written in the English language.
In case multiple articles reported on (partly) overlapping cohorts, we in-cluded the
article that had the largest sample size to maximize generalizability of the sample and
statistical power of our meta-analysis. In case articles reported patients with
obstructive defecation problems that consisted of patients with Hir-schsprung disease
and Internal Sphincter Achalasia and data about patients with Hirschsprung disease
could not be extracted separately, the study was still included and the data were
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extracted for the total sample. 14 studies were included in both the systematic review
as in the meta-analysis[5,7-17].

Data extraction and synthesis
Primary outcome was effectiveness of BT injections in treating obstructive symptoms
in patients after surgery for Hirschsprung disease, expressed as the proportion of
patients with clinical improvement as reported in the various studies, the mean
duration of improvement in months and the average number of BT needed to obtain
satisfactory clinical improvement. Secondary outcomes were: (1) The proportion of
patients that previously suffered from at least one episode of Hirschsprung-associated
enterocolitis and were free of enterocolitis after treatment with BT injection; and (2)
The proportion of patients with complications and/or adverse effects after BT
injection. Primary and secondary outcome measures with the accompanying samples
sizes were extracted from the included articles by two authors (DR and ZAMA) from
the articles. In addition, possible confounding factors of effectiveness of BT injections
in treating obstructive symptoms or Hirschsprung-associated enterocolitis (e.g., type
of BT, average dose, average age at first BT injection, proportion of patients with an
associated syndrome and proportion of male patients) were extracted from the
articles. In case when studies reported medians, these measures were considered as
the best approximation of means.

Quality assessment
The quality of the included studies was evaluated using the Newcastle-Ottowa
Quality Assessment Scale (NOS)[18]. This scale assesses study quality based on: (1)
Selection procedure (4 points); (2) Comparability of controls (2 points); and (3)
Outcome measurement (3 points). Thus, nine points can maximally be assigned to
each study. In accordance with the Agency for Healthcare Research and Quality
standards, quality of studies was considered “good” (Selection 3-4 AND Comparability 1-2 AND Outcome 2-3 points), “fair” (Selection 2 AND Comparability 1-2
AND Outcome 2-3 points) or “poor” (Selection 0-1 OR Comparability 0 OR Outcome
0 points). Quality assessment was conducted by two independent reviewers (ZA and
DN) and in case of conflict, resolved with consensus.

Statistical analysis
Analyses were performed using Comprehensive Meta-Analysis Software (version 3.0,
Biostat)[19]. For primary and secondary outcomes, the proportion of patients with
clinical improvement on obstructive symptoms and enterocolitis, or with adverse
effects was calculated for each study and expressed as the event rate (ER). The individual study’s effect sizes were subsequently aggregated across studies into metaanalytic effect sizes using the random model to account for heterogeneity introduced
by the included range of outcome definitions, differences in follow-up duration and
methods for administering BT injections. Mean duration of improvement and mean
number of BT injections needed were calculated by averaging these measurements
from the studies. Post-hoc analysis tested differences between the meta-analytic
findings pertaining to: Outcomes assessed within one month after administration vs
outcomes assessed in follow-up longer than one month. If a meta-analytic effect size
was built up by a minimum of 10 individual studies’ effect sizes, we explored possible
moderation effects on the outcomes of: (1) Type of BT; (2) Average dose; (3) Average
age at first BT injection; (4) Proportion of patients with associated syndromes; and (5)
Proportion of males. Only significant univariate moderators were further analyzed
using multivariate meta-regression. Furthermore, post-hoc analysis were performed
to test for possible differences between the different types of BT used for the injection,
by aggregating effect sizes of observations for each type of BT. Sensitivity analyses
were performed by repeating analyses after excluding studies that consisted of both
patients with Hirschsprung disease and internal sphincter achalasia. ERs significantly
higher than 0.50 are suggestive to be found not by chance and were arbitrarily
considered to be clinically relevant. Heterogeneity was interpreted as small (I2 ≤ 0.25),
medium (I 2 = 0.25-0.50) or strong (I 2 ≥ 0.50), according to Higgins et al [20] . The
possibility of publication bias was assessed by calculating Funnel plot asymmetry
expressed as the Eggers regression intercept t[21], fail-safe n (fail-safe n values > 5 k+10
where considered robust)[22] and by calculating the moderating effect of samples sizes
on effect sizes. A P value of 0.05 was considered statistically significant.

RESULTS
Characteristics of included studies
In this systematic review and meta-analysis, 14 studies (representing 278 patients) met
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Figure 1

Figure 1 Flow chart illustrating details of the search strategy and the study selection process.

eligibility criteria and were included. Table 1 describes study characteristics of
included studies. Length of follow-up after BT injections ranged from 6 to 126 mo.
Dysport® (used in 4 of 14 studies) was administered with an average dose of 200 IU
per procedure, whereas Botox® (used in 6 of 14 studies) was administered with an
average mean dose of 95 IU per procedure, ranging from 60 to 120 IU per procedure.
In the other four studies no details on the type of BT was provided. Ultrasonography
was used to identify the internal anal sphincter in two studies, whereas in six studies
palpation was used. The six other studies did not elaborate on their methods of identifying the internal anal sphincter. Mean age at administration of first BT injection
was 4.5 years (SD 1.0 years). Proportion of patients with an associated syndrome was
reported in seven studies and was on average 16% (ranging from 0-33%). The
proportion of males in the included studies was on average 71% (SD 10%).

Improvement of obstructive symptoms
Primary outcome was reported in all 14 studies including 278 patients. Figure 2A
shows a forest plot of the proportion of patients showing overall clinical improvement
in each study and the aggregated ER of improvement of obstructive symptoms. Two
of the 14 studies showed significant improvement of obstructive symptoms. The other
12 studies found no significant effect of treatment with BT injections. Meta-analytic
aggregation of the effect sizes of all 14 studies showed significant effectiveness of BT
injections, with improvement of obstructive symptoms in on average 66% of the
patients [ER = 0.66, P = 0.004; 95% confidence interval (CI): 0.55-0.75, I2 = 49.5%]
(Table 2). There was a significant higher response rate within one month after BT
injections (ER = 0.79, P < 0.001; 95%CI: 0.71-0.85, I 2 = 24.4%, n = 201 patients),
compared to more than one month after BT injections (ER = 0.46, P = 0.50; 95%CI 0.340.58, I2 = 61.8%, n = 241 patients) (Q = 19.37, P < 0.001). None of the tested moderators
had a significant predictive value for the magnitude of studies’ effect sizes in univariate analysis (i.e., mean dose, n = 228, P = 0.28; mean age at first BT injections, n =
184, P = 0.81; proportion of patients with an associated syndrome, n = 160, P = 0.10;
sex of patients, n = 201, P = 0.94). Subgroup comparison showed no significant
differences in improvement of obstructive symptoms after administration of Botox®
(ER = 0.72, 95%CI: 0.58-0.83, n = 8 studies) compared to Dysport® (ER = 0.57, 95%CI:
0.33-0.77, n = 4 studies) (Q = 0.46, P = 0.49, n = 242 patients). Mean duration of
improvement after one BT injections was 6.4 mo, ranging from 1 to 60 mo (n = 97).
Patients needed on average 2.6 procedures of BT injection (ranging from 1 to a maximum of 23 procedures per patient) before clinical improvement was obtained.

Improvement of enterocolitis
In the meta-analysis effectiveness of BT injections in treating enterocolitis three
studies representing 52 patients were included. Figure 2B shows that none of the three
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Retrospective 2010-2014 11

Basson
(2014)

NR

0

NR

23

10

NR

6 yr (1-12)

7.3 yr (1-24)

20

41.4 ± 4.5

41.2 ± 4.9

12-72

NR

5

5

3

40

100

NR

Dysport 200

Dysport 200

NR

Botox

Botox

SuccessfulImprovementFailed
Favorable:
Successful/
improvement

10/11 (91%)

Improvement in
obstructive
symptoms <
1 mo

Poor-Fair25/33 (76%)
Good-Excellent
Favorable:
Excellent/good
US-guided Short-term:
1/6 (17%)
Postoperative
complications <
30 d
Long-term:
Rintala Bowel
Function Score
(BFS)

NR

Poor-Fair27/30 (90%)
Good-Excellent
Favorable:
Excellent/good
NR
Poor-Fair33/37 (90%)
Good-Excellent
Favorable:
Excellent/good
US-guided Improvement NA
of symptoms

Palpation

Palpation

Mean
Guidance Definition
dose (IU at BT
of
/injection) injection outcomes

Dysport 200

Age at Type
first BT BT
injection
(yr)

87% in total: 3.1
With US: 2
Without
US: 1
2 (1-5)
3.6

2.8 ± 0.3

4pt: 3BTI
1pt: 4BTI
2.7 ± 0.2

5pt: 2BTI

1pt: 1BTI

Inclusion Sample Male Syndromal Total follow Number of
period
size, n (%) patients -up in
BT injec(%)
months
tions
needed
per pa
-tient

Study
design

Study

Table 1 Study characteristics of included studies

NR

Improvement of
enterocolitis

NR

NR

NR

Decrease in
mean resting
pressure on
anorectal
manometry
(mmHG)

NR

NR

2

NR

NR

NR

NR

8 (7 transients NR
soiling, 1
anal pain)

1 (transient
soiling)

Complica
-tions/
adverse
effects

3/4 (75%) NR

NR

17/33 (52%) 7/19
(37%)

NR

NA

11/30 (37%) NR

5/11 (45%)

Prolonged
improve
-ment in
obstructive
symtpoms
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Retrospective 1998-2008 22

Retrospective 2007-2014 18

Patrus
(2010)

Wester
(2015)

NR: Not reported; BT: Botulinum toxin.

18

Prospective

Minkes
(2000)

NR

Retrospective NR

Langer
(2004)

14

4

Prospective

Langer
(1997)

NR

Retrospective 2005-2008 16 *

2000-2008 23

2002-2006 16

Koisuvalo
(2009)

Jiang (2009) Prospective

Hosseini
(2008)

83

78

78

NR

50

62

65

62

33

5

NR

NR

25

12.5

NR

NR

4

NR

NR

2 (1-23)

2.4

8.4

8: 1; 10: 2-6 NR

4 pt: 1, 9pt: 4
1-4

3 pt: 1, 1 pt 6
2

2 (1-4)

3, 8 yr (0, 1-8, 3 (1-13)
3)

5.0 ± 2.9 yr
(0-10)

24

19 (3-43)

12

8 pt: 1-3

Botox

NR

Botox

NR

Botox

NR

Botox

100

120

60

150

NR

100

120

Dysport NR

Palpation

NR

Palpation

NR

Palpation

NR

Palpation

NR

Improvement
of obstructive
symptoms,
presence of
incontinence
No responseSignificant
response
Improvement
of obstructive
symptoms,
presence of
incontinence
GoodInsufficient

Improvement
in Constipation
score (good/
recurrence/
nonresponders)
Poor-ModerateExcellent
Favorable:
Moderate/
Excellent
No effectLittle effectSignificant
effectSymptoms
dissapeared
Favorable:
Significant
effect/
symptoms
dissapeared
Improvement
of obstructive
symptoms,
presence of
incontinence

NR

18/22 (81%)

12/18 (67%)

9/14 (64%)

3/4 (75%)

10/16 (63%)

NR

14/16 (88%)

NR

NR

NR

NR

NR

NR

NR

NR

NR

0

NR

NR

4 (transient 35-37
incontinence)

NR

1 (transient
incontin
-ence)

28-31 (2 w);
8-24 (8 m)

9 (anal pain) 31-(8-30)

NR

1/4 (25%) 4 (increased
soiling)

13/18 (72%) NR

6/22 (27%)

5/18 (28%)

4/14 (29%)

1/4 (25%)

3/8 (38%)

21/23 (91%) NR

8/16 (50%)
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Table 2 Main findings and risk of bias analysis
Significant
predictors

Eggers intercept

Fail safe, n

49.5%

None

-0.42

43

ER = 0.58, 95%CI:
0.27-0.84b

71.0%

NA

3.27

0

ER = 0.17, 95%CI:
0.10-0.29c

52.1%

NA

-2.78 b

101

Effect

No. of studies

Event rate (95%CI) Heterogeneity (I2)

Improvement of
obstructive
symptoms

14

ER = 0.66 95%CI:
0.55-0.75a

Decreasing
enterocolitis
incidence

3

Adverse effects

9

a

P = 0.004,
P < 0.01,
c
P = 0.001. ER: Event rate; NA: Not applicable; CI: Confidence interval.
b

studies showed significant effectiveness of BT injections. Meta-analytic aggregation of
the effect sizes of all three studies showed non-significant effectiveness of BT
injections, with improvement in on average 58% of the patients (ER = 0.58, P = 0.65;
95%CI: 0.27-0.84, I2 = 71.0%) (Table 2). The number of studies describing effects on
enterocolitis did not allow for assessment of confounding factors.

Complications and adverse effects
In the meta-analysis on complications and adverse events after administration BT
injections as shown in Figure 2C, nine studies representing 187 patients were included. Meta-analytic aggregation of the effect sizes of all nine studies showed significant occurrence of complications or adverse events in on average 17% of the patients
(ER = 0.17, P < 0.001; 95%CI: 0.10-0.29, I2 = 52.1%) (Table 2). The number of studies
describing adverse effects of treatment with BT injections did not allow for assessment
of confounding factors. Adverse events that were described in the studies were mild
and included: (1) Transient soiling or incontinence in a total of 17 patients; (2) Anal
pain in nine patients; and (3) Muscle fatigue of the lower extremities in two patients.
In two other patients adverse effects were present but not described in detail.

Quality of evidence and risk of publication bias
Overall judgement of quality of included studies, as well as scores on each domain of
the NOS are presented in Table 3. All 14 studies were of poor quality, because of the
observational uncontrolled study design. Funnel plot asymmetry as expressed by
Eggers regression intercept was significant for findings on adverse effects (P = 0.01),
but non-significant for other findings (P values ranged from 0.69 to 0.78). This
indicates that there was a low risk op publication bias for findings on improvement of
obstructive symptoms and enterocolitis. The latter observation was further supported
by a significant positive correlation between sample size and ERs (t = 0.07, P = 0.01),
suggesting there was a low risk of a publication bias. Fail safe n’s ranged from 0 to
101, suggesting that only our findings on adverse effects were robust to the influence
of publication bias. Results of the risk of bias analysis for every separate finding are
presented in Table 2. Main effects were not significantly altered by excluding studies
that included both patients with internal sphincter achalasia and Hirschsprung
disease.

DISCUSSION
Current evidence
This systematic review and meta-analysis aimed to provide a comprehensive
overview of all empirical evidence on: (1) Effectiveness of treatment with BT injections
for obstructive symptoms; (2) Effectiveness of treatment with BT injections for
enterocolitis; and (3) Complications and adverse event after BT injections in patients
that underwent surgery for Hirschsprung disease. Our findings indicate that BT
injections improve obstructive symptoms in most patients (66%), although the
proportion of patients that benefits is significantly higher within one month after
administration (79%) compared to the proportion that still benefits after one month of
follow-up or longer (46%). This underlines the transient effect of BT injections and
explains that most patients will need multiple injections before satisfactory clinical
improvement of obstructive symptoms is achieved. Our results further show that
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Figure 2

Figure 2 Event rates of effects of botulinum toxin injections in patients after surgery for Hirschsprung disease. A: Effectiveness of botulinum toxin injections
in treating obstructive symptoms in patients with Hirschsprungs disease; B: Effectiveness of botulinum toxin injections in treating enterocolitis in patients with
Hirschsprungs disease; C: Adverse effects of botulinum toxin injections in patients with Hirschsprungs disease.
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Table 3 Quality of included studies
Study

Selection

Comparibility

Outcome

Total

Basson (2014)

2

0

3

Poor

Chumpitazi (2008)

3

0

3

Poor

Chumpitazi (2011)

3

0

3

Poor

Church (2016)

2

0

2

Poor

Han-Geurts (2014)

2

0

3

Poor

Hemanshoo Takkar (2017)

3

0

3

Poor

Hosseini (2008)

3

0

2

Poor

Jiang (2009)

3

0

3

Poor

Koisuvalo (2009)

3

0

3

Poor

Langer (1997)

3

0

3

Poor

Langer (2004)

3

0

2

Poor

Minkes (2000)

3

0

2

Poor

Patrus (2010)

3

0

3

Poor

Wester (2015)

3

0

3

Poor

current evidence on whether BT injections are effective in reducing Hirschsprungassociated enterocolitis is inconclusive. Our analysis lacked the power to make a very
specific point estimate of effectiveness, as shown by the broad CI ranging from
effectiveness of 27% to 84%. BT injections were associated with adverse effects in on
average 17% of patients, with adverse effects varying from transient incontinence to
anal pain and muscle fatigue.
Our results indicated that duration of improvement of obstructive symptoms was
on average six months and that most patients need on average two to three injections.
This in line with previous meta-analytic findings and with evidence on the effectiveness of BT injections in other patient groups, including chronic constipation, anal
fissures and internal sphincter achalasia[4,6,23]. In addition, evidence from three studies
(all included in our meta-analysis), indicated that short term response was predictive
for long-term response, although studies used different cut-off points for defining
short- and long term response[7-9].
Our analyses showed that differences between studies in the proportion of patients
showing clinical improvement, could not be explained by differences in average dose
and type of BT used or by patient characteristics. There was large heterogeneity
between studies in the dosage administered, which suggests there is no current
consensus on optimal dose. Dysport® was on average administered in higher dosages
than Botox®. However, we could not test the unique contribution of dosage and type
in multivariate analyses, because only ten studies described both type of BT as well as
average dose used. We hypothesize that our findings do not reflect this difference in
dosage, as neither type of BT nor average dose used correlated significantly to rates of
clinical improvement in univariate analysis. Furthermore, our findings are in line with
findings in patients with chronic anal fissures, in whom dose and type of BT were not
predictive of clinical improvement[24,25].
With regard to age at first BT injection, our findings indicated the age at which the
BT injection was administered was not correlated to the proportion of patients
showing clinical improvement, suggesting that BT injections can be used at all ages.
The proportion of patients with an associated syndrome was not correlated to the
effectiveness of BT injection in the treatment of obstructive symptoms, suggesting that
our results were not over- or underestimated by patients with an associated syndrome. Moreover, the average amount of patients with an associated syndrome in our
study was comparable to what we know from the general Hirschsprung population[26].

Limitations of this study
Because of lack of power caused by the limited number of studies available, the small
sample sizes and heterogeneity in outcome definitions, our meta-analysis could not
assess the predictive value of a number of possible interesting predictors of treatment
effectiveness, including length of aganglionosis (only six studies), type of reconstruction that was done, findings on anorectal manometry (three studies) and specific
procedural aspects of BT injections. Individual studies included in this meta-analyses
suggest that short-segment disease is associated with better responsiveness to BT
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injections than long-segment disease[14,15]. Contrarily one study found no difference
between short-segment and long-segment disease[16]. Three studies suggested that
mean resting pressure decreases significantly after BT injections[11,12,14], but the degree
of decrease in pressure was not predictive for clinical improvement[12]. One study by
Church further suggests that US-guided BT injections decreases the amount of
injections necessary compared to identifying the internal anal sphincter by palpation,
although US-guided BT injections were not associated with higher response rates[17].
The study by Church also suggested that BT injection in the external anal sphincter is
associated with higher response rates compared to injections in the internal anal
sphincter [17] . In the majority of studies included in our systematic review (8/14
studies) residual aganglionosis or a mechanical obstruction was excluded as a cause of
obstruction by barium enema and rectal biopsy before BT was administered. The
other six studies did not exclude patients with these causes of obstruction from the
study, but did not specifically report the cause of obstruction in individual patients
prior to BT injections. Therefore, we could not compare differences in effectiveness of
BT injections between different reasons of obstructive symptoms.
Another limitation of our study is the large heterogeneity between studies in
outcome definitions and procedural aspects, including the position of the patients
(lithotomy vs lateral decubitus position) during BT injection, the amount of injections
administered and the number of sites in which BT was injected. This shows the lack of
a standardized approach for BT injections.

Quality of evidence and risk of publication bias
Quality of evidence on the effects of BT injections was poor in all studies because of
the lack of the use of randomized and controlled designs. Two studies assessed a
combined sample of both patients with internal sphincter achalasia and Hirschsprung
disease. This could account for a selection bias, resulting in an overestimation of
effects, although sensitivity analyses in which these two studies were excluded
showed no significant alteration of main effects. It may be hypothesized that the
effects of BT injections are larger in patients with internal sphincter achalasia, as in
these patients the absent rectoanal inhibitory reflex is the only explanatory factor for
obstruction. The present systematic review and meta-analysis also carries the risk of
assessment bias due to large variety of outcome definitions used in the included
studies. There is only a risk of publication bias for our findings on complications and
adverse effects, but our findings were robust to this influence. For other findings no
evidence for risk of publication bias was found.

Conclusions and future implications
In this systematic review and meta-analysis we found evidence for improvement of
obstructive symptoms after BT injections in patients that underwent surgery for
Hirschsprung disease, although this effect was often transient and most patients
needed multiple injections. Future studies using a standardized procedural approach
and outcome definitions would be useful to determine dose-response effects and
identify optimal dosages. Furthermore, better insight in predictors of clinical response
would optimize treatment. Future studies should also assess factors that predict
improvement of obstructive symptoms and enterocolitis incidence after BT injection,
including length of aganglionosis and functional parameters such as mean resting
pressures of the anal canal.
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ARTICLE HIGHLIGHTS
Research background
Patients with Hirschsprungs disease often suffer from persistent obstructive complaints after
surgery. Improving faecal passage is important in these patients in order to prevent Hirschsprung-associated enterocolitis. Relaxation of the internal anal sphincter with botulinum toxin
(BT) injections can be used to improve faecal passage.

Research motivation
BT injections are increasingly used to treat obstructive symptoms but an overview of the current
evidence describing effectiveness of this treatment is lacking.
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Research objectives
The objective of this study was to give a comprehensive overview of all evidence on effectiveness
of intra-sphincteric BT injections to treat obstructive symptoms and enterocolitis in patients after
surgery for Hirschsprungs disease, and to summarize evidence on its adverse effects.

Research methods
A systematic review and meta-analysis according to the PRISMA Guidelines was conducted,
searching PubMed, EMBASE, Web of Science and Cochrane library using simple and hierarchical entry terms including “botulinum toxin injections” and “Hirschsprungs disease”.
Predefined predictors of effectiveness that were analysed were age at injection, sex, associated
syndromes, dosage and type of BT used.

Research results
Data of 14 studies representing 278 patients were analysed. BT injections were effective in
treating obstructive symptoms in 66% of patients, ranging from 79% in the first month of followup to 46% in follow-up longer than month. This was regardless of age at injection, sex, associated
syndromes, dosage and type of BT used. Enterocolitis incidence was reduced in 57%, but the
meta-analysis lacked power to draw conclusions. Mild adverse effects were present in 17%,
which mainly consisted of temporary faecal incontinence or anal pain.

Research conclusions
Our systematic review and meta-analysis shows that BT injections effectively treat obstructive
symptoms in patients after surgery for Hirschsprungs disease, regardless of age at injection, sex,
associated syndromes, dosage and type of BT used. Furthermore, the data suggests that BT
injections are associated with mild adverse effects. Evidence on effectiveness of BT injections in
treating enterocolitis is limited and lacked power to draw conclusions. Our findings show that
BT injections are a useful treatment modality in clinical practice.

Research perspectives
Future studies should further elucidate what factors predict good response to BT injections and
subsequently if we can predict which patients can and cannot benefit from BT injections.
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Abstract
Since the 1970s, non-selective beta-blockers (NSBB) have been used to prevent
variceal upper bleeding in advanced cirrhotic patients. However, several recent
studies have raised the doubt about the benefit of NSBB in end-stage cirrhotic
patients. In fact, they suggested a detrimental effect in these patients that even
reduced survival. All of these studies have been assembled to compose the
“window therapy hypothesis”, in which NSBB would have traditional indication
to be initiated to prevent variceal upper bleeding; however, treatment should be
stopped (or not be initiated) in patients with end-stage cirrhosis. NSBB would
reduce the cardiac reserve of these patients, worsening systemic perfusion and
prognosis. However, it should be emphasized that these studies present
important bias issues, and their results also suggested that diuretic treatment
may also be behind the effects observed. In this opinion review, we changed the
point of view from NSBB to diuretic treatment, based on a physiopathogenic
approach of circulatory parameters of cirrhotic patients studied, and based on
diuretic effect in blood pressure lowering and in other hypervolemic disease, as
heart failure. We suggest a “diuretic window hypothesis”, composed by an open
window in hypervolemic phase, an attention window when patient present in a
normal plasma volume phase, and a closed window during the plasma
hypovolemic phase.
Key words: Cirrhosis; Non-selective beta-blockers; Diuretic; Window hypothesis;
Baveno; Cardiac output
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The “window therapy hypothesis” for non-selective beta-blocker treatment was
consolidated based on weak evidence. Nevertheless, it has helped to change clinical
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practice and the Baveno consensus about portal hypertension. In this opinion review, we
detail the studies assembled to compose the hypothesis, demonstrating that another factor
could be behind results and outcomes observed, the diuretic treatment factor. After
careful analysis of the evidence, we suggest the “diuretic window hypothesis”.

Citation: Brito-Azevedo A. Diuretic window hypothesis in cirrhosis: Changing the point of
view. World J Gastroenterol 2019; 25(26): 3283-3290
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3283.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3283

INTRODUCTION
Cirrhosis exhibits a complex hemodynamic behavior that changes through different
stages. Hyperdynamic circulation characterized by increased cardiac output (CO) and
decreased systemic vascular resistance is well described in advanced cirrhosis and
recently, a systemic inflammatory pattern seems to assume a central role in the
pathogenesis of circulatory dysfunction[1,2].
Recent studies correlated changes in cardiac function as detrimental in systemic
hemodynamics, leading to poor prognosis in cirrhosis[3-5]. Therefore, non-selective
beta-blockers (NSBB) have been suggested to have probable deleterious effects in endstage cirrhosis. Krag et al[6] suggested the existence of a “therapeutic window” for the
use of NSBB in cirrhosis. They postulated that NSBB treatment in end-stage cirrhosis
promotes an important decrease in cardiac index (CI), reducing the cardiac
compensatory reserve to maintain blood pressure, compromising organ perfusion. It
should be emphasized, however, that studies supporting the “window hypothesis”
did not explore a possible and important bias in results, the diuretic effect in
hemodynamics (Table 1).

EVIDENCE ANALYSIS
In 2003, Ruiz-del-Arbol et al[3] published the first important study that supported
“window hypothesis”. The aim was to investigate circulatory dysfunction in patients
with spontaneous bacterial peritonitis. The authors concluded that the incidence of
renal failure in these patients was caused by a decrease in CO. Although the authors
excluded patients in “excessive diuretic treatment”, baseline characteristics should be
analyzed carefully. The group that developed renal injury presented higher baseline
blood urea nitrogen (BUN) levels, with a BUN/creatinine ratio of 28:1, suggesting the
presence of prerenal injury by hypovolemia a priori[7]. Also noteworthy, the group that
developed renal injury was primarily composed by more advanced patients, reflected
by higher Bb levels (> 4 mg/dL). Regarding the suggestion made in the study that
renal failure is a consequence of decreased CO, some aspects should be mentioned:
the decrease in CO was to values that were still in the normal range, and therefore, it
is improbable that this change would be implicated in renal injury per se. Moreover, if
CO decreases, there would be an expected increase in pulmonary pressures.
However, the authors noted that pulmonary pressures were not affected despite the
decrease in CO, suggesting a decrease in venous return. This is an important
observation because baseline characteristics suggest the presence of prerenal injury by
hypovolemia in these patients. Therefore, we should examine whether a decrease in
CO could be a consequence of central hypovolemia in these patients. Would a diuretic
effect present?
The second study that contributed to the “therapeutic window” hypothesis aimed
to evaluate hemodynamic status before and after hepatorenal syndrome (HRS). They
concluded that HRS results from decreased CO in the setting of arterial vasodilation[4].
However, it should be emphasized the worst basal renal function of group that
evolved with HRS, adding an important bias to conclusions. In addition, even though
the authors discontinued diuretics prior to the study, the hemodynamic values of the
HRS group are characteristic of hypovolemia since they presented not only lower CO,
but also lower pulmonary pressures and lower stroke volume. Indeed, according to
parameters explaining different shock patterns, central hypovolemia must be strongly
suggested when pulmonary pressures and stroke volume are low[8]. Would a diuretic
effect still present?
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Table 1 Non-selective beta-blockers “window therapy” hypothesis-studies analyses

Ruiz-del-Arbol et al[3], 2003

Aims

Conclusions

Diuretic effect analysis

Observations

To investigate the
pathogenesis of circulatory
dysfunction in SBP and to
assess whether impaired
circulatory function is
associated with increased
portal pressure

SBP patients frequently
develop progressive
impairment in systemic
hemodynamics, leading to
severe renal and hepatic
failure, aggravation of portal
hypertension,
encephalopathy, and death.

Not Performed

The group that developed
renal injury presented with:
Decreased liver function;
BUN/creatinine ratio of
almost 40:1, suggesting the
presence of pre-renal injury
by hypovolemia.
The suggestion that renal
failure would be caused by a
decrease in CO has some
critical aspects:
CO decreased, but remained
in the normal range, not
explaining a renal failure per
se.
If a decrease in CO directly
causes renal failure, an
increase in pulmonary
pressure is expected but was
not observed, suggesting a
reduction in plasma volume –
diuretic effect?

Ruiz-del-Arbol et al[4], 2005

To investigate circulatory
function in cirrhosis before
and after the development of
hepatorenal syndrome

Hepatorenal syndrome is the Not performed
result of decreased cardiac
output in the setting of severe
arterial vasodilation

The group developing HRS
(old criteria of 1996)
presented:
Decreased basal renal
function
Hemodynamic values were
characteristics of
hypovolemia: low CO, but
also low pulmonary
pressures with low stroke
volume. Diuretic effect?

Krag et al[5], 2009

To investigate the
relationship between cardiac
and renal function in patients
with cirrhosis and ascites and
the impact of cardiac systolic
function on survival

Development of renal failure Not performed
and poor outcome in patients
with advanced cirrhosis and
ascites seem to be related to a
cardiac systolic dysfunction

Cardiac index by gated
myocardial perfusion
imaging with an extreme low
value of 1.5 L/min/m2 as cutoff.
Body surface area needed to
calculate CI with the Dubois
formula, which contains
weight, overestimated by
ascites, resulting in lower CI.
A CI less than 2.2 L/min/m2
is defined as cardiogenic
shock, turning the 1.5
L/min/m2 cut-off into an
underestimation or defining a
very severe heart failure
group.
The group with lower CI was
using 30 mg more furosemide
and had higher creatinine
levels, with 50% already
presenting HRS-2 at baseline,
compromising any survival
analysis.

Sersté et al[10], 2010

WJG

To evaluate the effect of the
administration of betablockers on long-term
survival in patients with
cirrhosis and refractory
ascites
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Treatment with beta-blockers Not performed
is associated with poor
survival in patients with
refractory ascites. These
results suggest that betablockers should be
contraindicated in these
patients
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There were 70% of patients
with intractable ascites by
renal injury at the time of
inclusion. There is no
description about NSBB use
among these patients.
Patients in the NSBB group
had more advanced disease
than the group that had not
taken NSBBs.
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The independent variables
with higher HR to predict
death were hyponatremia
and renal injury, which could
be related to diuretic use.
Diuretic use was not included
in the analyzed model.
Sersté et al[11], 2011

To investigate the incidence
of PICD before and after
discontinuation of betablockers in patients with
cirrhosis and refractory
ascites. A self control crossover study

The use of beta-blockers may Not performed
be associated with a high risk
of PICD in patients with
cirrhosis and refractory
ascites

Small number of patients.
Ten patients with refractory
ascites, six were diureticresistant ascites. No
information about diuretic
dosage during the
assessment.

BUN: Blood urea nitrogen; CI: Cardiac index; CO: Cardiac output; HR: Hazard ratio; HRS: Hepatorenal syndrome; NSBB: Non-selective beta-blockers;
PICD: Paracentesis-induced circulatory dysfunction; SBP: Spontaneous bacterial peritonitis.

The third study included in the “therapeutic window” hypothesis aimed to
investigate the relationship between cardiac and renal function in patients with
cirrhosis and ascites and the impact of cardiac systolic function on survival. They
concluded that development of renal failure and poor outcome in patients with
advanced cirrhosis and ascites are related to cardiac systolic dysfunction [5] . To
perform the study, authors estimated CI by gated myocardial perfusion imaging. The
first concern is regarding the body surface area (BSA) formula used to calculate CI.
Authors adopted the DuBois formula, described as follows: BSA = (Weight0.425 ×
Height0.725) × 0.007184, and CI was calculated as follows: CI = CO/Body surface.
However, all patients included in the study had ascites, which increased their weight,
therefore overestimating BSA, leading to an underestimation of CI (BSA is inversely
correlated to CI). Based on this methodology, high volume ascites results in low CI,
already compromising any conclusion since patients with refractory ascites (high
volume ascites) present a well-known worse prognosis. Nevertheless, authors
pragmatically adopted a value of 1.5 L/min/m2 as a cut-off. However, this value is
below the cut-off value used to diagnosis cardiogenic shock (2.2 L/min/m 2 ) [9] ,
reflecting the influence of “ascites weight” in the results. Actually, considering these
aspects, a more accurate conclusion for this study is that patients with more ascites
develop more renal failure and decreased survival, and these are already well-known
outcomes. Notably, patients with CI < 1.5 L/min/m 2 were using 30 mg more
furosemide[5].
Sersté et al[10] performed an important study that significantly contributed to the
“therapeutic window”. They evaluated the effect of NSBB administration on longterm survival in patients with cirrhosis and refractory ascites. The authors concluded
that use of beta-blockers is associated with poor survival in patients with refractory
ascites. They suggest that beta-blockers should be contraindicated in these patients.
However, there were 14% more Child-Pugh C patients in the NSBB group, presenting
a lower sodium value and higher bilirubin level. Moreover, all patients had
esophageal varices in the NSBB group, compared to only 4% in the group without
NSBB. These aspects conferred an important bias, since the NSBB group was
evidently more severe than the other group. It must also be emphasized that 70% of
total patients included in the study had intractable ascites, i.e., with probable diureticinduced renal injury, and there was no information about NSBB use among these
patients. Regression analysis demonstrated that the most important independent
variables that predicted death were hyponatremia and renal injury, and both could be
related to diuretic treatment, with higher hazard ratios (HR 7.07 and 3.07,
respectively) than NSBB use (HR 2.61). Therefore, we should consider the presence of
a potential harmful diuretic treatment in these patients[10].
Another study aimed to evaluate the incidence of paracentesis-induced circulatory
dysfunction (PICD) before and after discontinuation of beta-blockers in patients with
cirrhosis and refractory ascites. It was a small study that included only ten patients,
and six had diuretic-resistant ascites. They observed a higher incidence of PICD in
paracentesis performed during NSBB treatment. However, there is no information
about diuretic dosage in each assessment, compromising the interpretation of results
since renin activation also occurs by hypovolemia[11].
In contrast to the “therapeutic window” hypothesis, there were important studies
that demonstrated a beneficial role of BBNS in advanced cirrhosis. Leithead et al[12]
aimed to determine whether NSBB use was a risk factor for mortality in patients with
end-stage cirrhosis and ascites awaiting liver transplantation. They evaluated 322
patients with ascites awaiting liver transplantation. To reduce the probability of
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selection bias, they repeated the analysis in a cohort of NSBB and non-NSBB
propensity risk score-matched patients. Matching patients by propensity risk score is
a recognized method of controlling for selection bias. They concluded that NSBB in
patients with ascites and refractory ascites listed for liver transplantation are not
detrimental, but instead are associated with reduced waitlist death[12].
Another important study included patients from the CANONIC study. It was a
prospective and observational study that aimed to evaluate whether ongoing use of
NSBBs reduced 28-d mortality in acute-on-chronic liver failure patients. Among the
patients included, 164 (47%) received NSBB treatment. The results demonstrated a
reduction in 28-d mortality among patients receiving NSBBs (24.4%) compared to
patients without NSBB treatment (34.1%)[13].
There is also “real-life” evidence about the importance of NSBB in advanced
cirrhosis, as demonstrated in the study by Bossen et al[14] that included 1198 cirrhotic
patients with ascites. NSBB treatment did not increase mortality [HR 0.92 (0.72-1.18)].
Among 559 patients undergoing NSBB treatment, 29% discontinued treatment. It is
noteworthy that the discontinuation correlated to increased mortality, with an HR of
5.13 (2.28-11.55).
In contrast to the study by Ferrarese et al[15] that suggested increased incidence of
PICD in patients with refractory ascites and NSBB, recent evidence has suggested that
NSBB introduction does not increase PICD incidence. It should be also considered
that NSBB has been implicated in beneficial non-hemodynamic effects in cirrhosis. An
anti-inflammatory role was observed in outpatients using propranolol, which also
improved the endothelial dysfunction that occurs during end-stage cirrhosis[16,17].
There is evidence that propranolol reduces intestinal bacterial translocation, reducing
the incidence of spontaneous bacterial peritonitis[18-20].
Taken together, it is clear that these studies do not support the hypothesis that
NSBB is detrimental to organ perfusion and prognosis in advanced cirrhosis.
Moreover, studies on the “window hypothesis” that included hemodynamic
measurements support a possible diuretic effect, as parameters are consistent with
hypovolemia. However, since the study by Krag et al[6] suggested the existence of a
“window” for NSBB treatment in cirrhosis, clinical practices have been changed,
mostly due to new recommendations by the Baveno VI consensus regarding the use of
NSBBs in advanced cirrhosis. The consensus recommended that NSBB be
reduced/discontinued if patients with refractory ascites develops any of following
events: (1) Systolic blood pressure < 90 mmHg; (2) Hyponatremia (< 130 mEq/L); or
(3) Acute kidney injury[21]. Considering the studies previously discussed, evidence for
a deleterious effect of NSBB in patients with refractory ascites is not well defined;
instead, the hemodynamic parameters seem to describe a deleterious diuretic effect,
not only in these patients with refractory ascites, but also in other end-stage cirrhotic
patients.
Systolic blood pressure is highly influenced by furosemide treatment, as demonstrated in a systematic review aimed to evaluate the blood pressure-lowering
efficacy of loop diuretics for primary hypertension. The total number of patients
included 262 patients in loop diuretic use versus 198 in the placebo group. They
observed a significant mean reduction in systolic blood pressure, -7.92 (95%
confidence interval: -10.40, -5.44) mmHg, with I2 = 0.0% and test for overall effect: Z =
6.26 (P < 0.00001)[22].
Another interesting study evaluated the effect of furosemide on elderly patients
with heart failure (HF). One outcome was postprandial hypotension that occurs in the
context of blood flow deviation to splanchnic circulation, a similar condition to portal
hypertension in cirrhotic patients. The authors observed a significant reduction in
systolic blood pressure in the postprandial period after furosemide administration[23].
While we often ignore the prognostic effect size of diuretic treatment in hepatology,
the diuretic effect is well described in HF studies, another hypervolemic disease such
as cirrhosis, but with obviously marked reduced cardiac reserve.
Dini et al[24] evaluated the effect of furosemide on patients with compensated and
decompensated HF, totaling 400 outpatients. The authors observed that a normalized
furosemide dose was a major determinant of prognosis in patients with chronic HF
but without ongoing signs and symptoms, suggesting a possible negative interaction
of this drug in clinically stable patients. The authors further suggest that it is more
difficult to identify the hypervolemic state in stable patients, putting them at higher
risk of a deleterious diuretic effect.
Because results suggest a deleterious effect, it would be interesting to consider a
“diuretic window” treatment hypothesis (Figure 1), maintaining NSBB during all
disease stages until more clear evidence emerges about a harmful effect. Patients
should have indicated diuretics during ascites formation. At this stage, cirrhotic
patients present a hypervolemic status, and diuretics should be administered to
reduce ascites and edema. During the hypervolemic phase, cirrhotic patients usually
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have an inflammatory profile with peripheral vasodilation, leading to reninangiotensin-aldosterone system hyperactivation with sodium reabsorption. At this
initial stage, there is no reduction in plasma volume. The attention window should be
open when central volemia reverts to initial stages during diuretic treatment, since
loss of plasma volume could lead to an increasing risk of hypoperfusion, despite a
global hypervolemic status, in which part of the plasma volume is “trapped” inside
splanchnic vessels. The window to diuretic treatment must be closed when central
volemia is reduced due to an increased risk of hypoperfusion and worsening
prognosis. The studies that evaluated hemodynamic status and prognosis in cirrhosis
demonstrated parameters compatible with reduced central volemia in patients with
the worst outcomes[3,4]. Indeed, in stable HF patients, this evidence is more clearly
demonstrated.

CONCLUSION
Easy and reliable tools should be developed to accurately assess central volemia in
cirrhosis. Currently, echocardiographic parameters could be used at the time of
diuretic dosage adjustment associated with clinical evaluation to identify the attention
window. Prospective studies must be performed to evaluate the role of diuretic
treatment in cirrhosis, considering the complex hemodynamic behavior during
disease course. It should be reinforced that strong evidence is generated by
randomized controlled trials, but also by detailed reanalysis of previous studies.
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Figure 1

Figure 1 Proposed diuretic window hypothesis.
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Abstract
Solid organ transplantation (SOT) is the best treatment option for end-stage organ
disease. Newer immunosuppressive agents have reduced the incidence of graft
rejection but have increased the risk of infection, particularly due to the
reactivation of latent infections due to opportunistic agents such as Mycobacterium
tuberculosis. Active tuberculosis (TB) after SOT is a significant cause of morbidity
and mortality. Most cases of posttransplant TB are secondary to reactivation of
latent tuberculosis infection (LTBI) due to the effects of long-term
immunosuppressive therapy. Risk minimization strategies have been developed
to diagnose LTBI and initiate treatment prior to transplantation. Isoniazid with
vitamin B6 supplementation is the treatment of choice. However, liver
transplantation (LT) candidates and recipients have an increased risk of
isoniazid-induced liver toxicity, leading to lower treatment completion rates than
in other SOT populations. Fluoroquinolones (FQs) exhibit good in vitro
antimycobacterial activity and a lower risk of drug-induced liver injury than
isoniazid. In the present review, we highlight the disease burden posed by
posttransplant TB and summarize the emerging clinical evidence supporting the
use of FQs for the treatment of LTBI in LT recipients and candidates.
Key words: Fluoroquinolones; Mycobacterium tuberculosis; Latent tuberculosis infection;
Liver transplantation; Drug-induced liver graft injury
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Active tuberculosis after solid organ transplantation, particularly after liver
transplantation, has a dismal outcome. This review focuses on the burden of active
tuberculosis after liver transplantation and summarizes the most recent data concerning
the use of isoniazid for the treatment of latent tuberculosis infection in liver transplant
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recipients and candidates. In addition, we review the most relevant clinical experience in
the use of fluoroquinolones as an alternative approach with a favorable safety profile for
the treatment of latent tuberculosis infection in the liver transplant setting.
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INTRODUCTION
Solid organ transplantation (SOT) is the best treatment option for end-stage organ
disease. New immunosuppressive agents have reduced the incidence of acute graft
rejection but have increased the risk of infection and the development of de novo
malignancies in the long term[1-4]. Prophylactic and preemptive treatment strategies
have been especially effective in diminishing the incidence of donor and recipientderived infections as well as the frequency of most opportunistic infections (OI) in the
first six months after transplantation. However, the incidence of active tuberculosis
(TB), one of the most concerning OIs after SOT, is still significant. A study that
prospectively analyzed the online database of the Spanish Network of Infection in
Transplantation (RESITRA) found that Mycobacterium tuberculosis (M. tuberculosis) was
responsible for almost a quarter of the cases of OI diagnosed after the sixth month
posttransplantation[5]. Cases of disseminated TB were not infrequent.
In this review, we focus on the importance of TB after liver transplantation (LT).
We also discuss the most important strategies for the prevention of M. tuberculosis
reactivation in LT recipients, particularly the role that fluoroquinolones (FQs) could
play in the treatment of latent tuberculosis infection (LTBI) in LT candidates and
recipients.

THE BURDEN OF M. TUBERCULOSIS AFTER LT
Active TB poses important challenges to clinicians who attend SOT recipients[6], with
an incidence that can vary significantly-from 0.35% to 15%-depending on the
prevalence of TB in a specific region or country and the type of SOT performed. A
prospective study that included 16 transplant centers of the Spanish Network for
Research in Infectious Diseases (REIPI) reported that LT recipients were at particular
risk and had the third highest incidence rate, with 541 cases per 100000 transplant
recipients per year, much higher than the rates in recipients of similar SOTs, such as
kidney transplant (KT) and heart transplant (HT) recipients, which were 358 and
255/100000 patients per year, respectively[7].
Pulmonary TB (PTB) is the most frequently presenting type of M. tuberculosis
infection after LT[8,9]. The risk for extrapulmonary (EPTB) or disseminated TB (DTB) is
also higher than that observed in the general population; these conditions have an
incidence rate of up to 33% among all patients[10,11]. In these cases, patients tend to
complain only of fever or unspecific constitutional symptoms, without any other
accompanying signs[6,12]; thus, clinicians should always consider this disease and have
a high index of suspicion for active TB [13] . Active TB treatment after LT is also
problematic. The incidence of isoniazid-induced hepatotoxicity after LT is increased
when isoniazid is combined with rifampicin[14], and accordant histological changes can
be found in up to 83% of treated LT recipients [15] . Interactions with immunosuppressive drugs can also favor allograft rejection; rifampicin, a potent inducer of the
cytochrome P450 enzyme system, can reduce the blood levels of most immunosuppressants used in daily practice[15,16].
A number of studies have exhaustively addressed active TB in the LT setting. Abad
et al[17], who reviewed 187 MEDLINE, EMBASE, and OVID publications, thoroughly
described a total of 2082 cases of TB in SOT recipients, including 253 cases after LT. In
this specific population, the relative frequency and median interval from transplantation to presentation of PTB, EPTB and DTB were 36.51%, 36.51% and 26.91%
and 4, 9, and 48 mo, respectively. The liver allograft was involved in 30.0% of
recipients in whom M. tuberculosis was isolated outside the pulmonary system, and
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3.51% experienced allograft dysfunction or loss. Notably, 27.5% of LT recipients
developed anti-TB drug-induced hepatoxicity, which was a higher percentage than in
the overall cohort (19.56%). A systematic review and meta-analysis of TB after LT
identified 139 cases of active TB. Most patients were diagnosed with EPTB (67%), and
in 26, there was allograft involvement[18]. TB drug therapy was stopped or changed in
35% of the patients, mostly due to hepatoxicity (80%)[18]. Póvoas et al[19] described 8
cases of active TB after LT diagnosed in a transplant unit located in Lisbon, Portugal,
over a five-year span. The incidence rates of PTB, EPTB and DTB were 37.5%, 37.5%
and 25.0%, respectively. Liver allograft involvement was identified in 1 patient. Most
cases were diagnosed more than 12 mo after transplantation. All patients received a
four-drug treatment regimen, and one patient developed mild to moderate cholestasis
that did not require therapy discontinuation[19].
The mortality rate of TB after LT can be as high as 50%, 20.31%, and 37.5%,
respectively of the published studies[9,17,19].
TB can be secondary to reactivation of a latent infection or due to a new infection
after transplantation, which can be acquired in the community or the healthcare
environment or can be donor-derived [12,17] . However, the most common way of
developing active TB disease after LT is by reactivation of a latent infection upon the
initiation of immunosuppressive therapy [17] . For this reason, in recent years, an
important effort has been made to diagnose and treat LTBI in all SOT candidates,
including LT candidates.

TREATMENT OF LTBI IN LT
LTBI can be defined as an infection by viable M. tuberculosis microorganisms that are
resting in a dormant state [20] . The LT candidate or recipient must have no signs,
symptoms or radiographic findings of active TB disease[20].
Although a discussion concerning the controversies about the best method of
diagnosing LTBI is beyond the scope of this article, all LT candidates should be
screened for LTBI (Table 1). Screening requires collection of an exhaustive clinical
history, a careful physical examination, a tuberculin skin test (TST) and/or
tuberculosis interferon-γ release assay (IGRA), and a chest radiograph[21]. Isoniazid
(2.5 to 5 mg/kg per day, without exceeding 300 mg/day) plus vitamin B6 (25 to 50
mg/day) for 9 mo is the traditional treatment of choice for LTBI in the SOT
population[20,22,23] (Table 1). Treatment should ideally be started before LT, although in
candidates with advanced end-stage liver disease, current clinical guidelines
recommend different LTBI treatments until liver function is stable after LT [22,23] .
Another alternative to isoniazid is rifampicin for 4 months, although such a regimen
should be restricted to the pretransplant period due to the risk of drug interactions
with immunosuppressive agents. Combination treatment with isoniazid/rifampicin
for 3 to 4 months carries an important cumulative risk of fulminant hepatitis and
should not be prescribed to patients with liver disease [22] . Two recent studies
describing the experience with a 12-wk course of once-weekly directly observed
therapy (DOT) with isoniazid plus rifapentine included 8 and 7 LT candidates[24,25] and
reported adequate tolerance and a relatively high completion rate. However, data are
still scarce, and future multicenter prospective studies are warranted to confirm the
safety of this treatment regimen and to identify the most suitable LT candidates.
Thus, LTBI treatment in LT candidates or recipients is especially difficult. Isoniazid
is usually poorly tolerated, and it has been suggested that drug-induced hepatitis can
occur in up to 6%-20% of LT recipients[26]. In the RESITRA study, only 29.6% of LT
patients with a TST positivity actually received treatment, a rate substantially lower
than that observed in the overall cohort of SOT recipients (mean of 43.5%)[7]. A recent
European survey performed in 55 transplant programs from 19 countries reported
that the rate of LTBI treatment prescription was significantly lower for LT candidates
than for other SOT candidates (38% vs 73%, respectively)[27]. A retrospective Canadian
study that compared the tolerability of LTBI treatment in 23 LT candidates and 24 LT
recipients against 130 non-liver SOT candidates plus 23 non-LT SOT recipients
concluded that the completion rate of LTBI therapy with isoniazid and/or rifampicin
was significantly lower in LT candidates or recipients than in non-LT candidates and
recipients [36.1% vs 73.9%, respectively; odds ratio (OR) = 0.20; P < 0.001][28]. Therapy
discontinuation due to liver enzyme elevation was also more frequent in LT
candidates and recipients than in non-LT candidates and recipients (28.3% vs 3.5%;
OR = 10.48; P value < 0.001)[28]. A study that included 15 LT recipients diagnosed with
LTBI and treated with 300 mg of daily isoniazid plus 50 mg of pyridoxine for six
months reported that 53% of patients required premature discontinuation of the
therapy[29]. The most important side effects were thrombocytopenia, hepatotoxicity,

WJG

https://www.wjgnet.com

3293

July 14, 2019

Volume 25

Issue 26

Silva JT et al. Fluoroquinolones for latent tuberculosis infection in liver transplantation

Table 1 Risk factors and indications of latent tuberculosis infection treatment in the liver transplant setting (adapted from Meije et al[20]
and Bosh et al[22])
Risk factors include:
Residence in a high-endemicity area
Age greater than 50 years
Homelessness or incarceration
Personal or donor history of TB
Diabetes mellitus, malnutrition, HIV infection, end-stage liver disease
Chest radiography or CT scan showing abnormalities
Intensification of immunosuppression for rejection; use of everolimus, sirolimus and T-cell-depleting antibodies
LTBI treatment should be prescribed to candidates with compensated cirrhosis or to recipients with normal liver allograft function and at least one of the
following criteria:
TST (initial or after a booster effect) with an induration of ≥ 5 mm1
Positive IGRA result1
Recent change in the TST result
Personal or donor history of untreated or incorrectly treated TB
History of contact with a smear-positive TB patient
Residual TB lesions in an untreated patient

1

Only if the candidate or the recipient has not been previously treated for latent tuberculosis infection or active tuberculosis. CT: Computed tomography;
HIV: Human immunodeficiency virus; IGRA: Interferon-γ release assay; LTBI: Latent tuberculosis infection; TB: Tuberculosis; TST: Tuberculin skin test.

rejection, and tacrolimus toxicity. All patients had started LTBI treatment within the
first six months after transplantation. A similar South Korean study reported that the
incidence rate of isoniazid-induced hepatotoxicity was significantly lower in LT
recipients with an aspartate aminotransferase (AST) level lower than 50 than in those
with an AST level higher than 50[30]. The authors of both studies suggested deferring
LTBI treatment until liver allograft function was stable, avoiding its prescription in
the early post-LT period[29,30]. However, this delay could lead to an increased risk of TB
reactivation, as most cases of active TB are diagnosed within the first months after
transplantation[6,8,12]. Moreover, in candidates already receiving isoniazid-based LTBI
treatment regimen, therapy must be stopped at the time of LT and resumed only
when the allograft is stabilized[22], delaying the end of treatment.

EXPERIENCE WITH FQs FOR THE TREATMENT OF LTBI IN
LT
Most data for LTBI treated with FQ-based regimens are derived from preventive
therapy of multidrug resistant TB cases. Levofloxacin and moxifloxacin have been
shown to exhibit good in vitro activity against TB[31,32]. In addition, in these series,
levofloxacin and moxifloxacin appeared to be well tolerated and cost-effective[33,34],
with treatment completion rates as high as 83% and 100% [ 3 5 ] . FQs, such as
levofloxacin, also have a lower hepatotoxic potential than other anti-TB drugs[36].
However, it must be remembered that serious side effects are associated with FQs,
such as QT interval prolongation[37], tenosynovitis[38] and an increased risk of aortic
aneurysm and dissection[39], which is a theoretical concern in long-term therapeutic
regimens. Data regarding the risk of rhegmatogenous retinal detachment are still
under debate due to contradictions in the published data [40,41] . Furthermore, the
European Medicines Agency (EMA) recently issued a warning regarding the risk of
hepatotoxicity associated with moxifloxacin, recommending close follow-up during
treatment.
In the LT setting, FQs have been used particularly as part of isoniazid- or rifampinsparing regimens prescribed to recipients diagnosed with active TB. Lee et al [42]
described nine LT recipients diagnosed with active TB and treated with a therapeutic
regimen that principally included ethambutol, cycloserine and a FQ (levofloxacin in 6,
moxifloxacin in 1 and ofloxacin in 2 recipients). All nine patients successfully
completed treatment and did not experience any apparent FQ-associated side effects.
Several case reports of LT recipients treated with a therapeutic regimen that included
levofloxacin[43,44] or moxifloxacin[45] have also been published. FQs were administered
for periods ranging from 2 mo to 18 mo. No cases of FQ-induced adverse effects were
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reported.
Regrettably, data concerning the use of FQs in LT for LTBI treatment are still scarce
and mostly based on retrospective single-center studies with a small series of patients
(Table 2). To date, only one prospective multicenter randomized study has compared
the efﬁcacy and safety of levoﬂoxacin (500 mg daily for 9 mo) initiated before
transplantation to isoniazid (300 mg every day for 9 mo) initiated between 3 and 6
months after transplantation[46]. Isoniazid was started only when liver function was
considered stable, i.e., when the transaminase, alkaline phosphatase, and bilirubin
levels did not exceed twice the upper limit of normal. The primary efﬁcacy endpoint
was the number of patients who developed tuberculosis at 18 mo after transplantation, whereas the secondary aim was to determine whether adverse events
limited the efﬁcacy of levoﬂoxacin. The study was active between January 2012 and
February 2014, when a safety analysis resulted in suspension of the trial. Notably, 6 of
the 33 candidates (18.2%) in the levofloxacin arm developed tenosynovitis, which
required stopping the drug, and 6.1% were diagnosed with severe hepatotoxicity,
which resolved after discontinuing the antibiotic. Tenosynovitis occurred from 14 to
133 days after the start of prophylaxis. The authors concluded that levofloxacin was
associated with an unacceptably high incidence of tenosynovitis in LT candidates.
However, it should be mentioned that only 18 of the 31 LT recipients in the isoniazid
arm (58.1%) actually began prophylaxis, and only 10 (32.2%) completed the 9-month
treatment course [46] . Hepatotoxicity, which was observed in 38.9% of patients
receiving isoniazid, was the most common adverse event associated with this drug.
No cases of TB were diagnosed during follow-up.
Since the publication of the RESITRA cohort study, several small single-center
reports have been published (Table 2). Tien et al[47] described an experience with 44 LT
candidates treated for LTBI, including 25 patients who received FQ (17, levoﬂoxacin;
and 8, moxiﬂoxacin). Adverse events were described in 14 of the 25 (56%) treated
patients, including 4 (16%) with musculoskeletal symptoms that ranged from diffuse
joint pain to unilateral tendinopathy. One patient required permanent FQ
discontinuation, whereas the remaining 3 patients were able to complete the 9-mo
treatment after temporary suspension of the drug. The incidence of adverse events
leading to permanent discontinuation significantly differed among the drugs, From
8% for FQ to 33% and 40% for rifampicin and isoniazid, respectively[47]. The same
authors also described 6 LT recipients who received FQs after transplantation for
LTBI. Although one recipient presented joint pain, he was able to complete treatment.
No cases of FQ-induced hepatotoxicity prior to or after transplantation were reported,
and none of these patients developed TB during follow-up[47]. Grim et al[48] published a
retrospective study that focused on the tolerability and completion of LTBI treatment
in SOT candidates. Of the 129 patients included, 30 were LT and 8 were LT/kidney
transplant candidates, and 8 (21.0%) received moxifloxacin. Although much data are
lacking, in this particular group, there were no early discontinuations of the drug, and
at least 2 patients (25.0%) completed treatment (data for the other 6 candidates
concerning the end of treatment was not retrieved). Sgarabotto et al[49] reported an
experience with 35 LT recipients who received a combination course of levofloxacin
and ethambutol from posttransplant day 1 until hospital discharge and three times
weekly for 1 year thereafter. Four patients (11.4%) developed side events that
required treatment cessation. Interestingly, during follow-up, TB was diagnosed in 2
patients (5.7%); one had discontinued LTBI treatment due to drug-induced side
effects[49]. Anecdotally, a combination of levofloxacin and pyrazinamide for MDR TB
prophylaxis prescribed to 57 SOT recipients, including 3 LT patients, resulted in a
high incidence of side effects (approximately 1.4 events/patient) with very limited
tolerability[50].

CONCLUSION
Active TB is a serious OI after SOT, particularly after LT. Treatment is difficult due to
the increased risk of drug-induced liver allograft injury, fulminant hepatic failure and
rejection. Most centers either do not prescribe or delay the start of LTBI treatment, as
it seems reasonable to consider therapy with isoniazid only in patients with
compensated cirrhosis or good liver allograft function and in whom hepatotoxicity
can be closely monitored. FQs, which have good anti-TB activity and appear to be less
hepatotoxic than isoniazid, could be an alternative for LTBI treatment in the LT
setting. Data in some points are small and conflicting, with the rate of permanent
withdrawal of the FQ due to side effects ranging from 6% to 33% of all treated
patients. More studies are necessary to determine which patients could have the
greatest benefit from this therapeutic regimen as well as to compare the tolerability
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Table 2 Reported fluoroquinolone-induced adverse events and outcomes associated with treatment of latent mycobacterium
tuberculosis infection in liver transplantation

Type of
patients

Author
[ref.]

Treatment
prescribed

n (%)

Musculoskeletal (joint
pain,
tendinopathy)

Gastrointestinal
(diarrhea,
vomiting)

Constitutional
(fatigue,
malaise)

C. difficileHepatotoxiassociated
city
diarrhea

Permanent
withdrawal
of FQ

Completed
treatment

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

1

TorreCisneros et
al[46]

33 LT
candidates

Levofloxacin

6 (18.2)

3 (9.0)

0 (0.0)

2 (6.1)

1 (3.0)

11 (33.0)

18 (54.5)

Tien et al[47]

25 LT
Levofloxacin
candidates
or
and 6
moxifloxacin
additional LT
recipients

5 (16.1)

4 (12.9)

4 (12.9)

0 (0.0)

2 (6.4)

2 (6.4)2

21 (67.7)

Grim et al[48] 8 LT and
LT/KT
candidates

Moxifloxacin

NA

NA

NA

NA

NA

NA

2 (25)3

Sgarabotto et 35 LT
al[49]
recipients

Levofloxacin
plus
ethambutol

NA

NA

NA

NA

NA

4 (11.4)4

NA

1

Fluoroquinolone treatment was primarily stopped due to tenosynovitis (5 patients [45.4%]) and hepatotoxicity [2 patients (18.2%)].
Treatment was withdrawn due to tenosynovitis [1 patient (50.0%)] and severe constitutional symptoms [1 patient (50.0%)].
Data not available on the other 6 patients.
4
Prophylaxis was stopped due to tenosynovitis [2 patients (50.0%)], hepatotoxicity [one patient (25.0%)], and transient optical neuritis [one recipient
(25.0%)]. FQ: Fluoroquinolone; KT: Kidney transplant; LT: Liver transplant; NA: Data not available.
2
3

and side effects of levofloxacin vs moxifloxacin and the risk of multidrug-resistant
gram-negative bacterial selection. These studies would also allow us to determine the
real efficacy of FQs in preventing LTBI in the LT setting.
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Abstract
Reactivation of hepatitis B virus (HBV) replication is characterized by increased
HBV-DNA serum values of about 1 log or by HBV DNA turning positive if
previously undetectable in serum, possibly associated with liver damage and
seldom life-threatening. Due to HBV reactivation, hepatitis B surface antigen
(HBsAg)-negative/anti-HBc-positive subjects may revert to HBsAg-positive. In
patients with hemo-lymphoproliferative disease, the frequency of HBV
reactivation depends on the type of lymphoproliferative disorder, the
individual's HBV serological status and the potency and duration of
immunosuppression. In particular, it occurs in 10%-50% of the HBsAg-positive
and in 2%-25% of the HBsAg- negative/anti-HBc-positive, the highest incidences
being registered in patients receiving rituximab-based therapy. HBV reactivation
can be prevented by accurate screening of patients at risk and by a
pharmacological prophylaxis with anti-HBV nucleo(t)sides starting 2-3 wk before
the beginning of immunosuppressive treatment and covering the entire period of
administration of immunosuppressive drugs and a long subsequent period, the
duration of which depends substantially on the degree of immunodepression
achieved. Patients with significant HBV replication before immunosuppressive
therapy should receive anti-HBV nucleo(t)sides as a long-term (may be life-long)
treatment. This review article is mainly directed to doctors engaged every day in
the treatment of patients with onco-lymphoproliferative diseases, so that they can
broaden their knowledge on HBV infection and on its reactivation induced by the
drugs with high immunosuppressive potential that they use in the care of their
patients.
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Hepatitis B virus prophylasis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatitis B virus (HBV) reactivation frequently exerts a negative impact on the
outcome of patients with hemo-lymphoproliferative disorders both by liver injury, at
times severe, and a premature delay or termination of immunosuppressive treatments.
Patients at risk should be identified by screening of HBV serum markers before
immunosuppressive therapy is started. The use of HBV nucle(t)side analogues, as
treatment or prophylaxis, is effective in limiting the frequency and intensity of the
damage caused. Antivirals should be administered 2-3 wk before starting
immunosuppressive treatment, for the entire immunosuppressive period and during posttreatment follow-up, the length of which depends on the intensity of immunosuppression
reached.

Citation: Sagnelli C, Pisaturo M, Calò F, Martini S, Sagnelli E, Coppola N. Reactivation of
hepatitis B virus infection in patients with hemo-lymphoproliferative diseases, and its
prevention. World J Gastroenterol 2019; 25(26): 3299-3312
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3299.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3299

INTRODUCTION
Although universal hepatitis B virus (HBV) vaccination has been successfully applied
worldwide and effective drugs for a long-term suppression of HBV have been
extensively applied, chronic HBV infection remains a serious health problem in most
countries because of the large number of subjects with chronic HBV infection living in
most of the nations. Two billion people worldwide had contact with HBV (overt or
occult HBV infection), and nearly 240 million people had chronically HBV infected[1].
While for individuals with overt HBV infection [hepatitis B surface antigen (HBsAg)positive] there are well-standardized clinical and therapeutic strategies. In occult HBV
infection patients (HBsAg-negative, anti-HBc negative and HBV-DNA positive) these
strategies are not so well defined[2-10].
HBV reactivation, a phenomenon characterized by increased HBV-DNA serum
values of about 1 log or by HBV DNA turning positive if previously undetectable in
serum, mostly occurs in a context of temporary or permanent immunosuppression.
HBV reactivation in patients with occult HBV infection may also determine a
reappearance of HBsAg in serum, possibly associated with an acute hepatic
exacerbation characterized by an elevation in liver enzymes above the normal values
and seldom by increased bilirubin levels[11].
Clinical conditions leading to HBV reactivation are human immunodeficiency virus
infection and the immunosuppression induced by drugs used for autoimmune
diseases, neoplastic diseases and organ transplants[12]. Noteworthy, HBV reactivation
most frequently develops in patients with serious hematologic disorders
characterized by a worse prognosis[13]. The reported percentage of subjects with HBV
reactivation ranges between 2% in Europe to over 10% in eastern Asia, estimates,
however, are approximate, depending on the frequency of the different clinical
situations in which the phenomenon occurs[14].

HBV INFECTION: PIVOTAL CONCEPTS
HBV infection is responsible for a variety of clinical forms. It begins as acute hepatitis
that evolves in healing in most cases, but in a minority of cases it progresses to chronic
forms, such as an inactive carrier state, chronic hepatitis and liver cirrhosis, the last
one potentially leading to hepatocellular carcinoma (HCC)[15]. HBV is a DNA virus
enveloped double-stranded virus belonging to the hepadnaviridae family that infects
hepatocytes, and its DNA may be detected also in mononuclear cells[16]. HBV has no
direct cytotoxic activity, but it induces hepatocyte necrosis through an immunepathogenetic mechanism that includes the cytolytic action of cytotoxic T cells presensitized to viral antigens[17,18].

WJG

https://www.wjgnet.com

3300

July 14, 2019

Volume 25

Issue 26

Sagnelli C et al. HBV reactivation in hemo-lymphoproliferative diseases

Ten HBV genotypes (A-J) have so far been identified, some of which further subclassified in sub-genotypes. These genotypes have epidemiological value since
differently distributed worldwide[19-43], but their clinical impact has not been fully
elucidated.
In 2015, the World Health Organization estimated 257 million people, are living
with chronic HBV infection worldwide. HBV endemicity is usually represented by the
prevalence of HBsAg chronic carriers in the general population in a defined
geographical area. Three levels of endemicity have been defined: (1) High endemicity
with an HBsAg prevalence over 8%, observed in some countries in sub-Saharan Africa
and eastern Asia; (2) Intermediate endemicity with HBsAg levels between 2%-8%
observed in most Mediterranean countries, in several countries in the Middle East and
in some countries in South America; (3) Low endemicity with an HBsAg prevalence
lower than 2% observed in the United States of America, Canada and western
Europe[31,24].
In geographical areas with high endemicity, HBV infection is prevalently spread
from mother to child at birth and between siblings in early childhood[44,45], whereas in
areas at low endemicity, unsafe sexual habits and sharing of contaminated needles,
especially among injection drug users, are the major routes of transmission [46] .
Universal HBV vaccination of new born babies have resulted in a dramatic,
progressive reduction in HBV transmission in all countries where this prophylactic
procedure has been applied[28].
The outcome of HBV infection is age-dependent. Once acquired, HBV infection
causes symptomatic acute hepatitis in approximately 1% of perinatal infections, in
10% of infections in early childhood (1-5 years), in 30% of children aged more than 5
years and in most infected adults. Fulminant hepatitis develops in 0.1%-0.6% of acute
hepatitis cases and is more frequent in young adults; mortality from fulminant
hepatitis B is approximately 70%. HBV infection progresses to chronicity with a
frequency inversely related to the age at HBV acquisition, approximately 80%-90% in
babies infected perinatally, in about 30% in children aged less than 6 and in less than
5% in adults[47].
Patients recovering from acute hepatitis B become HBsAg negative but a covalently
closed circular DNA (cccDNA) persists in the hepatocytes and anti-HBc in serum;
many of them become anti-HBs positive and are protected from eventual HBV
reinfection. For most patients with chronic HBV infection, the clinical presentation
progressively varies from a chronic HBsAg carrier state with no evidence of liver
disease, to chronic hepatitis (first HBeAg-positive and then HBeAg-negative), and
finally to liver cirrhosis (compensated in a first phase and therefore decompensated),
with or without HCC[48,49]. Recently, the guidelines of the European Association of
Study of the Liver have simplified this classification by identifying 4 phases: (1)
HBeAg-positive infection (the old “immune-tolerant phase”); (2) HBeAg-positive
chronic hepatitis (the old “immune-reactive phase”); (3) HBeAg-negative infection
(the old “immune-control phase”); (4) HBeAg-negative chronic hepatitis (the old
“immune-escape phase”)[50]. A virological condition called “resolved HBV infection”
has also been identified, characterized by a low HBV-DNA level in liver tissue and
possibly in serum in HBsAg-negative subjects, conceptually overlapping the
definition of occult HBV infection[51-56]. For epidemiological studies and in clinical
practice, the presence of anti-HBc in serum has been used by several researchers as a
surrogate marker of hepatocytic integrated HBV DNA and cccDNA, given the
objective difficulty of obtaining a liver biopsy in HBsAg negative/anti-HBc positive
subjects in good clinical conditions
HBV is considered an oncogenic virus, but its carcinogenic action is the result of its
interaction with the presence of cirrhosis and with the host immune system[7,9,10,57-64]. In
the absence of specific treatments, HBsAg positive cirrhotic patients develop HCC at a
rate of about 2% per year in western countries and 3% in eastern countries [49] .
Antiviral therapy has dramatically changed the outcome of HBV patients[62] since it
may prevent the progression of chronic hepatitis B to the advanced stages of liver
fibrosis, cirrhosis and, in nearly half of cirrhotic patients to HCC[50].
Interferons (IFNs) and nucleos(t)ide analogues (NAs) are used to treat chronic HBV
infection. Among IFNs, pegylated IFN has a more convenient dosing schedule and
improved efficacy, but the nucleo(t)side analogues entecavir (ETV), tenofovir
disoproxil fumarate (TDF), and tenofovir alafenamide (TAF) are commonly preferred
because less frequently induce severe adverse reactions, have a high barrier to
antiviral resistance and almost always provide a steady suppression of viral
replication[50]. At present, the treatment endpoint is the reduction of the disease to an
inactive stage, with HBeAg loss if previously detectable, HBV DNA undetectable or at
a low level in serum and normal liver enzymes, a clinical condition associated with a
remarkable improvement even in cirrhotic patients that may prevent the development
of HCC in nearly half of the cases [27,63] . However, both IFN and nucleo(t)side
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treatments do not eradicate HBV infection because HBV DNA persists in hepatocytes
in an integrated form and as cccDNA and a reactivation of viral replication may occur
once treatment has been discontinued. Future treatments, already under study,
consider the combined use of antivirals directed against new targets and possibly
immunomodulatory drugs[65].

VIROLOGIC AND CLINICAL CHARACTERISTICS OF OCCULT
HBV INFECTION
Patients with occult HBV infection showed HBsAg negativity and anti-HBc positive,
at times associated with the antibody to surface antigen (anti-HBs), HBV DNA
undetectable or detectable at very low levels in serum and normal liver enzymes;
HBV DNA, however, persists within the hepatocytes as cccDNA and integrated
DNA [66] , whose active replication is inhibited by innate and adaptive immune
responses (HBV-specific T-cell and neutralizing antibodies). Such inhibition is unable
to eradicate all forms of HBV DNA and an HBV reservoir persists in the liver tissue.
A reduction in the immune-mediated control of HBV replication in these reservoirs,
due to any cause, may favor the reactivation of HBV replication[67,68], which may
induce an acute exacerbation of chronic HBV infection both in patients with HBsAg
positivity (≥ 2 log10 rise in the HBV-DNA level) and in those with occult HBV
infection who, in this case may revert to HBsAg-positive. This acute exacerbation is
characterized by an increase in liver damage highlighted by an increase in ALT or
aspartate aminotransferase (AST) ≥ 3-times the baseline serum values, which in its
severe forms is accompanied by jaundice and may progress to severe hepatic failure if
effective treatment is delayed. This event may lead to rapid life-threatening liver
decompensation requiring urgent liver transplantation to prevent a fatal outcome.
This critical clinical condition could simply be prevented by adopting a therapeutic
prophylaxis with an effective nucleo(t)side against HBV, in which case the use of
effective immunosuppressive drugs for neoplastic or hematological diseases is
foreseen.
If HBV reactivation for some reason is not prevented, effective antiviral therapy
should immediately be administered to reduce, if still in time, the entity of the
associated clinical events through a pharmacologic control of HBV replication; this
can lead, in cases with a favorable prognosis, to a gradual reduction in the levels of
serum HBV-DNA, a progressive return of liver enzymes to the baseline values and a
gradual recovery of the liver lesions[11]. Accordingly, HBV reactivation may occur
years after hematopoietic stem cell transplantation (HSCT) due to low immune
reconstitution [69] . Therefore, pharmacological prevention of HBV-reactivation
prophylaxis must start within the recommended times, can be very long-lasting and
require an accurate long-term surveillance.

RISK FACTORS
The risk factors of HBV reactivation concern either the patients, HBV, the underlying
disease or the immunosuppressive regimen.

Patient
Male sex and more than 50 years old are risk factor for HBV reactivation. Yeo et al[70] in
600 cancer positive HBsAg patients who underwent chemotherapy, found an
incidence almost 3-times higher in men than in women. It has also been observed that
older patients are more likely to have HBsAg positivity, persistent levels of HBVDNA in serum and cccDNA in the liver, a virological condition increasing the risk of
HBV reactivation[71].

Virus
As mentioned above, factors associated with HBV reactivation include HBsAg
positivity, HBeAg positivity and high levels of HBV DNA before the onset of
pharmacological immuno-suppression [72] . In contrast, the presence of anti-HBs
antibodies has been shown to protect against reactivation, although the antibody titer
necessary to achieve this effect is unknown[73].

Underlying diseases
As regards the magnitude of risk factors for HBV reactivation associated with the
underlying disease, the data are not so clear because it is difficult to distinguish the
contribution of the individual disease from that of the treatment used. In a recent
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study of 1962 patients with hematological malignancies in Taiwan, the authors noted
similar incidences of HBV reactivation among patients with various types of
hematological cancer[74].
Lymphoma is the most common underlying disease favoring HBV reactivation[75],
possibly because HBsAg-negative patients with non-Hodgkin lymphoma (NHL)
frequently present a direct HBV infection of lymphocytes, chronic antigenic
stimulation and associated B-cell proliferation. Onco-hematological patients
undergoing immunosuppression with aggressive chemotherapy or HBV reactivation[51].
In fact, the risk of reactivation is estimated at around 10%-50% for HBsAg-positive
patients undergoing chemotherapy [76,77] , while different percentages have been
reported in HBsAg negative/anti-HBc positive patients and in inactive HBV carriers,
from 2% to 41.5% [68,78-82] , Consequently, it is mandatory to identify the hematooncological patients at risk of reactivation who need antiviral treatment, either in
prophylaxis or as pre-emptive therapy. In fact, various guidelines[51,76,83], controlled
clinical trials[84,85] and meta-analyses[86,87] have shown that in patients undergoing
cancer chemotherapy, nucleo(t)side analogs reduce the incidence of HBV reactivation
and the frequency of associated hepatitis and death for liver failure[88].
Allogeneic autologous HSCT is another eventuality characterized by a high risk for
HBV reactivation. Published data are still limited, but a study on 32 HBsAg-positive
patients with NHL undergoing high-dose chemotherapy and autologous HSCT
reported a symptomatic acute exacerbation in 50% of cases[89]. In patients with occult
HBV infection the risk could be lower, because in allogeneic HSCT, donor vaccination
including that against HBV can result in the transfer of immunity against infectious
antigens, thus reducing the risk of HBV reactivation[90]. Finally, the development of
graft-vs-host disease significantly increases the risk of HBV reactivation due to the
immunosuppression therapy administered and to the delay in the reconstitution of
the immune system[91].

Immunosuppressive regimens
The risk of HBV reactivation has been graded in relation to the different
immunosuppressive treatments as follows: (1) High risk: Greater than 10%
reactivation (rituximab and other anti-CD20-directed monoclonal antibodies;
doxorubicin and other drugs of systemic cancer chemotherapy); (2) Moderate risk:
Between 1%-10% (imatinib, ibrutinib and other tyrosine kinase inhibitors;
corticosteroids at a daily dose of ≥ 20 mg for ≥ 4 wk); (3) Low risk: Less than 1%
(azathioprine, methotrexate and other traditional immunosuppressive agents;
corticosteroids for ≤ 4 wk).

RISK FACTORS FOR HBV REACTIVATION IN DIFFERENT
IMMUNOSUPPRESSIVE REGIMENS
Cancer chemotherapy
A study on patients with lymphoma treated with different chemotherapy regimens
reported HBV reactivation in 48% of 27 HBsAg-positive patients and in 4% of 51
HBsAg-negative/anti-HBc-positive[82]. It has also been reported that this reactivation
occurred more frequently in patients receiving anthracycline-derived
chemotherapeutic drugs, such as doxorubicin and epirubicin, than in those treated
with other chemo-therapy regimens[92].

Corticosteroids
The evidence that corticosteroids may enhance HBV replication was first reported by
Sagnelli et al[93] in 1980 and subsequently confirmed in several other investigations.
More recently a glucocorticoid-responsive-transcription regulatory element has been
identified in HBV genome which, up-regulated by corticosteroids, may induce
increased viral replication and a direct suppressive effect on cytotoxic T cells involved
in HBV control[94]. Corticosteroids are often associated with other chemotherapy
agents in patients with hemato-oncologic disorders, with an additive deleterious
effect. To better understand the role of corticosteroids in such associations, 50 NHL
patients with HBsAg-positive underwent chemotherapy regimens had an higher
incidence of HBV acute exacerbation than patients treed with with corticosteroid[95].

Monoclonal antibodies
Treatment of onco-hematologic diseases with monoclonal antibodies in patients with
overt or occult HBV infection is associated with the risk of viral reactivation, which
may induce severe or fatal hepatic failure[96]. This risk is particularly high when
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HBsAg-positive patients are treated with anti CD20 antibodies, such as rituximab,
ofatumumab and obinutuzumab, commonly used to treat B-cell malignancies due to
the effective elimination of B cells from blood, lymphatic system and bone marrow,
which may induce HBV reactivation in 16.9% of treated cases with rituximab[97].
Patients with occult HBV infection have a lesser risk of HBV reactivation, which
occurs in about 8% of cases[98]. In this context, subjects with occult HBV infection
positive with anti-HBc and anti-HBs show a reduced risk of HBV reactivation, due to
a protective role of anti-HBs[99]. HBV-reactivation occurring more than two years after
the use of rituximab.
Alemtuzumab, a monoclonal antibody against CD52 used for refractory chronic
lymphocytic leukemia (CLL) caused reverse HBsAg seroconversion and symptomatic
reactivation in patients with occult HBV infection[100]. This event was observed even
for newer monoclonal antibodies, namely mogamulizumab, a treatment for T-cell
lymphoma, and brentuximab vedotin, used to treat Hodgkin’s lymphoma[101,102]. Also
Daratumumab, a monoclonal antibody against CD38, over-expressed in B-cell
hematologic malignancies, may have the same potential effect, but no reports have
emerged to date to this regard

New drugs
Attention should be paid to the risk of HBV reactivation in the new treatment
regimens for multiple myeloma and CLL, since published data on the topic are scanty.
Tyrosine kinase inhibitors such as imatinib and nilotinib are used for effective
immunosuppressive action, which, however, implies the possibility of HBV
reactivation[103].
Idelalisib (PI3K tyrosine kinase inhibitor), brutinib (bruton tyrosine kinase
inhibitor) used to treat CLL and certain NHLs, have been found to be responsible for
cases of HBV reactivation. Similar observations have been made for ruxolitinib
(inhibitor of Janus-activated kinases-JAK) used to treat myelofibrosism, and for
bortezomib (proteasome inhibitor) in multiple myeloma[104,105].
Venetoclax, a small molecule inhibitor of BCL-2 used in refractory cases of CLL
may have a potential risk of HBV reactivation, but no case has been signaled to date.
The same consideration also applies to azacitidine and decitabine, hypomethylating
agents used to treat acute myeloid leukemia.
It has also been suggested that treatment of cancer with antibody immune
checkpoint inhibitors (anti-CTLA4 tremelumab and ipilimumab; anti-PD-L1:
Nivolumab and pembrolizumab; PD-L1: durvalumab, atezolizumab and avelumab) is
a risk factor for HBV reactivation, to be prevented by anti-HBV prophylaxis[67,106-109].

MANAGEMENT OF HBV REACTIVATION IN AN ONCOHEMATOLOGICAL SETTING
Nucleo(t)side analogues should be administered to all patients with a high/moderate
risk of HBV reactivation undergoing immunosuppressive therapy, as therapy to the
HBsAg-positive (regardless of HBV DNA levels) and as prophylaxis to HBsAgnegative and anti-HBc-positive cases[51,88]. The risk of HBV reactivation is associated
with HBV serological status (HBsAg positivity or HBsAg negativity and anti-HBc
positivity with/without anti-HBs positivity) and with the immunosuppression level
obtained with the drug administered (Table 1).
As in clinical practice, patients with HBsAg-positivity and serum HBV DNA ≥ 2000
IU/ml and increased ALT serum values (active carriers) should start long-term
antiviral therapy with NAs, namely ETV, TDF or TAF, according to international
guidelines[67,107]. Inactive HBsAg carriers with HBV DNA < 2000 IU/mL, normal ALT
and AST and no sign of liver cirrhosis are at risk of HBV reactivation under
immunosuppressive therapy and should receive a prophylaxis with ETV, TDF or
TAF, drugs with a high genetic barrier to resistance. Although effective for the
prevention of HBV reactivation, lamivudine is not indicated in the last two settings
mentioned because of its low genetic barrier to viral resistance and to a residual risk
of HBV reactivation in approximately 10% of cases treated[51].
In fact, Huang et al[108], in a randomized controlled trial, comparing the efficacy of
ETV versus LAM in prophylaxis the reactivation of HBV infection in diffuse large Bcell lymphoma patients with HBsAg-positivity undergone R-CHOP chemotherapy
(rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone) observed that
ETV is more effective than LAM, reducing the risk of HBV reactivation (6.6% vs 30%),
HBV-related hepatitis (0% vs 13.3%), and chemotherapy discontinuation (1.6% vs
18.3%).
While there is agreement in the literature on the fact that all HBsAg-positive

WJG

https://www.wjgnet.com

3304

July 14, 2019

Volume 25

Issue 26

Sagnelli C et al. HBV reactivation in hemo-lymphoproliferative diseases

Table 1 Incidence of hepatitis B virus replication in hemo-lymphoproliferative diseases and related management, according to hepatitis
B virus markers and type of immunosuppressive regimens
Incidence of HBVr in the absence of HBV
prophylaxis
Drug classes

Drugs

Monoclonal antibody

Rituximab

Management of HBVr

HBsAg-positive (%)

HBsAgnegative/HBcAbpositive (%)

HBsAg- positive

HBsAgnegative/HBcAbpositive

High: 30-60

High: > 10

ETV

LMV

Ofatumumab

TDF

Obinutuzumab

TAF

Alemtuzumab
Anthracycline
chemotherapy

Doxorubicin

High: 15-30

Tyrosine kinase
inhibitors

Imatinib, Nilotinib

Moderate: 1-10

Epirubicin
Daunorubicin

ETV

LMV

TDF
TAF
Moderate: 1-10

Moderate: 1-10

Dasatinib

ETV

LMV

TDF

Bosutinib
Ponatinib
Proteasome inhibitors

TAF

Bortezomib

Moderate: 1-10

Moderate: 1-10

Carfilzomib

LMV

TDF

Ixazomib
Inhibitors of cytokine

ETV

TAF

Mogamulizumab

Moderate: 1-10

Moderate: 1-10

ETV

LMV

TDF
TAF
Corticosteroids

High/moderate dose of
prednisone

High: > 10

Moderate: 1-10

ETV

LMV

TDF
TAF

HBV: Hepatitis B virus; HBVr: Hepatitis B virus replication; HbsAg: Hepatitis B surface antigen; HbcAb: Hepatitis B core antibodies; ETV: Entecavir; TDF:
Tenofovir; TAF: Tenofovir alafenamide; LMV: Lamivudine.

patients undergoing immunosuppressive therapy should be assigned to pharmacologic therapy or prophylaxis, in the case of HBsAg-negative/hepatitis B core
antibodies-positive patients two strategies have been adopted to prevent HBV
reactivation: prophylaxis or pre-emptive antiviral therapy. Also, the international
guidelines are divided on the type of management for these latter patients (Figure 1).
For example, for rituximab-based therapy, routine prophylactic antiviral therapy is
recommended by several guidelines[51,107,109,110]. However, it is advisable for HBsAgnegative/anti-HBc-positive patients with HBV-DNA levels detectable before starting
immunosuppressive therapy to use the same prophylactic regimen (with ETV, TDF or
TAF) adopted for HBsAg-positive patients[111]. Lamivudine may be used only for
antiviral prophylaxis in non-viremic patients with resolved HBV infection[112]. In fact, a
meta-analysis of five randomized controlled trials comparing lamivudine prophylaxis
to the pre-emptive strategy (treatment at the beginning of viral reactivation)[80,84,85,97,113-115] showed that antiviral prophylaxis is more effective. Thus, the preemptive strategy could be used only in cases at a very low risk of HBV reactivation,
and, consequently, it should not be used in an onco-hematologic setting, where
patients are treated with combination chemotherapies conferring a high risk of HBV
reactivation.
It is commonly accepted that an antiviral regimen should be started 2-3 wk before
immunosuppressive treatment and that it should last throughout the whole
immunosuppressive treatment and, thereafter, throughout the whole prophylaxis;
periodical controls including physical examination, serum liver enzymes, HBsAg and
HBV DNA should be performed at a 3-monthly interval[116].
The correct duration of pharmacological prophylaxis remains controversial. Of
course, antiviral therapy should not be discontinued in patients with chronic hepatitis
B or cirrhosis, regardless of the duration of chemotherapy. In inactive carriers,
antiviral prophylaxis should cover the entire period of immunosuppressive treatment
and an additional period of 12-18 mo after the discontinuation of the immuno-
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Figure 1

Figure 1 Management of hepatitis B virus reactivation. A: Management of hepatitis B virus (HBV) reactivation in
hepatitis B surface antigen (HBsAg) positive patients with HBV DNA < 2000 UI/mL and normal alanine
aminotransferase (ALT); B: Management of HBV reactivation in HBsAg negative/hepatitis B core antibodies positive
patients. 1HBsAg, HBV DNA and ALT determination at a 3-mo interval; 2In patients treated with rituximab or other
cell-depleting agents, the anti-HBV prophylaxis should be continued for up to 2 years after the last dose of drug. HBV:
Hepatitis B virus; HBVr: Hepatitis B virus replication; HbsAg: Hepatitis B surface antigen; HbcAb: Hepatitis B core
antibodies; ETV: Entecavir; TDF: Tenofovir; TAF: Tenofovir alafenamide; LMV: Lamivudine; ALT: Alanine
aminotransferase.

suppressive regimen, to be extended to 24 mo if chemotherapy had included
rituximab or other anti-CD20 antibodies[51]. The rationale for this extension is that
immune recovery may be delayed due to deep immunodepression exerted by
rituximab or its analogues[67,117]. In fact, Yamada et al[118] described a case of HBV
reactivation emerging over the third year after the discontinuation of R-CHOP
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therapy; in this case HBV-DNA monitoring had been stopped 18 months after
chemotherapy was discontinued. The same authors also reviewed the literature data
on the topic and concluded that an advanced age, lymphoid malignancies, multiple
courses of rituximab-containing therapies were all common features in cases of late
reactivation.
In patients with resolved HBV infection, lamivudine prophylaxis should cover the
entire period of immunosuppressive treatment and, thereafter, an additional period of
18-24 mo as delayed episodes of HBV reactivation have been reported[51,76,119]. In fact,
Marrone et al [119] described HBV reactivation in 3 (4%) of 68 patients with oncohematological disease (two with CLL and one with Waldenstrom’s disease) occurring
1-7 mo after discontinuation of lamivudine prophylaxis that had covered the whole
period of immunosuppressive treatment and a subsequent 18 mo after.
Particular attention should be paid to the recipients of HSCT, a condition involving
much deeper immunological suppression, for whom the duration of antiviral therapy
has not yet been established. In these cases, HBV reactivation occurred years after the
transplant, as in the anecdotal case of a patient who was anti-HBs-positive at baseline
and had HBV reactivation 4 years after transplantation[120]. For this special population
the duration of a long-term antiviral therapy has not yet been established by the
international guidelines and, in the meantime, lifelong treatment may be wiser[116].
Overall, the most suitable duration of monitoring for early identification of HBV
reactivation after antiviral withdrawal remains partially undefined, depending on
several factors, among which the degree of immunosuppression that predominates.
Therefore, it is prudent that this decision be reserved for skilled clinicians who will
use international guidelines, results from specialized literature and clinical and
laboratory data obtained during the entire period of observation.

CONCLUSION
Reactivation of HBV replication has a negative impact on the clinical course of
patients with hemo-lymphoproliferative malignancies, because of its significant
morbidity and its potential to induce a worse prognosis, or even a fatality. However,
no shared effective solution has been decided worldwide to date, nor has a uniform
standard of screening, treatment or prevention been established. Given the efficacy of
nucle(t)side analogues against HBV, administered as treatment or prophylaxis is
reported for the patients at risk. All patients should be evaueted for serum HBsAg,
anti-HBc antibody, HBV DNA and liver enzymes before any immunosuppressive
therapy is initiated. In recent years, national and international guidelines have
recommended HBV screening before starting chemotherapy. The risk posed by
individual treatment regimens should be carefully assessed to establish the need for
antiviral prophylaxis or treatment and the duration of antiviral drug administration.
For the patients identified as requiring antiviral treatment or prophylaxis, anti HBV
nucleoside/nucleotide analogues with a high genetic barrier to viral resistance is
recommended, especially for those at a high risk of HBV reactivation and when longterm immunosuppressive treatment is planned.
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Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with
surgically altered anatomy must be performed by a highly experienced
endoscopist. The challenges are accessing the afferent limb in different types of
reconstruction, cannulating a papilla with a reverse orientation, and performing
therapeutic interventions with uncommon endoscopic accessories. The
development of endoscopic techniques has led to higher success rates in this
group of patients. Device-assisted ERCP is the endoscopic procedure of choice for
high success rates in short-limb reconstruction; however, these success rate is
lower in long-limb reconstruction. ERCP assisted by endoscopic ultrasonography
is now popular because it can be performed independent of the limb length;
however, it must be performed by a highly experienced and skilled endoscopist.
Stent deployment and small stone removal can be performed immediately after
ERCP assisted by endoscopic ultrasonography, but the second session is needed
for other difficult procedures such as cholangioscopy-guided electrohydraulic
lithotripsy. Laparoscopic-assisted ERCP has an almost 100% success rate in longlimb reconstruction because of the use of a conventional side-view
duodenoscope, which is compatible with standard accessories. This requires
cooperation between the surgeon and endoscopist and is suitable in urgent
situations requiring concomitant cholecystectomy. This review focuses on the
advantages, disadvantages, and outcomes of various procedures that are suitable
in different situations and reconstruction types. Emerging new techniques and
their outcomes are also discussed.
Key words: : Endoscopic retrograde cholangiopancreatography; Surgically altered
anatomy; Endoscopic retrograde cholangiopancreatography in Billroth II; Endoscopic
retrograde cholangiopancreatography post-Whipple; Endoscopic ultrasonography-guided
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Core tip: Endoscopic retrograde cholangiopancreatography (ERCP) in patients with
surgically altered anatomy is really challenging and requires a well-experienced
endoscopist. Understanding the type of surgery, length of the afferent limb, type of
endoscope used with choice of proper approach (peroral or transgastric), and compatible
ERCP accessories with various endoscopic types are the keys to success. A conventional
endoscope and device-assisted enteroscope-assisted ERCP are recommend for short-limb
reconstruction with/without a native papilla, while device-assisted enteroscope-assisted
ERCP, ERCP assisted by endoscopic ultrasonography, and especially laparoscopicERCP are highly recommended for long-limb reconstruction, such as Roux-en-Y gastric
bypass with concomitant cholecystectomy.

Citation: Krutsri C, Kida M, Yamauchi H, Iwai T, Imaizumi H, Koizumi W. Current status of
endoscopic retrograde cholangiopancreatography in patients with surgically altered anatomy.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically
altered anatomy is challenging because of the availability of many alternative
techniques with good outcome for different types of reconstruction and the relatively
small number of cases. A standard technique, however, has not been established. All
available procedures require a surgeon with extensive experience performing ERCP in
patients with normal anatomy to increase the technical and clinical success rates in
patients with altered anatomy. The three main challenges in performing these
procedures are how to access the afferent limb and reach the ampulla or
biliopancreatoenteric anastomosis in different types of altered anatomy, how to
cannulate the bile duct or pancreatic duct in the new anatomical orientation after
surgery, and how to perform diagnostic and therapeutic interventions. The optimal
endoscopic technique for accessing the afferent limb and reaching the biliopancreatoenteric anastomosis depends on the postoperative reconstruction type;
therefore, a review of the operative records is the first step. The challenges associated
with this step include limited endoscopic maneuverability caused by the angulation of
the anastomosis, difficult identification of the entrance of the afferent limb,
determination of how to correct endoscopic looping, and management of postoperative adhesion. Successful cannulation depends on access to the papilla,
availability of endoscopic accessories, adequate expertise of the endoscopist, and
effective papillary and therapeutic interventions. In this review, we discuss the
advantages, disadvantages, and outcomes of procedures that are suitable in different
situations and for different reconstruction types. We also discuss emerging new
techniques and their outcomes.

First step: Knowledge of reconstruction types for surgically altered anatomy
An understanding of the different types of postoperative reconstruction anatomy is
important to determine the easiest way to access the afferent limb and reach the target
(native papilla or biliopancreatoenteric anastomosis), choose the most appropriate
endoscopic technique, and prevent postoperative complications, which trend to be
higher than normal anatomy. Common postoperative reconstruction procedures are
shown in Figures 1-5. One of the two major types of reconstruction is short afferent
limb reconstruction with or without an intact papilla, in which the distance from the
anastomosis to the native papilla or anastomosis is usually ≤ 50 cm. The success rate
of access to the afferent limb is high even when performed with a conventional
duodenoscope, gastroscope, pediatric colonoscope, or device-assisted enteroscope
(DAE). Therefore, the major challenge lies in cannulation. The second major type of
reconstruction is long afferent limb reconstruction, in which the afferent limb length
may reach > 100, > 150, or even > 200 cm. This type of reconstruction is preserved for
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bariatric surgery to exclude the passage of food. The major challenge in this type of
reconstruction is accessing the afferent limb and reaching the papilla, which has a low
success rate when using a conventional endoscope.
Short afferent limb reconstruction with intact major papilla: Esophagectomy with
gastric pull-up (Billroth I gastrectomy) does not involve substantial alteration of the
afferent limb length; thus, ERCP can be performed with a conventional side-view
duodenoscope. However, cannulation may be difficult because the anatomy is too
straight and short, resulting in a very close space between the scope and papilla.
Billroth II gastrectomy is a common procedure for treatment of gastric cancer and
ulcer perforation. Various types of reconstruction can be performed, as shown in
Figure 1. Each reconstruction technique involves a different length of and entry site
for the afferent limb. In the antiperistaltic type, the afferent limb entry site is located
near the lesser curvature (Figure 1A). In the isoperistaltic type, the entry site is located
near the greater curvature (Figure 1B). The length of the afferent limb is
approximately 30-40 cm in both techniques. In retrocolic reconstruction, however, the
afferent limb is shorter than that in antecolic reconstruction, in which the afferent limb
is approximately 50-80 cm (Figure 1C and D). Roux-en-Y reconstruction involves a
long afferent limb of approximately 40-80 cm (Figure 1E). Braun anastomosis is a
modified operation to reduce bile reflux into the stomach, but it provides a more
confusing endoscopic view of the entry site to access the afferent limb (Figure 1F).
Short afferent limb reconstructions with bilio-pancreatoenteric anastomosis:
Pancreaticoduodenectomy (Whipple’s operation) also has various reconstruction
techniques (Figure 2). In the endoscopic view, the afferent limb entry site is commonly
located at the 10 o’clock position relative to the gastrojejunostomy or duodenojejunostomy anastomosis. For Braun anastomosis (Figure 2C), the endoscopic
view can involve either two-limb entry (side-to-end) or three-limb entry (side-to-side),
depending on the type of anastomosis. To identify the correct afferent limb, the
surgeon should follow the bile-containing limb, the scar at the anastomosis, or the
direction of peristalsis or go straight to the middle entrance in Braun anastomosis[1].
Long afferent limb reconstructions with or without major papilla: In bariatric
surgery, Roux-en-Y gastric bypass (RYGB) involves a long afferent limb of > 100, >
150, or even > 200 cm (Figure 3A). Such patients are at risk of developing biliary
complications from postoperative formation of gallstones due to rapid weight loss
with low incidence of these complications (7%-8%)[2]. The therapeutic success rate of
peroral endoscopic ERCP is very low (59%) using either a pediatric colonoscope or
device-assisted ERCP because of adhesion formation, angulation of the jejunojejunal
anastomosis, and figure-eight looping of the scope [3,4] . New and challenging
techniques in the performance of ERCP are endoscopic ultrasonography (EUS)guided biliary drainage (EUS-BD) and laparoscopic-assisted transgastric ERCP (LAERCP), which have high success rates of 80%-100%[5-7].
Liver transplantation in adults is usually performed in duct-to-duct or Roux-en-Y
hepaticojejunostomy reconstruction with an intact stomach. No special caution is
required in duct-to-duct reconstruction because no stomach or small bowel resection
is performed; however, Roux-en-Y reconstruction involves a long afferent limb, as in
RYGB (Figure 3B).
To insert the endoscope faster and more accurately in patients after a reconstruction, one must understand the post-surgery anatomy very well.

Second step: Selection of optimal endoscope type for different types of reconstruction anatomy
Conventional duodenoscope, gastroscope, or colonoscope: The length of the afferent
limb is important in selection of the endoscope. In Billroth II reconstruction with a
short afferent limb, intubation is successfully achieved in most cases (62.5%-100%)
with a conventional side-view duodenoscope or forward-view gastroscope with or
without cap-fitting to fix the bowel wall; these should be the first-choice endoscopes
(Table 1). The route of intubation to reach the entry site into the afferent limb differs
depending on the reconstruction technique, as previously described. A higher
perforation rate is associated with use of a duodenoscope because of limited
visualization, difficulty controlling the scope, and the need to apply more pressure to
overcome looping. In contrast, while the forward-view endoscope provides better
visualization, cannulation is difficult due to the tangential view to the papilla. In one
study, the success rate increased from 88.6%-92.5% by use of a cap fitted at the tip of
the scope[8]. As shown in Table 2, Wang et al[8] and Bove et al[9] reported that the main
reasons for intubation failure caused by the afferent limb are extension of the limb too
far beyond the scope and the sharp angulation of the afferent limb. The success rate of
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Figure 1

Figure 1 Billroth II gastrectomy and variations of reconstruction. A: Antiperistaltic type. The entry of the afferent limb is located near the lesser curvature; B:
Isoperistaltic type. The entry site is located near the greater curvature; C: Retrocolic reconstruction. The afferent limb is shorter than that in antecolic reconstruction; D:
Antecolic reconstruction. The afferent limb is significantly longer than that in retrocolic reconstruction; E: Roux-en-Y reconstruction involves the longest limb among all
Billroth II gastrectomy techniques; F: Braun jejunojejunostomy anastomosis creates a confusing endoscopic view to reach the afferent limb.

gastroscopy, duodenoscopy, and colonoscopy for intubation is 84.6%, 62.5%, and
93.5%, respectively. Shah et al[10] reported a high success rate of deeper insertion by
changing the patient’s position to the left lateral decubitus or supine position. In
Billroth II reconstruction without Braun anastomosis, the papilla can be reached in >
80% of cases by conventional duodenoscopy or gastroscopy. In Billroth II reconstruction with Braun anastomosis, however, the success rate ranges from 29%-90%,
and the failure rate is increased[1,11]. Using a conventional duodenoscope, the scope to
the entry site should be at the middle entrance of the Braun anastomosis[1]. For Rouxen-Y reconstruction, entering the afferent limb of the Y anastomosis is much more
difficult because of the longer afferent limb length, sharper angulation, and more
severe adhesion.
The most common indications for ERCP after Whipple’s operation are elimination
of common bile duct (CBD) stones and resolution of anastomotic strictures[12]. Hence,
the DAE is more frequently used. Moreover, the endoscopist should have a high level
of experience in manipulating the scope to overcome the adhesions and angulation of
the anastomosis and thus reach the afferent limb. Wu et al [13] reported a 90.5%
intubation success rate using a duodenoscope with retrieval balloon-assisted
enterography, which is more complicated than use of a DAE.
Device-assisted endoscopy (DAE): A double-balloon enteroscope (DBE), singleballoon enteroscope (SBE), and rotational or spiral enteroscope (SE) can increase
ERCP success rate in patients with surgically altered anatomy depending on
reconstruction type, limb length, en-doscopist’s familiarity, and available therapeutic
accessories.
DAE-assisted ERCP provides satisfactory outcomes with an intubation success rate
of 40%-100% (Tables 2-4). Table 5 compares the characteristics of each type of scope.
The main objective of the balloon is to pleat the small bowel into the overtube and
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Figure 2

Figure 2 Various reconstructions of pancreaticoduodenectomy (Whipple’s procedure). A: Conventional
Whipple’s procedure; The afferent limb is near the lesser curve; B: Pylorus-preserving pancreaticoduodenectomy; C:
Braun anastomosis may create a confusing endoscopic view.

stabilize the scope. DBE-assisted ERCP is characterized by a long and short type
comprising two separate inflatable balloons at the tip of the scope and overtube. The
DBE can advance deeper into the small bowel by alternating inflation-deflation and
reduction-advancement of the endoscope and overtube. The advantages are deeper
insertion to the papilla (even in Roux-en-Y reconstruction and RYGB) and overcoming
the sharp angulation because of the balloon at the tip, forward-view visualization, and
scope stability provided by the overtube. The limitations are formation of looping
because of the long length, which can soften the scope shaft; restriction of
maneuverability by adhesions; limitation of orientation relative to the papilla; and
lack of an elevator, making cannulation more difficult than with a conventional sideview duodenoscope. A long DBE has a 200 cm working length, which is not
compatible with commercial ERCP accessories. Thus, a short DBE was developed, but
the use of standard accessories for therapeutic intervention is still limited (e.g.,
metallic and plastic stents limited to ≤ 7 Fr) because of the 2.8-mm working channel. A
short DBE with a 3.2-mm channel is now available in Japan. The overall success rate
of DBE with various reconstruction types ranges from 70%-100% (Table 2). The short
DBE insertion success rate in Billroth II gastrectomy is 90%-100% (Table 2). No reports
have described the use of a long DBE in Billroth II reconstruction because a
conventional endoscope can be successfully used in most cases (Table 1). The
exceptions are Roux-en-Y and Braun anastomosis of Billroth II reconstruction, in
which the longer afferent limb requires use of a DAE. The most successful afferent
limb intubation by a DBE is achieved in Billroth II reconstruction (100%), then
Whipple’s procedure and total gastrectomy (95%-100%), and finally hepaticojejunostomy (80%-100%) (Table 2). The lowest success is achieved in RYGB and
after liver transplantation (80%-90%). A few reports have compared long- and shorttype DBEs, Itoi et al[14] reported a significant difference in the mean time to reach the
papilla between long and short DBEs (64.8 ± 24.7 and 29.0 ± 19.2 min, respectively).
After a long DBE has reached the ampulla, the endoscopist must change to a
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Figure 3

Figure 3 Other types of reconstruction. A: Roux-en-Y gastric bypass; B: Hepaticojejunostomy in liver transplant,
pancreaticobiliary maljunction, or bile duct cancer.

significant difference in the insertion success rate between a long and short DBE, but
insertion tended to be easier with a short DBE because of better maneuverability,
application of more pressure during insertion, and greater compatibility with
therapeutic accessories.
The SBE has a single inflatable balloon at the tip of the overtube, and the hookshaped tip makes it easier to pass the sharply angulated anastomosis. The principle of
SBE is an alternating cycle of advancement-reduction of the scope to pleat the small
bowel into the overtube and achieve deeper insertion. The success and complication
rates of SBE-ERCP are shown in Table 3. The overall success rate of SBE is 80%-100%
(long, 80%-100%; short, 85%-100%). Use of a long SBE seems to be more successful in
Roux-en-Y reconstruction and RYGB because of the insufficient length of the short
SBE; however, Iwai et al[16] reported a higher success rate with a short than long SBE in
Roux-en-Y reconstruction (92% and 84%, respectively) and no significant difference in
reaching the blind end, the mean time to reaching the blind end, diagnostic success
rate, therapeutic success rate, or complication rate between long and short SBEs.
A few published articles compared long and short SBEs, but no significant
difference in the insertion success rate was found between the two endoscopes[17,18].
The disadvantages of the long SBE are the long length of the scope, which is
incompatible with conventional ERCP accessories. The 2.8-mm working channel also
limits therapeutic intervention accessories. The short SBE is more convenient because
of its easier maneuverability and its 152 cm length, which is compatible with many
ERCP accessories. It larger working channel (3.2 mm) allows for use of small metallic
and plastic stents, conventional wire-guided devices, and the water jet function,
which is very useful to maintain the operative field and manage bleeding. The newest
second-generation short SBE has a passive bending section that allows for deeper and
smoother advancement; thus, the short SBE may be the first choice for ERCP in
patients with altered anatomy. Additionally, a few studies have shown no significant
difference in the success and complication rates between the DBE and SBE. De Koning
et al[18] reported an overall ERCP success rate of 73% for DBE and 75% for SBE, with no
significant difference. Katanuma and Isayama [15] also reported no significant
difference between DBE and SBE insertion success rates in Billroth II reconstruction;
however, the DBE tended to have a lower success rate in hepaticojejunostomy but a
higher success rate in Roux-en-Y reconstruction compared with the SBE (94.7% and
85.1%, respectively). This because the SBE has a slightly softer overtube system that
makes insertion into the deeper part slightly more difficult; additionally, most
endoscopists are more familiar with the DBE than SBE. Abu Dayyeh[19] also noted no
significant difference in the mean procedure time between the two endoscopes, but
the SBE was more cost-effective and less technically demanding.
The SE is characterized by a rotating overtube for gripping and pleating the small
bowel onto the endoscope and advancing the scope into the lumen. Clockwise
advancement of the rotating overtube is performed while the scope is pushed in for
deeper insertion. The spiral overtube provides straighter and more stable
manipulation, but this stiffness may cause difficult insertion and complications in
cases of severe adhesion. The overall success rate of afferent limb intubation varies
widely (40%-90%) because few studies have been published (Table 4). DBE- and SBEassisted ERCP are more popular than SE-assisted ERCP because of greater familiarity
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Figure 4

Figure 4 Technique to identify afferent limb. A: Intraluminal indigo carmine injection; B: CO2 insufflation guidance.

in manipulating the scope; thus, the SE is the second choice for RYGB or Roux-en-Y
reconstruction. Lennon et al[20] reported a low diagnostic success rate of only 40.0%
and 48.3% for the SE and SBE, respectively, but a high therapeutic yield of 87.5% for
the SE only in intubated cases and 100% for the SBE with no statistical difference in
Roux-en-Y reconstruction (Table 4). Ali et al[21] performed a large single-center study
of SE-assisted ERCP in RYGB and long-limb Roux-en-Y reconstruction. The overall
success rate of reaching the papilla was 86%, and the median procedure time was 189
min, but the procedures were performed by highly experienced endoscopists in a
tertiary center hospital. Zouhairi et al[22] and Wagh et al[23] also reported a high SE
access rate of any type of reconstruction of 76.2% and 77.0%, respectively. Clearly, SEassisted ERCP is feasible and safe, especially in RYGB and Roux-en-Y reconstruction,
despite the fact that the success rate seems to be lower than that of the DBE and SBE.
DBE, SBE, and SE are compared in Table 6. In a large United States multicenter
study, Shah et al[10] reported 74%, 69%, and 72% rates of successful access to the papilla
or biliopancreatic anastomosis using a DBE, SBE, and SE, respectively, in long-limb
Roux-en-Y reconstruction; no significant difference was found among the three
endoscopes. The reasons for failure were sharp angulation and an inability to identify
the afferent limb from the jejunojejunostomy anastomosis; these reasons did not
depend on the scope type. Skinner et al[24] also compared the DBE, SBE, and SE success
rates in various reconstructions and found the highest success rate in Billroth II
reconstruction (96%) and the lowest in RYGB (80%) of any type endoscope used.
The multibending backward-oblique-viewing duodenoscope (M-D scope) and the
multibending forward-viewing endoscope (M-scope) both have two bending parts to
upward of distal and downward of proximal shaft to create a swan neck shape of the
distal tips to facilitate an en face position of the papilla, which is beneficial for
cannulation. Imazu et al[25] reported that the first M-D scope created a “look-up” view
to the papilla while stabilizing the proper distance between the scope and papilla.
This benefit is clear in Billroth I reconstruction, which involves a straight anatomy and
close proximity to the papilla. The first-generation M-D scope is difficult to insert
because of the insufficient stiffness of the scope shaft; thus, the second-generation MD scope was developed to increase the shaft stiffness, resulting in a high overall
success rate of 100%[26]. The M-D scope helps to correct the papilla position by the
swan neck tip shape with an overall success rate of 100%[27]. Koo et al[26] proposed that
the advantage of the M-scope for Billroth II reconstruction is that the papilla is more
easily reached due to the forward view, and the success rate of papilla cannulation
with a side-view endoscope with swan neck tip was 92.9%. Thus, the major advantage
of the M-D scope and M-scope is obtained in cases of difficult cannulation; access to
the afferent limb may be similar to other forward-view endoscopes. However, the MD scope and M-scope are not adequate for Roux-en-Y reconstruction or pediatric
patients because of their short length and poor maneuverability.
Short type SBE is very convenient and easier to control because short type does not
cause much looping on insertion. It is also compatible with basic commerciallyavailable ERCP equipment that are important for treatment procedures.
Adjunctive technique to facilitate insertion into correct direction of afferent limb:
Many adjunctive techniques have been developed to enhance the success rate of
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Table 1 Success rates of conventional duodenoscope and forward-view endoscope in Billroth II operation

Ref.

Endoscope type

Operation type

Success rate of
afferent loop
intubation, %

Success rate of
cannulation, %

Complication rate, %

Jang et al[44]

Conventional side-view
duodenoscope

Billroth II

100

100

0

Bove et al[9]

Conventional side-view
duodenoscope

Billroth II

86.7

93.8

2.7

Cicek et al[11]

Conventional side-view
duodenoscope

Billroth II

86.4

88.2

10.2

Wu et al[13]

Conventional side-view
duodenoscope

Billroth II

90.5

88.6

12.5

Kim and Kim[67]

Conventional side-view
duodenoscope

Billroth II

100

100

4

Park et al[68]

Conventional side-view
duodenoscope

Billroth II

86.8

92.3

3.6

Wang et al[8]

Conventional side-view
duodenoscope

Billroth II

62.5

100

10.3

Forward-view
gastroscope Standard
colonoscope

Billroth II

84.6

81.8

Billroth II

93.5

91.2

Cap-fitted forward-view Billroth II
gastroscope/ without
cap

92.5/88.6

91.1

3

Park et al[38]

Cap-fitted forward-view Billroth II
gastroscope

100

100

10

Lin et al[69]

Forward-view
gastroscope

76.8

81.4

0

Billroth II

DBE: Double balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

intubation into the afferent limb and reach the papilla or bilioenteric or pancreatoenteric anastomosis with various endoscope types. The afferent limb can be
recognized by the bile-containing limb and antiperistalsis motility. The Roux-en-Y
anastomosis can be identified by scar tissue and must be crossed to enter the correct
limb, and an adjunctive technique should be added to increase the insertability[16,28,29].
Yano et al[28] reported an 80% success rate of identifying the afferent limb in Roux-en-Y
reconstruction by intraluminal indigo carmine injection in the second part of the
duodenum (Figure 4A). Peristalsis moves the dye to the efferent limb, and slight
reflux into the afferent limb allows for identification of the afferent limb. The roux
limb usually has a sharp angulation, making a side-view duodenoscope difficult to
use; a forward-view enteroscope is more beneficial. The bilioenteric anastomosis is
always seen before the pancreatoenteric anastomosis, which is located 10 cm ahead[3].
Iwai et al [16] reported the usefulness of CO 2 insufflation at the anastomosis if
radiographs confirm the scope position in the correct afferent limb and blind end
expansion in the right upper quadrant. (Figure 4B) In our experience, CO2 insufflation
is the easiest and quickest way to assess whether we are in the correct limb.

Third step: Cannulation to native papilla or biliopancreatoenteric anastomosis
Improved endoscope insertion is a major factor of the 90%-100% success rate; if
insertion to the afferent limb is successful, the cannulation is always successful (Tables
1-4). Kato et al[30] reported a similar cannulation success rate of 60%-100% among all
reconstruction types which is as same as normal anatomy patients. However,
questions remain regarding how the native papilla or biliopancreatoenteric
anastomosis can be identified and cannulated. The position of the native papilla in
surgically altered anatomy differs greatly from that in the normal anatomy.
Cannulation success rates in patients with a native papilla are lower than those in
patients with a biliopancreatic anastomosis because of the sphincter muscle. Knowing
the position of the working channel in the endoscopic view of each endoscope type is
important to rotate the papilla into the proper en face view position; if the papilla
cannot be adjusted to the proper view, cannulation may be difficult. Native papilla
cannulation in Billroth II reconstruction is much more difficult because the papilla is
in the reverse orientation; the forward-view endoscope thus shows a tangential,
oblique, and inverted papilla. The use of a catheter oriented straight out from the
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Table 2 Success rate of long and short double-balloon enteroscope-assisted endoscopic retrograde cholangiopancreatography in
surgical altered anatomy

Ref.

Endoscope type

Operation type

Successful of
afferent loop
intubation, %

Successful of
cannulation, %

Complication, %

Shah et al[10]

Long DBE

Overall

71

88

NA

RYGB

87

67

NA

non-RYGB

58

58

NA

Roux-en-Y
reconstruction

75

NA

NA

Hepaticojejunostomy

80

NA

NA

Billroth II

100

NA

NA

Roux-en-Y
reconstruction

97.1

NA

NA

Hepaticojejunostomy

87.5

NA

NA

Billroth II

100

NA

NA

Whipple

95.7

NA

NA

Liver transplantation

88.9

NA

NA

Overall

97

98

5

Billroth II

100

100

NA

Total gastrectomy

95

96

NA

Whipple

100

100

NA

Katanuma et al[15]

Long DBE

Short DBE

Shimatani et al[70]

Short DBE

Cheng et al[71]

DBE

Billroth II

95

87

6.5

Osoegawa et al[35]

Short DBE

Overall

96

89

3.5

Billroth II

95

89

NA

Roux-en-Y
reconstruction

96

88

NA

Whipple

100

100

NA

[24]

Skinner et al

Long DBE

RYGB

82

NA

NA

Siddiqui et al[72]

Short DBE

Overall

81

90

8.8

RYGB

82

91

NA

Billroth II

100

100

NA

Whipple

95

84

NA

Hepaticojejunostomy

100

100

NA

Overall

97.7

96.4

10.6

Roux-en-Y
reconstruction

97

97

NA

Whipple

100

98

NA

Billroth II

96.2

100

NA

Hepaticojejunostomy

100

NA

7

Shimatani et al[73]

[49]

Mizukawa et al

Short DBE

Short DBE

DBE: Double balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

working channel is better. Ishii et al[31] reported a J-turn technique that advanced the
scope into the inferior duodenal angle, moving it to a retroflex position to facilitate
cannulation in Roux-en-Y reconstruction with a short distance from the papilla in the
tangential direction; however, caution is needed because of the risk of perforation.
Okabe et al[32] proposed that a softer single-lumen catheter is suitable for the native
papilla, while a stiffer double-/triple-lumen catheter is suitable for anastomosis
cannulation because of the larger opening.
Other catheters, such as the sphincterotome, Soehendra Billroth II sphincterotome,
and rotating-tip catheters, are used when the axis of the bile duct does not allow a
straight catheter to fit. For a long DBE and long SBE, a prototype catheter, standard
long catheter, or endoscopic nasobiliary drainage (ENBD) tube can be used for
cannulation. The biliopancreatoenteric anastomosis is usually easy to identify and
cannulate except in patients with scarring stenosis. This can be located by intermittent
bile flow from the opening, but it may be more difficult to identify the pinhole-like
anastomosis is cases of stenosis. Thus, administration of contrast media followed by
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Table 3 Success rates of long and short single-balloon enteroscope-assisted endoscopic retrograde cholangiopancreatography in
surgically altered anatomy
Success rate of
afferent
loopIntubation, %

Success rate of
cannulation, %

Complication rate, %

RYGB,
hepaticojejunostomy,
and Whipple

80.9

61.7

6.5

Long SBE

RYGB,
hepaticojejunostomy,
and Whipple

87.5

78.57

NA

Long SBE

Total and distal
72.7
gastrectomy with Roux87.5
en-Y reconstruction

85.7

2.4

RYGB

73

59

Non-RYGB

65

61

Long SBE

Overall

100

88

0

Abu Dayyeh et al

Long SBE

Overall

80.9

69.4

NA

Lee et al[78]

Long SBE

Long-limb Roux-en-Y
reconstruction

69

60

NA

Itokawa et al[17]

Long SBE and short SBE Hepaticojejunostomy

1.6

Ref.

Endoscope type

Operation type

Inamdar et al[74]

Long and short SBE

Trindade et al[75]

Obana et al[76]

Short SBE
Shah et al[10]

Long SBE

Kurzynske et al[77]
[19]

71.4

92.9

100

Whipple

82.4

96

12

Wang et al[40]

Long SBE

Billroth II,
hepaticojejunostomy,
Whipple, and Roux-enY reconstruction

92.3

90

12.5

Kawamura et al[79]

Long SBE

Roux-en-Y gastrectomy

91.7

58.3

2.2

Iwai et al[16]

Short SBE

Billroth II

90

89

0

Roux-en-Y
reconstruction

92

88

11.5

Billroth II

88

86

14.3

Roux-en-Y gastrectomy

91

90

21.1

Hepaticojejunostomy

100

100

0

Overall

92.6

81.8

12

Billroth II

100

95

NA

Whipple

97.5

75.9

NA

Roux-en-Y gastrectomy

95.6

88.9

NA

Hepaticojejunostomy

81.4

79.7

NA

Yamauchi et al[80]

Yane et al[81]

Short SBE

Short SBE

SBE: Single balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

fluoroscopy can identify the anastomosis in about 67% of cases[33], and CO2 inflation
can identify the anastomosis by the presence of aerobilia on radiography.
In cases of severe stricture, Tsutsumi et al[33] reported successful use of a Soehendra
stent retriever for dilating the strictured anastomosis in two patients. Wang et al[8]
proposed the endoscopic exchange technique when cannulation by a forward-view
endoscope failed. After reaching the papilla, a guidewire was placed in the afferent
limb, the forward-view endoscope was then removed, and the side-view
duodenoscope was advanced over the guidewire. Itoi et al[34] also reported exchange to
a side-view duodenoscope while leaving the overtube in place with a 77% clinical
success rate. Although cannulation in native papillae seems to be more difficult,
Osoegawa et al[35] reported no significant difference in the cannulation rate among
Roux-en-Y total gastrectomy, Billroth II reconstruction, and the Whipple procedure
when a DAE reached the blind end. Skinner et al [24] also reported no significant
difference in the cannulation rate for native papillae and biliopancreatoenteric
anastomosis (90% and 92%, respectively) or among the DBE, SBE, and SE (85%, 87%
and 90%, respectively).
In another study, although a significantly higher cannulation rate was observed
when using the side-view duodenoscope than the forward-view endoscope (87% and
68%, respectively), the perforation rate was lower with the forward-view
endoscope[36]. In cases of difficult or failed cannulation, a rendezvous technique after
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Table 4 Success rates of spiral enteroscope-assisted endoscopic retrograde cholangiopancreatography in surgically altered anatomy
Success rate of afferent
loop intubation, %

Success rate of
cannulation, %

Complication rate, %

RYGB and other Roux-en-Y
reconstruction

40

87.5

3.5

Ali et al[21]

RYGB and other Roux-en-Y
reconstruction

86

100

0

Zouhairi et al[22]

RYGB, Billroth II, and
hepaticojejunostomy

76.2

81.3

23.8

Shah[82]

RYGB, hepaticojejunostomy,
Whipple, and postgastrectomy

88

79

12.4

Wagh et al[23]

RYGB, Whipple, Billroth II,
and hepaticojejunostomy

77

67

0

Ref.

Operation type

Lennon et al[20]

RYGB: Roux-en-Y gastric bypass.

percutaneous transhepatic biliary drainage (PTBD), which requires a dilated
intrahepatic duct, can facilitate the cannulation. If the intrahepatic duct is not dilated,
safe performance of the percutaneous transgallbladder rendezvous technique can be
challenging[29,37]. Application of a cap at the tip of the forward-view endoscope (capfitted tip) can decrease endoscope slippage from the bowel wall during reduction of
looping by mucosal suction, ensuring adequate visibility when insertion is estimated
to be 2 mm from the bowel wall, stabilizing the scope, and maintaining a proper
distance between the scope and papilla to facilitate successful cannulation [38] . If
insertion is still difficult due to looping or a long scope length, passing a biopsy
forceps or guidewire into the endoscope channel can increase the stiffness and
decrease the floppiness of the scope, thereby facilitating successful insertion[39]. Wang
et al[40] reported that passage of a long guidewire or long retrieval balloon into the
afferent limb can facilitate scope insertion with an overall therapeutic success rate of
90%.
Cannulation with a forward-view endoscope is more difficult than side-view but if
you can rotate the papilla to the en face view with the endoscope working channel it
will be easier. For example, a short type SBE working channel is located at 7 o’clock,
so you have to position the ampulla at 7 o’clock.

Fourth step: Papillary intervention
Papillary intervention is important and performed prior to stone extraction or other
therapeutic procedures. A common technique is endoscopic sphincterotomy (EST),
but in cases of surgically altered anatomy, it is difficult to keep the EST knife in the
proper direction and control limit size of cutting because of the reverse position of the
papilla, difficult scope maneuverability, and improper accessories. Many techniques
can facilitate easier EST, such as use of an S-shaped sphincterotome, rotatable
sphincterotome, push-type sphincterotome, and needle-knife sphincterotomy (either
free-hand or over a biliary stent). The DBE working channel is located at the 6 to 7
o’clock position, and the papilla needs to be brought to the 6 o’clock position for safe
fixation. Conversely, the SBE working channel is located at 8 to 9 o’clock, making it
more difficult to fix the papilla; additionally, the cutting should be directed toward 5o’clock. If EST is too high-risk, endoscopic papillary balloon dilatation is the first
option because of its low risk of bleeding and perforation. This technique is suitable
for small and multiple CBD stones because of the small balloon diameter (6-8 mm)[41].
For large and multiple CBD stones, endoscopic papillary large balloon dilatation
(EPLBD) (diameter, 12-18 mm) has a satisfactory success rate even when not
combined with EST, and there is no significant difference in post-ERCP pancreatitis.
The main reason for performing EPLBD is to avoid additional therapeutic procedures
for stone extraction. The stone clearance rate by EPLBD alone is high (Table 7); thus,
EPLBD alone and EST plus EPLBD both have a higher therapeutic success rate than
EST alone. Teoh et al[42] reported equal efficacy for removal of bile duct stones between
EST alone and EST followed by EPLBD, which decreased the bleeding and perforation
rates in the EPLBD group. In their systematic review, Kim et al[43] found that the
overall success rate was 96.5% in EST with EPLBD and 97.2% in EPLBD alone with no
significant difference. EPLBD alone is effective and safe for stone removal after
Billroth II reconstruction with a first-session success rate of 92.5%[44]. EPLBD can be
used alone for papillary intervention to decrease EST-related complications such as

WJG

https://www.wjgnet.com

3323

July 14, 2019

Volume 25

Issue 26

Krutsri C et al. Current status of ERCP in patients with surgically altered anatomy

Table 5 Characteristics of enteroscope types used for endoscopic retrograde cholangiopancreatography
Long DBE

Long DBE

Long SBE

Short DBE

Short SBE

Short DBE

EN-450T5, 2004

EN-580T, 2013

SIF-Q260, 2007

EI-530B, 2011

SIF-H290S, 2017

EN-530T, 2016

View of direction

Forward

Forward

Forward

Forward

Forward

Forward

Working length in mm

2000

2000

2000

1520

1520

1520

Total length in mm

2300

2300

2305

1820

1840

1820

Working channel diameter in mm

2.8

3.2

2.8

2.8

3.2

3.2

Outer diameter in mm

9.4

9.4

9.2

9.4

9.2

9.4

Angle of view

140º

140º

120º

140º

120º

140º

Water jet channel

No

No

No

No

Yes

No

Passive bending part

No

No

No

No

Yes

No

Scope type, release year

DBE: Double balloon enteroscope; SBE: Single balloon enteroscope.

bleeding and perforation, but caution is still needed because of possible post-ERCP
pancreatitis.
Laser lithotripsy, electrohydraulic lithotripsy under direct cholangioscopy, and
extracorporeal shockwave lithotripsy can be used to remove difficult stones.
Yamauchi et al[45] reported successful peroral direct cholangioscopy (PDCS) using a
short SBE with a free-hand technique, guidewire, and large balloon anchoring and
deflation in Roux-en-Y anastomosis for difficult-to-treat bile duct stones. Bile duct
insertion by large balloon anchoring and deflation is very useful with a bile duct
diameter of > 12 mm to prevent bile duct laceration or perforation. PDCS can improve
the complete stone clearance rate from 90.1%-97.6% in the transpapillary approach
and from 77.3%-100% in the transanastomotic approach without severe complications[46]. Matsumoto et al[46] reported an 85.7% success rate of stone removal by
PDCS with replacement of the DBE by an ultraslim endoscope and leaving the balloon
overtube in place during hepaticojejunostomy anastomosis without serious
complications. The detection rate of residual stones by PDCS was 41.7%. Thus, PDCS
can achieve complete stone clearance and reduce the stone recurrence rate. Air
embolism, which might be fatal, can be avoided by using CO2 insufflation during the
procedure.
One study of the treatment of stones in hepaticojejunostomy between percutaneous
transhepatic cholangioscopy (PTCS) and PDCS using a short DBE showed that the 1-,
2-, and 3-year stone-free rates were 100%, 73%, and 64% for PTCS and 85%, 65%, and
59% for PDCS, respectively; however, PDCS had a lower adverse event rate (10% vs
45% in PTCS) [47] . PDCS has a lower infection rate and less hemobilia, biloma
formation, and pain; additionally, the incidence of pancreatitis is very low (0.0%8.3%). PTCS is a more difficult technique because of the anatomy of the hepatic
confluence and contraindications in patients with ascites and coagulopathy.
The rate of postoperative bilioenteric anastomosis stricture can reach 12.5% at 2
years[48], and the rate of hepaticojejunostomy anastomosis stenosis can reach 3%-4% at
2.3-4.1 years after conventional pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy [ 3 1 ] Endoscopic balloon dilatation for this benign
anastomosis stricture is an important and challenging procedure. Mizukawa et al[49]
reported that the 1-, 2-, and 3-year cumulative anastomosis patency rates after
endoscopic balloon dilatation (6-8 mm) by a short DBE were 73%, 55%, and 49%,
respectively, which do not represent a good outcome despite a high technical success
rate (100%); however, it is difficult to predict which patients will develop a recurrent
stenosis. Tsutsumi et al[33] also reported successful dilation of severe bilioenteric
anastomosis stricture by a 7-Fr Soehendra stent retriever over the guidewire by a
short DBE. The Soehendra stent retriever can dilate severe and tight strictures over the
guidewire, and a dilation catheter can subsequently pass and achieve sufficient
dilation. Kamei et al [48] reported treatment of hepaticojejunostomy anastomosis
stricture following living-donor liver transplantation by balloon dilatation with a
DBE, and the success rate was 78%. Compared to percutaneous dilatation and stent
placement, the success rate was 72%-80%, which is similar to endoscopic treatment
and a highly effective short-term outcome. For pancreaticojejunostomy anastomosis
following Whipple’s operation, pancreatitis usually occurs if a stenosis is present.
Transient edema can occur after dilation but can be corrected by applying a 5- to 10-Fr
pancreatic duct stent.
Endoscopic treatment of malignant biliary obstruction in patients with surgically
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Table 6 Success rates of double balloon enteroscope, single balloon enteroscope, and spiral enteroscope in surgically altered anatomy
Ref.

Operation type

DBE

SBE

SE

Overall

P value

Shah et al[10]

RYGB, hepaticojejunostomy, post-gastrectomy and Whipple

74%

69%

72%

71%

0.722

Skinner et al[24]

RYGB, Whipple, hepaticojejunostomy and Billroth II

89%

82%

72%

74%

NA

Lennon et al[20]

Roux-en-Y reconstruction

NA

100%

87.5%

93.8%

1

Long-limb surgical bypass

74%

69%

72%

71%

0.887

[83]

Shah et al

DBE: Double balloon enteroscope; SBE: Single balloon enteroscope; SE: Spiral enteroscope; RYGB: Roux-en-Y gastric bypass.

altered anatomy is much more difficult. Yamauchi et al[50] reported a 100% technical
success rate and 92% functional success rate with placement of an 8.5-Fr uncovered
self-expandable metal stent (SEMS) for malignant biliary obstruction in altered
anatomy by a short SBE, and the median time to recurrence of obstruction was 247
days. Comparison of the patency of metallic stent types showed that recurrent
obstruction was longer in covered metallic stents[51]. Direct cholangioscopy has an
important role in clinical investigation, and tissue biopsy of intraductal biliary
carcinoma by DBE was reportedly successful after choledochojejunostomy[52]. Lenze et
al[52] compared the rate of treatment failure between malignant obstruction and benign
stricture in patients with altered anatomy by an SBE and found that malignant biliary
obstruction had a significantly higher failure rate than benign stricture (84.2% and
14.2%, respectively). Cases of failure can be successfully treated by PTCS and surgical
intervention. Thus, malignant obstruction can be successfully treated by endoscopic
SEMS placement with effective short-term outcomes and a longer time to recurrence
of obstruction using covered type SEMS[50,53].
EST plus EPLBD has a stone clearance rate and less complications, such as
perforation or bleeding, and this intervention is not much more difficult to perform
once you can cannulate the bile duct. PDCS is useful in cases with difficult-to-treat
bile duct stones because it can detect retained stones in real time. However, this
procedure requires advanced endoscopy skills.
Recently advanced techniques for ERCP in surgically altered anatomy: The difficulty of performing ERCP in altered anatomy, especially with a very long limb as in
RYGB and Roux-enY reconstruction, has resulted in the adaptation and development
of many endoscopic and surgical techniques. Failed cases of DAE-assisted ERCP are
treated by PTBD, which has a high risk of skin infection, pain, difficult home care,
decreased quality of life, and impaired enterohepatic bile circulation. Many
publications have described EUS-guided ERCP, endoscopic gastropexy or
gastrostomy ERCP, and LA-ERCP (Figure 5)[54-57].
Three main access techniques are used in EUS-guided biliary-pancreatic ERCP or
interventions in patients with altered anatomy: the EUS-guided rendezvous
technique, EUS-guided anterograde drainage, and EUS-guided transmural drainage.
Good outcomes are attained by experienced surgeons in high-volume centers[54].
Because a high level of technical experience is required, EUS-guided ERCP should be
reserved for patients with long (> 100 cm) or very long (> 150 cm) limbs for which
conventional or DAE-assisted ERCP has failed. The anterograde or rendezvous
technique may be initiated in patients with bile duct stones and failed cannulation to
the native papilla or a strictured biliopancreatoenteric anastomosis. Table 8 summarizes the efficacy of EUS-guided ERCP and shows a high technical success rate of
75%-100% and high clinical success rate of 70%-100% with a complication rate of 10%20%, but the complications can be managed conservatively.
Ngamruengphong et al[55] reported EUS-guided creation of a transgastric fistula
from the gastric pouch or jejunum to the excluded stomach in RYGB followed by use
of lumen-apposing metal stents (LAMSs). A conventional duodenoscope could then
be advanced perorally via this stent. After successful ERCP, the stent was removed
and the fistula was closed by over-the-scope clips or endoscopic suturing. A point of
caution in this technique is the risk of perforation due to stent dislodgment into the
abdominal wall and patency of the transgastric fistula with weight regain. The
authors reported technical and clinical success rates of 100%, and the fistula closed in
92% of cases by endoscopic procedures without weight regain. LAMS dislodgement
occurred in two patients and was managed by stent repositioning.
Hosmer et al [57] also reported a 100% technical success rate of EUS-guided
hepaticogastrostomy (EUS-HGS) with antegrade clearance of bile duct stones in Rouxen-Y reconstruction, which is more suitable when urgent drainage is needed because
of a single session, with no risk of stent dislodgment and no risk of patent fistula
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Table 7 Success rates of stone removal in Billroth II reconstruction in different ampullary interventions
Ref.

Number of
patients

Ampullary
intervention

First session
success rate, %

Overall success
rate, %

Complication

Park et al[38]

10

Cap-fitted forwardview endoscope

EST

30

100

0

Kim et al[41]

9

Side-view
endoscope

EST + EPLBD

55.5

89

0

Choi et al[84]

26

End-view and sideview endoscope

EST + EPLBD

76.9

100

0

Itoi et al[85]

11

End-view endoscope EST + EPLBD

100

100

0

[86]

13

Cap-fitted forwardview endoscope

EPBD

66.6

100

23

77

DBE

EPLBD

75

100

4

40

Side-view
endoscope

EPLBD

92.5

100

15

Lee et al

Cheng et al[71]
[44]

Jang et al

Endoscope used

EST: Endoscopic sphincterotomy; EPLBD: Endoscopic papillary large balloon dilatation.

induced by weight regain. A retrospective review from four academic centers
reported a 72% clinical success rate of EUS-guided antegrade bile duct stone removal
in patients with altered anatomy; failure was due to insufficient bile duct dilatation.
This EUS-guided antegrade procedure can be performed in the same session, while
PTBD must be performed in two sessions by a radiologist and endoscopist[58]. EUSguided antegrade removal of bile duct stones seems to be the first option for small bile
duct stones, while DAE-assisted ERCP should be used for large bile duct stones if
possible. Compared with the EUS-rendezvous technique, this may be easier and faster
because the endoscope does not need to pass the long afferent limb for papillary
intervention. Iwashita et al[58] suggested that puncture from segment 2 allows for
easier manipulation of the guidewire and pushing of the balloon to treat bile duct
stones because the segment 2 route to the ampulla is relatively straighter than the
segment 3 route. However, the segment 2 route causes transesophageal puncture,
which might introduce bile leakage into the thorax. Segment 3 puncture may
therefore be safer despite the fact that the guidewire passage is slightly more difficult.
EUS-HGS can resolve a benign bilioenteric anastomosis stricture with antegrade
dilatation of the anastomosis with technical and clinical success rates of 100% but a
dilatation success rate of only 57% because of failure to pass the guidewire through
the strictured part. However, the clinical success rate can be increased to 100% by
persistent hepaticogastrostomy [59] . This EUS-HGS dilatation is suitable when
transpapillary access is impossible.
In malignant obstruction, EUS-guided transmural drainage is preferred because the
procedure can be repeated with a conventional endoscope. Iwashita et al[60] reported a
95% clinical and technical success rate of EUS-guided antegrade biliary stenting by an
uncovered metal stent for malignant obstruction in surgically altered anatomy with a
20% rate of adverse events that could be resolved by conservative management.
Surgical bypass and EUS-guided drainage for malignant distal biliary obstruction
show no differences in technical success, clinical success, quality of life, or survival[54].
Khashab et al[61] found that EUS-BD had a significantly higher technical success rate
than DAE-assisted ERCP in patients with surgically altered upper gastrointestinal
anatomy (98.0% and 65.3%, respectively). Clinical success was significantly higher in
EUS-BD than ERCP (88.0% and 59.1%, respectively). EUS-BD was not dependent on
the length of the surgical limb and allowed placement of larger metallic stents than
DAE-assisted ERCP.
An international multicenter study compared EUS-guided gastrogastrostomyassisted ERCP with LAMSs and enteroscopy-assisted ERCP in RYGB and found that
the technical success rate was superior in EUS-guided gastrogastrostomy-assisted
ERCP (100% vs 60%) with similar adverse event rates[62]. In a rare report of pancreatic
duct drainage (PDD) by EUS, Chen et al [63] found that EUS-guided PDD had a
significantly higher technical success rate than ERP after Whipple’s operation (92.5%
and 20.0%, respectively). Although EUS-PDD had a higher adverse event rate than
ERP (35.0% and 2.9%, respectively), all complications were successfully managed
conservatively. Another proposed EUS technique is EUS-guided gastropexy, which
has the advantages of a single procedural session and no need to wait for maturation
of the gastrostomy or fistula because of performance of gastropexy. This technique
may be suitable for urgent situations[64].
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Figure 5

Figure 5 Endoscopic EUS-guided ERCP and laparoscopic-assisted ERCP in Roux-en-Y gastric bypass. A: EUS-guided transgastric fistula by luminal-apposing
metallic stents; B: EUS-guided jejunogastrostomy stent with conventional ERCP; C: EUS-directed transgastric ERCP for Roux-en-Y reconstruction; D: EUS-guided
sutured gastropexy for transgastric ERCP; E: Laparoscopic-assisted ERCP. ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Ultrasonography.

The EUS-HGS is a rescue procedure when you cannot access the papilla by other
techniques, but it requires advance endoscopic skill. Puncturing on intrahepatic bile
duct in segment 3 is safer compared to segment 2 because the working area is far from
the esophagus and the thoracic cavity, but the down side is the difficulty in passing
the guide wire due to the angulation.
LA-ERCP has important roles in long-limb reconstruction (> 150 or > 200 cm) or
failed DAE-assisted ERCP and EUS-guided ERCP. The LA-ERCP procedure starts by
placing standard laparoscopic ports in three to four locations and connecting a
hanging suture from the anterior wall of the greater curvature to the abdominal wall,
then creating a gastrostomy between this suture. A 15- to 18-mm port is placed in the
gastronomy site, and ERCP is performed by a conventional side-view duodenoscope
via this port. After completion of the procedure, the port is removed and the defect is
closed by a suture or stapler (Figure 5E). LA-ERCP is the first choice in patients with
long limbs who require concomitant cholecystectomy in some institutions because
standard RYGB does not include concomitant cholecystectomy in all cases due to the
low incidence (only 7%-8%) of gallstone symptoms from postoperative rapid weight
loss[2]. Table 9 shows that the laparoscopic and endoscopic procedure in LA-ERCP has
a high success rate of 90%-100%, while the laparoscopic complication rate (e.g., port
size infection and hernia) widely ranges from 1%-20%, and the endoscopic
complication rate (e.g., bleeding and pancreatitis) ranges from 1%-8%. Schreiner et al[3]
reported that LA-ERCP had a higher papilla identification rate, cannulation rate, and
therapeutic success rate when compared with DAE-assisted ERCP (100% vs 72%,
100% vs 59%, and 100% vs 59%, respectively) because a limb length of > 150 cm is
associated with a high failure rate of DAE-assisted ERCP. Thus, LA-ERCP is suitable
in cases involving concomitant cholecystectomy, urgency, long-limb reconstruction,
and failure of other ERCP techniques.
Limitations of LA-ERCP include the need for coordination among the surgeons,
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Table 8 Efficacy of endoscopic ultrasonography-guided endoscopic retrograde cholangiopancreatography in surgically altered anatomy
Ref.

Method

Patients, n

One- or two- stage Technical success Clinical success
ERCP
rate, %
rate, %

Complication rate,
%

Bukhari et al[62]

EUS-GG-ERCP
(LAMS)

30

One 26.7%

EUS-guided HGS

9

Iwashita et al

EUS-AG for BDS

Iwashita et al[60]

EUS-guided
antegrade stent

Khashab et al[61]

Hosmer et al[57]
[58]

[56]

Imai et al

100

100

10

One

100

NA

11

29

One

79

72

17

20

Two

95

95

20

EUS-guided BD

49

Two

98

88

20

EUS-guided HGS

42

Two

97.6

90.2

NA

Two 73.3%

Endoscopic ultrasonography-guided biliary drainage included the rendezvous technique, direct transmural ostomy formation (hepatogastrostomy,
hepatoduodenostomy, hepatojejunostomy), and antegrade stenting. HGS: Hepatogastrostomy; EUS: Endoscopic ultrasonography; ERCP: Endoscopic
retrograde cholangiopancreatography; EUS-BD: Endoscopic ultrasonography-guided biliary drainage; LAMS: Lumen-apposing metal stent.

anesthesiologists, and operative room and the high risk of operative complications. As
shown in Table 9, however, this is a highly successful procedure with few complications that can be managed conservatively. In this laparoscopic technique, the
endoscope is more difficult to manipulate via the port because the shaft is outside the
patient. Hence, the laparoscopic port in gastrostomy should be inserted pointing
toward the pylorus[65]. Gastrostomy closure after ERCP is not complicated; sutures or
surgical staples can be used without leakage. Unplanned events and complications
such as bleeding and incomplete stone removal require repeating LA-ERCP without
retaining the previous gastrostomy tube, making the procedure much more difficult
because of adhesions from the previous operation.
Transgastric ERCP in RYGB involves the performance of ERCP by a conventional
side-view duodenoscope through the gastrostomy tract. The access route to the
excluded stomach may involve percutaneous, endoscopic, or surgical (laparoscopic or
open) placement of the gastrostomy. Banerjee et al[66] reported a 100% gastric access
rate and 98.5% duct cannulation rate with a 14.0% adverse event rate compared with a
60%-70% success rate of DAE-assisted ERCP. This can be performed in one or two
stages by waiting for gastrostomy tract maturation and upsizing for 4 to 6 wk to avoid
perforation, bleeding, or dislodgment of the gastrostomy tube. Therefore, this
technique is suitable in patients with large stones requiring a large sphincterotomy or
additional intervention through a conventional duodenoscope, while DAE-assisted
ERCP requires only a single stage and can be advantageous in more urgent cases.
Table 10 summarizes the efficacy of ERCP methods, including DAE-assisted, EUSguide biliary access, and LA-ERCP, in patients with surgically altered anatomy to
help endoscopists decide method of choice.

CONCLUSION
ERCP in patients with surgically altered anatomy requires high technical expertise
and familiarity with the endoscope. An understanding of the type of surgery, length
of the afferent limb, type of endoscope used with choice of proper approach (peroral
or transgastric), and compatible ERCP accessories with various endoscopic types are
the keys to success. A conventional endoscope and DAE-assisted ERCP are
recommended for short-limb reconstruction with/without a native papilla, while
DAE-assisted ERCP, EUS-guided ERCP, and especially LA-ERCP are highly
recommended for long-limb reconstruction, such as RYGB with concomitant
cholecystectomy.
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Table 9 Outcome of laparoscopic-assisted endoscopic retrograde cholangiopancreatography in patients undergoing Roux-en-Y gastric
bypass

Ref.

Patients, n

Laparoscopic Endoscopic Simultaneous
One- or twosuccess rate, success rate, cholecystecstage ERCP
%
%
tomy, %

Median
Laparoscopic Endoscopic
hospital stay complication complication
in d
rate, %
rate, %

Habenichts
Yancey et al[7]

16

100

94

31

One

3.7

0

7.6

Snauwaert et
al[2]

23

91.3

100

56.5

One

2.8

0

0

Paranandi et
al[65]

7

100

100

0

One

2

1

1

579

98

98

21

One

2

10

7

Abbas et al[6]
[3]

Schreiner et al

24

100

100

0

One

1.67

8.3

NA

Bowman et al[5] 11

100

100

0

One

3.4

18.2

0

Saleem et al[54]

100

100

0

One

2

0

0

15

ERCP: Endoscopic retrograde cholangiopancreatography.

Table 10 Summarized efficacy of endoscopic retrograde cholangiopancreatography methods in surgically altered anatomy
DAE-assisted ERCP

EUS-guided biliary access

Laparoscopic-assisted ERCP

Cholangiography success rate

70%-90%

95%-100%

95%-100%

Invasiveness

Minimal

Moderate

High

Skill requirement

Moderate

High

Moderate Cooperate with surgeon

Complication rate

0%-20%

10%-20%

0%-10%

Small stones

Easy

Easy

Easy

Large stones

Easy

Fair

Easy

Malignant stenosis drainage

Fair

Easy

Fair

Bile duct stone removal

DAE: Device-assisted enteroscope; EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography.
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Abstract
Choledochal cysts (CCs) are rare bile duct dilatations, intra-and/or extrahepatic,
and have higher prevalence in the Asian population compared to Western
populations. Most of the current literature on CC disease originates from Asia
where these entities are most prevalent. They are thought to arise from an
anomalous pancreaticobiliary junction, which are congenital anomalies between
pancreatic and bile ducts. Some similarities in presentation between Eastern and
Western patients exist such as female predominance, however, contemporary
studies suggest that Asian patients may be more symptomatic on presentation.
Even though CC disease presents with an increased malignant risk reported to be
more than 10% after the second decade of life in Asian patients, this risk may be
overstated in Western populations. Despite this difference in cancer risk,
management guidelines for all patients with CC are based predominantly on
observations reported from Asia where it is recommended that all CCs should be
excised out of concern for the presence or development of biliary tract cancer.
Key words: Choledochal cyst; Cholangiocarcinoma; Asian populations; Western
populations; Anomalous pancreaticobiliary junction
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Choledochal cysts (CCs) are rare, predominantly occurring in Asian
populations. While current global guidelines for their management are based on studies
on Asian populations, there may be relevant differences between Western and Asian
populations. For example, the risk of malignancy in Western populations may be lower
than that reported in Asian populations. Although studies on CC disease in Western
populations have been conducted, further evidence is still needed to properly elucidate
this disease in the West and design appropriate clinical guidelines. Continued efforts in
this regard are paramount, especially with the evolving field of hepatobiliary surgery that
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has recently seen the adoption of minimally invasive techniques.
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INTRODUCTION
Choledochal cysts (CCs), congenital dilatations of the biliary tree that may be either
extrahepatic and/or intrahepatic, are uncommon with an incidence that ranges from 1
in 100000-150000 live births in Western populations, to 1 in 1000 in some Asian
populations[1-7]. Most of what is known about CCs comes from Asia[2,6,8-10], although
there have been a few large Western cohorts reported[2,6,11-13]. Some clinicians postulate
that CC disease in the West is different from CC disease in the East and different
management strategies should be employed. Therefore, we present an overview of
CC disease in the West and East noting the similarities and differences in
presentation, diagnosis, and management.

ETIOLOGY AND PATHOPHYSIOLOGY
CCs are typically classified according to the Todani classification, modified from the
Alonso-Lej classification[14-16]. This classification outlines five types of CCs: Type I, the
most common, described as a solitary extrahepatic cyst; type II is an extrahepatic
supraduodenal diverticulum; type III CC is an intraduodenal cyst, which is
sometimes referred to as a choledochocele; type IV is comprised of both extrahepatic
and intrahepatic cysts; and type V, comprised of multiple intrahepatic cysts, and often
referred to as Caroli’s disease[5,16] (Figure 1A-E and Table 1). In both Eastern and
Western populations, type I CCs have been noted to be most common, ranging from
65%-84% in Eastern cohorts and 67%-73% in Western cohorts. Type IV CCs are the
next most common with 6%-30% in the East compared to 18%-19% in Western cohorts
(Table 2).
The similar distribution in CC types between Eastern and Western cohorts is likely
related to the similar etiology of CCs. Babbitt’s theory is the most commonly proposed
theory and states that CCs result from an anomalous pancreaticobiliary junction
(APBJ) where the pancreatic duct and the bile duct connect 1-2 cm proximal to the
sphincter of Oddi[3,4,17-22]. The clinical entity of APBJ has become widely accepted to be
etiologic in the pathogenesis of biliary carcinogenesis in patients with CC[8,11,23-25].
There are several proposed classifications for APBJ, but one common classification is
the simplified Komi’s classification, so-called Association Française de Chirurgie
classification that includes three subtypes: Type I (C–P type), type II (P–C type), and
type III (complex type) with ‘‘anse-de-seau’’ (Figure 2A-C)[22].
The long common channel associated with APBJ facilitates reflux of pancreatic juice
into the biliary tree, causing increased pressure and possible proteolysis within the
CBD culminating in ductal dilation[4,26]. High amylase levels have been noted in CC
bile, adding evidence to this theory[27]. This reflux of pancreatic juices also leads to
biliary tree inflammation, epithelial breakdown, mucosal dysplasia, and, potentially,
malignancy[21,27]. Furthermore, it has been suggested that the inflammation and bile
duct breakdown are exacerbated by high trypsinogen and phospholipase A2 levels in
bile of patients with CCs[28]. However, some authors have questioned this theory
because an APBJ is found in only 50%-80% cases of CCs, there is no pancreatic juice
reflux in antenatally detected CCs, and neonatal acini do not secrete sufficient
pancreatic enzymes[29]. Animal studies suggest that obstruction of the distal CBD may
contribute to the development of CCs, particularly sphincter of Oddi dysfunction,
which also causes pancreatic juice reflux into the biliary system[30]. Kusunoki et al[31]
proposed a pure congenital theory in which fewer ganglion cells are seen in distal
CBD in patients with CCs resulting in proximal dilation in the same manner as
achalasia of the esophagus or Hirschsprung’s disease[1,31].
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Table 1 Classification of choledochal cysts according to the Todani classification
Todani classification
Type I

Solitary extrahepatic cyst

Type II

Extrahepatic supraduodenal diverticulum

Type III

Intraduodenal cyst

Type IV

Both extrahepatic and intrahepatic cysts

Type V

Multiple intrahepatic cysts

CLINICAL PRESENTATION AND DIAGNOSIS
The demographics and clinical presentation of CC are similar between Eastern and
Western populations, especially the female to male preponderance, ranging from 4:1
to 3:1[1,2,6]. Most CCs are diagnosed in children, although about 25% are discovered in
adults[1]. In adults, the presentation is usually nonspecific and vague, with nonspecific abdominal pain being the most common symptom[1], but when the symptoms
are more specific, they are typically acute biliary tract and/or pancreatic in nature[2].
While some patients present with the classic triad of symptoms, abdominal pain,
palpable abdominal mass, and jaundice, it is observed in only 25% of adults, although
85% of children have at least two features of this classic triad[4,6,32]. Furthermore, recent
literature suggests increased rates of CC disease in adults[2,7]. While the trend in
common presentation symptoms may be similar between the East and West, the
literature suggests that associated biliary conditions such as cholecystitis, cholangitis,
and choledocholithiasis may be more prevalent in Eastern patients on presentation[24,25]
(Table 2). Indeed, further investigation is necessary to delineate if this is a true
difference between the two populations.
CC disease can be diagnosed using imaging modalities such as ultrasound,
computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP),
endoscopic retrograde cholangiopancreatography (ERCP), and endoscopic
ultrasonography, with MRCP and ERCP considered the diagnostic methods of
choice[6]. MRCP has been reported to have a 90%-100% sensitivity for detecting CCs[33].
However, MRCP has a much lower sensitivity for delineating the pancreatic duct and
common pancreaticobiliary channel of only 46%, which is lower when compared with
CT cholangiopancreatography which has a reported sensitivity of 64%[33]. With recent
advances in cross-sectional imaging, more asymptomatic cases are being discovered
incidentally[2,6]. Though current practice on imaging and diagnosis is similar across
continents, Asian patients are marginally more symptomatic on presentation; 88%91% of Asian patients present with symptoms compared to 72%-85% of Western
patients. Various reasons may account for this including potential difference in the
use of imaging modalities in clinical practice between the East and West, such as
difference in CC disease presentation or selection bias in various studies.

MALIGNANT RISK
CC disease is associated with various complications including obstructive jaundice,
symptomatic choledocholithiasis, pancreatitis, cholangitis, spontaneous cyst rupture,
secondary biliary cirrhosis, and cholangiocarcinoma[1]. Of particular concern is the
increased risk of malignancy[6,18,34,35], which varies from 2.5% to 17.5%, with some
reports as high as 21%[13,36-39]. Malignant risk in Western cohorts is likely overstated;
the risk of malignancy may be higher in Eastern cohorts compared to Western
cohorts, particularly in adults (Table 2). This high malignant risk in Asian cohorts has
been the main driver for the current approach to CC disease management.
The risk of malignancy increases with age, reported to be lowest in the first decade
of life at 0.7% and exceeding 10% after the second decade of life, suggesting that early
diagnosis and treatment lead to a more favorable outcome[1,36,40]. Some studies have
noted malignancy in up to 50% of patients with CC over the age of 60 years[24,25]. Not
only is malignancy associated with age, but CC type. Todani et al[16] observed that of
the patients who develop biliary malignancy, 68% occurred in type I, 5% in type II,
1.6% in type III, 21% in type IV, and 6% in type V CCs[16]. Additionally, the malignant
risk due to the presence of an APBJ has been well established in both Western and
Eastern patients. At our institution, we have observed a 4-fold increase in malignancy
in patients with CC and an APBJ when compared to those with CC without an
APBJ[41]. Imazu et al[29] showed that regurgitation and stasis of pancreatic fluid into the
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Figure 1

Figure 1 Magnetic resonance cholangiopancreatography and endoscopic retrograde cholangiopancreatography demonstrating choledochal cyst types. A:
Type I choledochal cyst (CC) on endoscopic retrograde cholangiopancreatography; B: Type II CC on magnetic resonance cholangiopancreatography (MRCP); C:
Type III CC on MRCP; D: Type IV CC on MRCP; E: Type V CC on MRCP. CC: Choledochal cyst; MRCP: Magnetic resonance cholangiopancreatography.

biliary system not only cause inflammation, but lead to carcinogenesis. Histologic
findings by Katabi et al[42] further corroborate Imazu et al’s[29] findings that biliary
cancer due to CC disease is a progression from inflammation, to dysplasia,
metaplasia, and finally malignancy.
A small subset of patients, from 0.7%-3%, develop cholangiocarcinoma after
surgical resection, notably in patients with type I and IV cysts[11,15,24,41]. This indicates
that the risk of malignancy does not return to baseline after CC resection in this group
of patients[11,42]. The etiology behind these delayed malignancies remains unclear.
Incomplete resection of the cyst or a field defect within the biliary epithelium leading
to an increased inherent susceptibility have been suggested as possible etiologies for
this persistent cancer risk[36,40]. Liu et al[40] observed a 33.3% risk of malignancy in
patients with incomplete cyst resection compared with 6% after complete cyst
resection. Many studies, both Western and Eastern, do not have follow-up intervals
long enough to detect this persistent risk since it can take more than 3 decades to
manifest. Some have therefore suggested careful postoperative lifelong follow-up,
especially in cases where there is a high suspicion for incomplete resection[24,43,44]. The
utility of life-long follow-up in Western patients where recurrence rates are reportedly
as low as 0-3% has yet to be determined.
Malignancy in CC disease takes the form of both gallbladder and bile duct cancers.
Lee et al[24] reported biliary tract malignancies in 9.9% of CCs, of which 50% were
cholangiocarcinoma and 44% gallbladder carcinoma. A large-scale survey of 2561
patients with CC in Japan showed that in those patients who had cancer, 62.3% had
gallbladder cancer, 32.1% had bile duct cancer, and 4.7% had both, which is similar to
other reports[1,34]. Of note, gallbladder carcinoma is found in 5% of CC disease patients
with APBJ[45], usually in patients in their sixth or seventh decade of life, when adult
cohorts are investigated[4]. Thus, it is perceived that the likelihood of the development
of both bile duct cancer and gallbladder cancer increases in patients with CC and
APBJ, whereas there is a significant predilection for gallbladder cancer in APBJ
patients without CC[18,20,46-48].

MANAGEMENT
The demographics of the population being treated must be taken into consideration
when managing CC disease. While Western populations present a mix of racial

WJG

https://www.wjgnet.com

3337

July 14, 2019

Volume 25

Issue 26

Baison GN et al. Review of choledochal cysts

Table 2 Summary data for the five largest Western studies compared to the five largest Eastern studies, specifically investigating the
presentation and management of choledochal cyst disease in the last 20 years
Western

Eastern

Aggregate

Baison
et al
Shi et
(unpubli [8]
al
shed
data)

She et
al[9]

Woon et He et
al[10]
al[25]

Lee et
al[24]

Aggrega Aggrega
-te East -te West

Moslim
et al[6]

Edil et
al[2]

Soares
et al[11]

Singha
m et
al[12]

Singlecenter
or
multicenter

Single

Single

Multiple

Single

Single

Multiple

Single

Single

Single

Multiple

3Single2Multi

4Single1Multi

Total
number

67

92

394

70

103

108

83

32

214

808

32-808

67-394

Adults

78%

79%

66%

73%

100%

84%

0%

100%

-

100%

0-100%

66%100%

Study
period

1984 2014

1976-2006 1972-2014 1985-2002 1998-2018 1980-2000 1978-2008 1991-2005 1968-2013 1990-2007 1968-2013 1972-2018

APBJ

-

-

8%
(cancer
patients
only)

-

57.3%

93.4%

-

-

81.2%

71.4%

71.4%93.4%

Female:
Male
ratio

4:01

9:01

3.2:1

4.2:1

4.7:1

3.7:1

2.6:1

3.5:1

3.7:1

3.8:1

2.6:1-3.8:1 3.2:1-9:1

Age (yr)

46 (55.634.3)

-

45 (SD
15.2)

-

44.53 (18- 27.8 (374)
68)

4 (0-16)

41 (18-74) 36.2 (178)

42 (18-82) 4-42

Symptomatic

72%

-

84.5%

-

83%

-

-

91%

98%

88%

88%-91% 72%-85%

Abdominal pain
only

51%

91%

61%

88%

44%

57%

47%

91%

78%

75%

47%-91% 44%-91%

Pancreatitis
(recurrent)

-

31%

19%

-

9%

-

22%

-

13%

-

13%-22% 9%-31%

Cholelithiasis

-

58%

-

-

8%

-

-

-

22%

-

22 --

Jaundice

15%

34%

19%

39%

6%

71%

42%

41%

25%

21%

21%-71% 6%-39%

Cholecystitis

-

-

-

-

6%

-

-

-

28%

-

28% --

6 --

Cholangitis
(recurrent)

-

-

-

-

3%

56%

-

-

-

-

56% --

3 --

Choledocholithiasis

-

-

-

-

3%

-

-

-

29%

28%

28%-29% 3 --

Weight
loss,
Bloating

-

8%

-

-

2%

-

-

-

-

-

---

2%-8%

Other

-

2%

-

-

2%

-

-

9%

-

-

9% --

2%-2%

Acute
pancreatitis

13%

-

-

-

1%

-

-

-

-

-

---

1%-13%

Fever/
chills

-

26%

-

39%

-

57%

-

34%

19%

-

19%-57% 26%-39%

Nausea/ vomiting

47%

-

63%

-

-

31%

38%

-

-

31%-38% 47%-63%

Abdom- inal mass

-

-

-

-

-

22%

25%

4%

-

4%-25%

---

Classic
triad

-

-

-

-

-

-

2%

13%

-

-

2%-13%

---

73%

67%

70%

33%

71%

69%

68%

84%

65%

68%

65%-84% 67%-73%

Presentation

CC type I
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II

1.5%

7%

5%

6%

3%

-

5%

6%

1.4%

0.9%

0.9%-6%

3%-7%

III

-

4%

2%

2%

5%

0.9%

3%

-

0.5%

0.5%

0.5%-3%

2%-5%

IV

13.4%

19%

18%

55%

18%

22%

19%

6%

25%

30%

6%-30%

18%-19%

V

12%

2%

4.9%

4%

4%

5.60%

5%

3%

8%

0.7%

0.7%-8%

2%-12%

Prior
cholecystectomy

-

38%

32%

-

28%

-

-

3%

31%

7%

3%-31%

28%-38%

Surgery

100%

100%

98.9%

100%

70%

100%

90%

84%

92%

100%

84%100%

70%100%

On
presentation

7.5%

5.4%

3%

7.8%

7%

17%

0%

3%

5%

10%

0-17%

3-8%

On
followup/recurrence

1.5%

3.2%

3.30%

-

0%

10%

0%

0%

2.3%

3%

0-10%

0-3%

7.5%

7.6%

4.50%

0%

2%

9%

0%

0%

6%

4%

0-9%

0-8%

Biliary
Malignancy

Overall
mortality

SD: Standard deviation; CC: Choledochal cyst; APBJ: Anomalous pancreaticobiliary junction.

diversity, Eastern cohorts are almost exclusive of Asian descent. The effect of race on
the natural history of CC has not been fully explored. Our institution’s experience
with CC disease suggests that presentation and malignant risk may be different
between Asian and Caucasian patients, with malignant risk being higher in Asian
patients[41]. Therefore, it is essential to further understand the risks posed by CC
disease in Western patients in order to design appropriate management guidelines as
it may represent a separate entity in the West compared to Eastern patients.
Currently, practice guidelines are based almost exclusively on data derived from
the Asian literature. At present, there is no conclusive evidence to suggest that there is
over-treatment of Western patients by using Asian guidelines, but the lower
malignant risk in these patients necessitates further investigation into Western
treatment outcomes. Current evidence suggests similar efficacy in treatment options
between the East and West, however, this remains an area of limited data. This
continues to evolve, especially as minimally invasive techniques are now being
adopted for CC disease management[49-52]. More multi-institutional studies such as the
one by Soares et al [11] and ideally international registries are needed to further
understand CC disease in the West and devise management protocols.
The current standard of care for most CCs is complete excision of the cyst,
specifically, resection from the bifurcation of lobar [4,6] hepatic ducts into the
parenchyma of the pancreas near the junction of the pancreatic duct[1,3,20], coupled with
cholecystectomy. Biliary tract continuity can be restored either by means of Roux-en-Y
hepaticojejunostomy (HJ), hepaticoduodenostomy (HD), or jejunal interposition HD[6].
However, this approach does not take into consideration various types of CC.
Management should be tailored to the type of CC and the presence or absence of
APBJ. Furthermore, advocating for resection in all patients may potentially be overly
aggressive therapy, especially in Western patients where the risk of malignancy
appears to be potentially overstated.
Surgical resection has been espoused to be the ideal strategy for type I CCs. There
may, however, be a subset of patients in Western cohorts who are at low risk for
developing cancer, in whom long term surveillance as opposed to surgical resection
be considered. This includes patients who are asymptomatic, have undergone
previous cholecystectomy, are older with medical comorbidity, and have no APBJ
since their risk of malignancy appears to be quite low. However, there are no reports
of patients managed by long term observation. Hence, long term risk of cancer and
other biliary complications in such patients is currently unknown. Until such data
become available, excision of all type I CC should be recommended to all Western as
well as Eastern patients who can tolerate a major operation and are willing to do so.
Type II CCs are very rare and can be managed by simple excision. Usually these
cysts are ligated at the neck and excised without the need for bile duct
reconstruction[17]. However, occasionally extrahepatic bile duct excision is necessary.
This is sometimes encountered in patients where associated inflammation causes
intimate adhesion of the diverticulum to the extra- or intrahepatic biliary tree,
depending on disease location, leading to technical challenges in liberating the
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Figure 2

Figure 2 Magnetic resonance cholangiopancreatography and/or endoscopic retrograde cholangiopancreatography showing anomalous pancreaticobiliary
junction types. A: P-C anomalous pancreaticobiliary junction (APBJ) from endoscopic retrograde cholangiopancreatography; B: Complex APBJ from intraoperative
cholangiogram (IOC); C: C-P APBJ from IOC. Arrows point to junction with common channel. IOC: Intraoperative cholangiogram; APBJ: Anomalous pancreaticobiliary
junction.

diverticulum from the bile duct[5].
Type III CCs, sometimes referred to as choledochoceles, are discrete from other CC
diseases and their origin has been long debated[6,53]. One hypothesis is that these cysts
may originate from a rudimentary inferior embryonic bud of the ampulla of Vater, or
an acquired anomaly as a result of sphincter of Oddi dysfunction or obstruction[53];
thus, choledochoceles may not represent a true form of CC. Most patients with type
III CCs present to interventional gastroenterologists rather than surgeons. Type III
CCs were historically treated via transduodenal excision and sphincteroplasty.
Currently endoscopic sphincterotomy with cyst de-roofing is regarded as the
treatment of choice for type III cysts[54,55]. Regardless, these patients should undergo
periodic endoscopic surveillance since malignancy has occasionally been reported in
choledochoceles[17].
Management, especially the operative approach, in type IV CC remains controversial. Visser et al[13] suggested excising the extrahepatic component of the cyst
alone with concomitant HJ. However, hepatic resection in patients with unilobar
disease [1] and liver transplantation in patients with bilobar disease should be
considered, especially in patients with extensive intrahepatic dilation associated with
complications, such as stones, cholangitis, or biliary cirrhosis[13,56,57]. We have found
that for most patients, extrahepatic resection has been sufficient, although we concur
that hepatic resection and transplantation should remain as tools in the surgeon’s
armamentarium when dealing with type IV CCs.
The management of type V CCs (Caroli’s disease) is complex and requires a multidisciplinary approach that includes endoscopy, interventional radiology, and surgery.
Surgical treatment options include segmental or lobar hepatic resection and liver
transplantation depending on the extent of the disease and presence of impaired
hepatic function[6]. When the intrahepatic CC disease is localized without congenital
hepatic fibrosis, segmental hepatectomy should be considered[58]. Percutaneous or
endoscopic drainage and stents are used for palliative therapy. For diffuse disease
with life-threatening complications, liver transplantation is the most viable option[1].

CONCLUSION
CC disease has a distinct presentation in the Eastern population yet shares some
commonality with Western patients. However, some reported differences in
presentation, malignancy risk, and patient demographics between Western and
Eastern populations should spur further investigation into CC disease in Western
patients to understand this disease and tailor management guidelines to Western
populations. For now, the management of CC disease continues to be driven by the
Asian literature. Large multi-institutional studies in the West with decades of followup are necessary to better understand the natural history of CC disease , and in
particular the risk of biliary tract cancer, in Western patients.
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Abstract
Gastroduodenal disease (GDD) was initially thought to be uncommon in Africa.
Amongst others, lack of access to optimal health infrastructure and suspicion of
conventional medicine resulted in the reported prevalence of GDD being
significantly lower than that in other areas of the world. Following the increasing
availability of flexible upper gastro-intestinal endoscopy, it has now become
apparent that GDD, especially peptic ulcer disease (PUD), is prevalent across the
continent of Africa. Recognised risk factors for gastric cancer (GCA) include
Helicobater pylori (H. pylori), diet, Epstein-Barr virus infection and industrial
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chemical exposure, while those for PUD are H. pylori, non-steroidal antiinflammatory drug (NSAID)-use, smoking and alcohol consumption. Of these, H.
pylori is generally accepted to be causally related to the development of atrophic
gastritis (AG), intestinal metaplasia (IM), PUD and distal GCA. Here, we perform
a systematic review of the patterns of GDD across Africa obtained with
endoscopy, and complement the analysis with new data obtained on premalignant gastric his-topathological lesions in Accra, Ghana which was
compared with previous data from Maputo, Mozambique. As there is a general
lack of structured cohort studies in Africa, we also considered endoscopy-based
hospital or tertiary centre studies of symptomatic individuals. In Africa, there is
considerable heterogeneity in the prevalence of PUD with no clear geographical
patterns. Furthermore, there are differences in PUD within-country despite
universally endemic H. pylori infection. PUD is not uncommon in Africa. Most of
the African tertiary-centre studies had higher prevalence of PUD when compared
with similar studies in western countries. An additional intriguing observation is
a recent, ongoing decline in PUD in some African countries where H. pylori
infection is still high. One possible reason for the high, sustained prevalence of
PUD may be the significant use of NSAIDs in local or over-the-counter
preparations. The prevalence of AG and IM, were similar or modestly higher
over rates in western countries but lower than those seen in Asia. . In our new
data, sampling of 136 patients in Accra detected evidence of pre-malignant
lesions (AG and/or IM) in 20 individuals (14.7%). Likewise, the prevalence of
pre-malignant lesions, in a sample of 109 patients from Maputo, were 8.3% AG
and 8.3% IM. While H. pylori is endemic in Africa, the observed prevalence for
GCA is rather low. However, cancer data is drawn from country cancer registries
that are not comprehensive due to considerable variation in the availability of
efficient local cancer reporting systems, diagnostic health facilities and expertise.
Validation of cases and their source as well as specificity of outcome definitions
are not explicit in most studies further contributing to uncertainty about the
precise incidence rates of GCA on the continent. We conclude that evidence is
still lacking to support (or not) the African enigma theory due to inconsistencies
in the data that indicate a particularly low incidence of GDD in African countries.
Key words: Gastroduodenal; Peptic ulcer; Gastric cancer; Africa; Pre-malignant; Atrophy;
Intestinal metaplasia; Duodenal ulcer; Gastric ulcer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Peptic ulcer disease (PUD) is not uncommon in Africa. There is considerable
heterogeneity in its prevalence with no clear geographical patterns. There are further
differences in PUD within-country despite endemic Helicobater pylori infection. Most
African tertiary-centre studies have higher prevalence of PUD when compared with
western countries. One possible reason for its sustained prevalence is the significant use
of non-steroidal anti-inflammatory drugs in local preparations. The prevalence of
atrophic gastritis and intestinal metaplasia were similar or modestly higher over western
countries but lower than those seen in Asia. Contrastingly, a comparatively low
prevalence for gastric cancer is usually observed in African centres, although these rates
might be underestimated.

Citation: Archampong TN, Asmah RH, Richards CJ, Martin VJ, Bayliss CD, Botão E, David
L, Beleza S, Carrilho C. Gastro-duodenal disease in Africa: Literature review and clinical data
from Accra, Ghana. World J Gastroenterol 2019; 25(26): 3344-3358
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INTRODUCTION
Gastroduodenal disease (GDD) was initially thought to be uncommon in Africa
because of the lack of clinical data and the reported rarity of peptic ulcer surgery[1].
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Suspicion of conventional medicine was also considered commonplace in some
regions of Africa[2]. For instance, a study on the prevalence of dyspepsia in rural
Northeastern Nigeria demonstrated that over 50% of dyspeptic patients sought
medical help mainly from traditional healers[2]. These observations and tendancies are
thought to have resulted in the reported prevalence of peptic ulcer disease (PUD) and
gastric cancer (GCA) in Africa being significantly lower than that in other areas of the
world[3].
The standard of care for diagnosis of PUD is typically through upper gastrointestinal (GI) endoscopy with biopsy of any mucosal abnormality, including
abnormal ulceration or polypoid lesion, a procedure that is also required for
histopathological diagnosis of GCA. Imaging with computed tomography (CT),
magnetic resonance imaging and endoscopic ultrasound, where available, are
additional procedures to stage cancer for prognostic purposes. In most African
countries, patients present at late disease stages because of the lack of universal access
to optimal health infrastructure and varying culturally-influenced health seeking
behaviour [2,4] . This subsequently leads to a variety of empirical therapies for
symptomatic individuals further delaying definitive diagnosis, and thereby
contributing to the observed low prevalence of GDD in some areas[1,5]. Following the
increasing availability of flexible upper GI endoscopy over recent years, it has now
become apparent that GDD is prevalent across the continent of Africa[1,3]. Currently, in
Ghana, there are endoscopic services and CT scan facilities in tertiary medical centres
but not at most regional or district hospitals. The same situation is observed in
Mozambique, where endoscopy services and CT scan is only available in the four
central hospitals of the country. Despite some resources, there is still a lot to be done
in improving healthcare coverage for many patients with GDD. His-tological data on
GCA is scarce in Africa, yet there is significant data being reported on
histopathological lesions which are risk factors for development of GCA, such as
atrophic gastritis (AG) and intestinal metaplasia (IM)[4].
Recognised risk factors for GCA include Helicobater pylori (H. pylori), diet, lifestyle
preferences, Epstein-Barr virus and industrial chemical exposure[6], while those for
PUD are H. pylori, non-steroidal anti-inflammatory drug (NSAID)-use, smoking and
alcohol consumption[7]. Of these, H. pylori infection is generally accepted to be causally
related to the development of AG, IM and gastric and duodenal ulceration as well as
distal GCA[8,9]. The majority of patients with duodenal ulcer (DU) are infected with H.
pylori. Distal GCA is strongly associated with lifelong H. pylori infection and relative
socio-economic deprivation[10]. Proximal GCA has rather been linked to smoking,
gastro-oesophageal reflux disease, obesity and medium-high socio-economic status[10].
Although infection is universally associated with gastritis, the development into a
broad spectrum of clinical and endoscopic outcomes is dependent on a number of
factors, including the susceptibility of the host, the virulence of the infecting strain,
and environmental co-factors[11]. In Africa the association of H. pylori infection with
GDD is rather complex; the infection has a high prevalence across the continent (80%95%) irrespective of the period of birth[12]. However, there appears to be a low overall
incidence of GCA, a situation that is known as the African enigma[10]. There is also a
variable distribution of incidence of GDD in Africa which does not necessarily mirror
the prevalence of H. pylori. For instance, in Western Africa, the prevalence of DU has
been reported to be lower in the northern savannah in comparison with the coastal
areas. Both regions have similar prevalence of H. pylori infection[13,14]. In addition, the
lack of population-based longitudinal studies also makes it difficult to evaluate the
strength of association of GDD with risk factors like H. pylori in Africa.
This review analyses the patterns of incidence of PUD, gastric histopathological
lesions and GCA in Africa. We compare patterns of GDD obtained with endoscopy
with new data obtained on pre-malignant gastric histopathological lesions in Accra
Ghana and Maputo Mozambique; data in Accra, Ghana are newly presented in this
review and lend support to the discussion on the concept of the H. pylori African
enigma.

SOURCES
We performed a literature review using the online databases PubMed and African
Journals online. Articles were considered if they had “gastro-duodenal disease”,
“peptic ulcer”, “gastric cancer” and “Africa” or “an African country” as keywords in
the search. In relation to the histopathology, another search was made using “premalignant lesions”, “gastric atrophy” and “intestinal metaplasia” as keywords. We
did not identify purposely structured cohort studies to establish incidence of GDD
and therefore studies were eligible for further analysis if they were endoscopy-based
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hospital or tertiary center studies of symptomatic or dyspeptic individuals referred
for evaluation. The references and abstracts were checked to determine if they were
eligible and to ensure they were comparable.

METHODS
Symptomatic individuals undergoing upper gastrointestinal endoscopy based on
clinical need were consecutively recruited at the Korle-Bu Teaching Hospital, the
major tertiary centre in Accra. Patients’ symptoms and endoscopic diagnoses were
captured with the study questionnaire after informed consent. The H. pylori status of
patients was determined by performing a rapid urease test (i.e., Campylobacter-Like
Organism test) on gastric antral biopsy samples. Samples from the antrum, corpus
and incisura angularis, as required by the updated Sydney system, were placed in
separate specimen containers containing 10% formalin solution at endoscopy. H.
pylori was identified by haematoxylin and eosin and warthin-starry staining and
histologic gastritis was determined according to the updated Sydney system in the
Histopathology Department, Leicester Royal Infirmary, Leicester, United Kingdom. A
sample was defined as being positive for H. pylori if a PCR product was obtained for
either a housekeeping gene (ureI, yhpC, ppA)[15,16] or glmM[17] as previously described.
Molecular studies were performed in the Department of Genetics, University of
Leicester, United Kingdom.

PATTERNS OF PEPTIC ULCER DISEASE IN AFRICA
In Africa, there is considerable heterogeneity in the prevalence of DU and gastric ulcer
(GU) across the regions of the continent with no clear geographical pattern of PUD
incidence (Table 1). Furthermore, there are differences in peptic ulcer incidence
within-country despite universally endemic H. pylori infection. In Ghana, KomfoAnokye Teaching Hospital, Kumasi, which serves the central-northern regions, has a
lower incidence of PUD in comparison with Korle-Bu Teaching Hospital, Accra,
which serves the Southern regions of Ghana, (Accra: DU 19.6% vs Kumasi: DU 3%)[18].
Two studies in Nigeria had discordant PUD incidence: In Ibadan, Southern Nigeria,
DU incidence was 2.3% relative to GU 9.3%, while Northern Nigeria had higher DU
incidence 6.8% but lower GU incidence 2.7% [19,20] . On the contrary, two separate
tertiary health centres in Kenya, Nakuru and Nairobi, had similar DU incidence but
different GU incidence (Nairobi: GU 8.5%, DU 9.8%; Nakuru: GU 1.9% DU 9.5%)[21].
We realize that these differences might be related with study characteristics such as
age and gender distribution of the study population; or with intrinsic features related
with study design[22]. However, mean age and sex differences were modest and did
not reliably predict prevalence of PUD across these studies. For instance, a relatively
low mean age was associated with both elevated and decreased PUD prevalence (e.g.,
compare Accra, Ghana with Nakuru, Kenya, Table 1). Similarly, male populations had
both higher and lower prevalence of PUD (e.g. compare Accra, Uganda with Mbarara,
Uganda; Table 1). Most of the African tertiary-center studies had higher prevalence of
PUD when compared with similar studies in western countries such as the United
States[23], Netherlands[24] and Italy[25], but the latter studies had considerably larger
sample sizes (Table 1). Additionally, it is also worth noting that hospital-based
endoscopic studies with relatively small sample sizes in Africa are more likely to
suffer selection bias with more advanced clinical presentations[26]. Nevertheless, in an
unselected community study in Lusaka, Zambia [27] , PUD was comparable in
prevalence to other western countries (Table 1).
Globally, PUD incidence has decreased over recent decades. This has been
demonstrated by several population-based prospective studies in Europe
(Netherlands[28], Spain[29], Belgium[30], United Kingdom[31]), North America (United
States[32]) and Asia (India[33], Hong Kong[34], Taiwan[35]). Time trend prospective studies
are however scarce in Africa. A retrospective descriptive study reported on patients
who underwent upper GI endoscopy in the endoscopy unit of Obafemi Awolowo
University Teaching Hospital, Ile-Ife, Nigeria, between January 2000 and December
2010[36]. Over the study period, 292 patients (15.8%) were diagnosed with DU. The
prevalence of DU for 2000-2004 was 22.9% (n = 211 patients) compared with 9.2% (n =
81) for 2005-2010 (P < 0.001)[36]. These prevalence rates were much lower than the
38.7% reported by Ndububa et al[37] for the years 1992-1999 at the same institution. In
Uganda, two separate cross-sectional studies also showed reduction in DU prevalence
from 18% in 2005[38] to 3.8% in 2014[39].
Overall, the data shows that the incidence of PUD has declined in many countries.
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Table 1 Patterns of incidence of peptic ulcer disease in hospital-based endoscopic studies of dyspeptic patients
Males
Country

Year(s) of study

Females

Mean age (yr)

Incidence rate (%)
n

n (%)

n (%)

DU

GU

Total

Ibadan, Nigeria[19]

2008-2009

49.2 ± 13.8

39 (45.3)

47 (54.7)

86

2.3

9.3

11.6

Northern Nigeria[17]

2012

49.5 ± 15

68 (46)

80 (54)

148

6.8

2.7

9.5

Mbarara, Uganda[39]

2014-2015

53.5 ± 17.8

110 (59.8)

74 (40.2)

184

3.8

7.6

11.4

Accra, Ghana

1995-2002

43.7 ± 10.6

3777 (54.1)

3200 (45.9)

6977

19.6

5.0

24.6

Kumasi, Ghana[18]

2006-2011

-

1337 (43)

1773 (57)

3110

3.0

4.7

7.7

Nairobi, Kenya[21]

2011-2013

47.0

1368 (43.5)

1779 (56.5)

3147

9.8

8.5

18.3

Nakuru, Kenya[21]

2011-2013

42.0

1372 (46.7)

1564 (53.3)

2936

9.5

1.9

11.4

Kilimanjaro, Tanzania

2009-2010

Median: 48.0

99 (47.6)

109 (52.4)

208

18.3

5.8

24.1

Lusaka, Zambia[27]

1999-2002

-

79 (35.7)

142 (64.3)

221

3.1

0.5

3.6

Rotterdam, Netherlands[24]

1996-2005

55.6 ± 17.9

9222 (46.1)

10,784 (53.9)

20006

3.5

2.4

5.9

Rome, Italy

2005-2007

Median: 62.5

-

-

11148

1.8

0.9

2.7

United States[23]

1996-2005

-

-

-

6438

-

-

1.5-3.0

[75]

[76]

[25]

DU: Duodenal ulcer; GU: Gastric ulcer.

Most likely this phenomenon is a result of the decrease in H. pylori infection,
particularly in Western populations[40]. However, it is unclear the reasons for the
decline in some African countries where H. pylori infection rates are still high.
Management of PUD has improved substantially due to implementation of therapies
for H. pylori and the introduction of proton pump inhibitors (PPIs) which are
increasingly accessible globally. The continued occurrence of PUD is increasingly due,
at least in part, to the widespread use of low-dose aspirin and NSAIDs, especially in
Western countries and among older patients [37,40] . A cross-sectional study of 242
dyspeptic patients in Accra, Ghana, evaluated the endoscopic spectrum of disease at a
major tertiary centre[3]. A third (32.6%) of the study patients had a history of NSAIDuse, especially as ingredients in local over-the-counter medicinal/herbal
preparations[3]. In this study in Accra, there was an increased prevalence of DU in H.
pylori-infected patients taking NSAIDs[3]. NSAID-use may therefore contribute to the
varying PUD prevalence between and within countries in a H. pylori endemic
continent such as Africa.

GASTRIC HISTOPATHOLOGY IN DYSPEPTIC PATIENTS
Gastric atrophy is an established risk factor for GCA[41]. Additionally, the risk of GCA
increases with a greater extent and higher degree of AG[42]. Further studies suggest
that IM is also a risk factor for GCA[43,44]. Pre-malignant lesions, AG and IM, are not
uncommon in tertiary center studies of symptomatic patients undergoing endoscopy
in Africa. Excluding the 2007 study in Kenya by Kalebi et al[4], which detected an AG
rate of 57%, most hospital-based endoscopic studies have shown prevalence rates of
AG of 5%-38% and for IM of 4%-32% across populations in sub-Saharan Africa (Table
2). These values were either similar to or had a modestly higher prevalence as
compared to rates in western countries (e.g., Sweden, Finland or United States) but
lower than those seen in Asia (Korea, China) (Table 2).

Gastric histopathology in Accra, Ghana and Maputo, Mozambique: A comparative
analysis
The updated Sydney system of classification of gastritis emphasizes the importance of
combining topographical, morphological and aetiological information into a scheme
that helps to generate reproducible and clinically useful information[45]. It includes
biopsies at the antrum[2], body[2] and incisura angularis[1]. Two such H. pylori studies in
Africa comprehensively evaluated gastric histopathology and its relationship with H.
pylori infection and gastric diseases (Table 3). The first was a prospective descriptive
study conducted at the Maputo Central Hospital, Mozambique that estimated the
prevalence of H. pylori, chronic gastritis and IM in 109 consecutive dyspeptic patients
who were eligible for upper GI endoscopy between 2005 and 2006[46]. The second was
a new study at the Korle-Bu Teaching Hospital (KBTH), Accra, during which clinical
and histopathological assessments were performed on 136 dyspeptic patients referred
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Table 2 Hospital-based endoscopic studies of pre-malignant lesions
Country

Study population

n

Gastric atrophy frequency Intestinal metaplasia
(%)
frequency (%)

Cote d’Ivoire, Attia et al[77],
2001

Dyspeptic patients

137

-

19

Sudan, El-Mahdi et al[78],
1998

Dyspeptic H. pylori infected
patients

78

37

4

Egypt, Abdel-Wahab et al[79], DU patients
1996

43

-

26

Gambia, Campbell et al[80],
2001

Dyspeptic patients

45

10

12

Uganda, Wabinga et al[81],
2005

Dyspeptic patients

114

17

7

Kenya, Kalebi et al[82], 2007

Dyspeptic patients

71

57

11

Nigeria, Ndububa et al[83],
2007

DU and GC patients

115

-

32 GC

Jos, Nigeria, Tanko et al[52],
2008

Dyspeptic patients

100

38

28

Nigeria, Badmos et al[84],
2009

Dyspeptic patients

1047

5

9

Tunisia, Jmaa et al[85], 2010

Dyspeptic patients

352

35

11

Ilorin, Nigeria, Badmos et
al[86], 2010

Dyspeptic patients

57

32

9

Maputo, Mozambique
Carrilho et al[46], 2009

Dyspeptic patients

109

8.3

8.3

United States, Almouradi et
al[87], 2013

Symptomatic individuals

437

-

15.01

Finland, Eriksson et al[88],
2008

Symptomatic individuals

505

-

18.8 (antrum)

Sweden, Borch et al[89], 2000

Symptomatic individuals

501

9.41

Korea, Kim et al[90], 2008.

Symptomatic individuals

713

42.7 (antrum)

42.5 (antrum)

38.1 (body)

32.7 (body)

[91]

China, Zou et al

, 2011

Japan, Sakitani et al[47], 2011

16 DU

7.1 (body)

1

Symptomatic individuals

1,022

63.8

Symptomatic individuals

1395

-

17.2 (antrum)
10.8 (body)

1

Prevalence of gastric atrophy or intestinal metaplasia in the antrum and/or body. DU: Duodenal ulcer; GU: Gastric ulcer; H. pylori: Helicobater pylori.

for upper GI endoscopy at the major tertiary centre between 2015 and 2016. The
results of this latter study and comparisons with the Mozambique dataset are
presented here.
Overall, the commonest histologic diagnosis in both centres was chronic
inflammation (i.e., 84.6% in Accra and 90.8% in Mozambique) irrespective of location
in the stomach [46] . Chronic infiltrates were detected in more than twice as many
patients as opposed to active inflammation with neutrophilic activity, (Figure 1). Of
the 136 patients sampled in Accra, 20 (14.7%) had evidence of pre-malignant lesions
(atrophy and/or IM). The majority showed mild gastric atrophy 6/9 (66.7%; T1 score)
or IM 10/16 (62.5%; M1 score), respectively, (see Table 4 for the overview data and
Figure 2 for an exemple of the tissue staining). Likewise, the prevalence of premalignant lesions, in a sample of 109 patients from Maputo, were 8.3% AG and 8.3%
IM. Most of which were located distally, in the antrum or incisura angularis[46], as seen
in KBTH, Accra. A study in Japan evaluated for gastric histopathological differences
between antrum and body in 1395 patients, in a country where endoscopy is very
accessible to patients due to high incidence of GCA [47] . This study reported the
prevalence of IM as 17.2% and 10.8% in antrum and body respectively. IM in this
Japanese study was considerably higher than that seen in Accra, Maputo and most
African tertiary centre studies (Table 2) where gastric pathology may be rather overrepresented. Interestingly, in Finland, an European country with low H. pylori
prevalence and GCA incidence, IM in the body, 7.1%, was higher than that seen in
Accra and Maputo. Overall, there was a higher prevalence of IM in the gastric body of
Japanese samples as compared to the Accra, Maputo and Finland samples. This is

WJG

https://www.wjgnet.com

3349

July 14, 2019

Volume 25

Issue 26

Archampong TN et al. Gastro-duodenal disease in Africa

Table 3 Gastric histopathological lesions at the Korle Bu Teaching Hospital, Accra, Ghana and
Maputo Central Hospital, Mozambique
Accra, Ghana

Maputo, Mozambique

Total

136

109

Median age (yr)

52

37

Sex

n (%)

n (%)

Female

61 (44.9)

74 (67.9)

Male

75 (55.1)

35 (32.1)

54.4%

62.4%

93.3%

92.6%

n (%)

n (%)

Antrum

47 (34.6)

57 (53.8)

Incisura

45 (37.2)

58 (54.2)

Body

40 (29.9)

21 (31.3)

n (%)

n (%)

Antrum

115 (84.6)

100 (94.4)

Incisura

97 (80.2)

99 (92.5)

Body

97 (72.4)

57 (85.1)

n (%)

n (%)

antral-predominant

51 (37.5)

54 (49.5)

Pangastritis (antrum and body)

70 (51.5)

45 (41.3)

n (%)

n (%)

Antrum

5 (3.7)

2 (2.5)

Incisura

7 (5.8)

6 (6.2)

Body

3 (2.2)

1 (1.5)

n (%)

n (%)

Antrum

10 (7.3)

4 (3.8)

Incisura

6 (5.0)

7 (6.5)

Body

1 (0.7)

0 (0.0)

Pre-malignant lesions

n (%)

n (%)

Gastric atrophy and/or intestinal metaplasia

20 (14.7)

15 (13.8)

H. pylori prevalence:
Histology
H. pylori prevalence:
PCR
Active inflammation

Chronic inflammation

Pattern of gastritis

Gastric atrophy

Intestinal metaplasia

H. pylori: Helicobater pylori.

important as IM in the gastric body has been identified as an independent risk factor
for GCA following multi-variate analysis[47].
The prevalence of H. pylori in the sampled patients by histopathology in Accra was
54.4% with 74 out of 136 patients infected (see Table 3; and Figure 3 for a
representative histopathological sample); whereas 93.3% had molecular evidence of
H. pylori by PCR. Comparably, H. pylori was identified in 68 out of 109 cases (62.4%)
based on histological assessment but 92.6% when assessed by PCR in the
Mozambique study[46]. Furthermore, H. pylori was significantly more frequent when
chronic inflammatory infiltrate, neutrophilic activity or degenerative surface epithelial
damage were observed, regardless of the anatomic location[46]. It has been shown that
H. pylori detection by histopathology may be more difficult in situations where the
cellular environment may not be conducive for bacterial growth and/or when the
bacterial load is very low. PCR is more sensitive as the grade of atrophy and/or IM
progress toward malignancy [ 4 8 ] . Moreover, the accuracy of histopathology
identification of H. pylori is affected by PPI and antibiotic use, which were not an
exclusion criteria for these studies[49,50].
In Accra, demographically, patients with either gastric atrophy or IM were
comparable but patients with pre-malignant lesions were more likely to be older than
50 years and male. However, no statistically significant differences were observed for
the presence of IM and glandular atrophy according to H. pylori colonization in either
Ghana or Mozambique[46]. In this histopathology study 3 (2.9%) patients had GCA in
Accra with none represented in the Maputo study of 109 individuals. However, a
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Figure 1

Figure 1 Chronic gastritis affecting the mucosa of the gastric antrum (Haematoxylin and eosin stain;
Magnification × 100).

recent study from Mozambique reported a prevalence of 1.5% from Maputo Central
Hospital [51] . These low prevalence rates were comparable to similarly designed
hospital-based studies in Nigeria (3.0%)[52] and Uganda (3.0%)[53].
Both studies (Accra and Maputo) demonstrated similar topographical distribution
of H. pylori gastritis with antral involvement being the most common. In KBTH,
Accra, antral gastritis was present in 89% (antral-predominant gastritis 37.5%, pangastritis (antrum and body) 51.5%, normal histology 11.0%). Chronic inflammation,
lymphoid follicles, and neutrophilic activity were more frequent and of increased
severity in the antrum and incisura than in the corpus[46]. There was no demonstrable
significant relationship between the pattern of histologic gastritis and clinical gastricduodenal disease. In general, the topographic distribution of acute H. pylori infection
has been associated with specific gastro-duodenal phenotypes[54]. Infection of the
antrum stimulates gastrin release which leads to increased acid production from
parietal cells, resident mainly in the body[54]. This results in an elevated duodenal acid
load, gastric metaplasia and subsequent duodenal ulceration[55]. On the other hand,
patients with GU or GCA, have inflammation involving acid-secreting parietal cells of
the body evolving with gastric atrophy and hypochlorhydria [56] . Essentially, an
increase in acid secretion limits H. pylori gastritis to the antrum, increasing the risk of
DU disease while a reduction in acid secretion allows more proximal inflammation
and increases the risk of AG, GU, and GCA. Gastritis and atrophy negatively
influence acid secretion[57]. Of note, both histopathologic studies demonstrate that
antral inflammation was more common than body-gastritis in most infected
individuals. As antral inflammation is known to be negatively associated with
GCA[58], the high antral inflammation may explain the low prevalence of GCA in these
populations.

GEOGRAPHICAL DISTRIBUTION OF GASTRIC CANCER
ACROSS SUB-SAHARAN AFRICA
GCA remains an important cancer worldwide and was estimated to be responsible for
over 1000000 new cases in 2018 and an estimated 783000 deaths, i.e., approximately 1
in every 12 deaths globally [59] . Consequentially it is the fifth most frequently
diagnosed cancer and the third leading cause of cancer mortality[59]. Age-standardized
incidence rates are significantly elevated in Eastern Asia (45.3 per 100000
persons/year), when compared with rates in Northern America (7.6 per 100000
persons/year) and Northern Europe (9.3 per 100000 persons/year)[59]. These relatively
low incidence rates are comparable to those seen across many regions of Africa (Table
5). The cumulative incidence rate up to and including an age of 74 years, expressed as
a percentage of cancers of the stomach in sub-Saharan-Africa was 0.46% whereas the
comparable worldwide rate was 1.39%[60].
About 24000 new cases of stomach cancer and 22000 deaths were estimated to have
occurred in 2002 in Africa, with three quarters (18000 new cases) occurring in subSaharan Africa[60]. The national cancer registries with the highest recorded cumulative
incidence rates are Harare (Zimbabwe), Bamako (Mali), Kenya, Réunion (France),
Rwanda and Uganda[60] (Table 5).
The significant decline in the incidence of non-cardia GCA in developed countries
is an established phenomenon which is associated with improvements in food
preservation and a decline in transmission of and infection by H. pylori[61]. On the
contrary, no decrease was noted in rates of histologically diagnosed cases in South
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Figure 2

Figure 2 Gastric antral mucosa showing atrophy, intestinal metaplasia and mild chronic inflammation
(Haematoxylin and eosin stain; Magnification × 100).

Africa between 1986 and 1995[60]. There is also no indication that the incidence of
stomach cancer is declining in Africa; time trends for the cancer registries in Kampala
(Uganda)[62], Harare (Zimbabwe)[63], and Bamako (Mali)[60] indicate little or no change
in incidence during the past 20 years[60]. Notwithstanding, similar concerns remain
about the data as encountered in the trends of PUD. In addition to late presentation
and selection bias, cancer data in Africa is obtained from GLOBOCAN which is
subsequently drawn from country cancer registries [4,26] . Such registries are not
comprehensive due to considerable variation in the availability of efficient local
cancer reporting systems or databases, essential diagnostic health equipment
(endoscopy, histopathology, imaging) and expertise[26]. Validation of cases and their
source as well as specificity of outcome definitions are not explicit in most studies
further contributing to uncertainty about the precise incidence rates of GCA on the
continent[4,22].

THE HELICOBACTER PYLORI AFRICAN ENIGMA
Helicobacter pylori infection is endemic in Africa, however GDD prevalence is
reportedly low especially for GCA[64]. This phenomenon is referred to as the “African
enigma”-a high prevalence of H. pylori with an apparently low incidence of GCA[13].
The concept was challenged based on the potential problems with the data upon
which the theory was based. For example, in Africa, we cannot ignore major
difficulties in access to healthcare, endoscopy and radiological examinations, all of
which are deemed to have reduced the likelihood of a diagnosis of PUD and GCA[1].
On the contrary, patients with other common cancers such as oesophageal and
cervical cancer are represented in hospitals in Africa so it remains curious why GCA
patients would selectively not seek care[65].
Bacterial virulence has been studied to determine disease specific associations
which might explain differences in GDD incidence across populations. Several studies
in Africa have demonstrated that most H. pylori infections are of the virulent type as
they were predominantly cagA and vacA s1 positive[66-68], therefore factors other than
H. pylori virulence are likely of major importance in sub-Saharan Africa.
Environmental factors are essential in modulating H. pylori responses as well. There
is a dietary component, with foods high in salt and low fruit intake increasing GCA
risk. Both alcohol consumption and active tobacco smoking are also established risk
factors[69,70]. Regular consumption of fresh fruits and vegetables seems to delay the
onset of AG[71,72]. Further, co-infection of mice with Heligosomoides polygyrus, an extracellular mouse parasite, and Helicobacter felis has been shown to alter the immune
response with down-regulation of Th1 dependent IgG2a serum antibody response to
a greater extent than the Th2 dependent IgG1 antibody response leading to a
reduction in H. pylori-induced gastric atrophy[73]. This suggests that other common
infections in Africa might, likewise, affect the outcome of H. pylori infection.
Differences in GCA rates between African countries and other parts of the world may
accordingly be related to differences in intake of particular food, possibly co-existing
infections or composition of gut microbiota. As with other infections, the natural
history of H. pylori infection is determined by a range of microbe, host and
environmental co-factors[74].
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Table 4 Severity of atrophic gastritis and intestinal metaplasia at the Korle Bu Teaching
Hospital, Accra, Ghana (n = 136), as per updated Sydney system
Atrophy (n = 9)

Metaplasia (n = 16)

Grade

n (%)

Grade

n (%)

T1

6 (66.7)

M1

10 (62.5)

T2

2 (22.2)

M2

5 (31.3)

T3

1 (11.1)

M3

1 (6.2)

CONCLUSION
PUD and pre-malignant lesions are not uncommon in Africa when compared with the
West despite contrasting H. pylori prevalence. However, lack of cohort studies drawn
from the general population make accurate evaluation of incidence of GDD in Africa
elusive. Additionally, the lack of a temporal relationship with incidence of risk
factors, such as H. pylori infection, prevents an assessment of the strength of such
risks. Tertiary center studies are heterogenous between and within-countries, subject
to selection bias and may not be generalizable to the wider population. Therefore,
longitudinal studies are required to elucidate how a myriad of environmental factors
and gut microbiota (e.g., helminthic infections) act synergistically with host and H.
pylori in expression of gastro-duodenal phenotype in African countries. Evidence is
still lacking to support (or not) the African enigma theory, due to this theory being
based on inconsistent data that indicate a particularly low incidence of GDD in
African countries.
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Table 5 Age-Standardized Incidence rates of gastric cancer in sub-Saharan Africa[60]

Region

Age-standardized incidence rate (per 100000 personyears)

Years of study

Males

Total

Females

Central Africa
Congo, Brazzaville

2009-2013

2.0

1.5

3.5

Ethiopia, Addis Ababa

2012-2013

3.0

2.2

5.2

Kenya, Eldoret

2008-2011

9.8

7.9

17.7

Kenya, Nairobi

2007-2011

9.2

9.7

18.9

Malawi, Blantyre

2009-2010

4.4

3.5

7.9

Mozambique, Beira

2009-2013

0.8

0.4

1.2

Uganda, Kampala

2008-2012

6.4

3.3

9.7

Zimbabwe, Bulawayo

2011-2013

4.8

5.7

10.5

Zimbabwe, Harare

2010-2012

18.7

16.3

35.0

France Reunion

2011

16.8

6.3

23.1

Mauritius

2010-2012

7.0

3.2

10.2

Seychelles

2009-2012

3.7

3.2

6.9

Botswana

2005-2008

1.1

0.4

1.5

Namibia

2009

5.0

2.0

7.0

South Africa, National

2007

4.0

1.8

5.8

South Africa, East Cape

2008-2012

1.4

0.8

2.2

Benin, Cotonou

2013-2015

11.3

2.4

13.7

Cote D’Ivoire, Abidjan

2012-2013

2.8

2.8

5.6

The Gambia

2007-2011

2.2

0.8

3.0

Guinea, Conakry

2001-2010

4.7

2.8

7.5

Mali, Bamako

2010-2014

19.1

15.3

34.4

Niger, Niamey

2006-2009

2.2

1.6

3.8

Nigeria, Abuja

2013

4.4

2.2

6.6

Nigeria, Calabar

2009-2013

0.7

1.4

2.1

Nigeria, Ibadan

2006-2009

2.8

1.3

4.1

East Africa, Mainland

East Africa, Islands

Southern Africa

Western Africa

Figure 3

Figure 3 Helicobacter pylori infection. The organisms are indicated with arrows (Warthin-Starry stain; Magnification × 400).
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Abstract
Aptamers are a class of single oligonucleotide molecules (DNA or RNA) that are
screened from random DNA or RNA oligonucleotide chain libraries by the
systemic evolution of ligands by exponential enrichment technology. The selected
aptamers are capable of specifically binding to different targeting molecules,
which is achieved by the three-dimensional structure of aptamers. Aptamers are
similar in function to monoclonal antibodies, and therefore, they are also referred
to as "chemical antibodies". Due to their high affinity and specificity and low
immunogenicity, aptamers are topics of intense interest in today's biological
targeting research especially in tumor research. They not only have high potential
for clinical advances in tumor targeting detection but also are highly promising
as targeted tumor drug carriers for use in tumor therapy. Various experimental
studies have shown that aptamer-based diagnostic and therapeutic methods for
liver cancer have great potential for application. This paper summarizes the
structure, characteristics, and screening methods of aptamers and reviews the
recent research progress on nucleic acid aptamers in the targeted diagnosis and
treatment of liver cancer.
Key words: Aptamer; Systemic evolution of ligands by exponential enrichment; Liver
cancer; Outlook
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: For liver cancer, conventional diagnostic methods have low sensitivity,
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therapeutic drugs have great side effects, and tumor monitoring is difficult, which limit
the diagnosis and treatment of liver cancer. However, the diagnosis and treatment of
liver cancer based on aptamers have great application prospects. This review describes
the screening of aptamers and reviews the recent advances on aptamers in the targeted
diagnosis and treatment of liver cancer.

Citation: Zhang GQ, Zhong LP, Yang N, Zhao YX. Screening of aptamers and their potential
application in targeted diagnosis and therapy of liver cancer. World J Gastroenterol 2019;
25(26): 3359-3369
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3359.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3359

INTRODUCTION
Tumors are one of the leading causes of human death worldwide. With the
development of society, the population has increased, and the risk of tumors has also
greatly increased. Tumor diagnosis and treatment have become an issue of intense
concern. Liver cancer is a common malignant tumor, and its diagnosis and treatment
are the research focus of many scholars.
Aptamer refers to a type of single oligonucleotide molecule (DNA or RNA) that is
screened and enriched from a library of random single-stranded oligonucleotide
sequences constructed in vitro, and aptamers can specifically bind to target molecules,
such as small molecules, proteins, and even whole cells[1-3]. In 1990, Ellington et al[4]
and Tuerk et al [5] screened for a random oligonucleotide that binds to T4 DNA
polymerase with high affinity and specificity and confirmed the ability of this
oligonucleotide sequence to bind to the target. The identified oligonucleotide was
referred to as an aptamer, and the screening method was named systematic evolution
of ligands by exponential enrichment (SELEX). The first aptamer drug, pegaptanib
sodium (trade name: Macugen), was approved by the United States Food and Drug
Administration in 2004 and is used to treat age-related macular degeneration[6]. Now,
scientists have acquired a variety of aptamers screened using the SELEX technology,
which have a special three-dimensional structure that can bind different target
molecules[7,8]. The more detailed explanation for aptamers is given below.

APTAMERS
Structure and function of aptamers
An aptamer is a specific three-dimensional structure formed by the folding of a singlestranded nucleic acid molecule. The binding of an aptamer to the target molecule is
achieved by its own special three-dimensional structure, with features such as
hairpins, internal loops, bulges, pseudoknots, and G-tetramers[9]. The factors by which
an aptamer binds to the target molecule are the complementary effects of the
geometric shape, the interactions of aromatic ring overlap, the electrostatic
interactions of the charged groups, the bases of the nucleic acid aptamer, the van der
Waals forces, and the hydrogen bonds. Targets that can be bound include small
molecules, proteins, cells, and even entire tissues. Proteins are the most numerous
targets[10,11].

DNA and RNA aptamers
Both DNA and RNA aptamers can produce similar specificities and affinities, but
each has its own distinct advantages. The primary difference between DNA and RNA
lies in the sugar. The GH bond of deoxyribose in DNA has low reactivity and a stable
structure, making it better able to resist the action of enzymes. The ribose in RNA is
more reactive and less stable than deoxyribose, and double-stranded regions of RNA
can stimulate the immune system via the Toll-like receptor. An RNA aptamer
obtained from an RNA oligonucleotide chain library using the SELEX method needs
to be modified for improved stability[12].
In the early stages, many researchers were more likely to screen for RNA aptamers
because they have more diverse stereoscopic three-dimensional structures than DNA
and higher affinity for targets [13] . However, in-depth studies of aptamers have
presented increasing evidence that DNA aptamers are superior to RNA aptamers in
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application. For example, DNA aptamers have better structural stability and are easy
to screen. Therefore, an increasing number of researchers are now more inclined to
explore DNA aptamers, and in 2013, it was reported that more than 85% of aptamers
were obtained from DNA oligonucleotide libraries[14].

SELEX METHOD FOR SCREENING APTAMERS
Basic principles of SELEX technology
The SELEX technology combines multiple fields, such as molecular biology,
bioinformatics, and materials science, to develop aptamers for a variety of targets[15]. A
large number (approximately 1014-15) of random DNA or RNA oligonucleotide chains
are first synthesized, and then multiple screening and enrichment cycles are
performed to select oligonucleotide chains from this library that can bind target
molecules with high specificity and high affinity. New base sequences will appear
during the screening process, and as the cycle progresses, the specificity and affinity
with which the selected oligonucleotide strand binds the target molecule will
gradually increase. The final oligonucleotide chain has the highest specificity and
affinity for the target molecule and is referred to as the aptamer of the specific target
molecule[16,17].

Establishment of a random oligonucleotide chain library
As a raw material, the oligonucleotide chain for aptamer screening is fixed at both
ends and random in the middle. The random sequences can specifically bind to the
target molecule, and the fixed sequences can be used for amplification and screening.
Screening of DNA or RNA aptamers starts with synthesis of random DNA or RNA
oligonucleotide chain libraries.
The first step in building a library is to design fixed sequences at both ends of the
oligonucleotide chain, which are usually 20-30 nucleotides in length. The fixed
sequences generally contain primer binding sites and restriction endonuclease
binding sites required for PCR amplification, while binding sites containing RNA
polymerase are needed when preparing RNA aptamers. The transcribed RNA
sequences must also be able to bind to reverse transcriptase[18]. In designing the
intermediate sequences, attention should be paid to length. Short chains are easier to
design and fabricate and less expensive, but if the sequence is too short, it cannot form
secondary structures that specifically and stably bind to target molecules, or there are
not enough secondary structures in the library for screening. As the length of the
intermediate sequence increases, the capacity of the library increases, but increasing
the length of the intermediate sequence beyond a certain threshold will not
significantly increase the number of unique stereo structures available for screening.
Generally, the length of the intermediate sequence is 30-50 nucleotides, which can
theoretically form approximately 1014-1024 random oligonucleotide chains. The stereo
structure formed by this number of nucleotides is sufficient to bind a target
molecule [19] . After the sequence design is completed, a large number of DNA
oligonucleotide chains with random sequences in the middle can be synthesized with
a DNA synthesizer, and a DNA oligonucleotide chain library can be established.

Selection and enrichment of aptamers
After establishment of a DNA oligonucleotide chain library, it is necessary to screen
for and enrich oligonucleotide chains that can bind to target molecules with high
specificity and affinity. Mature screening techniques include magnetic bead
separation [20] , high-speed centrifugation, affinity chromatography [21] , capillary
electrophoresis[22], and nitrocellulose membrane filtration[23]. For example, studies have
shown that a target aptamer can be obtained in only four cycles of capillary
electrophoresis SELEX[24].
On the basis of traditional screening methods, many screening methods have been
developed, such as counter SELEX[25], subtractive SELEX[26], photo SELEX[27], and
negative SELEX[28], which can improve the selectivity of aptamers. Blended SELEX[29],
complex targeting SELEX[30], expression cassette SELEX[31], and toggle SELEX[32] can
improve the universality of aptamers. In addition, automated SELEX[33], non-SELEX[34],
and FluMag SELEX [35] can shorten the screening cycle. Methods for combining
different pools, such as tailored SELEX[36] and genomic SELEX[37], can increase the
likelihood of screening for aptamers of interest. At present, cell-based screening (cellSELEX) is widely used[38] (Figure 1).
To shorten the screening process, the following screening methods have been
developed. Multiple GO-SELEX employs graphene oxide (GO) for screening. This
method is simple, fast, and high throughput, and thus reduces the screening cost and
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Figure 1

Figure 1 Schematic diagram of cell systemic evolution of ligands by exponential enrichment strategy. The
target cells are used to screen and enrich the selection pools, and clonal sequencing is performed to obtain the
required aptamers. SELEX: Systemic evolution of ligands by exponential enrichment.

shortens the screening time[39]. Single-walled carbon nanotube-assisted cell-SELEX
(SWCNT-assisted cell-SELEX) requires only six rounds of screening compared with
the 15 rounds necessary in standard cell-SELEX and has a high screening efficiency[40].
On-chip cell-SELEX, which incorporates microfluidic chips into the cell-SELEX
process, requires only five rounds of screening, greatly shortening the screening
process [41] . Sequence-constructive SELEX modifies the sequence of aptamers to
improve the affinity and specificity for the targets[42]. Furthermore, Hi-Fi SELEX is a
protocol for rapid and efficient DNA aptamer selection[43].
The general procedures for screening and enrichment of DNA aptamers are as
follows: in the first round of screening, target molecules are used to screen DNA
oligonucleotide chain libraries and the oligonucleotide chain DNA is amplified via
PCR; in the second round of screening, the amplified products are rescreened and the
DNA is amplified via PCR; after 8-16 repeated rounds of screening, flow cytometry
and clonal sequencing are performed to obtain the required high specificity and high
affinity aptamers[15]. However, depending on the SELEX method used, the number of
screening and enrichment rounds will vary. In most cases, too many rounds will
waste consumable reagents without significantly improving the screening rate.
However, too few rounds may not identify the best aptamers or impurities. The
appropriate number of screening rounds is generally the number at which the affinity
does not continue to increase. Because of the low fidelity of the polymerase used in
SELEX, each screening enrichment cycle may produce variants, and thus, the
screening enrichment cycles actually increase the capacity of oligonucleotide chain
libraries. In addition to the effect of screening enrichment, the number of cycles
needed for screening enrichment is one of the criteria for evaluating the advantages
and disadvantages of screening enrichment methods. Many of the methods
mentioned above are optimized in terms of the number of cycles.

Base sequencing, characterization, and molecular structure modification of
aptamers
Screening of enriched aptamers requires base sequencing to obtain well-defined base
sequences. Then, structural analysis and characterization of these screened aptamers
need to be performed, to assess factors such as specificity, affinity, and stability.
The chemical synthesis of aptamers is more stable than antibodies. However,
despite their high stability and tolerance to temperature, pH range, and some organic
solvents, aptamers can be readily degraded or removed by the kidneys in vivo.
Because of the limited interaction between natural base pairs and drugs, in vivo use
requires prolonging the survival time of aptamers under physiological conditions,
that is, optimizing the structure of aptamers. Conventional optimization methods
include the following: (1) Substituting a natural nucleotide for a nucleotide modified
with a group to avoid degradation of the nucleic acid[44]; (2) Chemically synthesizing a
mirror image sequence of the selected aptamers with high plasma and serum stability
to enhance the stability of aptamers to make them have significant therapeutic
potential [45] ; (3) Modifying aptamers with locked nucleic acids to enhance their
ribozyme resistance. Methylene-linked 2'-oxygen and 4'-carbon in carbohydrate
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residues have strong ability to hybridize with nucleic acid molecules and are not
easily degraded by enzymes[46]; and (4) Covalently attaching PEG or cholesterol to
aptamers, prolonging their residence time in the human body and reducing renal
filtration rate [47,48] . The half-life of survival of aptamers in human physiological
environment can be extended from a few minutes to several hours by one or more of
the above methods, and aptamers with modifiable properties are superior to
antibodies or polypeptides in the diagnosis and treatment of tumor diseases.

CHARACTERISTICS OF APTAMERS AND COMPARISON
WITH MONOCLONAL ANTIBODIES
Characteristics of aptamers
Aptamers have many advantages, such as high affinity and specificity, a wide range
of action, small size, good stability, low cost, and easy synthesis and screening
compared with traditional immunological and chemical recognition molecules, and
aptamers have shown broad application prospects in the diagnosis and treatment of
diseases[49].

Comparison of aptamers and monoclonal antibodies
There are some similarities between aptamers and monoclonal antibodies (mAbs). In
terms of function, both aptamers and mAbs can bind target molecules with high
specificity and affinity. In terms of application, both aptamers and mAbs can be used
in medical research and in clinical diagnosis and treatment; therefore, aptamers are
known as "chemical antibodies". Compared with mAbs, aptamers do not exhibit
immunogenicity or antigenicity and do not cause a related immune response or
immune rejection in the human body. This property makes aptamers reusable for the
same patient in the diagnosis and treatment of clinical diseases[50].

APPLICATION OF APTAMERS IN THE TARGETED
DIAGNOSIS OF LIVER CANCER
The early stage of tumorigenesis may present no symptoms, leading to tumors in the
middle and late stages before symptoms are identified, which hinders the treatment of
tumors. However, tumor markers already exist in the early stage of tumorigenesis,
which is of great significance for the early diagnosis and treatment of tumors. The
main difficulty in the early diagnosis of tumors is the identification of the
characteristics of tumors and tumor cells. Tumor markers are important molecules in
the diagnosis and treatment of tumors. They can target whole tumors or tumor cells.
Fluorescence imaging of tumors and cells can diagnose tumors and monitor their
treatment. Due to the high specificity and affinity of aptamers, a goal currently
attracting intense interest is to screen for aptamers as tumor markers and apply them
to the targeted diagnosis of tumors. Aptamers have become potential probe molecules
for targeted diagnosis of liver cancer, and their application in vitro and in vivo of liver
cancer can improve detection specificity and sensitivity[51] (Figure 2).

Aptamers for in vitro detection of liver cancer
In recent years, with the in-depth study of aptamers, increasing numbers of liver
cancer detection methods based on aptamers have been developed to provide
different in vitro detection methods for the diagnosis of liver cancer (Table 1).
The aptamer-nanoparticle system (Apt-NP) formed by the conjugation of liver
cancer-related aptamers and nanoparticles, can be used for the diagnosis of liver
cancer. Recently, Hu et al [52] labeled HepG2 cells with biotin-conjugated TLS11a
aptamer (Bio-TLS11a)., and then co-incubated with streptavidin-conjugated
fluorescent silica nanoparticles (SA-FSNPs). HepG2 cells were detected in vitro by the
interaction between biotin and streptavidin. Hu et al[52] pointed out that these SAFSNPs can specifically and sensitively detect aptamer-labeled HepG2 cells and show
no obvious toxic effects, showing the good application prospect of this method for
liver cancer cells and other types of cancer cells.
With the deeper research on nano-molecules, more and more nano-molecules have
been discovered and used together with aptamers for targeted detection of liver
cancer cells. Wang et al[53] established a new method for detecting circulating tumor
cells (CTCs) in hepatocellular carcinoma (HCC). They combined the aptamer of the
carbohydrate sialic acid Lewis X with a hydroxyapatite/chitosan (HA/CTS) nanofilm
to form the CTC-BioTChip platform, which effectively captures and identifies HCC
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Figure 2 Schematic diagram of aptamer targeting to liver cancer. The aptamers bind to the surface of the liver
cancer cells with high specificity and high affinity after incubation with the liver cancer cells. After the aptamers are
injected into the mouse model through the tail vein, they specifically bind to the liver cancer tissue site.

CTCs. A small amount of aflatoxin B1 can cause liver cancer to occur. Joo et al[54]
developed a rapid method for the determination of aflatoxin B1 (AFB1) based on GO
and fluorescein imide modified AFB1-specific aptamer. When the aptamer binds to
AFB1, the conformation of the aptamer changes and interacts with GO such that the
fluorescence intensity is reduced or even quenched.
In the past few years, the potential role of quantum dots in fluorescence imaging
has gradually attracted the attention and research of more scholars. QD-labeled
aptamers are also a new strategy for detecting liver cancer cells. It has been found that
the SL2-B aptamer labeled with QDs can specifically recognize HepG2 cells and be
taken up by HepG2 cells, and the results can be detected by fluorescence microscopy.
Moreover, as the incubation time of HepG2 cells with the conjugate increased, it also
showed potential antiproliferative activity against HepG2 cells[55]. This technique of
QDs labeling aptamers provides a new strategy for in vitro detection and research of
liver cancer.
Dickkopf-1 (DKK1) has potential application value for the early diagnosis of HCC.
Zhou et al[56] obtained two kinds of aptamers that recognize DKK1, one is slow-off
aptamer, and the experimental results show that it can be used for aptamer-based
ELISA assay, while another fast-off aptamer is more suitable for flow cytometry and
spot-blot. In addition, the combination of molecular beacons[57], which have stem-ring
structures and contain fluorescent and quenching agents, and fluorescent dyes[58] with
aptamers targeting tumors has also been proven to be useful for detecting or imaging
tumors. This provides more potential methods for in vitro detection of liver cancer.

Aptamers for in vivo imaging of liver cancer
In vivo imaging is still a common method for the clinical diagnosis of tumors.
Techniques include magnetic resonance imaging (MRI), ultrasound molecular
imaging, computed tomography (CT), and fluorescence molecular tomography,
which have been verified in small rodents[59]. Nowadays, due to the extremely high
incidence of liver cancer and the increasingly intensive research on aptamer, the
application of various aptamer-based contrast agents, probes, and fluorescent groups
to in vivo oncology imaging has become the research topic of numerous scholars
(Table 2).
MRI is a non-invasive tumor diagnosis technique. To improve the diagnostic
efficacy of MRI, Yan et al[60] obtained an aptamer capable of binding to endoglin
(CD105) with high specificity by SELEX. This aptamer is conjugated to paramagnetic
and fluorophore on the G5 dendrimer to form a targeted nanoprobe that can be used
to detect tiny HCCs. Zhong et al[61] developed a nanoprobe targeting CD105 for MRI
by the use of aptamer-modified magnetic carboxymethyl chitosan, which can improve
the early diagnosis of HCC. In addition, Zhao et al [62] prepared a targeted MRI
molecular probe based on ultrasmall superparamagnetic iron oxide (USPIO) mediated
by phosphatidylinositol-3 (GPC3) aptamer. The probe was verified in xenograft mice,
and the experimental results confirmed the targeted imaging effect of the probe on
HCC expressing GPC3.
Various studies have shown that aptamers have great potential advantages in the
targeted diagnosis of liver cancer, but this application is still in its infancy. For some
malignant tumors with a low expression rate of tumor markers, further exploration is
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Table 1 Current literature summary of aptamers for in vitro detection of liver cancer
First author

Year

Aptamer

Target

System for detection Method for detection

Hu et al[51]

2017

TLS11a

HepG2 cells

Bio-TLS11a and SAFSNPs

Fluorescence
Microscopy

Wang et al[52]

2016

sLex-AP

CTCs

CTC-BioT Chip

Fluorescence
Microscopy

Joo et al[53]

2017

AFB1-Apt

AFB1

FAM modified AFB1Apt and GO

Fluorescence
Microscopy

Kaur et al[54]

2019

SL2-B

HepG2 cells

QDs labeled SL2-B

Fluorescence
Microscopy

Zhou et al[55]

2019

Slow-off aptamer
DKK1 protein
(TD10); fast-off aptamer

5′ amino C6 modified
TD10-based ELISA; 5′
FAM labeled fast-off
aptamer

ELISA (TD10); dot blot
and flow cytometry
(fast-off aptamer)

still needed[63].

APPLICATION OF APTAMERS IN TARGETED THERAPY OF
LIVER CANCER
In addition to acting as therapeutic agents, aptamers can also be used as targeting
agents to conjugate with antitumor drugs, oligonucleotides, or nanocarriers for
targeted tumor therapy. A drug delivery system based on aptamers has many
advantages. It can not only significantly improve the pharmacokinetic properties of
drugs in vivo, but also can reduce toxic and side effects to some extent certain due
targeting properties. Because aptamers are small (nanosized) molecules, the whole
drug delivery system can effectively penetrate all levels of blood vessels into the
tumor site[64].
The traditional methods of liver cancer therapy have poor targeting, inefficient
drug delivery, poor efficacy, and severe side effects, which together present great
challenges in the therapy of liver cancer. The targeted therapy of liver cancer is now
the focus of scientists' research. Currently, aptamers have been widely studied and
applied in various fields because of their characteristics. Modified aptamers have been
applied to the treatment of liver cancer, improving the efficiency of treatment and
greatly reducing the side effects of drug treatment [65] . Aptamers can be used as
therapeutic agents to intervene in the treatment of liver cancer. They can also be
conjugated with antineoplastic drugs, oligonucleotides, or nanocarriers for the
treatment of tumors, such as chemotherapy, gene therapy, immune therapy,
radiotherapy, and phototherapy[66] (Table 3).
Hu et al[67] constructed a bispecific system using the hepatoma cells-specific aptamer
TLS11a and anti-CD3, which mediates T cell activation, targets cytotoxic T cells to the
liver cancer site, and thus enhances the anti-tumor effect. The experimental results
show that TLS11a/CD3 can connect hepatoma cells and T cells, avoiding the
occurrence of immune escape and mediating the lysis of hepatoma cells and the
release of cytokines, and the released cytokines can continue to enhance anti-tumor
effects. This aptamer-based bispecific system provides a new technology platform for
targeted immunotherapy of liver cancer.
The recombinant adenovirus carrying the PTEN gene (Ad5-PTEN) is an effective
anti-tumor agent, but its application is greatly limited due to its poor stability and
toxic effects to normal tissues. To overcome the application limitations of Ad5-PTEN,
Xiao et al [68] formed a novel gene delivery system, EPAP, by linking EpDT3, an
aptamer that specifically binds to epithelial cell adhesion molecule (EpCAM), to AdPTEN. The results show that EPAP is non-toxic to normal cells and tissues, can target
and inhibit EpCAM-positive hepatoma cells, enhance anti-tumor activity, and
improve the gene therapy efficiency of liver cancer.
Today, mesoporous silica nanoparticles (MSNs) are a potential therapeutic
platform for cancer therapy. MSNs are a good nano-drug delivery platform because of
its good stability, high load, high biocompatibility, adjustable pore size, and
protection against inactivation or degradation of the incorporated drug[69]. Babaei et
al[70] developed a PEGylated MSN system capable of targeting EpCAM and controlling
the release of 5-fluorouracil. First, the authors loaded 5-fluorouracil into mesoporous
silica, hybridized with gold nanoparticles to its outer surface, PEGylated, and then
conjugated with EpCAM aptamer, and the resulting complex can be used for HCC
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Table 2 Current literature summary of aptamers for in vivo imaging of liver cancer
First author

Year

Aptamer

Type of tumor

Probe for detection

Method for detection

Yan et al[59]

2018

CD105-Apt

Tiny HCC

Conjugated CD105-Apt
to paramagnetic and
fluorophore on the G5
dendrimer

MRI

Zhong et al[60]

2019

mEND

HCC

mEND-Fe O @CMCS

MRI

Zhao et al[61]

2018

AP613-1

HCC expressing GPC3

Apt-USPIO

MRI

2017

EpCAM-Apt

HCC

EpCAM-PEG-Au@Si-5FU NPs

CT

[69]

Babaei et al

Apt: Aptamer; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; CT: Computed tomography; USPIO: Ultrasmall superparamagnetic
iron oxide.

treatment. This system has potential application prospects in the targeted therapy of
early liver cancer. In addition, it can also be used for CT imaging.
Black Phosphorus Quantum Dots (BPQDs) have a unique photocatalytic activity
and have potential applications in photodynamic therapy, but the application of
BPQD is limited due to the instability of the tumor microenvironment. To solve this
problem, Lan et al[71] constructed a nanostructure based on the TLS11a aptamer. Lan et
al [71] synthesized BPQDs/Pt hybrid mesoporous silica (BMSF@Pt), and then
conjugated the TLS11a aptamer to BMSF@Pt to form Apt-MBMSF@Pt nanostructure.
This structure can specifically target to HCC cells, killing HCC cells by selfcompensation of oxygen, enhancing photodynamic efficacy, and providing a new
method for targeted therapy of HCC.
MiRNA-195 (miR195) is a potent gene drug that inhibits vascular endothelial
growth factor (VEGF), and some studies have demonstrated the inhibitory effect of
miR195 in HCC[72]. Liu et al[73] conjugated histidine-modified disulfide cross-linked
stearyl polyarginine peptide (H3R5) to cell penetrating peptide-modified aptamer,
ST21, which is capable of specifically binding to HCC cells. Then, under the action of
PEG, miR195 and Fasudil were loaded to the conjugation. Finally, a nano-system,
Fasudil
ST21-H 3 R 5 -PEG miR195 , based on ST21-H 3 R 5 -PEG was constructed. The results
showed that FasudilST21-H3R5-PEGmiR195 has a strong ROCK2 blocking effect and VEGF
silencing effect, showing a higher anti-tumor effect, and has great application
prospects for targeted therapy of HCC.
Liposomes are complex structures composed of cholesterol and phospholipids that
can contain hydrophilic and lipophilic drugs and reduce the cytotoxicity of drugs.
Liposomes are very effective drug nanocarriers. Cabazitaxel is a broad-spectrum
antineoplastic drug, but its clinical adverse reactions hinder its use. Cheng et al[74]
modified capsaicin liposomes with a TLS1c aptamer targeting MEAR cells and
demonstrated the highly specific targeting ability and strong antitumor effect of this
complex on MEAR cells. This drug delivery system is also an effective potential
therapeutic strategy. Nanoparticles, polymer micelles, and biomimetic nanocarriers
can also be used as drug carriers to construct drug delivery systems, providing
potential for the further development of targeted therapy for liver cancer[75].

CONCLUSION
In conclusion, the diagnosis and treatment of liver cancer developed on the basis of
aptamer solve the problems of low diagnostic sensitivity, large side effects of
anticancer drugs, and difficulty in tumor monitoring. Various experimental results
have confirmed the great potential of these strategies in the clinical application to liver
cancer, and provide good scientific evidence for the clinical application of aptamers in
liver cancer.
As “chemical antibodies”, aptamers have been considered an important research
direction in the targeted diagnosis and treatment of tumors. With the continuous
development of aptamers with different targeting sites, the application of aptamers
with different targeting sites has become increasingly extensive. Aptamers have been
modified and applied to various aspects of targeting research for liver cancer. With
the development of different detection methods and treatment methods based on
aptamers, aptamers will continue to develop in the clinical application of liver cancer,
and finally realize early diagnosis and treatment of liver cancer.

WJG

https://www.wjgnet.com

3366

July 14, 2019

Volume 25

Issue 26

Zhang GQ et al. Screening of aptamers and their application in LC

Table 3 Current literature summary on the application of aptamers in targeted therapy for liver cancer
First author

Year

Aptamer

Target

System for therapy

Function

Hu et al

2018

TLS11a

H22 cells

TLS11a/CD3

Immunity therapy

Xiao et al[67]

2017

EpDT3

EpCAM-positive cells HepG2

EpDT3-PEG-Ad5-PTEN (EPAP)

Gene therapy

Babaei et al

2017

EpCAM-Apt

EpCAM-positive cells HepG2

EpCAM-PEG-Au@Si-5-FU NPs

Chemotherapy

Lan et al[70]

2019

TLS11a

HepG2 cells

Apt-BMSF@Pt

Phototherapy

Liu et al[72]

2016

ST21

SK-Hep-1 cells

Fasudil

Chemotherapy and gene therapy

Cheng et al[73]

2019

TLS1c

MEAR cells

BioTL Cab/lipo

Chemotherapy

[66]

[69]

ST21-H3R5-PEG miR195
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Abstract
BACKGROUND
The treatment of difficult common bile duct stones (CBDS) remains a big
challenge around the world. Biliary stenting is a widely accepted rescue method
in patients with failed stone extraction under endoscopic retrograde
cholangiopancreatography. Fully covered self-expanding metal stent (FCSEMS)
has gained increasing attention in the management of difficult CBDS.
AIM
To manufacture a drug-eluting FCSEMS, which can achieve controlled release of
stone-dissolving agents and speed up the dissolution of CBDS.
METHODS
Customized covered nitinol stents were adopted. Sodium cholate (SC) and
disodium ethylene diamine tetraacetic acid (EDTA disodium, EDTA for short)
were used as stone-dissolving agents. Three different types of drug-eluting stents
were manufactured by dip coating (Stent I), coaxial electrospinning (Stent II), and
dip coating combined with electrospinning (Stent III), respectively. The drugrelease behavior and stone-dissolving efficacy of these stents were evaluated in
vitro to sort out the best manufacturing method. And the selected stonedissolving stents were further put into porcine CBD to evaluate their biosecurity.
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RESULTS
Stent I and Stent II had obvious burst release of drugs in the first 5 d while Stent
III presented controlled and sustainable drug release for 30 d. In still buffer, the
final stone mass-loss rate of each group was 5.19% ± 0.69% for naked FCSEMS,
20.37% ± 2.13% for Stent I, 24.57% ± 1.45% for Stent II, and 33.72% ± 0.67% for
Stent III. In flowing bile, the final stone mass-loss rate of each group was 5.87% ±
0.25% for naked FCSEMS, 6.36% ± 0.48% for Stent I, 6.38% ± 0.37% for Stent II,
and 8.15% ± 0.27% for Stent III. Stent III caused the most stone mass-loss no
matter in still buffer or in flowing bile, which was significantly higher than those
of other groups (P < 0.05). In vivo, Stent III made no difference from naked
FCSEMS in serological analysis (P > 0.05) and histopathological examination (P >
0.05).
CONCLUSION
The novel SC and EDTA-eluting FCSEMS is efficient in diminishing CBDS in
vitro. When conventional endoscopic techniques fail to remove difficult CBDS, SC
and EDTA-eluting FCSEMS implantation may be considered a promising
alternative.
Key words: Common bile duct stone; Drug-eluting stent; Fully covered self-expanding
metal stent; Electrospinning; Nanofiber film
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Core tip: The idea of delivering stone-dissolving agents to the location of common bile
duct stones (CBDS) via biliary stent is first introduced by our research group. Based on
our previous work and updated progress in the endoscopic field, we have further
modified our previous version and present a brand-new stone-dissolving fully covered
self-expanding metal stent, which is expected to serve as an alternative in the
management of difficult CBDS.
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INTRODUCTION
Biliary stenting is a widely accepted rescue method in patients with failed stone
extraction under endoscopic retrograde cholangiopancreatography (ERCP) and
plastic biliary stents are commonly used around the world[1,2]. It is worth noting that
fully covered self-expanding metal stents (FCSEMS) have been used in the
management of difficult common bile duct stones (CBDS) and have gained
satisfactory clinical outcome[3-7]. In the research of Garcia-Cano’s group[3], FCSEMS
implantation was adopted after an ERCP session without complete CBDS extraction.
Successful biliary drainage was obtained in all 29 cases. After a median of 199.5 d of
follow-up, FCSEMS was removed in 16 patients with a complete CBDS extraction in
15 (93.7%) cases. Another research reported that after 6.4-wk FCSEMS insertion, stent
patency rate was 100% (36/36) and success rate of first attempt to clear CBDS was
80.6% (29/36)[4].
Both sodium cholate (SC) and disodium ethylene diamine tetraacetic acid (EDTA)
have been found to be able to dissolve biliary stones[8-11]. In our previous studies, we
have developed a drug-eluting plastic stent (PS) by the method of dip coating, which
is able to release EDTA and SC, and the novel stent has been proved to effectively
dissolve CBDS ex vivo and in a live porcine CBDS model[12,13]. But we also observed
that the drug-loaded coating outside the PS might fall off during application, which
could weaken the stone-dissolving effect of the stent. We have tried coaxial
electrospinning, one method to produce drug-loaded nanofiber film, instead of dip
coating to manufacture drug-loaded stent; however, burst release of drug became
another issue and the stone-dissolving effect was barely satisfactory[14].
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Sustainable drug release and unobstructed bile drainage are desired in stonedissolving stents. In this study, we aimed to modify our stone-dissolving stents. PS
was replaced by FCSEMS since FCSEMS can provide more effective drainage and is
becoming a promising alternative in the bridge therapy for difficult CBDS. And a new
method of manufacturing drug-loaded stent was tested to overcome the problem of
coating falling off and burst release of drug.

MATERIALS AND METHODS
Preparation of drug-eluting stents
Customized nitinol stents (Micro-Tech Co., Ltd., Nanjing, China), which are 2 cm
long, 6 mm wide at the proximal end, 5 mm wide at the waist, and 4 mm wide at the
distal end and covered with silicone membrane, were used in this study (Figure 1A).
Polycaprolactone (PCL) was adopted as drug carrier and 100 mg SC and EDTA at a
molar ratio of 1:1 were loaded on stents. Three different types of SC and EDTAeluting stents were manufactured by dip coating, coaxial electrospinning, or dip
coating combined with electrospinning, which were assigned as Stent I, Stent II, and
Stent III, respectively (Figure 1A). Naked nitinol stent served as a control. By dip
coating, naked nitinol stents were immersed in mixed solution of PCL and SC and
EDTA, and air dried in fuming cupboard. Then, the above-mentioned steps were
repeated for several times until the stents reached the expected drug-loading. The
steps of coaxial electrospinning was the same as we described in our previous
study[14]. For dip coating combined with electrospinning, after dip coating, another
super-thin layer of PCL was coated outside the drug-loaded stents by electrospinning.
Every drug-eluting stent was weighed before and after they were coated. The mass of
coating (mg) was calculated as mass of coated FCSEMS (mg) – mass of naked
FCSEMS (mg), and the drug-loading efficiency (%) was calculated as drug
loading/coating mass × 100%.

Drug release in vitro
Three kinds of drug-eluting stents loaded with 100 mg SC and EDTA and naked
nitinol stents (stents without drugs) were immersed in 10 mL phosphate-buffered
saline (PBS, 0.01 M, pH 7.4) in 15 mL tubes (n = 6 in each group). All the tubes were
placed in a shaker incubator at an oscillator frequency of 60 rpm at 37 °C. After
predetermined incubation time of 1, 2, 3, 4, 5, 10, 15, 20, 25, or 30 d, 1 mL of the buffer
in each tube was collected and replaced with 1 mL of fresh PBS. The collected buffer
was measured by high-performance liquid chromatography (HPLC) to figure out how
much SC and EDTA were released into PBS. Cumulative drug release percentage (%)
was calculated as actual drug release/drug loading capacity × 100%.

Dissolution of biliary stone in still buffer in vitro
CBDS were obtained from patients with choledocholithiasis who underwent
choledocholithotomy at Shanghai General Hospital, and informed consent was
obtained from all patients. The collected stones were rinsed with saline and then airdried for one month. CBDS (mass in 100 mg) together with one of four FCSEMS were
placed into 10 mL PBS in 15 mL tubes (n = 6 in each group) and the PBS in each tube
was changed daily. All the tubes were also placed in a shaker incubator at an
oscillator frequency of 60 rpm at 37 °C. Stone-dissolving efficacy of drug-eluting
stents was assessed by calculating mass loss ratio of stones at predetermined
incubation time of 1, 2, 3, 4, 5, 10, 15, 20, 25, or 30 d. The stones were dried in a
homeothermal dryer at 60 °C for 24 h before they were weighed. Weight loss ratio (%)
was calculated as [(original weight – residual weight)/original weight] × 100%.

Dissolution of biliary stone in flowing bile in vitro
In order to mimic the biological environment in the CBD with bile flow, we collected
some computed tomography and MRCP images of patients with CBDS and made an
in vitro human-scale simulated CBD as bile perfusion model with the help of 3Dprinting (Figure 1B). Human bile was obtained from patients who underwent
endoscopic nasobiliary drainage. One stent and one CBDS (mass in 100 mg) were put
into the CBD model together and a total of 1000 mL of human bile was perfused into
each CBD model every day (Figure 1C, n = 6 in each group). After 5, 10, 15, 20, 25, or
30 d of bile perfusion, mass loss ratio of stones in each group was calculated as
described above.

Biosecurity of SC/EDTA-eluting FCSEMS in vivo
All experimental procedures were approved by the Animal Care and Use Committee
of Shanghai Jiaotong University School of Medicine. A total of 10 male miniature pigs
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Figure 1 Pictures of stents and common bile duct model. A: Picture of covered nitinol stent and drug-eluting stents manufactured by dip coating, coaxial
electrospinning, and dip coating combined with electrospinning (a: Covered nitinol stent without drug load; b: Drug-eluting stent manufactured by dip coating; c: Drugeluting stent manufactured by coaxial electrospinning; d: Drug-eluting stent manufactured by dip coating combined with electrospinning); B: In vitro common bile duct
(CBD) model manufactured by 3D printing technology (a: Front view; b: Lateral view; c: Back view, one stent and one stone can be put inside the model through the
hole on the back); C: Picture illustrating dissolution of biliary stone in flowing bile in bile perfusion model. One stent and one CBD stone (mass in 100 mg) were put into
the CBD model together and a total of 1000 mL human bile was perfused into each CBD model every day, that is, 1000 mL human bile will flow through the stent and
stone every day. In this way, we get to know whether our stent can exert the stone-dissolving effect in flowing bile. CBD: Common bile duct; CBDS: Common bile duct
stone.

aged 1-2 years and weighing 15-20 kg were included in the study and randomly
assigned to two groups (n = 5 each). 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. Naked FCSEMS and Stent III were involved
in this part. The porcine CBD was partially ligated for one week via laparoscopy and
one stent was put into the dilated porcine CBD above the papilla through open
surgery (Figure 2). All the procedures were conducted under general anesthesia.
Serum samples were collected before stent insertion, 15 and 30 d after stent insertion
and tested. After 1-mo follow-up, all the animals were sacrificed. Specimens,
including the gallbladder, CBD, duodenal wall, liver, and kidney were collected.
Hematoxylin and eosin (HE) staining was conducted on all the specimens for
histopathological examination. And two senior pathologists helped read the HE slides
and grade the severity of inflammation on a scale from mild (+), moderate (++) to
severe (+++), according to the numbers and range of infiltrated inflammatory cells.

Statistical analysis
Statistical analyses were performed using SAS 8e (SAS Institute, Cary, NC, United
States). Data are presented as the mean ± standard deviation (SD). Student’s t-test was
used to compare continuous quantitative data between two groups and difference
among multiple groups was detected by analysis of variance (ANOVA). For ranked
data, rank sum test was applied. P < 0.05 was considered statistically significant.

RESULTS
Characteristics of the SC and EDTA-eluting FCSEMS
All the drug-eluting FCSEMS possessed a smooth surface and good patency (Figure
1A). In terms of coating mass and thickness, there was a significant difference among
the three groups (P < 0.05). As shown in Table 1, with the same drug loading and
drug-loaded material, the average coating mass and thickness of Stent II were both
greater than those of Stent I and Stent III (P < 0.05), while there was no significant
difference between Stent I and Stent III (P > 0.05). The drug-loading efficiency was
much lower in Stent II than in another two groups. In other words, given the same
coating mass, Stent II had the least drug loading capacity.

Drug release behavior
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Figure 2 Key steps to put stent into porcine common bile duct. A: The porcine common bile duct (CBD) was
partially ligated via laparoscopy; B: The porcine CBD was dilated after one-week ligation; C: Naked fully covered selfexpanding metal stent or Stent III was put into the porcine CBD through choledochotomy. To avoid stent migration,
stents were sewed on the CBD walls with special care when closing the CBD and the ligation was removed
thereafter; D: After the animals were sacrificed, all the stents were still in the bile duct without migration. CBD:
Common bile duct.

Release behaviors of SC and EDTA-eluting FCSEMS and naked FCSEMS are
presented in Figure 3A. Naked FCSEMS were not loaded with drugs, so neither SC
nor EDTA was detected. In terms of Stent I, the cumulative release of SC and EDTA
reached 46.50% ± 2.50% of the total loaded drug on day 1, 76.72% ± 1.30% on day 5,
and 80.12% ± 1.80% on day 15; however, no more drugs were released thereafter. In
terms of Stent II, the cumulative release of SC and EDTA reached 65.20% ± 2.38% of
the total loaded drug on day 1 and 76.51% ± 1.97% on day 5, then no more drugs were
released. By contrast, Stent III only released 11.29% ± 1.88% of the total loaded drug
on day 1, 45.21% ± 2.77% on day 5, and 80.14% ± 1.86% on day 30. In sum, Stent I and
Stent II had obvious burst release of drugs while Stent III presented controlled drug
release as we expected.

Stone dissolution in still buffer
The dissolution curve is showed in Figure 3B. Naked FCSEMS only caused a little loss
of stone mass (5.19% ± 0.69%) at the end of observation, which might be due to the
dissolution of bile pigments of stones into the buffer. Stone mass-loss rate of Stent I
reached 9.74% ± 1.14% on day 1, which gradually increased to 20.37% ± 2.13% on day
5; however, no more mass loss was seen thereafter. The situation was similar in Stent
II. Stone mass loss was detected only in the first 5 d and the maximum stone mass-loss
rate of Stent II was 24.57% ± 1.45%. As to Stent III, stone mass-loss rate on day 1 only
reached 4.11% ± 1.67%, and stone mass loss in the first five days was lower than those
of Stent I and Stent II. However, stone mass loss of Stent III gradually increased in the
next 25 d and come to a final stone mass-loss rate of 33.72% ± 0.67%. In terms of final
stone mass-loss rate, there were differences among the three groups (P < 0.05). The
final stone mass-loss rate of Stent III was significantly higher than those of Stent I and
Stent II (P < 0.05), and there existed no difference between Stent I and Stent II. In other
words, with the same drug loading, Stent III possessed the best stone-dissolving effect
in still buffer.

Stone dissolution in flowing bile
Stone mass loss could be observed throughout the whole experiment in all the groups
(Figure 3C). In the first 5 d, naked FCSEMS gained 2.61% ± 0.58% of stone mass loss,
while Stent I, Stent II, and Stent III gained 3.32% ± 0.62%, 3.47% ± 0.83%, and 2.82% ±
0.37%, respectively. The stone mass loss ratio of naked FCSEMS was statistically
lower than those of Stent I and Stent II (P < 0.05), but similar to that of Stent III (P >
0.05). However, there existed no difference in stone mass loss ratio between any two
of Stent I, Stent II, and Stent III. At the end of observation, the stone mass loss ratio of
naked FCSEMS, Stent I, Stent II, and Stent III was 5.87% ± 0.25%, 6.36% ± 0.48%, 6.38%
± 0.37%, and 8.15% ± 0.27%, respectively. The final stone mass loss ratio of naked
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Table 1 Parameters of drug-eluting stents manufactured by three different methods (mean ± SD)

Stent I (n = 6)

Drug-loaded material

Drug load (mg)

Coating mass (mg)

Coating thickness (mm)

Drug-loading efficiency (%)

PCL

50

49.78 ± 0.09b

0.48 ± 0.05b

50

f

Stent II (n = 6)

PCL

50

74.98 ± 0.12

0.79 ± 0.05f

33.3

Stent III (n = 6)

PCL

50

50.01 ± 0.11

0.57 ± 0.03

50

PCL: Polycaprolactone. Stent I vs Stent II, aP < 0.05,
b
P < 0.01; Stent I vs Stent III, cP < 0.05, dP < 0.01; Stent II vs Stent III, eP < 0.05,
f
P < 0.01.

FCSEMS was lower than those of the other three groups (naked FCSEMS vs Stent I, P
< 0.05; naked FCSEMS vs Stent II, P < 0.01; naked FCSEMS vs Stent III, P < 0.01). Stent
I and Stent II had similar stone mass loss ratio (P > 0.05), both of which were
remarkably lower than that of Stent III (P < 0.01).

Serological analysis and histopathological examination
In view of better stone-dissolving effect in flowing bile, Stent III was included in the
animal experiment and naked FCSEMS acted as a control. Since we failed to place one
stent together with one stone into porcine CBD through choledochotomy due to high
mortality of miniature pigs (3/3) in our preliminary experiment, only the stents were
placed into CBD in this study. All animals survived well after the stent placement.
Comparing all the observed serological indicators (listed in Table 2) between the two
groups, there were no difference before nor after the stent placement (P > 0.05 for all);
comparing all the indicators before and after the stent placement in the same group,
no difference was observed in both groups (P > 0.05 for all).
HE staining demonstrated that the gallbladder in both groups presented mild to
moderate inflammatory cell infiltration and the CBD in both groups had mild to
severe inflammatory cell infiltration. No necrosis or fibrosis was seen in the
gallbladder and CBD. The inflammatory response rankings of the gallbladder and
CBD in both groups are listed in Table 3, and there existed no statistical difference
between the two groups (P > 0.05). Besides, the duodenal wall, liver, and kidney were
normal in both groups (Figure 4).

DISCUSSION
The treatment of difficult CBDS remains a big challenge around the world. The idea of
delivering stone-dissolving agents to the location of CBDS via biliary stent is first
introduced by our research group. Based on our previous work and updated progress
in the endoscopic field, we presented a brand-new stone-dissolving FCSEMS.

Choice of stents
The primary goal of stent implantation in patients with CBDS is to release biliary
obstruction. In this study, stone mass loss in flowing bile was observed throughout
the whole experiment in all four groups, which indicated that unobstructed bile duct
with flowing bile might contribute to the dissolution of CBDS. PS are usually
deployed across the duodenal papilla and the incidence of duodenobiliary reflux is
not rare, leading to recurrent choledocholithiasis and bile infection. Limited drainage
lumen and biliary infection make PS clogged easily[15,16] so that PS needs to be replaced
periodically. Compared with PS, FCSEMS have several advantages as follows. First,
FCSEMS have a bigger inner diameter, providing larger drainage volume and
decreasing the possibility of stent occlusion. Second, FCSEMS with a retrieval lasso
can be put above the duodenal papilla without disturbing the physiological function
of the Oddi’s sphincter, thus reducing the chance of biliary infection caused by
duodenal-biliary reflux [6,17] . What is more, the self-expanding performance and
flexibility of nitinol stents allow larger contact area between stent and stone(s), which
might increase the friction between them and speed up the disintegration of CBDS,
thus facilitating later bile duct clearance. The research of Kwon et al[18] also suggested
that stents with a wide contact surface with the stones were clinically more effective in
reducing the stone size. In short, we presumed that FCSEMS exceed PS in maintaining
fluent bile flow and disintegrating CBDS. Unfortunately, this idea cannot be verified
in this study and no one has made a comparison between PS and FCSEMS in the
management of CBDS yet. It is also worth noting that when the FCSEMS is put
entirely in the CBD, there exists the problem of stent migration[4]. Risks related to
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Figure 3 Drug release behavior and stone-dissolving efficacy of different stents. A: Drug release curves of three types of drug-eluting stents and stents without
drug load; B: Stone mass loss curves of three types of drug-eluting stents and stents without drug load in still buffer; C: Stone mass loss curves of three types of drugeluting stents and stents without drug load in flowing bile. Naked fully covered self-expanding metal stent vs Stent III, aP < 0.05, bP < 0.01; Stent I vs Stent III, cP <
0.05, dP < 0.01; Stent II vs Stent III, eP < 0.05, fP < 0.01.

FCSEMS insertion above the papilla need to be further evaluated.

Choice of manufacture method
Stent I and Stent II had most of their drugs released in the first 5 d, and stone mass
loss in still buffer was only detected in the first 5 d. Stent III performed continuous
and steady release of drugs for 30 d, and stone mass loss in still buffer gradually
increased with time. What is more, Stent III gained the highest stone mass-loss rate
among all the groups in flowing bile. It is not difficult to draw the conclusion that
better stone-dissolving outcome is related to the sustainable drug release.
Another super-thin layer of PCL was the only difference between Stent I and Stent
III, therefore, we deemed that this layer of PCL contributed to the controlled drug
release. Another compact layer of PCL means that drug molecules have a longer way
to go to get into the water surrounding the stent, in other words, the release of drugs
slows down to some extent. Comparing with burst drug release, gradual release of
drugs in each day let the CBDS have more contact time with the drugs, and the
litholytic effect accumulates day by day.
With the same drug loading, the drug-loaded coating of Stent I and Stent III was
thinner, which made Stent I and Stent III lighter and more practical. As set forth,
drug-loaded stent manufactured by dip coating had the problem of coating falling off,
however, this phenomenon was not observed on Stent I. And we believe that one
well-knit layer of PCL by electrospinning could prevent this potential trouble. And
the further in vivo experiment demonstrated that Stent III as well as naked FCSEMS
was characterized with good biosecurity in mini-pigs.
The present study was subject to several limitations. First, the stones in this study
were obtained from human CBD, however, we did not tell cholesterol stones,
pigmented stones, or mixed stones apart. If we want to figure out the composition of
one specific stone, this stone needs to be grinded down into fine power and be tested,
which made the stone classification impossible before all the experiments. Second, we
failed to place one stent together with one stone into porcine CBD through
choledochotomy due to high mortality of miniature pigs (3/3) in our preliminary
experiment and only the stents were placed into CBD in this study. The disintegration
of stone caused by mechanical friction between FCSEMS and stone could not be fully
evaluated.
In conclusion, EDTA and SC-eluting stent can speed up the disintegration of CBDS
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Table 2 Serology of experimental animals before and after stent placement (mean ± SD)
Naked FCSEMS (n = 6)

Stent III (n = 6)

Day 0

Day 15

Day 30

Day 0

Day 15

Day 30

ALT (U/L)

33.06 ± 7.31

29.93 ± 8.22

32.10 ± 5.97

33.16 ± 6.14

30.50 ± 3.41

35.66 ± 5.51

AST (U/L)

29.60 ± 3.82

34.86 ± 7.28

34.66 ± 8.73

48.64 ± 18.81

28.06 ± 4.00

29.37 ± 3.33

Alb (g/L)

30.80 ± 5.33

31.50 ± 6.07

32.56 ± 5.43

32.44 ± 5.37

34.6 ± 0.81

34.54 ± 6.26

TBIL (umol/L)

1.32 ± 0.38

1.95 ± 0.54

1.80 ± 0.37

1.68 ± 0.26

2.14 ± 0.65

1.74 ± 0.55

TBA (umol/L)

16.43 ± 7.24

16.83 ± 9.50

13.30 ± 3.55

16.56 ± 8.58

9.21 ± 1.90

16.90 ± 9.35

γ-GT (U/L)

44.04 ± 9.29

41.36 ± 3.59

42.62 ± 7.18

47.40 ± 7.60

42.38 ± 3.74

41.16 ± 9.57

ALP (U/L)

167.02 ± 42.32

138.33 ± 47.60

144.12 ± 40.23

158.4 ± 60.56

124.20 ± 31.39

163.00 ± 28.91

Cre (umol/L)

47.90 ± 12.16

46.06 ± 9.27

48.00 ± 13.94

39.12 ± 12.96

49.72 ± 10.50

60.02 ± 19.71

Ca (mmol/L)

2.89 ± 0.28

2.57 ± 0.01

2.86 ± 0.33

2.60 ± 0.52

2.75 ± 0.53

2.81 ± 0.29

Mg (mmol/L)

1.01 ± 0.08

0.93 ± 0.06

1.14 ± 0.27

1.28 ± 0.21

1.00 ± 0.22

1.04 ± 0.25

FCSEMS: Fully covered self-expanding metal stent; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; TBA: Total bile
acids; γ-GT: γ-glutamine transaminase; Alb: Albumin; ALP: Alkaline phosphatase; Cre: Creatinine.

in vitro and it works better when the drugs are controlled released. Given the
successful application of FCSEMS in the management of difficult CBDS, the
combination of controlled EDTA and SC release and FCSEMS might be a promising
alternative.
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Table 3 Classification of inflammation in different tissues after stent placement
Gallbladder

CBD

Naked FCSEMS

Stent III

Naked FCSEMS

Stent III

(n = 5)

(n = 5)

(n = 5)

(n = 5)

-

0

0

0

0

+

2

3

1

1

++

3

2

3

2

+++

0

0

1

2

Z-value

0.48

-0.34

P-value

0.36

0.65

CBD: Common bile duct; FCSEMS: Fully covered self-expanding metal stent. Mild (+), moderate (++), and severe (+++).

Figure 4

Figure 4 Pictures of hematoxylin and eosin staining of gallbladder, common bile duct, duodenum, liver, and kidney tissues after 30-d placement of naked
fully covered self-expanding metal stent or Stent III in the porcine common bile duct (100-fold magnification).

ARTICLE HIGHLIGHTS
Research background
The treatment of difficult common bile duct stones (CBDS) remains a big challenge around the
world and there is no consensus on the management of difficult CBDS.

Research motivation
In our previous studies, we have developed a drug-eluting plastic stent (PS) which is able to
release disodium ethylene diamine tetraacetic acid (EDTA) and sodium cholate (SC), and the
stent has been proved to effectively dissolve CBDS ex vivo and in a live porcine CBDS model.
However, there are several shortcomings in our previous version, thus we aimed to modify our
stone-dissolving stents in this study.

Research objectives
This study aimed to manufacture a drug-eluting metal stent, which can achieve controlled
release of stone-dissolving agents and speed up the dissolution of CBDS, thus providing a
promising alternative for the management of difficult CBDS.

Research methods
In this study, three different methods were used to manufacture the drug-eluting stents. The
drug-release behavior and stone-dissolving efficacy of these stents was evaluated in vitro to sort
out the best manufacturing method. And the selected stone-dissolving stents were further put
into porcine CBD to evaluate their biosecurity.

Research results
We found that the stent manufactured by dip coating combined with electrospinning was
characterized by sustainable drug release, better stone-dissolving efficacy, and good biosecurity.
However, we failed to establish the CBDS model in miniature pigs and the disintegration of
stone caused by mechanical friction between fully covered self-expanding metal stent (FCSEMS)
and stone could not be fully evaluated.

Research conclusions
The novel SC and EDTA-eluting FCSEMS is efficient in diminishing CBDS in vitro and is
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characterized by good biosecurity. The idea of delivering stone-dissolving agents to the location
of CBDS via biliary stent is feasible. When conventional endoscopic techniques fail to remove
difficult CBDS, SC and EDTA-eluting FCSEMS implantation may be considered a promising
alternative.

Research perspectives
In the future research, a live porcine CBDS model needs to be established so that the
disintegration of stone caused by mechanical friction between FCSEMS and stone could be fully
evaluated. And we can compare which stent works better in disintegrating CBDS, PS, or
FCSEMS.
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Abstract
BACKGROUND
Bile duct cancer is characterized by fast metastasis and invasion and has been
regarded as one of the most aggressive tumors due to the absence of effective
diagnosis at an early stage. Therefore, it is in the urgent demand to explore novel
diagnostic approaches and therapeutic strategies for bile duct cancer to improve
patient survival. Raddeanin A (RA) is extracted from the anemone raddeana
regel and has been demonstrated to play antitumor roles in various cancers.
AIM
To investigate the effects of RA treatment on bile duct cancer cells.
METHODS
In this study, four cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and
LICCF) treated with RA were used to test the cell viability. The RA-associated cell
functional analysis, 5-fluorouracil (5-Fu) effectiveness as well as cell cycle- and
apoptosis-related protein expression were investigated.
RESULTS
RA reduced cell viability in a dose-dependent pattern in four cell lines, and the
migration and colony formation abilities were also impaired by RA in RBE and
LIPF155C cell lines. RA sensitized cell lines to 5-Fu treatment and enhanced the
effects of 5-Fu in cholangiocarcinoma. Also, RA decreased protein expression of
Wee1, while the combinational effect of RA and 5-Fu decreased protein
expressions of cyclooxygenase-2, B cell lymphoma 2, and Wee1 but increased
protein levels of Bax, cyclin D1, and cyclin E.
CONCLUSION
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Taken together, the results suggest that RA acts as an anti-cancer agent and
enhancer of 5-Fu in bile duct cancer cells via regulating multiple cell cycle and
apoptosis-related proteins. This finding provides novel clues to exploring a novel
antitumor drug for bile duct cancer.
Key words: Bile duct cancer; Raddeanin A; 5-fluorouracil; Cell cycle; Apoptosis
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Core tip: We report that raddeanin A (RA) reduced cell viability, migration, and colony
formation abilities in cholangiocarcinoma cells and enhanced the antitumor effect of 5Fu in cholangiocarcinoma cells. This study also demonstrated that the anticancer effects
of RA were associated with apoptosis-related proteins Bax and B cell lymphoma 2 as
well as cell cycle-related proteins Wee1, cyclin D1, cyclin E, and cyclooxygenase-2.
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INTRODUCTION
Bile duct cancer (cholangiocarcinoma) is characterized by fast metastasis and invasion
and, more importantly, the absence of effective diagnosis at an early stage[1], and it
thus has been regarded as one of the most aggressive tumors that occur in bile duct
epithelial cells [2] . To date, although surgical resection is one of the few curative
treatments for bile duct cancer, the patients are often diagnosed at the advanced stage
and have lost the chance of surgical resection at diagnosis[3]. In addition, the 5-year
survival rate and effective therapeutic level for bile duct cancer have not greatly
improved in recent years [3] . Therefore, it is in the urgent need to explore novel
diagnostic approaches and therapeutic strategies for bile duct cancer to improve
patient survival.
Raddeanin A (RA), an active triterpenoid saponin, is extracted from the anemone
raddeana regel that is a traditional medicinal herb in Chinese medicine [4] . An
increasing amount of evidence has demonstrated that RA plays a cytotoxic role in
facilitating apoptosis of tumor cells and suppressing their proliferation, migration,
and invasion[5], thus exhibiting anticancer effects on various cancer types. In gastric
cancer, RA results in tumor cell apoptosis via regulating the molecules involved in the
caspase-cascade pathway, such as B cell lymphoma 2 (Bcl-2) family[4]. Also, RA has
been demonstrated to cause apoptosis in a concentration-dependent pattern in
colorectal cancer cells via mechanisms associated with suppressing NF-κB and
activated Wnt/β-catenin signaling in colorectal cancer cells [6] . Furthermore, the
PI3K/AKT/mTOR pathway is involved in the RA-induced apoptosis in breast cancer
cells[7]. Collectively, RA-associated apoptosis in various types of cancer cells display a
cancer type-dependent pattern, suggesting the necessity of proapoptotic effect of RA
in cholangiocarcinoma cells.
Malignant tumor formation is a highly complicated process, involving a series of
carcinogens, tumor promotion, apoptosis, and metastatic process[8]. Cyclooxygenase-2
(Cox-2), a cyclooxygenase enzyme, catalyzes the first step of prostanoids synthesis[9].
Cox-2 is highly expressed in cancer and stroma cells during tumor progression and
displays anti-apoptosis roles in tumor cells[10]. In addition, a group of factors that are
essential for the regulation of the cell cycle have been demonstrated to be closely
related to malignancies. For example, aberrant overexpression of cyclins D1 and E,
two members of the cyclin family[11], contributes to carcinogenesis and malignant
progression due to the dysfunction of the cell cycle[12,13]. Wee1 is essential for G2 cell
cycle checkpoint in response to DNA damage and repair[14] and overexpressed Wee1
has been linked to a number of cancers, such as carcinoma[15] and glioblastoma[16].
Furthermore, apoptosis has been shown to be closely related to a series of cancers[17],
in which the mitochondrial-related proteins bcl-2 and Bax are highly involved in the
regulation of mitochondrial membrane properties, leading to activation of subsequent
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pathways of apoptosis[18,19].
Currently, 5-fluorouracil (5-Fu) is one of the most common chemotherapeutic
compounds for cancer treatment[20]. The resistance to chemotherapy is a primary
challenge for cancer treatment[21]. Thus, any approach or compound that can sensitize
5-Fu-resistant cells would be beneficial to cancer patients. Given its potential anticancer effect, the objective of this study was to investigate the effects of RA treatment
on bile duct cancer cells including related chemotherapy resistance as well as the
underlying mechanisms. This study also aimed to provide clues to the application of
RA for the therapy of bile duct cancer.

MATERIALS AND METHODS
Cell lines
Cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and LICCF) were
purchased from the cell back of China Center for Type Culture Collection (CCTCC at
Wuhan University). The normal intrahepatic biliary epithelial cell line HIBEpiC was
obtained from the ATCC (Manassas, VA, United States).

Viability assay
The ATPlite assay (Perkin Elmer, United States) was applied to evaluate cell viability
according to the manufacturer’s instructions (n = 3 independent experiments). Cells
were seeded in 96-well plates (Corning-Costar, United States) and cultured for 24h.
RA at doses ranging from 0 to 160 μg/mL was applied to treat the cells for 24 h. Cell
viability was evaluated using a microplate reader (BioRad, United States).

Migration and invasion assays
Wound-healing migration and Transwell invasion assays were used to test migratory
cell ability in RBE and LIPF155C cell lines (n = 3 independent experiments). The
assays were performed as previously reported[22].

Clonogenic assay
The clonogenic assay was performed to test colony formation ability in RBE and
LIPF155C cell lines (n = 3 independent experiments). RBE and LIPF155C cells (70%
confluence) were treated transiently with metformin (0.5mM). Cells were then
detached and seeded in 6-well plates (600 cells/well) (Corning-Costar, United States)
in drug-free media. Fresh media (25%) were added every three days. Cell colony was
stained with cristal violet and the number of colonies was counted ten days later.

Hoechst staining assay
Hoechst staining assay was performed to test cell apoptosis (n = 3 independent
experiments). The assay was performed as previously reported[23]. Hoechst (Sigma,
United States) stained cells were visualized by fluorescence microscopy (Olympus,
Japan).

Western blot analysis
Cell protein was isolated by using the cell lysis buffer (Beyotime Institute of Biotechnology, China). Western blot analysis was performed as previously reported[22].
The primary antibodies for Cox-2, Bcl-2, Bax, GAPDH, cyclin D1, cyclin E, and Wee1
were obtained from Santa Cruz Biotechnology (United States). Quantification of
optical density was evaluated using Uvitec Alliance software (Eppendorf, Germany)
(n = 3 independent experiments).

Statistical analysis
Data are expressed as the mean ± standard error of the mean and analyzed via SPSS
19.0 (SPSS Inc, United States). The two-group comparison was performed by twotailed t-tests and multiple comparisons were analyzed by ANOVA and the post-hoc
Tukey test. In this study, statistical significance was set at P < 0.05.

RESULTS
Viability of cholangiocarcinoma cell lines treated with RA
RA at doses ranging from 0-160 μg/mL was applied for 24 h to test the cell viability of
four cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and LICCF) and one
normal intrahepatic biliary epithelial cell line (HIBEpiC) via the ATPlite assay. RA was
found to reduce cell viability in a dose-dependent pattern (Figure 1A). The half-
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maximal effective concentration (EC50) and the half-maximal lethal concentration
(LC50) for each line were also evaluated (Figure 1B). EC50 and LC50 ranges in the
four tumoral cell lines were 50.95-64.76 μg/mL and 34.65-49.47 μg/mL, respectively,
while HIBEpiC showed higher values of EC50 (79.52 μg/mL) and LC50 (63.17
μg/mL) compared with those of tumoral cell lines, indicating that the RA does that
reduced cell viability of tumoral cell lines were not toxic for the normal cell line.

Functional analysis for cholangiocarcinoma cell lines treated with RA
Based on the results from the cell viability assay, RA at a dose of 13 μg/mL that
reduced about 25% cell viability was chosen to use in subsequent experiments. The
wound healing (Figure 2A-D) and Transwell migration (Figure 3A) assays were
conducted to test the migration ability of the two cholangiocarcinoma cell lines RBE
and LIPF155C. The results revealed that the migration ability of both lines was
impaired by 13 μg/mL RA. In addition, clonogenic assay results indicated that RA
reduced colony formation capability of the two cholangiocarcinoma cell lines (Figure
3B).

Effects of RA on 5-Fu effectiveness in cholangiocarcinoma cell lines
Chemoresistance is currently one of the major issues for therapy of bile duct cancer.
Thus, the effects of RA on 5-Fu effectiveness were evaluated by using the combination
of RA (13 μg/mL) and different increasing doses of 5-Fu, a common proapoptotic
compound, in RBE and LIPF155C lines. RA was found to sensitize both tumoral cell
lines (Figure 4A and B), namely, greatly reduced the EC50 (about 2-fold) and LC50
(more than 3-fold) (Figure 4C). Clonogenic assays revealed that 5-Fu displayed more
potent roles to reduce cell colony formation compared with RA; however, RA was
able to enhance such inhibitory effect of 5-Fu in both cell lines compared with the
effect of using 5-FU alone (Figure 4D and E).

Effects of RA on 5-Fu-resistant cell line RBE/5-Fu
Hoechst staining assay was performed to evaluate the effects of RA on 5-Fu-resistant
cell line RBE/5-Fu (Figure 5A and B). RBE/5-Fu (50 μmol/L) cells were treated with
13 μg/mL RA and the results suggested that either RA or 5-Fu promoted cell death.
Furthermore, the effects of the combination of both were more potent than those of
each one.

Effects of RA on cell cycle- and apoptosis-related protein expression
The RBE cell line was treated with 13 μg/mL RA for 48 h and cell cycle- and
apoptosis-related protein expression was detected by Western blot (Figure 6A-D).
Compared with the control group, RA treatment only decreased Wee1 protein level
while 5-Fu treatment alone reduced Cox-2 and Bcl-2 expression and increased Bax
and cyclin D1 protein expression. RA treatment combined with 5-Fu decreased
protein expression of Cox-2, Bcl-2, and Wee1 whereas increased protein levels of Bax,
cyclin D1, and cyclin E. 5-Fu treatment was associated with a lower protein level of
Cox-2 and higher Wee1 expression compared with the effect of RA.

DISCUSSION
As a malignant cancer of the biliary tract, there are still limited precise diagnosis and
effective therapy for bile duct cancer[24], although the incidence and mortality rates of
bile duct cancer are increasing in recent years[25]. Therefore, there is an urgent demand
to seek a novel strategy to improve diagnostic efficiency and therapeutic effect. RA
has been demonstrated to play cytotoxic roles in various tumor cell lines via initiating
apoptosis and impairing the cell cycle[6]. In our study, the cell viability, migration, and
colony formation abilities in four cholangiocarcinoma cell lines were significantly
reduced by RA treatment. Also, RA was found to sensitize the 5-Fu treated tumoral
cell lines as well as facilitate apoptosis of 5-Fu-resistant cell line. Further Western blot
results revealed that Wee1 expression level was dampened by RA (13 μg/mL)
treatment and that the combinational effects of RA (13 μg/mL) and 5-Fu (35 μM) were
associated with a group of cell cycle- and apoptosis-related factors. The results
collectively suggest that the anti-bile duct cancer effects of RA may involve a series of
regulatory mechanisms on the cell proliferation and apoptosis.
Wee1, a member of the family of protein kinases, is related to the regulation of G2
checkpoint in response to DNA damage[26,27]. Increasing evidence in recent years
demonstrates that the overexpression of Wee1 kinase is associated with various
malignancies, such as breast cancer[28], hepatocellular carcinoma[15], and malignant
melanoma[16]. In this study, RA treatment was found to be related to decreased Wee1
protein level in RBE cell line, which indicates that the effects of RA potentially relies
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Figure 1

Figure 1 Effects of raddeanin A on cholangiocarcinoma cell lines (n = 3 independent experiments). A: Increasing concentrations of raddeanin A (RA) were
administered to cholangiocarcinoma cell lines for 24 h before being analyzed by the ATPlite assay. The percentage cell viability normalized to control is shown and
data are expressed as the mean ± standard deviation; B: The half-maximal effective concentration and the half-maximal lethal concentration values for
cholangiocarcinoma cell lines treated with RA. RA: Raddeanin A; EC50: Half-maximal effective concentration; LC50: Half-maximal lethal concentration.

on the Wee1-dependent mechanism. Downregulation of Wee1 has been reported to
contribute to the apoptosis of ovarian tumor [29] and neuroblastoma cells [30] . In
particular, the checkpoint in the cell cycle is an important self-check mechanism to
terminate the cell cycle process in response to DNA damage[27]. Despite DNA damage,
the down-regulated Wee1 expression in tumor cells plays essential roles in maintaining cell proliferation via halting cell cycle arrest, thereby facilitating apoptosis and
mitotic arrest during mitosis[27,31]. Collectively, RA-induced decreased cell viability and
impaired cell functions in our study may result from the activation of Wee1 signaling
that triggers apoptosis of cholangiocarcinoma cells.
5-Fu is a worldwide used chemotherapeutic treatment for many tumors, such as
ovarian, breast, pancreatic, and colorectal cancers[32]. It has been well-documented that
5-Fu generates DNA damage through breaking DNA double-strand structure[33] and
exerts anticancer effects via suppression of thymidylate synthase [34] . However,
increasing reports revealed that the drug resistance has been becoming a significant
limitation to the clinical application of 5-Fu in cancer treatment[34], which was also
observed in cholangiocarcinoma [35,36] . In this study, the results suggest that RA
sensitized cholangiocarcinoma cell lines and also enhanced the anti-cancer effects of 5Fu. Furthermore, the combinational effects of RA and 5-Fu were found to be
associated with alterations of a group of the cell cycle and apoptosis protein
expression, such as decreased expression of Cox-2, Bcl-2, and Wee1 and increased
levels of Bax, cyclin D1, and cyclin E.
As an important inducible enzyme, Cox-2 has been demonstrated to be involved in
angiogenesis and tumorigenesis[37]. Cox-2 expression can be activated by various
factors, such as mitogens, oncogenes, as well as carcinogens [38] . Selective Cox-2
inhibitors, for example, rofecoxib and celecoxib, are capable of suppressing
established tumor growth and preventing tumorigenesis[37,39]. The down-regulated
expression of Cox-2 induced by the combinational treatment in this study suggests
that cox-2 may play key roles in the inhibition of cholangiocarcinoma cell growth.
Mitochondrial apoptosis pathway is an important programmed cell death
pathway[40] and involves a great number of morphological changes and pathological
alterations, including cancers[41,42]. Activation of the mitochondrial apoptotic pathway
causes alterations of mitochondrial membrane properties through the Bcl-2 family,
including translocation of Bax and suppression of Bcl-2. Thus, Bax/bcl-2 ratio is
widely used as a predictive marker for evaluation of cancer therapy[43,44]. In this study,
RA treatment in cholangiocarcinoma cell lines is associated with increased Bax/Bcl-2
ratio, namely, increased Bax and decreased bcl-2 level, which is consistent with the
findings from previous studies [4,45] . The results indicate that the mitochondrial
apoptosis pathway may be involved in the anti-tumor effects of RA in bile duct
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Figure 2

Figure 2 Wound healing assay of RBE and LIPF155C cell lines treated with raddeanin A (13 µg/mL) (n = 3 independent experiments). A and C: The
percentage of wound width normalized to the controls is shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars suggest
significant differences between groups and P < 0.05 was regarded to be statistically significant; B and D: Representative histograms for the percentage of wound
width.

cancer.
In addition to apoptosis, the cell cycle was also found to be related to the effects of
RA on the cholangiocarcinoma cell lines in this study. It is well-studied that cell cycle
progression is associated with sophisticated molecular and cellular cascades[46] and
participates in the development of various types of cancer[27]. During these processes,
the cyclin family and their catalytic subunits cyclin-dependent kinases form a series of
molecular complexes in every phase of the cell cycle to regulate this complicated cell
cycle progression[27]. The cyclin D-Cdk4/6-cyclin E-Cdk2 signaling pathway plays an
essential role in G1-S transition and the response to DNA damage[47,48]. Some evidence
reveals that increased cyclins E and D1 protein levels are highly related to the
initiation of apoptosis and sensitization to radiation in tumor cells[49,50], suggesting that
increased cyclin E and D1 may act as proapoptotic factors in cholangiocarcinoma cells
simultaneously treated with RA and 5-Fu.
In conclusion, our results suggest that RA treatment causes increased apoptosis and
impaired cell functions in cholangiocarcinoma cell lines via a Wee1-dependent
mechanism and that RA is an enhancer of 5-Fu in bile duct cancer through activating
multiple cell cycle and apoptosis-related factors, such as Cox-2, Bax, Bcl-2, and cyclins
E/D1. These findings together indicate that RA is a potential novel therapeutic
treatment for bile duct cancer.
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Figure 3

Figure 3 Transwell migration and clonogenic assays of RBE and LIPF155C cell lines treated with raddeanin (13 µg/mL) (n = 3 independent experiments). A:
The percentage of migration cells normalized to the controls are shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars
suggest significant differences between groups and P < 0.05 was regarded to be statistically significant; B: Representative histograms for cell colony formation.

WJG

https://www.wjgnet.com

3386

July 14, 2019

Volume 25

Issue 26

Guo SS et al. Effect of RA on cholangiocarcinoma cells
Figure 4

Figure 4 Effects of raddeanin A on 5-fluorouracil effectiveness in RBE and LIPF155C cell lines. A and B: RBE and LIPF155C cell lines treated with either
control or raddeanin A (13 μg/mL) in combination with increasing doses of 5-Fu; C: The half-maximal effective concentration (EC50) and half-maximal lethal
concentration values for RBE and LIPF155C cell lines; D and E: The cell colony formation ability in RBE and LIPF155C cell lines. Unique letters shared by the bars
suggest significant differences between groups and P < 0.05 was regarded to be statistically significant. 5-Fu: 5-fluorouracil.
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Figure 5

Figure 5 Effects of raddeanin A on 5-fluorouracil cell line RBE/5-Fu. A: Representative graphs for apoptotic RBE/5-Fu cells treated with 13 μg/mL raddeanin A; B:
The percentage of apoptotic cells is shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars suggest significant
differences between groups and P < 0.05 was regarded to be statistically significant. 5-Fu: 5-fluorouracil.
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Figure 6

Figure 6 Effects of raddeanin A on cell cycle- and apoptosis-related protein expression in RBE cell line treated with 13 μg/mL raddeanin A for 48 h. A and
B: Apoptosis-related protein expression detected by Western blot; C and D: Cell cycle-related protein expression detected by Western blot. Data are expressed as the
mean ± standard deviation. Unique letters shared by the bars suggest significant differences between groups and P < 0.05 was regarded to be statistically significant.
RA: Raddeanin A; 5-Fu: 5-fluorouracil; COX-2: Cyclooxygenase-2.

ARTICLE HIGHLIGHTS
Research background
Bile duct cancer is characterized by fast metastasis and invasion and has been thought of as
aggressive cancer due to the lack of effective diagnosis at an early stage. The 5-year survival rate
of bile duct cancer has not substantially improved in clinical practice. In addition, it is reported
that 5-fluorouracil (5-Fu) has been widely applied in treatments for various cancers, achieving a
great therapeutic effect. Furthermore, raddeanin A (RA) plays essential proapoptotic roles in
various types of tumor cells.

Research motivation
Exploring and developing effective diagnostic ways and therapies for bile duct cancer is greatly
urgent for both basic science and clinical management.

Research objectives
The objective of this study was to determine the effects of RA on bile duct cancer cells and the
underlying mechanisms.

Research methods
In this study, RA at different concentrations was administered to four cholangiocarcinoma cell
lines (RBE, LIPF155C, LIPF178C, and LICCF). Cell viability, Wound-healing migration,
Transwell invasion, and Hoechst staining assays were performed to evaluate cell activities.
Western blot analysis was performed to the apoptosis-related pathway.

Research results
RA inhibited cell viability in a dose-dependent pattern in the four cell lines. In RBE and
LIPF155C cell lines, the migration and colony formation abilities were impaired by RA. Also, RA
sensitized cell lines to 5-Fu treatment, promoting the effects of 5-Fu in cholangiocarcinoma cell
lines. The role of RA was associated with reduced Wee1 expression. Furthermore, the
combinational effect of RA and 5-Fu led to the inhibition of cyclooxygenase-2, B cell lymphoma
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2, and Wee1 as well as the elevation of Bax, cyclin D1, and cyclin E.

Research conclusions
RA administration could effectively regulate apoptosis and cell functions in cholangiocarcinoma
cell lines in a Wee1-dependent pattern and promote the effect of 5-Fu in bile duct cancer.
Collectively, RA is a promising treatment for bile duct cancer.

Research perspectives
This study was aimed to provide clues to the application of RA for the therapy of bile duct
cancer.
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Abstract
BACKGROUND
DNA methylation, acknowledged as a key modification in the field of
epigenetics, regulates gene expression at the transcriptional level. Aberrant
methylation in DNA regulatory regions could upregulate oncogenes and
downregulate tumor suppressor genes without changing the sequences.
However, studies of methylation in the control of gene expression are still
inadequate. In the present research, we performed bioinformatics analysis to
clarify the function of methylation and supply candidate methylation-related
biomarkers and drivers for colon cancer.
AIM
To identify and analyze methylation-regulated differentially expressed genes
(MeDEGs) in colon cancer by bioinformatics analysis.
METHODS
We downloaded RNA expression profiles, Illumina Human Methylation 450K
BeadChip data, and clinical data of colon cancer from The Cancer Genome Atlas
project. MeDEGs were identified by analyzing the gene expression and
methylation levels using the edgeR and limma package in R software. Gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed in the DAVID database and KEGG
Orthology-Based Annotation System 3.0, respectively. We then conducted
Kaplan–Meier survival analysis to explore the relationship between methylation
and expression and prognosis. Gene set enrichment analysis (GSEA) and
investigation of protein-protein interactions (PPI) were performed to clarify the
function of prognosis-related genes.
RESULTS
A total of 5 up-regulated and 81 down-regulated genes were identified as
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MeDEGs. GO and KEGG pathway analyses indicated that MeDEGs were
enriched in multiple cancer-related terms. Furthermore, Kaplan–Meier survival
analysis showed that the prognosis was negatively associated with the
methylation status of glial cell-derived neurotrophic factor (GDNF) and reelin
(RELN). In PPI networks, GDNF and RELN interact with neural cell adhesion
molecule 1. Besides, GDNF can interact with GDNF family receptor alpha
(GFRA1), GFRA2, GFRA3, and RET. RELN can interact with RAFAH1B1,
disabled homolog 1, very low-density lipoprotein receptor, lipoprotein receptorrelated protein 8, and NMDA 2B. Based on GSEA, hypermethylation of GDNF
and RELN were both significantly associated with pathways including “RNA
degradation,” “ribosome,” “mismatch repair,” “cell cycle” and “base excision
repair.”
CONCLUSION
Aberrant DNA methylation plays an important role in colon cancer progression.
MeDEGs that are associated with the overall survival of patients may be potential
targets in tumor diagnosis and treatment.
Key words: Colon cancer; Bioinformatics analysis; The Cancer Genome Atlas project;
DNA methylation; Methylation-regulated differentially expressed genes; Overall survival
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We acquired high-throughput data from The Cancer Genome Atlas database
and identified 5 up-regulated and 81 down-regulated methylation-regulated differentially
expressed gene (MeDEGs). Then, we performed gene ontology and Kyoto Encyclopedia
of Genes and Genomes pathway analyses to clarify the function of MeDEGs.
Furthermore, methylation status and expression of glial cell-derived neurotrophic factor
and reelin were found to be associated with overall survival. Our study revealed that
methylation is critical in colon cancer development and the prognosis-related MeDEGs
are worth exploring further.

Citation: Liang Y, Zhang C, Dai DQ. Identification of differentially expressed genes regulated
by methylation in colon cancer based on bioinformatics analysis. World J Gastroenterol
2019; 25(26): 3392-3407
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3392.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3392

INTRODUCTION
Global cancer statistics for 185 countries reported that there were 1091601 new cases
and 551269 deaths from colon cancer in 2018. The incidence and mortality were both
ranked fourth worldwide [1] . Epidemiological studies have confirmed that the
occurrence of colon cancer is related to multiple factors including smoking, alcohol
abuse, insufficient activity, and high-fat food [2] . Although surgery-based comprehensive treatment is considered an effective treatment, a large number of patients
still die from postoperative recurrence and metastasis[3]. Hence, research into specific
biomarkers and therapeutic pathways is still of great value for improving patient
prognosis.
Accumulating studies indicate that epigenetic modifications could promote the
initiation and progression of colon cancer via multiple signaling pathways[4]. DNA
methylation has been discovered and verified as a critical modification in the field of
epigenetics. Numerous oncogenes and cancer-suppressor genes exhibit irregular
expression, which is due to aberrant cytosine-phosphate-guanine (CpG)-island
methylation in DNA regulatory regions rather than changes in the sequences[5]. For
instance, the anti-oncogene ZNF350 undergoes epigenetic silencing due to
hypermethylation of three sites in the promoter [6] . However, studies of DNA
methylation in the individual genes remain inadequate. Identification of methylationregulated differentially expressed genes (MeDEGs) based on high-throughput data
will be of profound significance for clarifying the role of methylation and identifying
candidate directions for future research.
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In recent years, with the development of gene-sequencing platforms, accumulating
differentially expressed genes (DEGs) and epigenetic alterations have been revealed
by bioinformatic analysis. For instance, Naumov et al[7] applied an Illumina Human
Methylation 450K BeadChip to detect DNA methylation profiles in colorectal cancer
tissues and colon tissues from cancer-free donors. As a result, 10342 hypermethylated
and 5325 hypomethylated CpG sites were identified. Dumenil et al[8] further indicated
that the Illumina Human Methylation 450K BeadChip could be utilized to detect and
obtain high quality data from paraffin-embedded tissues. Multiple studies have
shown that the Illumina Methylation 450K BeadChip has important application value
in methylation research. Almost 450000 methylation sites and 96% of the CpG islands
can be detected using the Illumina Human Methylation 450K BeadChip platform[9].
However, there is still a lack of conjoint analysis of colon cancer methylation and
studies on the correlation between methylation and patient prognosis in large cohorts.
In the present research, we downloaded in silico data and clinical data of colon
cancer from The Cancer Genome Atlas (TCGA, http://cancergenome.nih.gov)
project [10] . MeDEGs were identified and related enrichment analysis was then
performed. Moreover, we analyzed the correlation between the methylation status
and overall survival of colon cancer patients. Protein-protein interaction (PPI)
networks were constructed and gene set enrichment analysis (GSEA) of prognosisrelated MeDEGs was further performed.

MATERIALS AND METHODS
Sample collection
We downloaded colon cancer RNA expression profiles and clinical data from TCGA
using the Genomic Data Commons Data Transfer Tool 1.3.0[10]. Up to December 2018,
the public database included the expression profiles of 473 colon cancer tissues and 41
normal tissues (level 3) derived by RNA-seq. A total of 314 tumor tissues and 37
normal tissues had also been analyzed in the Illumina Human Methylation 450K
BeadChip platform, and we also downloaded homologous methylation profiles from
TCGA database. As 303 tumor tissues and 19 normal tissues were analyzed using
both platforms, we merged the methylation and expression data together for
correlation analysis. Based on the guidelines released by the National Cancer Institute
in December 2015 (https://cancergenome.nih.gov/publications/publication
guidelines), our research did not require the approval of an ethics committee.

Identification of MeDEGs
We constructed an RNA matrix and methylation data matrix containing the
expression and methylation profiles using PERL software. Then, the coding gene IDs
were converted to gene names based on information in the Ensembl database (Homo
sapiens) (http://asia.ensembl.org/index.html). DEGs were identified with the edgeR
package in R software with a threshold log2 fold change (FC) > 2.0 and P < 0.01.
Moreover, differentially methylated genes (DMGs) were identified using the limma
package with a threshold log2 FC > 1.0 and P < 0.01. Additionally, we analyzed the
correlation between gene expression and methylation data through Spearman’s
correlation analysis. The upregulated-hypomethylated and downregulatedhypermethylated genes were identified as MeDEGs when they satisfied the cut-off
criteria including correlation coefficient < -0.3 and P < 0.01. A volcano plot and heat
map were drawn using R software.

In silico functional analysis of MeDEGs
To explore the function of the MeDEGs in colon cancer carcinogenesis and
progression, gene ontology (GO)[11] enrichment analysis was performed using the
DAVID database (https://david.ncifcrf.gov/). The GO enrichment analysis included
three categories: cellular component, molecular function, and biological process.
Furthermore, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways[12] were
analyzed using KEGG Orthology-Based Annotation System 3.0 (http://koba
s.cbi.pku.edu.cn/). Differences with P < 0.05 were regarded as statistically significant.

Association analysis between MeDEGs and patient prognosis
We divided the 314 colon cancer patients into two groups according to the median
methylation value of the MeDEGs. Moreover, the patients were also divided into a
hypermethylation and low-expression MeDEG (Hyper-LG) group and a
hypomethylation and high-expression MeDEG (Hypo-HG) group according to the
median value of methylation and expression of MeDEGs. Comparison of the overall
survival between the two groups was then analyzed. Kaplan–Meier’s method and the
log-rank test were performed to assess survival rate. Differences with P < 0.05 were
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regarded as statistically significant.

GSEA and PPI network construction of prognosis-related MeDEGs
GSEA of prognosis-related MeDEGs was performed using GSEA 3.0 software with
gene set c2 (cp.kegg.v.6.2.symbols.gmt). High throughput RNA expression of 303
colon cancer genes from TCGA were utilized as the dataset. Each sample was defined
as either “H” or “L,” depending on whether it was greater than the median
methylation value of prognosis-related MeDEGs or not. The number and type of
permutations was set at “1000” and “phenotype,” respectively. An enrichment score >
0.4 and P < 0.05 were regarded as statistically significant.
PPI analysis was conducted to reveal the molecular mechanisms of the prognosisrelated MeDEGs in colon cancer. We utilized the STRING protein database 11.0
(http://string-db.org/) to construct the PPI networks. An interaction score > 0.4 was
regarded as the cut-off criterion.

RESULTS
Identification of MeDEGs in colon cancer
First, we identified 1205 up-regulated and 892 down-regulated DEGs from 473 colon
cancer and 41 normal tissues. The DEGs are shown as a volcano plot in Figure 1A.
Second, 997 hypermethylated and 637 hypomethylated DMGs were identified from
314 colon cancer and 37 normal tissues. The heat map of the top 50 DMGs is shown in
Figure 1B. Third, 514 genes were identified that showed a negative correlation
between methylation and expression value. Finally, 5 up-regulated and 81 downregulated MeDEGs were identified that met the above three conditions. The Venn
diagram and MeDEGs list are shown in Figure 2. The top 10 MeDEGs with the highest
Spearman’s correlation coefficients are shown in Figure 3.

Functional enrichment analyses of MeDEGs
To further investigate the function of MeDEGs in colon cancer, we subjected the 86
MeDEGs to GO and KEGG pathway analyses using DAVID 6.8. The enrichment
analyses of GO are summarized in Table 1. A total of 13 biological processes, 5 cellular
components, and 8 molecular functions were enriched among the MeDEGs. As for
biological process and molecular function, “positive regulation of neuron
differentiation” and “transcription factor binding” were the most enriched terms in
the respective categories. KEGG pathway enrichment analysis suggested that
MeDEGs predominantly participate in cancer-related pathways including
“transcriptional misregulation in cancer”, “cAMP signal pathway”, and “cGMP-PKG
signaling pathway” (Table 2).

MeDEGs related to the prognosis of colon cancer patients
We performed a Kaplan–Meier curve analysis to identify the MeDEGs related to
overall survival of colon cancer patients. First, we analyzed the relationship between
MeDEG methylation value and prognosis. The Kaplan–Meier curves showed that
hypermethylation of glial cell-derived neurotrophic factor (GDNF) and reelin (RELN)
were negatively correlated with overall survival (Figure 4A and B). Next, we further
compared the prognosis of the above two MeDEGs between the Hyper-LG group and
the Hypo-HG group. The results showed that Hyper-LGs were significantly related to
poor survival of patients (Figure 4C and D). The expression, methylation data, and
Spearman’s correlation analyses of GDNF and RELN are shown in Figure 5.

GSEA and PPI network construction of GDNF and RELN
To clarify the biological function of GDNF and RELN methylation status, the effects of
GDNF and RELN methylation status on KEGG pathways were analyzed using GSEA
3.0 software. The top ten GSEA results of GDNF and RELN are shown in Figure 6.
Ultimately, hypermethylation of GDNF and RELN was both significantly associated
with cancer-related pathways including “ribosome”, “RNA degradation”, “mismatch
repair”, “cell cycle”, and “base excision repair”. More interestingly, the “ribosome”
pathway was identified as the most significantly associated with GDNF and RELN
methylation data.
Furthermore, we constructed PPI networks of GDNF and RELN using the STRING
protein database. The PPI enrichment P-value was 1.74 × 10-5 (Figure 7). The results
revealed that GDNF and RELN interact with neural cell adhesion molecule 1.
Moreover, GDNF can interact with several proteins including GDNF family receptor
alpha (GFRA)-1, -2, and -3 and the proto-oncogene tyrosine-protein kinase receptor
(RET). Additionally, RELN can interact with low-density lipoprotein receptor-related
protein 8, glutamate receptor ionotropic, NMDA 2B, disabled homolog 1, very low-

WJG

https://www.wjgnet.com

3395

July 14, 2019

Volume 25

Issue 26

Liang Y et al. Identification of methylation-regulated differentially expressed genes
Figure 1

Figure 1 Differentially expressed genes and differentially methylated genes identified from The Cancer Genome Atlas project database. A: Volcano plot of
differentially expressed genes between colon cancer and normal tissues [log2 fold change (FC) > 2, P < 0.01]. Red dots represent up-regulated genes and green dots
represent down-regulated genes. Black dots represent the genes with a fold-change in expression of <2; B: Heat map of the top 50 differentially methylated genes
(DMGs) (log2 FC > 1, P < 0.01). The left vertical axis shows clusters of DMGs and right vertical axis represents gene names. Red represents hypermethylated genes
and green represents hypomethylated genes. DMGs: Differentially methylated genes; FC: Fold change.

density lipoprotein receptor, and platelet-activating factor acetylhydrolase IB subunit
alpha.

DISCUSSION
Molecular pathological epidemiology (MPE), integrating molecular pathology and
data science, can use tumor markers as surrogate of disease pathologies and help
precision medicine. MPE deeply studies environmental exposures, intermediate
variables, and molecular changes in cancer[13-15]. DNA methylation has been widely
recognized as an important cancer-related biomarker and potential therapeutic
target [16,17] in MPE. Previous studies mainly focused on the correlation between
individual genes and methylation, so there was a lack of systematic analysis of DNA
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Figure 2

Figure 2 Identification of methylation-regulated differentially expressed genes. A: A total of five genes were identified as methylation-regulated differentially
expressed genes (MeDEGs) by taking the intersection of three gene sets (hypomethylation, up-regulation, and negative correlation); B: A total of 81 genes were
identified as MeDEGs by taking the intersection of three gene sets (hypermethylation, down-regulation, and negative correlation). MeDEGs: Methylation-regulated
differentially expressed genes.

methylation in colon cancer. Thus, identification and analysis of MeDEGs in large
cohorts of colon cancer patients are urgently required, providing potential directions
and targets for future research.
In the present research, we identified a total of 5 up-regulated and 81 downregulated MeDEGs by integrating DEGs, DMGs, and the results of Spearman’s
correlation analysis. Among the 86 MeDEGs we report in this article, some of them
have been confirmed to be regulated by methylation in previous research. For
instance, the promoter of forkhead box D3 (FOXD3) has been reported to be
hypermethylated in colon cancer and FOXD3 expression could be restored by
treatment with 5-azacytidine[18,19]. The promoter methylation status of protocadherin
10 was related to disease-free survival and overall survival of colorectal patients,
suggesting that it could be utilized as a biomarker for patients and to facilitate
treatment decisions in colorectal cancer[20-22]. However, the methylation regulation
mechanisms of the majority of MeDEGs have not been revealed and need to be
further studied.
We further performed functional enrichment analysis to clarify the role of
methylation in colon cancer. In biological process enrichment of GO, as many as 12
terms were related to the regulation of transcription. Therefore, we speculated that
transcription factors regulated by methylation can further regulate the transcription of
cancer-related genes and thus affect the occurrence and development of cancer.
Aberrant cell proliferation is regarded as the distinguishing feature of cancer cells as
opposed to normal cells. The term “negative regulation of cell proliferation” was
enriched, meaning that multiple cancer suppressor genes were down-regulated by
promoter hypermethylation. As shown in Table 1, MeDEGs including FEZ family zinc
finger protein 1 (FEZF1), T-box transcription factor 5 (TBX5), secreted frizzled-related
protein 5 (SFRP5), RAS-like estrogen regulated growth inhibitor (RERG), ripply
transcriptional repressor 3 (RIPPLY3), and pancreatic and duodenal homeobox 1
(PDX1) were involved. Among them, TBX5[23], SFRP5[24,25], RERG[26-28], and PDX1[29] have
been reported to be regulated by methylation in colon cancer, while FEZF1 and
RIPPLY3 have not been reported. Bone morphogenetic proteins (BMPs), which form
part of the transforming growth factor β signaling pathway, can promote colon cancer
cell migration and invasion [30,31] . Moreover, methylation of BMP3 [32,33] and NK2
homeobox 5[34] promoters has been revealed as an independent biomarker for colon
cancer. However, apart from colon cancer, there have been no reports on the role of
CHRDL1 promoter region methylation in tumors[35]. KEGG pathway analysis has
further clarified the function of MeDEGs. The “cAMP signaling pathway” has been
indicated as one of the most critical mechanisms in regulating colon cancer cell
apoptosis[36-38]. The term “transcriptional misregulation in cancer” is consistent with
the GO enrichment results. Babykutty et al[39] indicated that “cGMP-PKG signaling
pathway” could promote colon cancer cell migration and invasion by upregulating
matrix metalloprotein 2/9.

WJG

https://www.wjgnet.com

3397

July 14, 2019

Volume 25

Issue 26

Liang Y et al. Identification of methylation-regulated differentially expressed genes
Figure 3

Figure 3 The methylation-regulated differentially expressed genes with the top 10 correlation coefficients. Spearman’s correlation analysis was performed
between methylation (horizontal axis) and expression (vertical axis) of methylation-regulated differentially expressed genes. Spearman’s correlation coefficient and Pvalues are shown in each plot.

Moreover, we identified the methylation status of GDNF and RELN which was
associated with clinical prognosis. GDNF is a neurotrophic factor which could
guarantee the function of neuron in nervous systems[40]. According to TCGA database,
GDNF is downregulated in colon cancer tissues. Interestingly, recent research
indicated that GDNF promotes colon cancer cell proliferation and migration[41,42]. Luo
et al[43] reported that GDNF was only detected in normal colon mucosa. Moreover,
GDNF blocked apoptosis and suppression of anchorage-independent growth effects
mediated by RET (rearranged during transfection). However, there has been no study
on the correlation between GDNF methylation and the prognosis of colon cancer.
RELN has been reported to play a critical role in maintaining epithelial cell ho-
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Table 1 Gene ontology enrichment analysis of methylation-regulated differentially expressed genes associated with colon cancer
Category

Term

Gene name

P-value

BP

GO:0045666-positive regulation of
neuron differentiation

FEZF1, VWC2, NAP1L2, NKX2-5,
BRINP3

4.08E-04

BP

GO:0007268-chemical synaptic
transmission

DRD5, NOVA1, GRIA4, KCNA1,
SNAP91, NPY, HTR7

7.08E-04

BP

GO:0006366-transcription from RNA
polymerase II promoter

HAND1, FEV, PAX2, POU3F4, NKX2- 2.01E-03
5, IRF4, HAND2, PDX1, FOXF2

BP

GO:0045944-positive regulation of
transcription from RNA polymerase
II promoter

HAND1, NR5A2, TBX5, PAX2,
GDNF, NKX2-5, FOXD3, GALR1,
IRF4, HAND2, PDX1, FOXF2

4.04E-03

BP

GO:0030154-cell differentiation

FEV, TLL1, COL19A1, NKX2-5,
CHRDL1, SFRP5, SIM2, INA

4.52E-03

BP

GO:0045893-positive regulation of
transcription, DNA-templated

FEZF1, NR5A2, TBX5, PAX2, NKX25, IRF4, HAND2, FOXF2

8.06E-03

BP

GO:0007189-adenylate cyclaseADRB3, DRD5, GALR1
activating G-protein coupled receptor
signaling pathway

2.10E-02

BP

GO:0051891-positive regulation of
cardioblast differentiation

TBX5, NKX2-5

2.21E-02

BP

GO:0043433-negative regulation of
sequence-specific DNA binding
transcription factor activity

HAND1, SFRP5, HAND2

2.95E-02

BP

GO:0003337-mesenchymal to
epithelial transition involved in
metanephros morphogenesis

PAX2, GDNF

3.09E-02

BP

GO:0018108-peptidyl-tyrosine
phosphorylation

EPHA7, EPHA6, RELN, EPHA5

3.11E-02

BP

GO:0008285-negative regulation of
cell proliferation

FEZF1, TBX5, SFRP5, RERG,
RIPPLY3, PDX1

3.20E-02

BP

GO:0000122-negative regulation of
transcription from RNA polymerase
II promoter

FEZF1, HAND1, NKX2-5, SIM2,
RIPPLY3, DUSP26, FOXD3, PDX1

4.15E-02

BP

GO:0030509-BMP signaling pathway

BMP3, NKX2-5, CHRDL1

4.54E-02

CC

GO:0030425-dendrite

EPHA7, RELN, GRIA4, KCNA1,
BRINP3, EPHA5, HTR7

4.25E-03

CC

GO:0090575-RNA polymerase II
transcription factor complex

HAND1, NR5A2, NKX2-5

9.87E-03

CC

GO:0005578-proteinaceous
extracellular matrix

RELN, COL19A1, CCBE1, EMILIN3,
SPOCK3

3.40E-02

CC

GO:0044224-juxtaparanode region of
axon

KCNA1, EPB41L3

4.46E-02

CC

GO:0005887-integral component of
plasma membrane

JAM2, EPHA7, CALY, EPHA6,
ADRB3, DRD5, GPR88, TMEM130,
KCNA1, GALR1, EPHA5, HTR7

4.77E-02

MF

GO:0008134-transcription factor
binding

HAND1, TBX5, PAX2, NKX2-5, IRF4, 1.43E-04
HAND2, PDX1, FOXF2

MF

GO:0003700-transcription factor
activity, sequence-specific DNA
binding

DMRTA1, FEV, NR5A2, TBX5,
POU3F4, NKX2-5, RXRG, SIM2,
FOXD3, IRF4, PDX1, FOXF2

1.49E-03

MF

GO:0000977-RNA polymerase II
regulatory region sequence-specific
DNA binding

TBX5, POU3F4, RXRG, FOXD3,
HAND2, FOXF2

1.50E-03

MF

GO:0043565-sequence-specific DNA
binding

FEV, NR5A2, TBX5, NKX2-5, RXRG,
IRX6, IRF4, FOXF2

4.74E-03

MF

GO:0044212-transcription regulatory
region DNA binding

HAND1, NR5A2, PAX2, NKX2-5,
HAND2

1.07E-02

MF

GO:0046982-protein
heterodimerization activity

JAM2, HAND1, NKX2-5, SIM2,
HAND2, PDX1, KHDRBS2

1.10E-02

MF

GO:0000978-RNA polymerase II core FEZF1, HAND1, NR5A2, NKX2-5,
promoter proximal region sequence- IRF4, PDX1
specific DNA binding

1.41E-02

MF

GO:0005004-GPI-linked ephrin
receptor activity

2.79E-02
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BP: Biological process; CC: Cellular component; MF: Molecular function.

meostasis and protecting the colon from pathological processes [44] . Furthermore,
RELN is epigenetically regulated by methylation in gastric cancer [45] , pancreatic
cancer[46], hepatocellular cancer[47], and myeloma[48]. However, the methylation state
and function of RELN in colon cancer are still controversial.
Next, we performed GSEA to clarify the function of GDNF and RELN in KEGG
pathways. The “ribosome” pathway is the most significantly enriched, which has
been confirmed as an important mechanism in colon cancer development. For
instance, precursor 45s ribosomal RNA (pre-45s rRNA) is up-regulated in colon
cancer tissues and cell lines, and is associated with the prognosis of tumor patients.
Pre-45s rRNA could promote cancer cell proliferation by inhibiting P53 by interfering
in the interaction between murine double minute 2 (MDM2) and ribosomal protein
L11 (RPL11)[49]. P73 is a p53 family tumor suppressor, which is promoted by RPL26
through direct binding to the 3’-UTR region. Furthermore, RPL26 maintains the
protein stability of P73 by interacting with MDM2[50]. The “mismatch repair” and
“base excision repair” pathways are primary mechanisms in DNA lesion repair and
microsatellite instability in colon cancer[51]. Moreover, microsatellite-instability has
been demonstrated to frequently occur in the hypermethylated cases. For instance,
MLH1 (DNA mismatch repair protein Mlh1) methylation is a frequent molecular
event and is closely linked to tumor invasion in veins and microsatelliteinstability[52,53]. Moreover, “base excision repair” capacity[54] and “cell cycle”[55] pathway
are also the critical mechanism in colon cancer progression. From the above, the
methylation state and function of GDNF and RELN should be better elucidated and
replicated in a larger validation cohort.
In conclusion, we identified MeDEGs by analyzing the expression profiles and
methylation data of colon cancer samples from TCGA database. Functional
enrichment analyses further confirmed the role of MeDEGs in colon cancer. Moreover,
we revealed that GDNF and RELN are related to overall survival. GSEA and PPI
networks further clarified the function of prognosis-related MeDEGs. Our study
deepens the understanding of methylation and provides novel therapeutic targets and
prognosis-related biomarkers for further research.
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Table 2 Kyoto encyclopedia of genes and genomes pathway analysis of methylation-regulated differentially expressed genes associated
with colon cancer
Pathway ID

Description

Gene name

P-value

hsa04970

Salivary secretion

CST2, ADRB3, ATP1B2, PRKG2

2.80e-04

hsa04923

Regulation of lipolysis in adipocytes

NPY, ADRB3, PRKG2

1.12e-03

hsa04080

Neuroactive ligand-receptor interaction

GRIA4, ADRB3, DRD5, GALR1, HTR7

2.59e-03

hsa04024

cAMP signaling pathway

NPY, GRIA4, DRD5, ATP1B2

4.95e-03

hsa04728

Dopaminergic synapse

GRIA4, DRD5, CALY

9.85e-03

hsa04978

Mineral absorption

MT1E, ATP1B2

1.41e-02

hsa05202

Transcriptional misregulation in cancer

FEZ, RXRG

2.05e-02

hsa04022

cGMP-PKG signaling pathway

ADRB3, ATP1B2, PRKG2

2.12e-02

hsa04360

Axon guidance

EPHA7, EPHA5, EPHA6

2.28e-02

hsa04020

Calcium signaling pathway

ADRB3, DRD5, HTR7

2.31e-02

Figure 4

Figure 4 Kaplan-Meier curves for the methylation and methylation-expression of glial cell-derived neurotrophic factor and reelin. A and B: Glial cell-derived
neurotrophic factor (GDNF) and reelin (RELN) were ranked by the median of methylation and then scored for each colon cancer patient in accordance with high- or
low-level methylation value; C and D: GDNF and RELN were ranked by the median of methylation and expression and then scored for each colon cancer patient in
accordance with high- or low-level methylation value and high or low-level expression value. The horizontal axis represents the overall survival time and the vertical
axis represents survival function. Hyper-LGs: Hypermethylation and low expression methylation-regulated differentially expressed genes; Hypo-HGs: Hypomethylation
and high expression methylation-regulated differentially expressed genes; GDNF: Glial cell-derived neurotrophic factor; RELN: Reelin.
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Figure 5

Figure 5 The expression, methylation status, and Spearman’s correlation analysis of glial cell-derived neurotrophic factor and reelin. A: The Cancer
Genome Atlas (TCGA) database was utilized to analyze the expression and methylation status of glial cell-derived neurotrophic factor and the correlation between
them; B: The TCGA database was utilized to analyze the expression and methylation status of reelin and the correlation between them. aP < 0.01. GDNF: Glial cellderived neurotrophic factor; RELN: Reelin; TCGA: The Cancer Genome Atlas.
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Figure 6

Figure 6 Gene set enrichment analysis of glial cell-derived neurotrophic factor and reelin. A: Gene set enrichment analysis (GSEA) of glial cell-derived
neurotrophic factor (GDNF); B: GSEA of reelin (RELN). GSEA of GDNF and RELN showing that hypermethylation of GDNF and RELN were enriched in multiple
cancer-related pathways. GDNF: Glial cell-derived neurotrophic factor; RELN: Reelin; GSEA: Gene set enrichment analysis; KEGG: Kyoto Encyclopedia of Genes and
Genomes.
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Figure 7

Figure 7 Protein–protein interactions of glial cell-derived neurotrophic factor and reelin. The STRING protein database was utilized to analyze the proteinprotein interactions of glial cell-derived neurotrophic factor and reelin.

ARTICLE HIGHLIGHTS
Research background
Accumulating evidence has indicated that DNA methylation modification is a reversible process
of gene regulation in epigenetics. However, studies of methylation in the individual genes and
pathways are still insufficient. In the present research, we conducted a conjoint analysis of
correlation between methylation and gene expression and patient prognosis in large cohorts
based on the Illumina Methylation 450K BeadChip.

Research motivation
DNA methylation modification has been considered as a potential therapeutic target and
biomarker that may improve the prognosis of colon cancer. Therefore, identification and analysis
of methylation-regulated differentially expressed genes (MeDEGs) will be of great significant.

Research objectives
In our study, we aimed to conduct bioinformatics analysis to identify MeDEGs and prognosisrelated MeDEGs in colon cancer. Functional enrichment analysis was performed to clarify the
function of MeDEGs. Furthermore, our study elucidated the potential mechanisms of prognosisrelated MeDEGs.

Research methods
We downloaded RNA expression profiles, Illumina Human Methylation 450K BeadChip data,
and clinical data of colon cancer from The Cancer Genome Atlas project. Differentially expressed
genes and differentially methylated genes were identified using with the “edgeR” package and
the “limma” package in R software. Then, we performed Spearman’s correlation analysis to
clarify the relationship between methylation and expression. The in silico function of MeDEGs
was further analyzed in the DAVID database and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Orthology-Based Annotation System 3.0, respectively. The relationship between
methylation and expression and overall survival was revealed through a Kaplan–Meier curve
test. Gene set enrichment analysis (GSEA) and investigation of protein-protein interactions were
performed to clarify the function of prognosis-related genes.

Research results
We identified a total of 5 up-regulated and 81 down-regulated MeDEGs that satisfied the
conditions. Gene ontology analysis indicated that the enrichment terms are mainly associated
with transcription regulation. According to KEGG pathway analysis, three cancer-related
pathways were involved by MeDEGs. Hypermethylation of glial cell-derived neurotrophic factor
(GDNF) and reelin (RELN) was negatively correlated with overall survival. Based on GSEA,
hypermethylation of GDNF and RELN was both significantly associated with pathways
including “RNA degradation,” “ribosome,” “mismatch repair,” “cell cycle”, and “base excision
repair.”

Research conclusions
In conclusion, we provide a new and reliable pathway to identify MeDEGs based on Illumina
Human Methylation 450K BeadChip. Methylation plays a critical role in regulating cancerrelated gene expression, especially tumor-suppressor genes. Our study provides an in-depth
understanding of methylation. Furthermore, the prognosis-related MeDEGs may be potential
biomarkers and therapeutic targets in colon cancer.

Research perspectives
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The application of high-throughput platform will provide great support for the precision
medicine in cancer. We will conduct more studies to reveal the function of the prognosis-related
MeDEGs and establish a valid and reliable high-throughput analysis system in the future.
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Abstract
BACKGROUND
Different histological growth patterns (HGPs) of colorectal carcinoma (CRC) liver
metastasis are associated with patients’ prognosis and response to antiangiogenic
therapy. However, the relationship between HGPs of liver metastasis and
clinicopathological and genomic characteristics of primary cancer has not been
well established.
AIM
To assess whether certain clinicopathological and genomic features of primary
CRC could predict the HGPs of liver metastasis.
METHODS
A total of 29 patients with paired resections of both primary CRC and liver
metastasis were divided into two groups: A (15 cases with desmoplastic liver
metastasis) and B (14 cases with replacement liver metastasis). Clinical
information was obtained from patients’ charts. Mismatch repair proteins,
BRAFV600E, and PD-L1 were evaluated by immunohistochemistry. Five cases
were selected randomly from each group for whole exome sequencing (WES)
analysis.
RESULTS
In the primary tumor, expanding growth pattern, low tumor budding score
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(TBS), and Crohn’s disease-like response (CDR) were associated with
desmoplastic liver metastasis and better overall survival, whereas infiltrating
growth pattern alone of primary carcinoma could predict the replacement liver
metastasis and worse overall survival (P < 0.05). On WES analysis, primary
carcinoma with desmoplastic liver metastasis showed mutations in APC (4/5);
TP53 (3/5); KRAS, PIK3CA, and FAT4 (2/5); BRCA-1, BRCA2, BRAF, and
DNAH5 (1/5), whereas primary carcinoma with replacement liver metastasis
showed mutations in APC and TP53 (3/5); KRAS, FAT4, DNH5, SMAD, ERBB2,
ERBB3, LRP1, and SDK1 (1/5).
CONCLUSION
The HGPs, TBS, and CDR of primary CRC as well as the presence of specific
genetic mutations such as those in PIK3CA could be used to predict the HGPs of
liver metastasis, response to therapy, and patients’ prognosis.
Key words: Colorectal carcinoma; Liver metastasis; Histologic growth pattern;
Clinicopathological characteristics; Whole exome sequencing
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Core tip: Different histological growth patterns (HGPs) of colorectal carcinoma (CRC)
liver metastasis are associated with patients’ prognosis and response to antiangiogenic
therapy. The aim of our study was to assess whether certain clinicopathological and
genomic features of primary CRC could predict the HGPs of liver metastasis. We found
that the HGPs, tumor budding score, and Crohn’s disease-like response of primary CRC
as well as the presence of specific genetic mutations such as those in PIK3CA could be
used to predict the HGPs of liver metastasis, response to therapy, and patients’
prognosis.
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INTRODUCTION
Colorectal carcinoma (CRC) is the third and second most commonly diagnosed cancer
in men and women, respectively, with an estimated global incidence of 1.4 million
new cases, and 693900 deaths in the world every year[1]. The prognosis after curative
resection depends entirely on the development of metastasis, especially liver
metastasis. At the time of diagnosis, 25% of patients with CRC had liver metastases
(CRCLMs) and another 50% of patients without initial liver metastases had liver
metastasis during follow-up[2]. Metastatic CRC is one of the leading causes of cancerrelated deaths worldwide[3].
According to the international consensus guidelines for scoring the histological
growth patterns (HGPs) of liver metastasis[4], CRCLMs present with distinct HGPs,
including desmoplastic, pushing, replacement, and two rarer HGPs (sinusoidal and
portal HGPs). The HGPs are defined based on the distinct interfaces between cancer
cells and adjacent normal liver parenchyma. Importantly, the HGPs of liver
metastases were shown to have prognostic and predictive value by some retrospective
studies. Several studies showed that patients with desmoplastic liver metastasis had a
longer recurrence free survival than patients with non-desmoplastic liver metastasis[5,6]. They attributed the poorer survival in patients with non-desmoplastic
growth pattern to the higher recurrence rate. Frentzas et al[7] confirmed that CRC with
replacement liver metastasis did not respond well to bevacizumab treatment, due to
the fact that these tumors utilize vessel co-option instead of angiogenesis. On the
other hand, desmoplastic liver metastasis, which relies on sprouting angiogenesis for
its blood supply, showed a better response to bevacizumab. They proposed that the
HGPs of CRCLMs could be used as a predictive biomarker for anti-angiogenic
therapy.
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It is natural to expect that the HGP and other clinicopathological characteristics of
primary cancer may have biological, predictive, and important prognostic
information. However, the relationship between HGPs of liver metastasis and
clinicopathological characteristics of primary cancer have not been well established. In
the study of Rajaganeshan et al [8] , 69.2% of primary expanding CRCs developed
capsulated liver metastases, whereas only 17.2% of infiltrating primary CRCs
developed a capsulated phenotype (P < 0.001). Although almost all liver metastases
from breast cancer adopt a replacement growth pattern, CRCLMs may present
different HGPs[7,9]. Furthermore, the underlying genetic abnormalities and molecular
pathways that drive the distinct HGPs remain unknown. In this study, we first
analyzed the clinicopathological features of CRC patients with two distinct pattern of
liver metastases. We then studied the genomic differences of primary CRCs between
these two groups using whole exome sequencing analysis. Our study will provide
new insights into the primary tumor in terms of their value in predicting the growth
pattern of liver metastasis, response to antiangiogenic therapy, and patients’
prognosis.

MATERIALS AND METHODS
Patients
With the approval of McGill University Health Center Research Ethics Board (No. 11196-HGP), formalin-fixed, paraffin-embedded tissue blocks of matched primary CRC
and liver metastases from 29 patients were obtained from the archives (2012-2017) of
the Department of Pathology, McGill University Health Center. The primary cases
were divided into two groups according to HGPs of matched CRCLMs: A (15 cases
with matched CRCLMs showing desmoplastic growth pattern [DGP]) and B (14 cases
with matched CRCLMs showing replacement growth pattern [RGP]). Tumor tissues
of primary CRCs from five randomly selected cases in each group and their matched
normal large intestinal mucosa were collected for whole exome sequencing. Clinical
variables including age, gender, serum carcinoembryonic antigen (CEA) level, and
survival data were obtained from patients’ health records. Pathological characteristics
of the primary colorectal tumor including localization, size, gross configuration,
histologic grade, tumor depth, lymph node metastasis, tumor budding score (TBS),
tumor deposit, lymphovascular invasion, and perineural invasion were retrieved
from patients’ pathology reports.

Evaluation of HGPs of primary and metastatic CRC
For each case, two pathologists (Gao ZH and Wu JB ) reviewed at least three slides
stained with hematoxylin and eosin (H&E) under a light microscope (BX45, Olympus,
Tokyo, Japan). Discrepancies of HGPs were resolved by reevaluation and discussion
in a multi-head microscope setting.
The HGPs of liver metastasis were evaluated according to the international
consensus on the HGPs of liver metastasis[4]. In the DGP, the metastatic cancer cells
are separated from the liver tissue by a band of desmoplastic tissue. In the RGP,
cancer cells form cell plates that are continuous with the hepatocyte plates. The
invasive front of the primary cancers were classified as either expanding growth
pattern (EGP) or infiltrating growth pattern (IGP) based on the predominant
morphology, as defined by Jass et al[10], where the expanding type had been described
as the pushing growth type of adenocarcinoma, whereas the infiltrating type had been
described as the wide spread streaming form of adenocarcinoma (Figure 1A-D).

Evaluation of peri-tumoral inflammatory cell band (ICB) and Crohn’s disease-like
response (CDR) in primary CRC
The tumor-normal tissue interface was assessed for the degree of ICB and the
presence or absence of CDR in H&E stained serial sections (Figure 1E-I). If ICB is
present in less than 10% area of the tumor-normal tissue interface, the case was
categorized as negative ICB; if between 10% and 50%, the case was categorized with
low grade ICB; if ICB was observed in 50% or more of the tumor-normal tissue
interface, the case was categorized with high grade ICB. CDR was defined as dense
lymphoid aggregates, with or without germinal centers present at the mucosalsubmucosal junction, or in the deeper aspects of the bowl wall, including the
subserosal adipose tissue (“Crohn’s rosary”)[11].

Immunohistochemistry
All 29 formalin-fixed, paraffin-embedded colorectal tumor tissues and one normal
intestinal tissue were used for tissue microarray construction, as previously described
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Figure 1

Figure 1 Representative histological images of the growth pattern of primary colorectal carcinoma and liver
metastasis. A: Primary colorectal carcinoma (CRC) with an expanding growth pattern where the tumor gland pushes
the surrounding stroma with a sharper dividing interface (arrows show expanding growth pattern); B: Liver metastasis
with a desmoplastic growth pattern showing a stroma band separating the tumor with the surrounding liver
parenchyma (arrows show desmoplastic growth pattern), the same case as A; C: Primary CRC with an infiltrating
growth pattern where streams of tumor cells permeate into the stroma with an irregular interface (arrows show
infiltrating growth pattern); D: Liver metastasis with a replacement growth pattern showing tumors cells in direct
contact with hepatocytes and grow into the liver cell plate (arrows show replacement growth pattern), the same case
as C; E: Negative inflammatory cell band (ICB) negative. There is no lymphocyte infiltration at the tumor-normal
tissue interface, as arrows show; F: Low grade ICB. Lymphocyte infiltration is present in less than 50% tumor-normal
tissue interface, as arrows show; G: High grade ICB. Lymphocyte infiltration is present in more than 50% tumornormal tissue interface, as arrows show; H: Positive Crohn’s disease-like response (CDR) showing lymphoid
aggregates at the deeper aspects of the bowl wall (arrows show aggregated lymphoid tissue); I: Positive CDR
showing lymphoid aggregates at the mucosal-submucosal junction (arrows show aggregated lymphoid tissue).

by Zhang et al[12]. Three 1.5 mm representative punches were included from each
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tumor tissue.
Automated immunohistochemistry (IHC) was performed on 3-μm-thick TMA
slides using a Ventana benchmark machine according to the manufacturer’s
instructions (Ventana Medical Systems, Inc., Tucson, AZ, United States). The
following commercially available antibodies were used in the IHC: MLH1 [clone
ES05, 1:100, Dako (Glostrup, Denmark)], MSH2 (clone FE11, 1:100, Dako), MSH6
(clone EP49, 1:100, Dako), PMS2 (clone EP51, 1:100, Dako), programmed death
receptor ligand-1 (PDL1) [clone ES05, SP263, VENTANA (Roche, United States)], and
BRAFV600E [clone VE1, 1:100, Abcam (Cambridge, United Kingdom)]. On-slide
positive and negative controls were used and the expected reaction was confirmed.
The IHC slides were evaluated independently by two gastrointestinal pathologists
blindly using images of full slides obtained with a digital slide scanner (Aperio
ScanScope AT Turbo, Leica microsystem, Concord, ON, Canada) and analyzed using
the Aperio Image Analyzer. Deletion of MLH1, MSH2, MSH6, or PMS2 in cancerous
tissues was defined as the absence of detectable nuclear staining of tumor cells. BRAF
V600E staining was considered positive if the cytoplasmic staining was similar to the
positive control in each batch. It was determined that any isolated nuclear staining
was negative. In line with Zoroquiain et al [13] , we defined PDL1 positivity by a
threshold of 5% of tumor cells with strong cytoplasmic expression and membraneaccentuation or single membrane pattern. The expression of negative or equivocal
protein expression detected in TMA was validated by IHC staining on the
corresponding large tumor sections of the resection specimen using the same protocol.

Whole exome sequencing
Formalin-fixed, paraffin-embedded tumor tissue blocks and matched normal blocks
were microdissected to remove residual normal tissue and enhance neoplastic
cellularity. The DNA was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen,
Netherlands) according to the manufacturer’s protocol. The DNA concentration was
determined using a Qubit 2.0 Fluorimeter (Invitrogen, Carlsbad, CA, United States).
After DNA extraction, we obtained 282 to 6480 ng of DNA per lesion from 10 CRCs
and matched normal tissues.
Whole exome sequencing was performed at McGill University and Genome
Quebec Innovation Center. The gDNA library was prepared using a TruSeq DNA
Sample Preparation Kit (Illumina) according to the manufacturer’s instructions,
followed by sequencing on an Illumina HiSeq, as previously described[14]. As shown in
Figure 2, the raw DNA sequences were aligned, trimmed, and duplicates flagged to
the NCBI human genome build 38 version 93, using Isaac aligner (Version: Isaac04.18.01.19)[15]. Structural variant (SV) analysis calls were generated using Manta
(version manta-1.4.0)[16]. Small variants [single nucleotide variant (SNV) and small
indels] in germline and somatic variations in tumor/normal sample pairs were
achieved using Strelka (Version: strelka-2.9.0)[17]. Copy number variant (CNV) calls
were generated using Canvas (Version: Canvas/1.11.0/) with the tumor-normalenrichment workflow[18]. The callers share output, and therefore there is no double
counting of calls. Manta and Strelka were run with Python (Version: 2.7.14).
Annotation of the resulting calls was done with the Ensembl Variant Effect Predictor
(VEP) using version 93.3 in a Perl (Version 5.22.4) environment[19]. Fastp (version
0.19.4) was used to collect QC metrics of the raw reads[20].
Sequencing result analyses and figures were prepared in the R statistical software
suite (version 3.5.1) using standard R functions in custom code[21]. Circlize (version
0.4.4) was used to generate the Circos plots[22]. GGplot2 (version 3.0.0) was used to
generate the heat maps. Custom R code was developed and run in RStudio (Version:
1.1.453).

Statistical analysis
Statistical analyses were performed using Prism 7.00 statistical program (GraphPad,
2015, San Diego, CA, United States); P < 0.05 was considered statistically significant.
The statistical review of the study was performed by a biomedical statistician.
Comparison of clinicopathological features and immunohistochemical staining results
between groups was performed using the t-test, Wilcoxon Signed rank test, and
Fisher’s exact test. Survival analysis was performed using the Kaplan-Meier method
and the log-rank test. Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated to assess the prediction capacity of
histologic features and genomic alternations of primary CRC for the growth patterns
of liver metastasis.

RESULTS
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Figure 2

Figure 2 Work flow of whole exome sequencing bioinformatics analysis. SV: Structural variant; CNV: Copy number variant.

Clinical parameters
The clinical characteristics of the study population are shown in Table 1. The
statistical comparison of the clinicopathological characteristics between Group A and
Group B is shown in Table 2. Cases 1 to 15 belong to Group A, and cases 16 to 29
belong to Group B. With respect to age and gender, no significant differences were
identified between Group A and Group B. The mean serum CEA level in Group B
(46.9 μg/L) was noticeably higher than that in Group A (15.5 μg/L), although not
statistically significant.
The mean length of follow-up for all patients was 36.8 mo (95%CI: 30.81-42.85 mo).
Seventy-nine percent (23/29) patients were alive on completion of the study. There
was no death in group A. Five cases were alive with liver, bone, or lung metastasis,
the remaining 10 cases were alive without evidence of tumor recurrence or metastasis.
In group B, however, 6 cases died of liver, lung, or brain metastasis and the remaining
8 cases had no evidence for tumor recurrence or metastasis. The length time for liver
metastasis was calculated from the date of diagnosis of the primary CRC to the date of
diagnosis of liver metastasis. The disease-free survival (DFS) was defined as the time
from CRCLM resection to recurrence, or to the date of censoring in October, 2018,
when the patient had no signs or symptoms of tumor recurrence or metastasis.
Overall survival (OS) was calculated from the date of diagnosis of the primary
carcinoma to the date of death, or to the date of censoring of live patients in October,
2018. With respect to the length time of liver metastasis and the DFS, there were no
significant differences between Group A and Group B (Figure 3A and B, P > 0.05).
However, OS was significantly longer in Group A than Group B (Figure 3C, P =
0.0337).

Pathological features
Among 29 cases, 37.9% (11/29) of the primary cancers were EGP and 62.1% (18/19)
were IGP. Primary CRC with an EGP were more likely to have desmoplastic
phenotype liver metastasis (81.8% vs 33.3%, P < 0.05). On the other hand, primary
cancers with an IGP were significantly more likely to form replacement pattern liver
metastasis (66.7% vs 18.2 %, P < 0.05)
TBS and tumor deposit were evaluated according to the American Joint Committee
on Cancer (AJCC) Cancer Staging Manual (Eight Edition). Most of TBS was low
(66.7%, 10/15) in Group A, and intermediate or high in group B (71.4%, 10/14). CDR
was identified in 46.7% (7/15) of cases in Group A, and only in 7.1% (1/14) in Group
B. There was no significant difference between Group A and Group B regarding
tumor location, size, gross configuration, histologic grade, tumor depth, lymph node
metastasis, tumor deposit, lymphovascular invasion, perineural invasion, or peritumoral ICB. With respect to TBS and CDR, there was significant higher TBS in Group
B than in Group A (P < 0.05) and significantly more CDR in Group A than in Group B
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Table 1 Main clinical demographics and histological growth patterns in patients with colorectal carcinoma and liver metastasis in the
study

Case No.

Liver
metastasis
growth
pattern

Primary
colorectal
growth
pattern

Tumor
budding
score

Crohn's
disease-like
appearance

Liver
metastasis
(mo)

Follow-up
(mo)

1

DGP

EGP

L

+

16

2

DGP

IGP

M

-

3

DGP

IGP

H

4

DGP

EGP

5

DGP

6

Prognosis

Major
mutations

57

Alive without
tumor

APC, KRAS,
BRCA2

6

25

Alive with bone NA
metastasis

-

46

52

Alive with liver NA
metastasis

M

+

25

33

Alive with liver APC, KRAS,
metastasis
PIK3CA,
BRCA1

EGP

L

+

39

46

Alive without
tumor

DGP

IGP

L

-

8

33

Alive with liver NA
metastasis

7

DGP

IGP

L

+

25

32

Alive without
tumor

NA

8

DGP

EGP

L

-

6

44

Alive with
tubular
adenoma

APC, TP53,
PIK3CA

9

DGP

EGP

L

-

12

28

Alive without
tumor

NA

10

DGP

EGP

L

+

7

21

Alive without
tumor

NA

11

DGP

EGP

L

-

7

16

Alive without
tumor

APC, TP53,
FAT4, BRAF

12

DGP

IGP

M

+

5

25

Alive without
tumor

NA

13

DGP

IGP

L

+

6

42

Alive without
tumor

NA

14

DGP

EGP

M

-

38

54

Alive with lung NA
metastasis

15

DGP

EGP

L

-

17

20

Alive without
tumor

TP53, DNAH5,
FAT4

16

RGP

IGP

H

-

2

17

Alive without
tumor

DNAH5,
KRAS, FAT4

17

RGP

IGP

H

-

5

72

Alive without
tumor

NA

18

RGP

IGP

H

-

16

63

Died of liver
metastasis

NA

19

RGP

IGP

L

-

9

35

Alive without
tumor

NA

20

RGP

IGP

H

-

25

58

Alive without
tumor

NA

21

RGP

EGP

L

-

6

23

Alive without
tumor

NA

22

RGP

IGP

M

-

28

48

Alive without
tumor

APC, TP53,
SMAD4

23

RGP

IGP

H

-

40

60

Alive without
tumor

APC, CTNNB1

24

RGP

IGP

M

-

6

17

Died of liver
metastasis

NA

25

RGP

IGP

M

-

6

33

Died of liver
metastasis

APC, TP53,
KRAS, ERBB2,
ERBB3

26

RGP

EGP

L

+

7

41

Died of liver
metastasis

NA

27

RGP

IGP

H

-

5

35

Died of brain
metastasis

NA
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28

RGP

IGP

L

-

27

32

Died of liver
metastasis

NA

29

RGP

IGP

H

-

3

12

Alive without
tumor

TP53, LRP2,
SDK1

DGP: Desmoplastic growth pattern; EGP: Expanding growth pattern; IGP: Infiltrating growth pattern; RGP: Replacement growth pattern; L: Low; M:
Intermediate; H: High; NA: Not available.

(P < 0.05).
Interestingly, as shown in Figure 4, we observed that the EGP of primary cancer
could be divided into four subtypes: (1) Ordinary expanding, where the tumor gland
pushes the stroma and forms a sharp dividing line at the interface; (2) Mucinous
expanding, where pools of tumor epithelium containing mucin pushes the stroma and
forms a sharp dividing line at the interface; (3) Cribriform expanding, where the
tumor gland at the invasive front forms a round cribriform structure, and there is a
clear dividing line between the tumor and the surrounding stroma; and (4)
Micropapillary expanding, where the tumor cells at the invasive front form
micropapillary architecture, and there is a clear dividing line between the tumor and
the surrounding stroma. On the other hand, infiltrating growth pattern could be
divided into two subtypes: (1) Ordinary infiltrating, where tumor cells infiltrate to the
stroma and connect to the original tumor mass; and (2) Skip infiltrating, where there
is a gap (>0.5 cm) of non-neoplastic tissue between the main tumor bulk and the
invasive front.
As shown in Figure 5, there was no significant differences between the two groups
in the tumor cell expression of MLH1, MSH2, MSH6, PMS2, BRAFV600E, or PDL1.
Interestingly, the three MSI deficiency cases were all MSH2 protein deficient.

Value of selected pathological features in predicting the HGPs of CRCLMs
EGP, low TBS score, and positive CDR in the primary tumor were shown to have
predictive value for the DGPs of CRCLMs. As shown in Table 3, HGP + TBS + CDR is
the most sensitive and has the highest negative predictive value, whereas CDR alone
is the most specific and has the highest positive predictive value.
IGP, high or intermediate TBS score, and negative CDR were shown to have
predictive value for the RGP of CRCLMs. As shown in Table 3, CDR alone or
combined with HGP and TBS are the most sensitive; TBS alone is the most specific;
HGP or TBS has the highest PPV, whereas CDR has the highest NPV. When
combining HGP, TBS, and CDR, although the sensitivity is 92.9%, the specificity is
only 20.0%.

Whole-exome sequencing
Hierarchical clustering of Groups A and B based on SNV and indels is shown in
Figure 6A, and frequency of SNV or indels in Group A and Group B is shown in
Figure 6B. There was no statistical difference between the two groups in SNV or
indels. However, our whole-exome sequencing revealed 14 major gene mutations, as
shown in Table 1 and Figure 7. The most prevalent major mutation occurred in the
APC gene, which occurred in 80% (4/5) of Group A cases and 60% (3/5) cases of
Group B, followed by TP53 and KRAS mutations. Both Group A and Group B had the
same frequency of TP53 and DNAH5 mutations. Interestingly, PIK3CA mutations
were showed in 40% (2/5) cases of Group A but no one case in Group B, similarly, the
mutations of BRCA1, BRCA2, and BRAF were only observed in Group A, and the
mutations of SMAD, ERBB2, ERBB3, LRP2, and SDK1 were identified only in Group
B, each in one patient.

DISCUSSION
Colorectal adenocarcinoma liver metastasis has been categorized into three growth
patterns: desmoplastic, pushing, and replacement, each of which has characteristic
morphological features[4]. Using this classification, Van den Eynden et al[6] reported
that the pushing pattern was an independent predictor of poor survival. In contrast,
Nielsen et al showed that patients with an RGP had a death risk 2 to 2.5 times higher
than patients with a pushing growth pattern or mixed growth pattern, and almost 4
times more than patients with a DGP[5]. According to Eefsen et al[3], similar findings in
chemonaive patients and patients receiving neoadjuvant therapy were identified.
Histologically differentiating DGP and invasive growth pattern were more clearly cut
with almost no interobserver discrepancies and the clinical relevance was more
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Table 2 Association between clinicopathological characteristics and growth patterns
Characteristic

Group A

Group B

P-value

Male

9

10

0.6999

Female

6

4

Mean ± SD

67.5 ± 9.6

62.3 ± 13.6

Median

67

60.5

Range

50-82

43-82

Serum CEA level

Mean ± SD

15.5 ± 25.2

46.9 ± 148.7

(μg/L)

Median

3.7

5.65

Range

0.9-88.0

1.1-563.2

Cecum

3

3

Ascending

2

0

Transverse

1

1

Descending

1

0

Sigmoid

2

3

Rectum

6

7

Mean ± SD

4.2 ± 1.3

4.3 ± 2.4

Median

4.6

4

Range

2.0-6.0

2.0-11.0

Exophytic

7

7

Endophytic

8

5

N/A

0

2

G1

5

7

G2

8

7

G3

2

0

T1

0

0

T2

0

0

T3

9

10

T4

6

4

Positive

9

10

Negative

6

4

High

1

7

Intermediate

4

3

Low

10

4

Negative

0

0

Positive

3

4

Negative

12

10

Positive

11

12

Negative

4

2

Positive

10

12

Negative

5

2

Negative

5

4

Low grade

8

6

High grade

2

4

Positive

7

1

Negative

8

13

EGP

9

2

IGP

6

12

Sex

Age

Localization

Size (cm)

Configuration

Histologic grade

Tumor depth

Lymph node metastasis

Tumor budding score (TBS)

Tumor deposits

Lymphovascular invasion

Perineural invasion

Peri-tumoral inflammatory cell band

Crohn’s disease-like response

Histologic growth pattern

0.2774

0.3823

0.6621

0.5814

0.2643

0.3060

0.6999

0.6999

0.0275

0.6817

0.6513

0.3898

0.5974

0.0352

0.0209

SD: Standard deviation; CEA: Carcinoembryonic antigen; NA: Not available; EGP: Expanding growth
pattern; IGP: Infiltrating growth pattern.

obvious[4]. For these reasons, only those CRCLMs with well-defined desmoplastic or
replacement growth patterns were enrolled in this study.
Our results demonstrated that expanding CRCs tend to develop desmoplastic liver
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Figure 3

Figure 3 Kaplan-Meier curves for colorectal cancer liver metastasis between two groups. A: Comparison of length time of liver metastasis, showing no
significant difference; B: Comparison of disease-free survival, showing no significant difference; C: Comparison of overall survival, showing a statistically significant
difference (P = 0.0337).

metastasis, whereas infiltrating CRCs tended to develop replacement liver metastasis,
which is consistent with previous findings of Rajaganeshan et al[8]. Our study also
confirmed that patients with expanding primary cancers had a significant longer OS
than those with infiltrating primary tumors, which is in line with the previously
reported findings of Cianchi et al[23], Nystrom et al[24], and Pinheiro et al[25]. Therefore,
the growth pattern of primary CRC could, to a certain extent, predict the growth
pattern of CRCLMs and patients’ prognosis.
During our study, we identified four subtypes of primary expanding CRC and two
subtypes of primary infiltrating cancers. Awareness of these morphological variations
is critical in order to appropriately subclassify the primary CRCs. Zoning on the
epithelial-stromal interface, we found that the infiltrating CRC had higher TBS,
whereas the expanding cancer was more prone to form CDR. Our observation is in
keeping with the previous report on the prognostic value of TBS and CDR of primary
CRC [26-29] . To the best of our knowledge, this study is the first comprehensive
morphological sub-classification of the growth patterns of primary CRCs in
association with clinical follow-up data and corresponding HGPs of CRCLMs.
Using a standard formula, we analyzed the sensitivity, specificity, PPV, and NPV of
selected pathological characteristics (HGP, TBS, and CDR) in predicting the HGPs of
CRCLMs. Our results indicated that combined EGP, low TBS, and positive CDR of
primary cancer could be used to predict the DGP of CRCLMs, whereas IGP alone of
primary cancer could be the best to predict the RGP of CRCLMs. Once validated by
larger set of cases, these parameters have the potential for clinical application.
The prognostic value of immunohistochemical markers such as microsatellite
instability (MSI), BRAF V600E mutation, and PD-L1 expression has been reported[30-33].
However, there were no studies on the association between the expression of these
IHC markers and the HGPs of CRC. Our study did not reveal any significant
differences in the tumor cell expression of these IHC markers between the two
groups.
It is reasonable to expect that the genomic makeup of the primary CRC plays an
important role in determining the HGP of CRCLMs. However, to the best of our
knowledge, there has been no report on the specific genomic drivers of the primary
tumor that determine the specific growth pattern of liver metastasis. If the growth
patterns of liver metastasis could be predicted based on the molecular biomarkers
present in the primary CRC and each of the growth patterns could be associated with
a different underlying biology, this could have important implications in the
stratification of patients for the oncological treatment[34]. We compared the mutation
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Figure 4

Figure 4 Subtypes of histologic growth pattern of primary colorectal carcinoma. A: Ordinary expanding, where
the tumor gland pushes the stroma and forms a sharp dividing line at the interface; B: Mucinous expanding, where
pools of tumor epithelium containing mucin pushes the stroma and forms a sharp dividing line at the interface; C:
Cribriform expanding, where the tumor gland at the invasive front forms a round cribriform structure and there is a
clear dividing line between the tumor and the surrounding stroma; D: Micropapillary expanding, where the tumor cells
at the invasive front forms micropapillary architecture and there is a clear dividing line between the tumor and the
surrounding stroma; E: Ordinary infiltrating, where tumor cells infiltrate to the stroma and connect to the original tumor
mass; F: Skip infiltrating, where there is a gap (>0.5 cm) of non-neoplastic tissue between the main tumor bulk and
the invasive front.

rate of genes related to metastasis (WNA5A, TIMP1, MMP-1, MMP-2, COX-2, and
HIF-1α), angiogenesis (VEGF, TGF, EGF, and TNF), epithelial-mesenchymal transition
(E-cadherin, FGF, P63, and FOXC2), oncogenes (C-myc, K-ras, and Bcl-2), tumor
suppressor genes (p53, APC, and NGX6), and other genes, such as Survivin and
CIAPIN1, between the two groups [35-39] . The only gene that stands out is phosphoinositide-3-kinase, catalytic, alpha polypeptide (PIK3CA), which was present in
40% of tumors with desmoplastic group pattern in the CRCLMs. PIK3CA is an
essential element of the signaling pathway of phosphatidylinositol-3 kinase (PIK3)
downstream of EGFR. The PIK3CA mutation activates the PIK3 signaling pathway,
improves cell proliferation, and ultimately leads to carcinogenesis[40]. It is associated
with angiogenesis as it is essential in endothelial cell migration during vascular
development through vascular endothelial growth factor-A (VEGFA) signaling,
possibly by regulating RhoA activity [41] . The significantly higher expression of
PIK13CA in primary CRC with desmoplastic liver metastasis indicates that metastasis
can become vascularized through sprouting angiogenesis, in a process stimulated by
VEGFA. In addition to PIK3CA, we also found that BRCA-1, BRCA-2, and BRAF
genes were present only in primary CRC with desmoplastic liver metastasis, and
SMAD, ERBB-2, ERBB-3, LRP2, and SDK1 genes were present only in CRCs with
invasive liver metastasis. Once these findings are validated with a larger set of cases,
these growth pattern-related genomic abnormalities could become new targets for
precision therapy.
Although the existence of two invasive phenotypes (expanding or infiltrating) in
CRC is now well recognized and their prognostic implications proven, the biological
mechanisms for their existence remain unexplained. It is unclear why some tumors
cause a desmoplastic and angiogenic response while others adopt the replacement
growth pattern and acquire nutrition through vessel co-option. In addition to the
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Figure 5

Figure 5 Representative immunohistochemical images. A: Positive staining for MLH1; B: Positive staining for
MSH2; C: Positive staining for MSH6; D: Positive staining for PMS2; E: Positive staining for MLH2; F: Negative
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staining for MSH2; G: Positive staining for MSH6; H: Positive staining for PMS2; I: Positive staining for BRAF V600E;
J: Negative staining for BRAF V600E; K: Positive staining for PD-L1; L: Negative staining for PD-L1. A-D is the same
case; E-H is the same case.

biology of primary tumor cells, the surrounding liver microenvironment may also
play a role in determining the growth pattern or dependence of angiogenesis. One
possible explanation for the desmoplastic or replacement liver metastasis is that these
HGPs summarize the different responses of the liver to injury [4] . Fibrosis in the
desmoplastic liver metastasis may be mediated by the same biological mechanisms
which drive liver fibrosis in response to an injury[42]. In addition, replacement HGP is
similar to liver regeneration because cancer cells replace liver cells in the same way
that new liver cells replace old liver cells during liver regeneration [43] . Another
explanation is that the different tumor growth patterns are related to differential gene
expression, which may be a driving factor for HGP. Sakariassen et al[44] investigated
that vessel co-opting glioblastomas (GBMs) upregulated gene expression associated
with fetal development and cell motility, whereas angiogenic GBMs had higher
angiogenic regulatory factors, such as VEGF and angiopoetin-2 expression. In the
present study, mutation of the PIK3CA gene was present only in the primary CRC
with desmoplastic CRCLMs, which further validated its role as a marker for sprouting
angiogenesis and a potential target for anti-angiogenic gene therapy.
In summary, primary CRCs with an EGP have a better OS than those with an IGP.
Expanding CRCs tend to develop desmoplastic liver metastasis, whereas infiltrating
cancers tend to develop replacement liver metastasis. Combined HGP, TBS, and CDR
of primary CRC could be used to predict the HGPs of liver metastasis. Up to 40% of
primary CRCs with an EGP showed PIK3CA gene mutations in contrast to 0% of
primary CRCs with an IGP. These genomic differences, if validated in a larger cohort
of cases, have the potential to become not only clinically applicable diagnostic and
prognostic biomarkers but also therapeutic targets of genomic engineering.
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Table 3 Value of selected pathological characteristics in predicting the histological growth patterns of colorectal carcinoma liver
metastasis
Pathological characteristic

Value

Group A

Group B

HGP

SE% (CI)

60.0 (35.8-80.2)

85.7 (60.1-97.5)

SF% (CI)

85.7 (60.1-97.5)

60.0 (35.8-80.2)

PPV% (CI)

81.8 (52.3-96.8)

66.7 (43.8-83.7)

NPV% (CI)

66.7 (43.8-83.7)

81.8 (52.3-96.8)

SE% (CI)

66.7 (41.7-84.8)

71.4 (45,4-88.3)

SF% (CI)

71.4 (45,4-88.3)

66.7 (41.7-84.8)

PPV% (CI)

71.4 (45.4-88.3)

66.7 (41.7-84.8)

NPV% (CI)

66.7 (41.7-84.8)

71.4 (45.4-88.3)

SE% (CI)

46.7 (24.8-69.9)

92.9 (68.5-99.6)

SF% (CI)

92.9 (68.5-99.6)

46.7 (24.8-69.9)

PPV% (CI)

87.5 (52.9-99.4)

61.9 (40.9-79.3)

NPV% (CI)

61.9 (40.9-79.3)

87.5 (52.9-99.4)

SE% (CI)

80.0 (54.8-93.0)

85.7 (60.1-97.5)

SF% (CI)

71.4 (45.4-88.3)

46.7 (24.8-69.9)

PPV% (CI)

75.0 (50.5-89.8)

60.0 (38.7-78.1)

NPV% (CI)

76.9 (49.7-91.8)

77.8 (45.3-96.1)

SE% (CI)

80.0 (54.8-93.0)

92.9 (68.5-99.6)

SF% (CI)

85.7 (60.1-97.5)

26.7 (10.9-52.0)

PPV% (CI)

85.7 (60.1-97.6)

54.2 (35.1-72.1)

NPV% (CI)

80.0 (54.8-93.0)

80.0 (37.6-99.0)

SE% (CI)

80.0 (54.8-93.0)

92.9 (68.5-99.6)

SF% (CI)

71.4 (45.4-88.3)

33.3 (15.2-58.3)

PPV% (CI)

75.0 (50.5-89.8)

56.5 (36.8-74.4)

NPV% (CI)

76.9 (49.7-91.8)

83.3 (43.7-99.2)

SE% (CI)

86.7 (62.1-97.6)

92.9 (68.5-99.6)

SF% (CI)

71.4 (45.4-88.3)

20.0 (7.0-45.2)

PPV% (CI)

76.5 (52.7-90.4)

52.0 (33.5-70.0)

NPV% (CI)

83.3 (55.2-97.0)

75.0 (30.1-98.7)

TBS

CDR

HGP + TBS

HGP + CDR

TBS + CDR

HGP + TBS + CDR

HGP: Histological growth pattern; 95%CI: 95% confidence interval; SE: Sensitivity; SF: Specificity; PPV: Positive predictive value; NPV: Negative predictive
value; TBS: Tumor budding score; CDA: Crohn’s disease-like appearance.
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Figure 6

Figure 6 Whole exome sequencing analysis. A: Hierarchical clustering of Groups A and B based on single nucleotide variant (SNV) and indels, showing no
significant difference between the two groups. B: Frequency of SNV or indels in Group A and Group B, showing no significant difference between the two groups.
SNV: Single nucleotide variant.
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Figure 7

Figure 7 Comparison of the major mutations between Group A and Group B. Fourteen major gene mutations were identified. PIK3CA, BRCA1, BRCA2, and
BRAF mutations were only observed in Group A, and SMAD, ERBB2, ERBB3, LRP2, and SDK1 mutations were identified only in Group B.

ARTICLE HIGHLIGHTS
Research background
Different histological growth patterns (HGPs) of colorectal carcinoma (CRC) liver metastasis are
associated with patients’ prognosis and response to antiangiogenic therapy.

Research motivation
Through studying the relationship between the different HGPs of liver metastasis and
clinicopathological and genomic characteristics of primary cancer, we aimed to evaluate whether
certain clinicopathological and genomic features of primary CRC could predict the HGPs of liver
metastasis

Research objective
To understand the biology of the primary CRCs in association with different HGPs of liver
metastasis, and to identify histological and biology markers in the primary tumor that could
predict the HGPs of liver metastasis.

Research methods
A total of 29 patients with paired resections of both primary CRC and liver metastasis were
divided into two groups: A (15 cases with desmoplastic liver metastasis) and B (14 cases with
replacement liver metastasis). Clinical information was obtained from patients’ charts. Mismatch
repair proteins, BRAFV600E, and PD-L1 were evaluated by immunohistochemistry. Five cases
from each group were randomly selected for WES analysis.

Research results
In the primary tumor, expanding growth pattern, low tumor budding score (TBS), and Crohn’s
disease-like response (CDR) were associated with desmoplastic liver metastasis and better
overall survival, whereas infiltrating growth pattern alone of primary carcinoma could predict
the replacement liver metastasis and worse overall survival (P < 0.05). On WES analysis, primary
carcinoma with desmoplastic liver metastasis showed mutations in APC (4/5); TP53 (3/5);
KRAS, PIK3CA, and FAT4 (2/5); BRCA-1, BRCA2, BRAF, and DNAH5 (1/5), whereas primary
carcinoma with replacement liver metastasis showed mutations in APC and TP53 (3/5); KRAS,
FAT4, DNH5, SMAD, ERBB2, ERBB3, LRP1, and SDK1 (1/5).

Research conclusion
The primary CRCs with an expanding growth pattern have a better overall survival that those
with an infiltrating growth pattern. Expanding CRCs tend to develop desmoplastic liver
metastasis, whereas infiltrating cancers tend to develop replacement liver metastasis. Combined
HGP, TBS, and CDR of primary CRC could be used to predict the HGPs of liver metastasis. Up
to 40% of primary CRCs with an expanding growth pattern show PIK3CA gene mutations in
contrast to 0% of primary CRCs with an invasive growth pattern.

Research perspectives
Multicenter collaborative studies with a larger number of patients and prospective studies to
assess the predictive value of the clinicopathological features of primary CRC on the HGPs of its
liver metastasis could help to further validate our results. These genomic differences between the
two groups of primary CRC, if validated in a larger cohort of case, have the potential to become
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not only clinically applicable diagnostic and prognostic biomarkers but also therapeutic targets
of genomic engineering.
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Abstract
BACKGROUND
In patients with cirrhosis, hepatic encephalopathy (HE) indicates a poor
prognosis despite the use of artificial liver and liver transplantation, presenting as
frequent hospitalizations and increased mortality rate.
AIM
To determine predictors of early readmission and mid-term mortality in cirrhotic
patients discharged after the resolution of HE.
METHODS
From January to February 2018, 213 patients were enrolled in this observational
study assessing all the successive patients with cirrhosis discharged from
Department of Gastroenterology and Department of Infectious and Liver
Diseases, Second Affiliated Hospital of Chongqing Medical University after the
resolution of HE. The patients were followed for 6 mo. For each subject,
demographic, clinical, and laboratory variables were assessed at the time of
diagnosis of HE, during hospital stay, at discharge, and during follow-up. The
primary endpoints were incidence of early readmission and mid-term mortality.
RESULTS
During follow-up, 65 (31%) patients experienced an early readmission.
International normalized ratio (INR) [odds ratio (OR) = 2.40; P = 0.003) at
discharge independently predicted early readmission. The incidence of early
readmission was significantly higher in patients with an INR > 1.62 at discharge
than in those with an INR ≤ 1.62 (44% vs 19%; P < 0.001). Model for End-stage
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Liver Disease (MELD) score (OR = 1.11; P = 0.048) at discharge proved to be an
independent predictor of early readmission caused by HE. Hemoglobin (OR =
0.97; P = 0.005) at discharge proved to be an independent predictor of non-early
readmission. During 6 months of follow-up, 34 (16%) patients died. Artificial
liver use (hazard ratio = 6.67; P = 0.021) during the first hospitalization
independently predicted mid-term mortality.

Manuscript source: Unsolicited

CONCLUSION
INR could be applied to identify fragile cirrhotic patients, MELD score could be
used to predict early relapse of HE, and anemia is a potential target for
preventing early readmission.
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Core tip: International normalized ratio at discharge predicts 30-d readmission in
cirrhotic patients after the resolution of hepatic encephalopathy (HE) and Model for Endstage Liver Disease score at discharge predicts 30-d readmission caused by HE in these
patients. Meantime, hemoglobin level at discharge predicts 30-d non-readmission in
these patients.
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INTRODUCTION
A high percentage of cirrhotic patients experience readmissions within 30 d after
discharge[1]. Early readmission (30-d) indicates a lower survival rate for at least one
year following initial hospitalization when taking account of other factors associated
with mortality in cirrhotic patients[2]. The major causes of hospital readmissions are
complications of this disease, such as upper gastrointestinal (GI) bleeding,
spontaneous peritonitis, fluid and electrolyte imbalance, and hepatic encephalopathy
(HE). In a multistate, population-based cohort study, HE was found to be most
strongly associated with early readmission[1]. HE is an important feature of liver
failure, and it is one of the common causes of emergency medical care. Once HE
occurs in patients with chronic liver disease, the prognosis is very poor, with a 1-year
survival rate of less than 50% and a 3-year survival rate of less than 25%. Liver
transplantation should be considered for patients suffering from HE, particularly
those who have suffered it twice in the past 6 mo, in case of no complications that
hinder surgery [3] . However, “transplantation might not be feasible owing to
contraindications or organ shortage”[4]; for one thing, the muscle volume usually
decreases rapidly in patients who have HE with persistent or frequent relapse, and
survival is not easy even for those who have experienced liver transplantation for
another[5]. In addition, patients with HE may seek an artificial liver support system,
which can reduce plasma ammonia, inflammatory cytokines, bilirubin, and other
toxins[6], providing the liver with a chance of recovery and avoiding liver transplantation, or allowing patients to wait for transplantation. Nevertheless, three
systematic reviews showed that artificial liver system has no significant effect on
mortality of patients who have acute liver failure, and seven randomized controlled
trials revealed that it does not increase survival rate. Apart from these, the system
itself is both expensive and resource-consuming[7]. Taking all this into account, the
final conclusion could be that close surveillance of cirrhotic patients with a high
incidence of early readmission is compulsory, especially for those who suffer from HE
during the first admission. Previous studies were not found to describe this specific
cohort, thus leading us to conduct a prospective study to determine predictors of 30-d
readmission in patients with cirrhosis after the resolution of HE.

WJG

https://www.wjgnet.com

3427

July 14, 2019

Volume 25

Issue 26

Hu XP et al. Predictors of outcome in cirrhotic patients

MATERIALS AND METHODS
Patients
The study was carried out by assessing all the successive patients with cirrhosis
discharged from Department of Gastroenterology and Department of Infectious and
Liver Diseases, Second Affiliated Hospital of Chongqing Medical University from
January to February 2018 after hospitalization for HE. Patients were included if they
were diagnosed with liver cirrhosis based on clinical, radiological, and endoscopic
data, diagnosed with HE during the first hospitalization, and aged at least 18 years
but not older than 80 years old. Patients were excluded if they met any of the
following criteria: (1) Had active malignant tumors (except hepatocellular carcinoma
[HCC] within the Milan criteria) or a previous malignancy with a negative follow-up
period of less than five years; (2) Had acute liver failure without underlying liver
cirrhosis; (3) Had chronic obstructive pulmonary disease of Global Initiative for
Chronic Obstructive Lung Disease (GOLD) stage ≥ 2; (4) Had chronic heart failure of
New York Heart Association (NYHA) classification ≥ 2; (5) Had serious mental
disorders; (6) Had hematological system diseases; (7) Had warfarin intake or received
vitamin K therapy; (8) Died during the first hospital stay; and (9) Had HIV infection.
This study was performed according to the recommendations of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement and
registered at http://www.chictr.org.cn (ChiCTR1800014275) (Supplementary
Material, which contains study data of this study). The study protocol conformed to
the provisions of the Declaration of Helsinki and was approved by the Ethics
Committee of Second Affiliated Hospital of Chongqing Medical University, and
informed consent was obtained from all patients.

Study design
Patients were admitted to hospital because of HE or other complications of liver
cirrhosis. After confirming HE and obtaining informed consent, we screened patients
during hospitalization. At this stage, demographic and clinical parameters (especially
incentives and grading of HE) were collected. Occurrence of acute-on-chronic liver
failure (ACLF), acute kidney injury (AKI), or hepatorenal syndrome (HRS) during
hospitalization was also recorded. Treatments for HE were administered according to
the international guideline (mainly including lactulose, rifaximin, and aspartate
ornithine)[8]. The treatment of underlying conditions (including liver cirrhosis, liver
failure, and HCC) was also based on the associated international guidelines [9,10] .
Artificial liver (MARS system) was used according to the guideline from the European
Association for the Study of the Liver[9]. The decision that a patient can be discharged
was made by the attending physicians based on clinical and laboratory parameters.
Patients who survived the first hospitalization were enrolled in the study, and their
clinical parameters (especially the course of anti-HE treatment and discharge with
medications to prevent HE) were collected; meantime, laboratory parameters were
reassessed. After being discharged, patients were routinely followed for six months or
until death or liver transplantation. During follow-up, data concerning other hospital
admissions were collected in the study charts and data about daily medication were
recorded in a form (see Supplementary Material, which contains a record of the daily
medication of included patients after discharge). If patients did not participate in the
visit, the patients, family members, or the attending physicians would receive a
telephone call. In this study, “early readmission” was defined as unplanned, urgent
readmission within 30 d from discharge. Hospitalizations due to programmed
procedures (such as programmed endoscopy examination or programmed endoscopic
surgery) were not considered readmissions. The data on the causes of readmissions
were recorded. Furthermore, death and causes of death were recorded during the sixmonth follow-up. For each subject, demographic, clinical, and laboratory variables
were assessed at the time of diagnosis of HE, during hospital stay, at discharge, and
during follow-up. All authors had no access to information that could identify
individual participants during or after data collection.

Diagnostic criteria and definitions
HE was diagnosed according to the American Association for the Study of Liver
Diseases (AASLD) practice guideline[8].
Comorbidity was defined as diabetes, hypertension, or chronic kidney disease.
HRS and ACLF were determined based on the European Association for the Study
of the Liver (EASL) practice guideline[9]. AKI was determined based on the Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Acute
Kidney Injury[11].

Statistical analysis
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The major endpoints were the incidence of early readmission (30 d) and mid-term
mortality (6 mo). Patients lost to visit immediately after discharge were excluded from
the analysis. We reported patient characteristics as the mean and standard deviation
or frequency and percentage. We used the t-test for comparing continuous variables
and the χ2 test for comparing categorical variables. A univariate analysis was carried
out to assess variables associated with early readmission. The significant (P < 0.1)
variables identified in the univariate analysis were then included in logistic regression
analysis to determine the independent predictors of early readmission and generate
odds ratios for each independent predictor.
The Kaplan–Meier method was used to plot the survival curves and the log rank
test was used to compare them. A univariate analysis was carried out to assess
variables associated with mid-term mortality, and the significant variables (P < 0.1)
identified in the univariate analysis were included in Cox regression analysis to
determine the independent predictors of mid-term mortality and generate hazard
ratios for each independent predictor.
All tests were two-sided, and P < 0.05 was considered significant. All statistical
analyses were performed with SPSS 19.0 (SPSS, Chicago, IL, United States). The
statistical methods of this study were reviewed by Jian Gao, who is not only the
corresponding author of this manuscript, but also a biomedical statistician.

RESULTS
Study population
A total of 260 patients with cirrhosis discharged after an episode of HE were enrolled.
Forty-seven patients were excluded from the study because of loss to visit
immediately after discharge, and finally we included 213 patients in the cohort. All
patients showed good compliance with medication.
The baseline characteristics of the patients are summarized in Tables 1 and 2. The
mean age was 57 ± 11 years and the majority were male (72%). HE without obvious
incentive was the most common condition, followed by that caused by a high protein
diet and infection (54, 22%, and 8%, respectively). These HE cases were graded as
degree I in 139 (65%) patients, degree II in 49 (23%), and degree IV in just 4 (2.0%). In
terms of treatments for HE, lactulose combined with aspartate ornithine was mostly
used in 139 (65%) patients, and lactulose combined with rifaximin and aspartate
ornithine as well as white vinegar enema combined with aspartate ornithine was least
used, in just 1 (0.5%) patient. Among all the patients, 68 (32%) developed
comorbidities, mainly including diabetes in 52 (24%) patients, hypertension in 24
(11%), and CKD in 6 (3%), and the mean Charlson comorbidity score was 3.6 ± 1.2 for
all. During hospitalization, 0.5% of patients met the AKI criteria, 2% met the HRS
criteria, and 4% met the ACLF criteria. Furthermore, 27 (13%) patients progressed to
liver cancer by this hospitalization. At discharge, the average Model for End-stage
Liver Disease (MELD) score was 12.9 ± 5.8, the average hospital stay was 16 ± 13 d,
and the average course of anti-HE treatment was 11 ± 8 d. In addition, most patients
(61%) were discharged with medications to prevent HE.

Early readmission
Sixty-five (31%) patients experienced a readmission within 30 days from discharge.
Causes of readmissions included HE (n = 32), GI bleeding (n = 12), ascites (n = 6),
infections (n = 6), abdominal distention (n = 4), edema of both lower extremities (n =
3), severe hepatitis (n = 1), and hepatic injury (n = 1).
Tables 1 and 2 show a comparison between groups readmitted and not readmitted.
Patients readmitted early were more likely to have ascites (17% vs 7%; P = 0.022) at
discharge than those not. Meantime, they had lower levels of prothrombin activity
(PTA) (47% vs 55%; P = 0.001) and hemoglobin (Hb) (85 g/L vs 95 g/L; P = 0.001) and
higher levels of international normalized ratio (INR) (1.9 vs 1.6; P = 0.001) at discharge
than those not readmitted. There was no significant difference between the two
groups in age; sex; cause of cirrhosis; comorbidity (diabetes, CKD, or hypertension);
Charlson comorbidity score; albumin, total bilirubin; white blood cells (WBC),
platelets; serum sodium, potassium, or creatinine; presence of HRS, AKI, ACLF, or
liver cancer, MELD score; length of hospital stay; incentive, degree, or treatment of
HE; anti-HE treatment course; artificial liver use or prevention of HE with medications after discharge.
In the multivariate analysis, we found that INR (OR = 2.40; P = 0.003; Table 3) at
discharge independently predicted early readmission. The incidence of early
readmission was significantly higher in patients with an INR > 1.62 at discharge than
in those with an INR ≤ 1.62 (44% vs 19%; P < 0.001; Figure 1). Meanwhile, hemoglobin
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Table 1 Characteristics of whole population and comparison between patients readmitted early or not
Whole population

Readmitted

Non-readmitted

(n = 213)

(n = 65)

(n = 148)

Age (yr), mean (SD)

57 (11)

56 (11)

57 (10)

0.536

Gender (male)

153 (72)

44 (68)

109 (74)

0.374

Variable

P-value

Etiology, n (%)

0.946

HBV

116 (54)

37 (57)

79 (53)

HCV

13 (6)

4 (6)

9 (6)

Alcohol

34 (16)

9 (14)

25 (17)

Other

50 (23)

15 (23)

35 (24)

Comorbidity, n (%)

68 (32)

15 (23)

53 (36)

0.066

Diabetes, n (%)

52 (24)

12 (18)

40 (27)

0.180

Chronic kidney disease, n (%)

6 (3)

1 (2)

5 (3)

0.455

Hypertension, n (%)

24 (11)

5 (8)

19 (13)

0.274

Charlson comorbidity score, mean (SD)

3.6 (1.2)

3.6 (1.3)

3.6 (1.2)

0.936

Albumin (g/L), mean (SD)1

30 (4)

30 (3)

30 (4)

0.454

Total bilirubin (μmol/L), mean (SD)1

48 (58)

57 (75)

44 (48)

0.214

WBC (×10 /L), mean (SD)

3.8 (2.0)

3.9 (1.8)

3.8 (2.1)

0.895

Serum sodium (mmol/L), mean (SD)1

139.0 (4.6)

138.0 (3.5)

139.0 (5.0)

0.576

Serum potassium (mmol/L), mean (SD)1

3.9 (0.5)

3.9 (0.5)

3.9 (0.5)

0.786

SCr (μmol/L), mean (SD)1

85 (95)

95 (157)

80 (45)

0.441

PTA (%), mean (SD)

52 (17)

47 (17)

55 (16)

0.001

INR, mean (SD)1

1.7 (0.5)

1.9 (0.6)

1.6 (0.5)

0.001

Hb (g/L), mean (SD)1

92 (20)

85 (15)

95 (21)

0.001

PLT (×10 /L), mean (SD)

87 (68)

94 (71)

84 (67)

0.350

Ascites, n (%)1

21 (10)

11 (17)

10 (7)

0.022

HRS during hospital stay, n (%)1

4 (2)

2 (3)

2 (1)

0.393

AKI during hospital stay, n (%)1

1 (0.5)

0 (0)

1 (0.7)

0.507

ACLF during hospital stay, n (%)

9 (4)

2 (3)

7 (5)

0.581

MELD score, mean (SD)1

12.9 (5.8)

12.7 (5.2)

13.0 (6.0)

0.719

Length of hospital stay (d), mean (SD)1

16 (13)

15 (13)

16 (13)

0.646

Artificial liver use, n (%)1

4 (2)

2 (3)

2 (1)

0.393

Anti-HE treatment course (d), mean (SD)

11 (8)

12 (9)

10 (7)

0.159

Preventing HE with medications post discharge, n (%)

130 (61)

40 (62)

90 (61)

0.920

Progression to HCC, n (%)

27 (13)

8 (12)

19 (13)

0.915

9

1

1

9

1

1

1

1

Variables collected at discharge. ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HBV: Hepatitis B virus; HCV: Hepatitis C virus; Hb:
Hemoglobin; HRS: Hepatorenal syndrome; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD:
Model for End-stage Liver Disease; PTA: Prothrombin activity; PLT: Platelets; SCr: Serum creatinine; WBC: White blood cells.

(OR = 0.97; P = 0.005; Table 3) was found to be an independent predictor of nonreadmission within 30 d.
Among 65 patients, 33 (51%) were readmitted early because of HE. MELD score at
discharge proved to be an independent predictor of early readmission when HE was
considered the only cause (OR = 1.11; P = 0.048; Table 3).

Survival analysis
During 6 months of follow-up, 34 (16%) patients died, and 179 (84%) survived. No
one received a liver transplant or was lost to follow-up. Causes of death were GI
bleeding (n = 12), terminal liver failure (n = 4), respiratory and circulatory failure (n =
4), HE (n = 3), multiple organ failure (n = 3), ACLF (n = 2), and one each for advanced
HCC, terminal renal failure, hemorrhagic shock, sepsis, septic shock, and unknown.
Tables 4 and 5 show a comparison of characteristics between survivors and nonsurvivors within 6 months from discharge. Non-survivors had lower levels of serum
sodium than survivors at 6 mo. AKI more frequently occurred in patients who died
than in those who survived at 6 mo. Similar to the previous results, levels of INR were
significantly higher in non-survivors than in survivors at 6 mo (2.0 vs 1.7; P = 0.012),
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Table 2 Characteristics of hepatic encephalopathy in whole population and comparison
between patients readmitted early or not, n (%)
Whole population

Readmitted

Non-readmitted

(n = 213)

(n = 65)

(n = 148)

Variable

P-value
0.645

Incentives of HE
No obvious incentive

114 (54)

35 (54)

79 (53)

High protein diet

47 (22)

12 (18)

35 (24)

Infection

16 (8)

6 (9)

10 (7)

GI bleeding

15 (7)

7 (11)

8 (5)

Electrolyte disturbances

3 (1)

1 (2)

2 (1)

Other

18 (8)

4 (6)

14 (9)
0.341

Degree of HE
I

139 (65)

39 (60)

100 (68)

II

49 (23)

15 (23)

34 (23)

III

21 (10)

10 (15)

11 (7)

IV

4 (2.0)

1 (2.0)

3 (2.0)

L + AO

139 (65)

48 (74)

91 (62)

L + R + AO

1 (0.5)

0 (0)

1 (0.7)

L

2 (0.9)

1 (1.5)

1 (0.7)

WVE + AO

1 (0.5)

0 (0)

1 (0.7)

AO

61 (29)

15 (23)

46 (31)

Nothing

3 (1.4)

0 (0)

3 (2.0)

L + AO + WVE

6 (2.8)

1 (1.5)

5 (3.4)

0.523

Treatment for HE

AO: Aspartate ornithine; GI: Gastrointestinal; HE: Hepatic encephalopathy; L: Lactulose; R: Rifaximin; WVE:
White vinegar enema.

whereas levels of hemoglobin were significantly lower in non-survivors than in
survivors at 6 mo (84 g/L vs 94 g/L; P = 0.007). Finally, events that progressed to
HCC and early readmission more frequently occurred among patients who died than
in those who survived at 6 months.
In the multivariate analysis, we also found that artificial liver use (HR = 6.67; P =
0.021; Table 6, Figure 2) during the first hospitalization independently predicted
mortality by 6 months.
In addition, there was no significant difference in survival rates between the two
stratified groups when INR with a cut-off value of 1.62 was considered, probably
because the sample size was insufficient (58.7% vs 41.3%; P = 0.117).

DISCUSSION
In this well-designed cohort, we found that INR independently predicted early
readmission in patients with cirrhosis after an episode of HE. Increased INR is very
common in patients with cirrhosis, especially in those with decompensated cirrhosis,
and it was mentioned in a previous study that INR appeared to be a promising
prognostic indicator of ACLF for assessment in the future studies[12]. Although not an
ACLF cohort, the present finding verified conjecture of previous researchers to some
extent in that patients who have decompensated liver cirrhosis often overlap with
those who have ACLF. Remarkably, increased INR was stronger than all of the other
parameters when all the readmissions were considered, and MELD score was the only
predictor when HE was considered the only cause of readmission. These findings lead
to potential explanations.
HE, GI bleeding, infections, ascites, hypoalbuminemia, abdominal distention,
severe hepatitis, and hepatic injury were the causes of readmission in the cohort.
Some complications reflect insufficiency of liver function reserve, whereas others
reflect portal hypertension. From the perspective of pathophysiology, it is well known
that elevated INR indirectly reflects the deficiency of liver function reserve in patients
with decompensated cirrhosis except in those who take warfarin, and is also a
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Figure 1

Figure 1 Probability to be readmitted within 30 d from discharge according to international normalized ratio
at discharge. INR: International normalized ratio.

predictor of variceal bleeding[13], which means that elevated INR is associated with
significant portal hypertension. In addition, the levels of hemoglobin, WBC count, and
platelet count were significantly lower in patients whose INR was more than 1.62 at
discharge (P < 0.001, P < 0.001, P < 0.001, respectively), suggesting that patients whose
liver function reserve remains less have more serious hypersplenism, which is caused
by portal hypertension. Therefore, elevated INR may indicate portal hypertension.
Liver dysfunction and portal hypertension are two major pathophysiological features
of decompensated cirrhosis, and elevated INR may reflect the above two features.
This interpretation makes it possible to apply the INR to identification of patients
with a high incidence of early readmission to improve their prognosis. In the
guideline, INR level greater than or equal to 1.5 is one of the diagnostic criteria for all
types of liver failure[14] and the cut-off value of 1.5 is calculated from data with large
sample size; while most of our patients (59.6%) had an INR level greater than or equal
to 1.5, which should be considered the diagnosis of chronic liver failure or ACLF.
Meantime, the cut-off value of 1.62 in this study, which is slightly above the classical
cut-off value of 1.5 in liver failure, was figured out from data with limited sample
size, thus leading to a narrowing of the range (>1.62 vs ≥1.5). Of note, patients with
chronic liver failure or ACLF are more fragile than others among patients with
cirrhosis, especially the latter, whose short-term outcome is rather poor (high 28-d
mortality) [9] . Similarly to our finding, Shalimar et al [15] in 2015 mentioned that
aggressive correction of coagulopathy must be undertaken to achieve an INR < 1.7 in
controlling HE. Therefore, an INR value of 1.62 could be used to stratify cirrhotic
patients who need close monitoring to prevent or reduce liver-related readmission.
However, further evaluation of this finding is required in future clinical controlled
trials, with primary endpoints such as 30-d and 3-mo hospital readmission rates and
30-d and 6-mo mortality rates.
In our cohort, MELD score at discharge was found to be the only predictor of
readmission caused by HE. It is well known that MELD score can effectively predict
short- and medium-term mortality in end-stage liver disease[16,17]. Although we did not
find a significant correlation between readmission caused by HE and six-month
mortality (r = -0.078, P = 0.535), the study by Scaglione et al[2] has already highlighted
that an early readmission to hospital independently predicts mortality in patients
with decompensated cirrhosis for at least one year following the first hospitalization.
Therefore, MELD score at discharge could probably predict early readmission
precipitated by HE. Further, the relationship between MELD score and early
readmission because of HE should be verified in clinical controlled trials.
Hemoglobin, we found, was a protective factor of readmission, which means that
low values of hemoglobin increase the rate of readmission. This finding is not difficult
to understand. Similarly, anemia was found to predict ACLF independently in
patients with cirrhosis[18], and ACLF is an independent predictor of early readmission
in cirrhotic patients [19] . In terms of mechanism, “anemia may reduce peripheral
oxygen delivery, directly and/or by further impairing the macrovascular function,
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Table 3 Multivariate analysis of readmission at 30 d
Variable

OR

95%CI

P-value

Hb at discharge

0.97

0.96-0.99

0.005

INR at discharge

2.40

1.36-4.26

0.003

MELD score1

1.11

1.00-1.24

0.048

1

When hepatic encephalopathy was considered the only cause of readmission. CI: Conﬁdence interval; Hb:
Hemoglobin; INR: International normalized ratio; MELD: Model for End-stage Liver Disease; OR: Odds ratio.

thus favoring the development of liver failure”[16]. Accordingly, anemia is a potential
target for preventing early readmission.
In addition, we found that artificial liver use during the first hospitalization
independently predicted 6-month mortality. This finding is not completely new. In
fact, previous studies have revealed that artificial liver does not increase survival
rate[7]. Further, patients who use artificial liver are in a state of acute liver failure or
ACLF, presenting as “acute exacerbation in liver function, multiple organ failure, and
high short-term mortality”[20]. Thus, this indicator may be a predictor of 6-month
mortality. However, we must recognize that the results of our study do not imply a
cause-effect relationship between artificial liver use and increased 6-month mortality
rate. In fact, artificial liver use may just be a marker of disease severity. In addition,
the sample size of artificial liver use was insufficient (2 in the non-survival group vs 2
in the survival group), leading this finding to be further validated in larger sample
trials.
In conclusion, INR could be applied to identify fragile patients with cirrhosis who
develop HE to improve their outcomes, and MELD score could be used to predict
early relapse of HE. The efficacy of these strategies in lowering early readmission rate
when surveilling fragile patients should be verified in clinical trials. However, expect
for patients with anemia, how those patients with an elevated INR and MELD score
can be prevented from readmission remains a question that needs to be answered in
future studies.
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Table 4 Characteristics of survivors and non-survivors at 6 mo1
Survivors

Non-survivors

(n = 179)

(n = 34)

Age (yr), mean (SD)

57 (11)

57 (11)

0.927

Gender (male), n (%)

130 (73)

23 (68)

0.554

HBV

95 (53)

21 (62)

HCV

12 (7)

1 (3)

Alcohol

29 (16)

5 (15)

Other

43 (24)

7 (21)

Comorbidity, n (%)

61 (34)

7 (21)

0.122

Diabetes, n (%)

46 (26)

6 (18)

0.316

Chronic kidney disease, n (%)

4 (21)

2 (6)

0.239

Hypertension, n (%)

21 (12)

3 (9)

0.623

Charlson comorbidity score, mean (SD)

3.6 (1.2)

3.8 (1.3)

0.286

Albumin (g/L), mean (SD)2

30 (4)

30 (4)

0.204

Total bilirubin (μmol/L), mean (SD)

42 (44)

76 (100)

0.061

WBC (×109/L), mean (SD)2

3.8 (1.9)

4.0 (2.5)

0.546

Serum sodium (mmol/L), mean (SD)2

139 (5)

137 (3)

0.017

Serum potassium (mmol/L), mean (SD)2

3.9 (0.5)

3.9 (0.5)

0.677

SCr (μmol/L), mean (SD)

82 (97)

98 (79)

0.390

PTA (%), mean (SD)2

53 (16)

47 (19)

0.068

INR, mean (SD)2

1.7 (0.4)

2.0 (0.8)

0.012

Hb (g/L), mean (SD)

94 (20)

84 (18)

0.007

PLT (×109/L), mean (SD)2

87 (67)

88 (73)

0.937

Ascites, n (%)2

16 (9)

5 (15)

0.301

HRS during hospital stay, n (%)2

2 (1)

2 (6)

0.061

AKI during hospital stay, n (%)

2

0 (0)

1 (3)

0.021

ACLF during hospital stay, n (%)2

7 (4)

2 (6)

0.600

MELD score, mean (SD)2

13 (6)

12 (6)

0.006

Length of hospital stay (d), mean (SD)2

15.8 (13.0)

17.0 (12.5)

0.621

Artificial liver use, n (%)

2 (1)

2 (6)

0.061

Anti-HE treatment course (d), mean (SD)2

11 (8)

10 (6)

0.646

Preventing HE with medications post discharge, n (%)

112 (63)

18 (53)

0.291

Progression to HCC, n (%)

18 (10)

9 (26)

0.008

Early readmission, n (%)

47 (26)

18 (53)

0.002

Variable

P-value

Etiology, n (%)

0.743

2

2

2

2

1

Patients lost to follow-up or transplanted were excluded from this analysis;
Variables collected at discharge. ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HBV: Hepatitis B virus; HCV: Hepatitis C virus; Hb:
Hemoglobin; HRS: Hepatorenal syndrome; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD:
Model for End-stage Liver Disease; PTA: Prothrombin activity; PLT: Platelets; SCr: Serum creatinine; WBC: White blood cells.
2

WJG

https://www.wjgnet.com

3434

July 14, 2019

Volume 25

Issue 26

Hu XP et al. Predictors of outcome in cirrhotic patients

Table 5 Characteristics of hepatic encephalopathy between survivors and non-survivors at 6 mo, n (%)
Survivors

Non-survivors

(n = 179)

(n = 34)

No obvious incentive

92 (51)

22 (65)

High protein diet

40 (22)

7 (21)

Infection

15 (8)

1 (3)

GI bleeding

13 (7)

2 (6)

Electrolyte disturbances

3 (2)

0 (0)

Other

16 (9)

2 (6)

I

116 (65)

23 (68)

II

42 (23)

7 (21)

III

18 (10)

3 (9)

IV

3 (1.6)

1 (2.9)

Variable

P-value
0.689

Incentive of HE

0.935

Degree of HE

0.329

Treatment for HE
L + AO

116 (65)

23 (68)

L + R + AO

1 (0.6)

0 (0)

L

2 (1.1)

0 (0)

WVE + AO

1 (0.6)

0 (0)

AO

53 (30)

8 (23)

Nothing

1 (0.6)

2 (5.9)

L + AO + WVE

5 (2.8)

1 (2.9)

AO: Aspartate ornithine; GI: Gastrointestinal; HE: Hepatic encephalopathy; L: Lactulose; R: Rifaximin; WVE: White vinegar enema.

Table 6 Multivariate analysis of mortality at 6 mo
Variable

HR

95%CI

P-value

Artificial liver use

6.67

1.33-33.49

0.021

CI: Confidence interval; HR: Hazard ratio.

Figure 2

Figure 2 Probability of survival at 6 mo according to whether to use artificial liver during first hospitalization.
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ARTICLE HIGHLIGHTS
Research Background
Among cirrhotic patients, hepatic encephalopathy (HE) indicates a poor prognosis despite the
use of artificial liver and liver transplantation, presenting as frequent hospitalizations and
increased mortality rate.

Research motivation
The aim of this study was to determine predictors of early readmission and mid-term mortality
in patients with cirrhosis after an episode of HE, which may contribute to early recognition of
fragile cirrhotic patients.

Research objectives
To determine predictors of early readmission and mid-term mortality in patients with cirrhosis
after an episode of HE to provide theoretical support for the management of cirrhotic patients.

Research methods
This is an observational study, and the total follow-up time was 6 mo. The primary endpoints
were the incidence of early readmission (30 d) and mid-term mortality (6 mo). For each subject,
demographic, clinical, and laboratory variables were assessed at the time of diagnosis of HE,
during hospital stay, at discharge, and during follow-up.

Research results
International normalized ratio (INR) level at discharge predicted early readmission in cirrhotic
patients after the resolution of HE and Model for End-stage Liver Disease score at discharge
predicted early readmission caused by HE in these patients. Meanwhile, hemoglobin level at
discharge predicted early non-readmission in these patients. Finally, artificial liver use during
the first hospitalization independently predicted mid-term mortality.

Research conclusions
INR could be applied to identify fragile cirrhotic patients, Model for End-stage Liver Disease
score could be used to predict early relapse of HE, and anemia is a potential target for
preventing early readmission.

Research perspectives
Further controlled trials are needed to verify the efficacy of these strategies in lowering early
readmission rate when surveilling fragile cirrhotic patients. Expect for patients with anemia,
how those patients with an elevated INR and MELD score can be prevented from readmission
remains a question that needs to be answered in future studies.
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Abstract
BACKGROUND
Neoplasms arising in the esophagus may coexist with other solid organ or
gastrointestinal tract neoplasms in 6% to 15% of patients. Resection of both
tumors synchronously or in a staged procedure provides the best chances for
long-term survival. Synchronous resection of both esophageal and second
primary malignancy may be feasible in a subset of patients; however, literature
on this topic remains rather scarce.
AIM
To analyze the operative techniques employed in esophageal resections
combined with gastric, pancreatic, lung, colorectal, kidney and liver resections
and define postoperative outcomes in each case.
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METHODS
We conducted a systematic review according to PRISMA guidelines. We searched
the Medline database for cases of patients with esophageal tumors coexisting
with a second primary tumor located in another organ that underwent
synchronous resection of both neoplasms. All English language articles deemed
eligible for inclusion were accessed in full text. Exclusion criteria included: (1)
Hematological malignancies; (2) Head/neck/pharyngeal neoplasms; (3) Second
primary neoplasms in the esophagus or the gastroesophageal junction; (4) Second
primary neoplasms not surgically excised; and (5) Preclinical studies. Data
regarding the operative strategy employed, perioperative outcomes and longterm outcomes were extracted and analyzed using descriptive statistics.
RESULTS
The systematic literature search yielded 23 eligible studies incorporating a total of
117 patients. Of these patients, 71% had a second primary neoplasm in the
stomach. Those who underwent total gastrectomy had a reconstruction using
either a colonic (n = 23) or a jejunal (n = 3) conduit while for those who
underwent gastric preserving resections (i.e., non-anatomic/wedge/distal
gastrectomies) a conventional gastric pull-up was employed. Likewise, in cases of
patients who underwent esophagectomy combined with
pancreaticoduodenectomy (15% of the cohort), the decision to preserve part of
the stomach or not dictated the reconstruction method (whether by a gastric pullup or a colonic/jejunal limb). For the remaining patients with coexisting
lung/colorectal/kidney/liver neoplasms (14% of the entire patient population)
the types of resections and operative techniques employed were identical to those
used when treating each malignancy separately.
CONCLUSION
Despite the poor quality of available evidence and the great interstudy
heterogeneity, combined procedures may be feasible with acceptable safety and
satisfactory oncologic outcomes on individual basis.
Key words: Esophagectomy; Esophageal neoplasm; Second primary; Multiple primary;
Concurrent neoplasms; Management
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal neoplasms manifesting synchronously with other neoplasms of the
gastrointestinal tract or solid organs are a unique challenge for the surgeon
contemplating their combined resection. Concerns arise about whether patients can
tolerate the substantial surgical burden to be exerted on them. Furthermore, the type of
esophagectomy required or the choice of conduit for reconstruction when the stomach is
to be excised as part of the procedure further complicate the decision-making process.
By summing and analyzing existing literature on the topic we aim to determine the best
surgical approach depending on the location of the second primary tumor, evaluate the
perioperative safety of these procedures and clarify their oncologic outcomes.

Citation: Papaconstantinou D, Tsilimigras DI, Moris D, Michalinos A, Mastoraki A, Mpaili E,
Hasemaki N, Bakopoulos A, Filippou D, Schizas D. Synchronous resection of esophageal
cancer and other organ malignancies: A systematic review. World J Gastroenterol 2019;
25(26): 3438-3449
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3438.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3438

INTRODUCTION
Esophageal cancer manifesting as either squamous cell carcinoma or adenocarcinoma
affects more than 450000 people worldwide and shows an increasing incidence rate
over the years[1-4]. Despite innovations in the surgical management of gastrointestinal
tract (GI) malignancies, esophageal cancer prognosis remains dismal with 5-year
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survival rates ranging from 10% to 20%[1,5-7]. Surgery is the mainstay of treatment for
esophageal cancer cases amenable to resection[8,9], and represents the best choice for
“cure”[10]. Patients with esophageal cancer may present with simultaneous primary
malignancies in other organs, such as the stomach, colon, pancreas, liver, kidney and
lungs with an estimated incidence of approximately 6%-15%[11-15]. Evidence suggests
that this phenomenon may be related to the shared risk factors between esophageal
and other GI tract or solid organ malignancies[7,16,17]. Due to their aggressive biologic
behavior[18], esophageal carcinomas usually determine survival in these particular
patients.
Synchronous resection of both esophageal and second primary malignancy may be
feasible in a subset of patients. Although isolated cases have been previously
reported, the literature on this topic remains rather scarce. In that context, the
objective of this study was to summarize and critically evaluate all available evidence
regarding the safety and feasibility of synchronous resection of esophageal carcinoma
manifesting simultaneously with another primary organ malignancy. Specifically, we
sought to analyze the operative interventions and outcomes of patients undergoing
such extensive procedures.

MATERIALS AND METHODS
Data source and literature screening
A systematic literature search was performed utilizing Medline/PubMed database
until December 2018. This systematic review adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The
following MESH terms were used in various combinations along with Boolean
operators (AND, OR, NOT): “Esophageal neoplasms”, “Neoplasms second primary”,
“Esophagectomy”, “Neoplasms multiple primary”, “adenocarcinoma”, “squamous
cell carcinoma”, “synchronous” and “surgery”. Two independent authors (DP, DS)
meticulously searched for potentially eligible articles retrieved after applying the
initial search algorithm. Disagreements were resolved by consensus with a third
author (DIT). References of the included studies were manually assessed to detect any
missing study.

Inclusion/exclusion criteria and outcomes of interest
Studies were considered eligible if all of the following criteria were met: (1) Data
reported on patients with primary esophageal cancer concurrent with a second
primary neoplasm originating from an organ other than the esophagus; (2) Both
neoplasms were treated with surgical excision. Exclusion criteria included: (1)
Hematological malignancies; (2) Head/neck/pharyngeal neoplasms; (3) Second
primary neoplasms in the esophagus or the gastroesophageal junction; (4) Second
primary neoplasms not surgically excised; (5) Preclinical; and (6) Non-English studies.
In case of overlapping population, only the latest or the most informative studies
were included in the final analysis. The main outcomes of interest were the surgical
strategy employed in the management of both esophageal and concurrent primary
non-esophageal neoplasms as well as the related postoperative outcomes. Descriptive
statistics are employed for data presentation.

Definitions
During pooled data assessment, we used the following definitions: (1) Transthoracic
esophagectomy (TTE) incorporates all esophagectomy procedures employing a
thoracotomy (namely Transthoracic Two-field Esophagectomy and Transthoracic
Three-field Esophagectomy); (2) Non-anatomic gastric resection refers to gastric
preserving gastrectomy other than total/subtotal/distal gastrectomy; (3) Anterior
resection refers to resection of either the sigmoid colon or the upper part of the
rectum.

RESULTS
Study and patient characteristics
The flowchart of the search strategy is depicted in Figure 1. In brief, the initial search
yielded 417 results of which a total of 24 studies met the aforementioned inclusion/exclusion criteria[19-42] and thus were included in the analysis. Eligible studies
were published between 1994 and 2015. Among them, 6 were single center
retrospective studies[19,21,26,36,38,39], while the remaining 18 were case reports or caseseries[20,22-25,27-35,37,40-42]. A total of 117 patients with esophageal malignancies coexisting
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with other primary malignancies were identified. Patient demographics were
reported on 44 patients, of which, 37 (84%) were reported to be males and 7 (16%)
females. The mean patient age was 59.1 years. Data on the location and histology of
the esophageal tumors as well as the coexisting primary tumors are presented in
Table 1.

Coexisting primary malignancies
Stomach: A total of 85 patients (71% of the entire cohort) had concurrent neoplasms of
the esophagus and the stomach. Histology of gastric cancer yielded adenocarcinomas
in 75 patients and gastrointestinal stromal tumors (GISTs) in the remaining 10
patients. Regarding the type of esophagectomy employed, 83 patients underwent a
TTE, one patient underwent a transhiatal esophagectomy (THE) while another one
underwent esophagectomy via a thoracoabdominal approach. In the same patient
group, 26 total gastrectomies were reported, followed by a reconstruction using either
a colonic conduit (n = 23) or a jejunal (n = 3) limb. The remaining 59 patients
underwent gastrectomies that preserved part of the stomach, such as non-anatomic
gastric resections (n = 53), distal gastric resection (n = 2) or underwent tumor excision
by endoscopic submucosal dissection (n = 4). In each of these patients the stomach
was utilized as a conduit for restoration of gastrointestinal continuity after
esophagectomy. Preoperative diagnosis of the second primary neoplasm was
available in 91% of the patients. A single minor (Clavien-Dindo II) anastomotic leak
was observed; however, 4 cases of perioperative mortality were encountered (Table
2). A two-stage procedure was employed in one patient. During the follow-up period,
43 deaths were recorded (Table 3), of which 35 were attributed to esophageal cancer
recurrence and 8 to gastric carcinoma recurrence. Median patient follow-up (as
reported in 5 out of 8 total studies) was 15 mo.
Pancreas/ampulla of Vater: A total of 6 patients (5% of the entire cohort) presented
with a second primary malignancy in the pancreas or ampullary region. Four cases of
pancreatic or ampullary adenocarcinomas were documented, while the remaining
two cases consisted of a neuroendocrine carcinoma and a small cell carcinoma. In this
subgroup of patients (Table 2), treatment consisted of 4 TTEs and 2 THEs.
Furthermore, 4 patients underwent a pancreaticoduodenectomy (Whipple’s
procedure) followed by restitution of gastrointestinal continuity using either a colonic
(n = 2) conduit or a jejunal (n = 2) limb. The remaining 2 patients received a pylorus
preserving pancreaticoduodenectomy with subsequent reconstruction by means of an
esophagogastrostomy (n = 1) or a colonic conduit (n = 1). There was one case of an
esophageal anastomotic leak and one Grade B (according to the ISGPS definition)
pancreatic fistula with no reported perioperative deaths. A two-stage procedure was
employed in two patients. Preoperative diagnosis of the pancreatic and periampullary
tumors was available in all cases. Follow-up monitoring of these patients was
available in 4 out of 6 studies and was significant for a single death due to recurrent
ampullary neoplasia (Table 3). Median follow-up was reported to be 12.5 mo.
Lung: A total of 18 patients (15% of the entire cohort) were preoperatively diagnosed
with a second primary malignancy of the lung. All patients were treated with a TTE.
In addition, lung directed therapies consisted of lobectomies (n = 12), segmentectomies (n = 2), bilobectomies (n = 2) and pneumonectomy (n = 1). A two-stage
procedure was employed in two patients. There was one recorded case of
postoperative mortality and two anastomotic leaks (Table 2). A median follow-up
period of 10 mo is specified for 3 patients, while a cumulative 11% 5-year survival rate
was reported for 12 patients.
Colon/rectum: Only two patients (1% of the analytic cohort) had a second primary
colorectal malignancy. The surgical approach for these cases was a TTE combined
with sigmoidectomy (n = 1) and an unspecified esophagectomy, combined with an
anterior rectal resection (n = 1). A two-stage procedure was employed in one patient.
The diagnosis of both malignancies was made preoperatively in both patients. After a
median follow-up period of 9 mo both patients were reported to be in good health
with no signs of disease recurrence.
Kidney: A total of 5 patients (5% of the analytic cohort) had a kidney neoplasm
coexisting with an esophageal cancer. Radical nephrectomy (n = 3) combined with
either a THE (n = 1) or a TTE (n = 4) were employed; preoperative diagnosis was
available in every case. Two cases of postoperative anastomotic leak were described in
these studies (Table 2). A two-stage procedure was employed in one patient. Followup data were available for 3 patients, which revealed no deaths or recurrences after a
median 34 mo.
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Table 1 Summary of included studies
Author

Year

Number of
patients

Esophageal tumor Esophageal tumor Second primary
location
histology
tumor location

Second primary
tumor histology

Kato et al[26]

1994

71

Upper (n = 4),

N/A

Stomach (n = 71)

Adenocarcinoma

Middle (n = 46),
Lower (n = 21)
[24]

Isohata et al

2008

1

Double tumor
(lower and middle)

Adenocarcinoma

Stomach

Adenocarcinoma

Songping et al[40]

2013

1

Middle

SCC

Stomach

Adenocarcinoma

Kanda et al[42]

2011

1

Middle

SCC

Stomach

Adenocarcinoma

Zhou et al

2013

1

Lower

SCC

Stomach

Adenocarcinoma
and GIST

I H et al[38]

2013

4

Middle (n = 3),

SCC

Stomach

Adenocarcinoma

Chan et al[36]

2013

5

Proximal (n = 1),

SCC (n = 1),

Stomach

GIST

Middle (n = 1),

Adenocarcinoma (n
= 4)

[41]

Lower (n = 1)

Lower (n = 3)
[37]

2014

1

Middle

SCC

Stomach and
Ampulla of Vater

Adenocarcinoma
and small cell
carcinoma

Mafune et al[31]

1995

1

Lower

SCC

Ampulla of Vater

Adenocarcinoma

Fukaya et al

[29]

Kurosaki et al

2000

1

Middle

SCC

Pancreatic Head

Adenocarcinoma

Jayaprakash et al[25] 2009

1

GEJ

Adenocarcinoma

Ampulla of Vater

Adenocarcinoma

Kim et al[27]

2011

1

Lower

Adenocarcinoma

Pancreatic Head

Adenocarcinoma

Gyorki et al

2011

1

Middle

Adenocarcinoma

Pancreatic Head

Neuroendocrine
carcinoma

Fekete et al[21]

1994

12

N/A

SCC

Lung

N/A

Lindeman et al[30]

2007

1

Middle

SCC

Lung

SCC

2008

2

Middle (n = 1),

SCC

Lung

Adenocarcinoma

SCC

Lung

SCC (n = 1),
Adenocarcinoma (n
= 2)

[22]

[23]

Ishii et al

Lower (n = 1)
Wang et al[39]

2012

3

Middle (n = 1),
Lower (n = 2)

Motoori et al[32]

2001

1

Middle

SCC

Rectum

Adenocarcinoma

Akiyama et al[35]

2015

1

Middle

SCC

Colon & Liver

Adenocarcinoma
and HCC

Kobayashi et al[28]

2000

2

Middle (n = 1),

SCC

Kidney

Clear cell carcinoma

Lower (n = 1)
Liano et al[20]

2007

1

Lower

SCC

Kidney

Clear cell carcinoma

De Hingh et al

2007

1

N/A

Adenocarcinoma

Kidney

Renal cell carcinoma

Vilcea et al[34]

2010

1

Middle

SCC

Kidney

Urothelial

Nagahama et al[33]

1996

2

Middle (n = 2)

SCC

Liver

HCC

[19]

N/A: Non-available; SCC: Squamous cell carcinoma; HCC: Hepatocellular carcinoma; GIST: Gastrointestinal stromal tumors.

Liver: Three patients (2% of the entire cohort) had esophageal carcinoma concurrent
with hepatocellular carcinoma. These patients underwent TTE, combined with either
a posterior sectionectomy (n = 2) or a liver segmentectomy (n = 1). No anastomotic
leaks or postoperative mortality was reported; diagnoses of concurrent malignancies
were made preoperatively (Table 2). A two-stage procedure was employed in a single
patient. A median follow-up period of 17 mo was reported with one case of death due
to recurrence of esophageal carcinoma (Table 3).

DISCUSSION
Coexisting primary neoplasms of the esophagus and other organs present a unique
oncologic challenge that complicates surgical decision-making due to the lack of
practice guidelines. Suzuki et al[43] postulated that synchronous resection of such
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Figure 1

Figure 1 Flow chart of studies selection.

neoplasms does indeed provide a benefit to survival but despite this initial report,
evidence regarding the management of such patients remains rather scarce, as yet.
The current study is important because we sought to critically evaluate the existing
literature on the surgical approaches and operative outcomes of patients diagnosed
with synchronous primary neoplasms. By employing a systematic search of the
literature, we identified a total of 117 patients with concurrent neoplasms in the
stomach, pancreas, ampulla of Vater, lung, colon/rectum, kidney and liver.
Collectively, the data suggested that synchronous resection was safe, feasible and
associated with low perioperative mortality (stomach: 4/84, lung: 1/18, pancreas: 0/6,
colon/rectum: 0/2, kidney: 0/5, liver: 0/3). In addition, long-term outcomes of such
patients were shown to be determined by the natural history of the esophageal
malignancy when synchronous gastric, lung, colorectal, renal and liver cancers were
encountered. In contrast, pancreatic cancer may be the main determinant of patient
long-term survival when presenting simultaneously with esophageal carcinomas.
The majority of the patient pools (72%) had a second primary neoplasm located in
the stomach which was histologically defined as adenocarcinoma in 75 cases and as
GIST in 10 cases. A TTE combined with total gastrectomy was performed in 26
patients[26,37]. Gastrointestinal reconstruction for these patients was performed using
either a colonic conduit (n = 23)[26,37] or a jejunal limb (n = 3)[26]. No anastomotic leaks
were reported for these patients, however one patient died in the postoperative
period[26] due to unspecified complications. These procedures, although complex,
present a viable solution with acceptable long-term outcomes in cases where the
stomach in its entirety needs be removed [44,45] . It should be noted that these
procedures, in addition to being technically demanding for the surgeon, exert a
substantial impact on the physiology of the patient. To overcome this obstacle, nonanatomic gastric resections (i.e., partial or wedge resections) combined with either a
transthoracic (n = 57) or a transhiatal (n = 1) esophagectomy were usually
employed[24,26,36,41], followed by a reconstruction utilizing a conventional gastric pullup. Interestingly, the 46 patients presented in the study by Kato et al[26] underwent
gastric preserving gastrectomies despite the probability of a compromised oncologic
outcome. In the same study, a comparison of surgical outcomes between patients
undergoing total gastrectomy versus patients undergoing a gastric preserving
procedure seemed to favor the gastric preserving group, while maintaining
comparable long-term survival outcomes between the two groups[26]. Nevertheless,
the patient baseline tumor characteristics differed significantly between the compared
groups and consequently the results of this study should be interpreted with caution.
Three further studies[38,40,42] presented outcomes of patients treated with either distal
gastrectomy[40,42] or endoscopic mucosal dissection of early gastric cancer[38]. Both
approaches were safe and sufficient from an oncologic perspective for the specific
subsets of patients in which they were applied. Finally, six patients were diagnosed

WJG

https://www.wjgnet.com

3443

July 14, 2019

Volume 25

Issue 26

Papaconstantinou D et al. Second neoplasia concurrent with esophageal cancer

Table 2 Characteristics of patients undergoing simultaneous resection of esophageal and other organ neoplasms
Second primary tumor in stomach
Type of surgery
Author

Kato et al[26]

Isohata et al[24]

Number of
cases

Age (mean)

n = 71

64

Esophageal
substitute

Esophagus

Stomach

TTE (n = 70)

Non-anatomic
resection (n = 46)

THE (n = 1)

Total gastrectomy Colon (n = 22)
(n = 25)
Jejunum (n = 3)

Stomach (n = 46)

Anastomotic
leaks

Perioperative
deaths

N/A

n=3
n=1

n=1

70

TTE (n = 1)

Non-anatomic
resection (n = 1)

Stomach (n = 1)

n=0

n=0

Songping et al[40] n = 1

65

TAB (n = 1)

Distal
gastrectomy (n =
1)

Stomach (n = 1)

n=0

n=0

Kanda et al[42]

n=1

57

TTE (n = 1)

Distal
gastrectomy (n =
1)

Stomach (n = 1)

n=1

n=0

Zhou et al[41]

n=1

77

TTE (n = 1)

Non-anatomic
resection (n = 1)

Stomach (n = 1)

N/A

N/A

I H et al[38]

n=4

65

TTE (n = 4)

ESD (n = 4)

Stomach (n = 4)

n=0

n=0

Chan et al

n=5

69

TTE (n = 5)

Non-anatomic
resection (n = 5)

Stomach (n = 5)

N/A

n=0

1

n=1

69

TTE (n = 1)

Total gastrectomy Colon (n = 1)
(n = 1)

n = 12

n=0

Esophagus

Pancreas
/ampullary

Esophageal
substitute

[36]

Fukaya et al[37]

Second primary tumor in pancreas/ampulla of Vater

Mafune et al[31]

n=1

64

TTE (n = 1)

PD (n = 1)

Colon (n = 1)

n=1

n=0

Kurosaki et al[29] n = 1

72

THE (n = 1)

PPPD (n = 1)

Stomach (n = 1)

n=0

n=0

Jayaprakash et
al[25]

n=1

62

TTE (n = 1)

PD (n = 1)

Jejunum (n = 1)

n=0

n=0

Kim et al[27]

n=1

65

THE (n = 1)

PD (n = 1)

Jejunum (n = 1)

n=0

n=0

1

n=1

58

TTE (n = 1)

PPPD (n = 1)

Colon (n = 1)

N/A

N/A

1

n=1

69

TTE (n = 1)

PD (n = 1)

Colon (n = 1)

n=1

n=0

Esophagus

Lung

Esophageal
substitute

TTE (n = 12)

Pneumonectomy
(n = 1)

Stomach (n = 12)

n=1

n=1

Gyorki et al[22]
Fukaya et al[37]

Second primary tumor in lung

Fekete et al[21]

n = 12

N/A

Bilobectomy (n =
1)
Lobectomy (n = 9)
Segmentectomy
(n = 1)
Lindeman et
al[30]

n=1

60

TTE (n = 1)

Lobectomy (n = 1) Stomach (n = 1)

n=0

n=0

1

Ishii et al[23]

n=2

57

TTE (n = 2)

Segmentectomy
(n = 1)

Stomach (n = 2)

n=1

n=0

Wang et al[39]

n=3

65

TTE (n = 3)

Bilobectomy (n =
1)

Stomach (n = 3)

n=0

n=0

Lobectomy (n = 2)
Second primary tumor in colon/rectum

Motoori et al[32]

Esophagus

Colon/rectum

Esophageal
substitute

n=1

75

N/A

AR (n = 1)

N/A

N/A

N/A

Akiyama et al[35] n = 1

73

TTE (n = 1)

AR (n = 1)

Stomach (n = 1)

n=0

n=0

Esophagus

Kidney

Esophageal
substitute

1

Second primary tumor in kidney
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Kobayashi et
al[28]

n=2

61

TTE (n = 2)

Nephrectomy (n
= 2)

Stomach (n = 2)

n=1

n=0

Liano et al[20]

n=1

64

TTE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=0

n=0

De Hingh et al[19] n = 1

69

THE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=0

n=0

1

56

TTE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=1

n=0

Esophagus

Liver

Esophageal
substitute

Vilcea et al[34]

n=1

Second primary tumor in liver

Nagahama et
al[33]

n=2

75

TTE (n = 2)

Right posterior
sectionectomy (n
= 2)

Stomach (n = 2)

n=0

n=0

Akiyama et al[35] n = 1

73

TTE (n = 1)

Bisegmentectomy Stomach (n = 1)
(n = 1)

n=0

n=0

1

1

Patients undergoing a two-stage procedure;
Anastomotic leak from pancreaticojejunal anastomosis. TTE: Transthoracic esophagectomy; THE: Transhiatal esophagectomy; TAB: Thoracoabdominal
esophagectomy; PD: Pancreaticoduodenectomy; PPPD: Pylorus preserving pancreaticoduodenectomy; AR: Anterior resection; ESD: Endoscopic
submucosal dissection.
2

with GISTs removed by means of a gastric wedge resection, a procedure that is
considered sufficient for these particular neoplasms, taking into account their low
malignant potential[36,41]. When a total gastrectomy is mandated, both the colon and
the jejunum should be considered reasonable choices for reconstruction, however the
surgical team needs to weigh the oncologic advantages against any possible
impediment on the patient’s long term quality of life[44,46,47].
Regarding the six patients that were diagnosed with simultaneous esophageal and
pancreatic or ampullary malignancies, the choice of esophageal substitute depended
on two factors; the need for total gastrectomy (as is the case with concomitant gastric
tumors)[37] and the preservation or not of an adequate blood supply to the remnant
stomach. Specifically, the preservation of the gastroduodenal artery and its
gastroepiploic tributaries is a prerequisite for utilizing the stomach as an esophageal
substitute[29]. When the gastroduodenal artery was sacrificed, reconstruction with
either a colonic conduit[22,31] or a jejunum limb[25,27] was deemed reasonable, in a similar
fashion as in cases of simultaneous esophageal and gastric resections. No patient
deaths were reported, although two anastomotic leaks were identified, one from a
pancreaticojejunal anastomosis[37] and one from a case in which colonic interposition
was used for reconstruction[31].
Eighteen patients were identified having esophageal and lung primary
malignancies. For these patients, a transthoracic approach was mandatory in order to
address both tumors simultaneously. The choice of side for the thoracotomy was
dictated by the side of the lung neoplasia (no bilateral thoracotomies were reported)
and gastrointestinal restitution was performed using a gastric conduit. According to
the presented data, a left thoracic approach (instead of the standard right
thoracotomy), combined with a cervical and abdominal incision might be adequate
for excising both concurrent neoplasms and their respective lymphatic basins[39].
Despite the extensive dissection taking place in the thoracic cavity, only one case of a
perioperative death[21] and two cases of anastomotic leaks[21,23] were encountered (Table
2). For the remaining 11 patients with concurrent esophageal and colorectal/kidney/
liver neoplasms, the operative technique employed was identical to the one used
when treating each malignancy separately. Perioperative mortality was equally low to
the previously discussed subgroups of patients, with no deaths being reported and
two anastomotic leaks occurring in patients undergoing simultaneous esophagectomy
and nephrectomy[28,34].
In order to mitigate the detrimental consequences of a long operative procedure
and decrease the devastating consequences of a potential anastomotic leak, several
authors opted for a two-staged operative procedure in which GI restitution was
accomplished several days after the initial excision stage[22,23,34,35,37]. Establishing the
diagnosis of concurrent second primary malignancies before esophageal surgery was
possible for the majority of treated patients in our study (113 patients, 96% of the
patient pool) thus facilitating the preoperative planning of a combined procedure.
Lastly, a major concern when performing simultaneous combined procedures for
malignancies is the oncologic long-term outcome. Long term follow-up was available
in 16 studies[20,23-26,28-33,35-38,42] (Table 3). In the subgroup of patients with identified gastric
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Table 3 Postoperative deaths from tumor recurrences (Follow-up period ranged from 8 mo to 7 years)

Author

Number of patients

Death from esophageal recurrence (%)

Death
fromsecond
primary
recurrence
(%)

Second primary in stomach
Kato et al[26]

n = 71

n = 32 (45)

n = 8 (11)

Isohata et al[24]

n=1

n=0

n=0

I H et al[38]

n=4

n = 1 (25)

n=0

Chan et al

n=5

n = 2 (40)

n=0

Fukaya et al[37]

n=1

n=0

n = 01

Kanda et al

n=1

n=0

n=0

Total

n = 83

n = 35 (42)

n = 8 (10)

[36]

[42]

Second primary in pancreas/ampulla of Vater
Mafune et al[31]

n=1

n=0

n=0

Kurosaki et al[29]

n=1

n=0

n=0

Jayaprakash et al

n=1

n=0

n=0

Fukaya et al[37]

n=1

n=0

n = 1 (100)1

Total

n=4

n=0

n = 1 (25)

Lindeman et al[30]

n=1

n=0

n=0

Ishii et al[23]

n=2

n=0

n=0

Total

n=3

n=0

n=0

[25]

Second primary in lung

Second primary in colon/rectum
Motoori et al[32]

n=1

n=0

n=0

Akiyama et al[35]

n=1

n=0

n=0

Total

n=2

n=0

n=0

Kobayashi et al[28]

n=2

n=0

n=0

Liano et al[20]

n=1

n=0

n=0

Total

n=3

n=0

n=0

Nagahama et al[33]

n=2

n = 1 (50)

n=0

Akiyama et al[35]

n=1

n=0

n=0

Total

n=3

n = 1 (33)

n=0

Second primary in kidney

Second primary in liver

1

Recurrence and death from ampullary carcinoma.

second primary neoplasms, out of a total of 85 patients, 34 patients died of esophageal
cancer recurrence while 8 died of second primary neoplasm recurrence. The observed
lower mortality due to gastric neoplasm recurrences is in part due to the inclusion of
GISTs in the analysis. Despite this fact, individual studies demonstrate that
esophageal neoplasms are associated with a higher malignant potential than gastric
neoplasms[26,36,43], which is often translated to death before gastric cancer relapses.
Pooled analysis of the 4 patients with pancreatic and ampullary tumors revealed one
case of death from ampullary cancer recurrence, with no deaths attributed to
esophageal cancer recurrence. Similarly, esophageal cancer recurrence was the
primary cause of death in one of three patients with concurrent neoplasms of the
esophagus and liver. No mortality from recurrences was observed in the patients with
second primaries found in the lungs, colon/rectum or kidneys.
Utilization of pre-operative and post-operative chemotherapy and radiotherapy
was poorly defined in the included studies. Nonetheless, given the aggressive nature
of esophageal cancers[43], such patients should be treated in a multidisciplinary setting.
The current study had several limitations. First, the small study sample prevents us
from drawing accurate and reproducible conclusions regarding the oncologic
outcomes of these patients. Second, the considerable interstudy heterogeneity, the
inconsistently reported oncologic and surgical outcomes and tumor staging present
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major limitations in the generalizability of the included results.
In conclusion, data from this systematic review suggested that synchronous
resection of esophageal and other primary solid organ malignancy was safe,
technically feasible and was associated with acceptable perioperative mortality rates,
on individual basis. However, emphasis should be given to the poor quality of the
available evidence and the several important limitations of the included studies.
Future, well-designed, larger cohort studies will be critical in identifying the optimal
therapeutic strategy for patients with synchronous esophageal and organ
malignancies.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer is well known for its lethality and poor prognosis when treated with
modalities other than surgery. Esophageal cancer shares many risk factors with other
gastrointestinal tract and solid organ neoplasms, a fact which explains why the malignancies
may coexist with other tumors of the stomach, colon, liver, pancreas, lung and kidney. This
phenomenon is both rare and underreported and when encountered by a treating physician it
creates confusion and uncertainty as to what treatment course should be employed, given the
lack of relevant practice guidelines. In the present study, by employing a systematic literature
review protocol, we sought to elucidate the role of surgical therapy is these patients, the
operative techniques applicable in each case and the perioperative and postoperative outcomes
that are to be expected.

Reasearch motivation
Summing all available studies concerning patients with coexisting neoplasms of the esophagus
and other organs will hopefuly guide patient care and emphasize the need of better and more
accurate reporting of such patients.

Research objectives
To identify the operative approaches utilized when synchronously treating neoplasms of the
esophagus and the stomach/pancreas/lung/colon/rectum/liver/kidney, their perioperative
safety and postoperative outcomes.

Reaseach methods
We systematically reviewed all existing literature for studies including patients with esophageal
cancer and a second primary neoplasm. Studies that included patients who exhibited a second
primary neoplasm in an organ other than the head and neck region were included in the
analysis. Afterwards, we extracted information pertaining to the intricacies of the operative
technique employed, anastomotic leaks, perioperative deaths and neoplasm recurrences.

Research results
A total of 23 eligible studies were identified incorporating 117 patients. Eighty five patients had a
second primary neoplassm in the stomach and underwent a total gastrectomy (n = 26) with
subsequent reconstruction using a colonic (n = 23) or a jejunal (n = 3) conduit or a gastric
preserving resection (n = 59) in which a gastric pull-up was used for reconstruction. One
anastomotic leak and 4 deaths were recorded in this patient group, whilst follow-up revealed 35
esophageal cancer recurrences and 8 gastric cancer recurrences. Patients that underwent a
combined esophagectomy and whipple procedure (n = 6) were reconstructed either by means of
a gastric pull-up (n = 1) or a colon/jejunum conduit (n = 5), with 2 anastomotic leaks recorded
and no perioperative deaths. Two cases of pancreatic/ampullary carcinoma recurrence were
encountered during follow-up. Finaly, the remaining patients (n = 26) with second primary
neoplasms in the lung, colon/rectum, kidney and liver had resections identical to those
employed in treating each of these neoplasms seperately. Four anastomotic leaks and one case of
perioperative mortality were reported. Follow-up was notable only for one case of esophageal
cancer recurrence.

Research conclusions
The present systematic review supports the safety, efficacy and applicability of combined
resections, although the poor quality of included studies limits the strength and generalizability
of the results.

Research perspectives
Patients with concurrent esophageal and second primary organ neoplasms are a unique category
of patients whose survival depends on quick and decisive surgical action. The lack of surgical
and oncologic guidelines is therefore a major impediment in treating these unlucky patients.
Better reporting of surgical outcomes in a uniform manner may pave the way for future reseach
that will eventually help establish clear-cut clinical protocols and optimize therapeutic strategies.
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Abstract
BACKGROUND
Carcinoembryonic antigen (CEA) and cytology in pancreatic cystic fluid are
suboptimal for evaluation of pancreatic cystic neoplasms. Genetic testing and
microforceps biopsy are promising tools for pre-operative diagnostic
improvement but comparative performance of both methods is unknown.
AIM
To compare the accuracy of genetic testing and microforceps biopsy in pancreatic
cysts referred for surgery.
METHODS
We performed a literature search in Medline, Scopus, and Web of Science for
studies evaluating genetic testing of cystic fluid and microforceps biopsy of
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pancreatic cysts, with endoscopic ultrasound with fine-needle aspiration (EUSFNA) prior to surgery and surgical pathology as reference standard for diagnosis.
We evaluated the diagnostic accuracy for: 1- benign cysts; 2- mucinous low-risk
cysts; 3- high-risk cysts, and the diagnostic yield and rate of correctly identified
cysts with microforceps biopsy and molecular analysis. We also assessed
publication bias, heterogeneity, and study quality.
RESULTS
Eight studies, including 1206 patients, of which 203 (17%) referred for surgery
who met the inclusion criteria were analyzed in the systematic review, and seven
studies were included in the meta-analysis. Genetic testing and microforceps
biopsies were identical for diagnosis of benign cysts. Molecular analysis was
superior for diagnosis of both low and high-risk mucinous cysts, with
sensitivities of 0.89 (95%CI: 0.79-0.95) and 0.57 (95%CI: 0.42-0.71), specificities of
0.88 (95%CI: 0.75-0.95) and 0.88 (95%CI: 0.80-0.93) and AUC of 0.9555 and 0.92,
respectively. The diagnostic yield was higher in microforceps biopsies than in
genetic analysis (0.73 vs 0.54, respectively) but the rates of correctly identified
cysts were identical (0.73 with 95%CI: 0.62-0.82 vs 0.71 with 95%CI: 0.49-0.86,
respectively).
CONCLUSION
Genetic testing and microforceps biopsies are useful second tests, with identical
results in benign pancreatic cysts. Genetic analysis performs better for low- and
high-risk cysts but has lower diagnostic yield.
Key words: Pancreatic cysts; Endoscopic ultrasound; Endoscopic ultrasound with fineneedle aspiration; Genetic testing; Microforceps biopsy; Molecular analysis; KRAS;
Carcinoembryonic antigen; Cytology
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: With the increasing diagnosis of asymptomatic pre-malignant pancreatic cysts,
there is a growing need for accurate and affordable diagnostic tests. The goal is to detect
and resect early malignancy, while avoiding unnecessary follow-up in benign cysts and
surgery in low-risk cysts. Genetic testing is promising, but with current diagnostic
limitations, significant costs, logistic difficulties in preserving material for future
analysis, and technical complexity, its generalized use seems difficult. If microforceps
biopsy proves in larger studies to be safe and to allow correct diagnosis, it may be
immediately implemented, because the endoscopic procedure is standard, and histology
is widespread in clinics.

Citation: Faias S, Pereira L, Luís Â, Chaves P, Cravo M. Genetic testing vs microforceps
biopsy in pancreatic cysts: Systematic review and meta-analysis. World J Gastroenterol 2019;
25(26): 3450-3467
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3450.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3450

INTRODUCTION
Pancreatic cystic neoplasms (PCNs) are on the rise in clinics due to an ageing
population and the increase in routine use of high-quality abdominal imaging[1]. PCNs
are generally classified into two main groups: mucinous cystic neoplasms (MCNs)
and non-mucinous cystic neoplasms (NMCN). MCNs include intraductal papillary
mucinous neoplasms (IPMNs) and mucinous cystadenomas, which are precursor
lesions of pancreatic carcinoma, and may be low-risk (pre-malignant with low or
intermediate-grade atypia) or high-risk: pre-malignant with high-grade atypia (HGA)
or malignant, including adenocarcinomas secondarily cystic. NMCNs include serous
cystadenomas and inflammatory cysts (pseudocysts), mostly benign cysts, but may
include some rare lesions, considered high-risk as cystic neuroendocrine tumors
(cNETs), and acinar cell cystadenomas (ACCs). The heterogeneity in malignant
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potential, increased frequency, and significant morbidity and mortality of surgical
treatment, makes pre-operative diagnosis of PCNs essential for management. The
treatment options for PCNs encompass surgery or conservative surveillance for
MCNs, according to malignancy risk, or no further evaluation for most NMCNs.
The differentiation between MCNs and NMCNs is critical, because a misdiagnosis
of a MCN can lead to a missed opportunity to treat pancreatic cancer in an early stage
and a misdiagnosis of NMCN can result in unnecessary surgery or surveillance with
associated morbidity, costs, and negative impact on quality of life.
Currently, morphologic characterization of PCNs and pancreatic cystic fluid (PCF)
analysis for carcinoembryonic Antigen (CEA) and cytology are central in diagnosis. A
CEA level ≥ 192 ng/mL is the most accurate diagnostic test for MCNs and cytology is
highly specific for malignancy[2], but with suboptimal results in large studies with
surgical pathology as the gold standard[3]. In fact, a significant part of these lesions
remains indeterminate and incorrect pre-operative diagnosis occurs in one third of
patients[4,5], making new reliable diagnostic tools urgently needed.
In the last decade numerous studies have shown that genetic analysis of aspirates
obtained by EUS-FNA provided a better characterization of PCNs than CEA and
cytology[6-14]. Next-generation sequencing (NGS) is a very sensitive technique for
detection of genetic mutations that allows the rapid detection of mutations in predefined panels of cancer genes, even in samples with limited DNA content, such as
PCF. NGS requires storage, infrastructure, data processing, and expert personnel.
Moreover, to be cost-effective, large numbers of samples need to be processed,
making it applicable only in large centralized laboratories. These reasons make the
implementation of NGS in clinical practice still a matter of debate.
The clinical need of better diagnostic tests in PCNs has recently led to the
development of a through-the-needle miniature biopsy device for use during EUSFNA[15,16]. The Moray micro forceps biopsy (MFB) device (US Endoscopy, Mentor,
Ohio) is disposable and can pass through a standard 19-gauge EUS-FNA needle that
is already used routinely. It allows tissue sampling from the cyst wall, septa or mural
nodules and the obtention of a histological evaluation of the epithelial architecture
and subepithelial stroma[17]. Adding to the high technical success and excellent safety
profile[18,19], the new device has shown to improve the diagnostic accuracy of specific
cyst subtypes [20,21] . Another major advantage of MFB is the simultaneous tissue
sampling and PCF acquisition, with just an additional histologic analysis that follows
standard definitions and is already routine in clinics.
The aim of this systematic review and meta-analysis is to evaluate the diagnostic
performance of molecular analysis (MA) and MFB and find the most robust additional
diagnostic technique in PCNs, in the pre-operative setting.

MATERIALS AND METHODS
This systematic review and meta-analysis is conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis of Diagnostic
Test Accuracy Studies, the PRISMA-DTA Statement[22], and the protocol is registered
at PROSPERO (CRD42018111910).

Literature search and study selection
A comprehensive search of databases, including Medline, Scopus, and Web of
Science, for the past 8 years (January 1st, 2010 to July 31st, 2018) and restricted to
human studies was performed. No language restrictions were applied. The following
search terms were used in two independent searches: “pancreas”, “cyst”, “molecular”,
“analysis”; and “micro”, “forceps”, “microforceps”, “biopsy”. A search of related
articles was performed, adding additional studies. Duplicate articles, reviews, trials
including other kinds of neoplasms, and trials with molecular markers not compliant
with the defined inclusion criteria were removed. The references of all selected
studies were hand-searched for additional articles.
Inclusion criteria: Published studies were included in the meta-analysis if they
analyzed: (1) Patients with symptomatic or incidental pancreatic cysts with a
definitive surgical pathology diagnosis; (2) Genetic mutations performed with high
sensitive techniques, such as NGS in PCF obtained by EUS-FNA prior to surgery; (3)
At least four genetic mutations, including KRAS, GNAS, VHL, and at least another
genetic mutation representative of aggressive neoplasms (PIK3CA, TP53, SMAD4,
PTEN, CDKN2A); (4) PCNs evaluated by EUS-FNA with MFB for diagnosis; and (5)
Surgical pathology specimens with available data.
Exclusion criteria: (1) Studies of MA with fewer than the four genetic mutations
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previously defined; (2) Studies involving solid pancreatic lesions; (3) Studies using
PCF not obtained by EUS-FNA; (4) Reviews, case reports, case series with fewer than
five patients, letters to editor, exploratory studies, and papers published only in
abstract form; (5) Studies with cytology and clinical surveillance as standard of
diagnosis. Two authors (SF and AL) independently judged study eligibility and
disagreements were resolved by consensus.
Histological criteria: We classified the PCNs of the included studies into three main
groups: (1) High-risk cysts (adenocarcinoma or high grade dysplasia in IPMNs and
MCNs, secondarily cystic adenocarcinomas, cNETs, and ACCs; (2) Low-risk
mucinous cysts (IPMNs and MCNs with intermediate or low-grade dysplasia); and (3)
Benign cysts (SCAs, pseudocysts, and other rare cysts (RCs) included in some articles,
as retention cysts, lymphoepithelial cysts, epidermoid cysts, squamoid cysts).
Tests under investigation: The index tests were: (1) MA of PCF; and (2) MFB of
PCNs, including cyst wall, septs, and nodules. A diagnosis of cNET or ACC does not
warrant a malignancy diagnosis, but surgery is recommended in surgically fit
patients. Due to a recommendation of identical treatment to malignant and mucinous
high-risk cysts, for the purpose of analysis in this study, each one of these diagnoses
was classified as a high-risk cyst.

Data extraction
After study selection, two authors (SF and AL) extracted and registered the data from
each study onto a standardized worksheet. Disagreements were discussed and
reviewed by a third author (LP). The data retrieved were: first author, publication
year, study period and design (prospective or retrospective), reference for diagnosis,
sample size (all patients included in the study), technical success, adverse events,
diagnostic yield, surgical cohort (number of patients with a surgical pathology
specimen), cyst size, cyst location, specific cyst types, number of high-risk cysts,
mucinous low-risk and benign cysts diagnosed by MA and MFB comparing to
surgical pathology specimens. In the MFB studies, technical success was defined as
the ability to puncture the cysts and perform the biopsies; and the diagnostic yield
was defined as the ratio between the number of patients included in the study and the
patients in whom enough material allowed the acquisition of a histopathologic
diagnosis. In the MA group, diagnostic yield was defined as a ratio between the
number of patients included in the study and the number of patients with DNA
available to perform molecular analysis in PCF.

Outcomes
The primary outcomes of this study were the data to obtain the accuracies of MA and
MFB for the diagnosis of PCNs, including high-risk cysts, mucinous low-risk cysts,
and benign cysts. Secondary outcomes were the diagnostic yield of genetic testing and
MFB and the number of cysts correctly identified for each of the tests studied.

Quality analysis
Methodological quality of included primary studies was assessed by two authors (SF
and AL) using the modified QUADAS-2 tool [23] . The PRISMA-DTA Statement
recommendations were used for reporting this systematic review[22,24].

Statistical analysis and data synthesis
The reference standard was a surgical pathology specimen that allowed the
classification of PCNs into three defined groups of diagnosis: high-risk cysts,
mucinous low-risk cysts, and benign cysts. This resulted in a two-by-three table with
correct and incorrect test results in each of the three referenced groups, for each of the
tests analyzed, MA and histology were obtained by MFB.
To calculate tests’ accuracy and to reflect on the categories that are useful in clinical
practice and that guide management, we constructed two-by-two tables, considering
three definitions of “relevant” cysts: (1) High-risk cysts – proven malignant cysts,
IPMNs, and MCNs with HGA, cNETs, ACCs; Non-High-risk cysts – all cysts except
those proven to be high-risk. (2) Low-risk mucinous cysts – proven mucinous low-risk
cysts; High-risk cysts – all except those proven to be mucinous low-risk or benign.
And (3) Non-benign cysts – all cysts except those proven to be benign; Benign cysts –
proven benign cysts.
The ability of the tests to discriminate “relevant” and “non-relevant” cysts using
the three definitions of “relevant cysts” was evaluated and the accuracy of the two
tests was compared.
The data of the two-by-two tables were used to calculate sensitivity and specificity
for each study. We present individual study results graphically by plotting the
estimates of sensitivity and specificity (and their 95% confidence intervals (CI)) in
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both forest plots and on the summary receiver operating characteristic (sROC) curve
plots. The area under the curve (AUC) is equal to 1 for a perfect test and 0.5 for a
completely uninformative test. The AUC is equal to the probability that if a pair of
relevant and non-relevant cysts is selected at random, the relevant cyst will have a
higher test result than the non-relevant cyst. Pooled estimates of the sensitivity and
specificity were obtained by the DerSimonian-Laird method (random effect model) to
incorporate variation among studies, when data are heterogeneous. Otherwise, we
used the Mantel-Haenszel method (fixed effect model).
Heterogeneity was investigated in the first instance through visual examination of
forest plots of sensitivities and specificities and through visual examination of the
ROC plot of the raw data. Last, we used statistical tests, including chi-square and
Cochran-Q to evaluate if the differences across the studies were greater than expected
by chance alone. A low P value suggests presence of heterogeneity. In addition to
these statistics we used the statistic I2 of Higgins, which has been proposed as a
measure to quantify the amount of heterogeneity[25,26]. The scale of I2 has a range of 0 to
100% and values on the order of 25%, 50% and 75% are considered low, moderate,
and high heterogeneity, respectively.
Another goal of this work was to obtain, for each of the tests, the correctly
identified cyst rate and the diagnostic yield in predicting a histopathologic diagnosis.
We used Comprehensive Meta-Analysis software (Version 2.0) for assessment of
diagnostic yield of the tests and Meta-DiSc (version 1.4 – Meta-Analysis of Diagnostic
and screening tests[27] ) to obtain the accuracy of each of the tests.

RESULTS
Systematic Review
Our search revealed 16 study titles and abstracts for MFB and 264 titles for MA. In
Figure 1A and B are described the selection process of the articles included in this
study. After all steps, eight studies were considered suitable for qualitative and seven
for quantitative analysis. We excluded 20 full-text articles after review, because they
were case series of two patients[16] (n = 1), exploratory or pilot studies[28,29] (n = 2), no
information of mutation status was available[30] (n = 1), pancreatic cystic fluid was
obtained during surgery[31] (n = 1), insufficient or absent data of cysts with surgical
pathology diagnoses[12,32,33] (n = 3), and mutations only of KRAS and/or GNAS[14,34-44] (n
= 12).
Of the eight studies that met the inclusion criteria, design was retrospective in six
and prospective in two, all were published from 2015 to 2018. These eight studies
included a total of 1206 patients, of which 203 (17%) underwent surgical resection and
a surgical pathology specimen was available as reference standard and included in
the analysis. We excluded all patients with cytology and clinical follow-up data, but
for whom a surgical pathology specimen was not available. The characteristics of the
studies, surgical pathology diagnoses, and MA and MFB results are presented in
Tables 1[32,45-47] and 2[18-21].
Quality assessment and publication bias: Methodological quality of primary studies
included was assessed by two authors (SF and AL) using the modified QUADAS-2
tool[23], which evaluates the quality of articles for systematic reviews of diagnostic
accuracy studies in four domains, including patient selection, index test, reference
standard, and flow and timing, for risk of bias and applicability concerns. Results are
presented in Figure 2, which was sketched with templates available at
www.quadas.org. The studies included in this review all showed a “low-risk”
classification as the index tests (MA and MFB) and the reference standard (surgical
pathology specimen) were reliable and mentioned in all studies. However, a “highrisk” of selection bias was demonstrated in patient selection (neither random nor
sequential patients included in several studies) and in flow and timing because only a
small proportion of the patients evaluated in all studies, except one, were included in
the analysis. In fact, most patients were excluded in all studies as the inclusion criteria
requiring surgical pathology as diagnostic reference were not met. Applicability
concerns in patient selection were also significant in all studies, because the subgroup
of PCNs referred for surgery is more often malignant than PCNs on surveillance,
which would also be targeted with this review. Because of this bias, there may be an
overestimation of both the sensitivity of the index tests, due to a more severe
spectrum of PCNs that are referred for surgery, and the positive predictive value
(PPV) for diagnosis of high-risk cysts, due to an increased prevalence of malignant
cysts in a surgical cohort of PCNs.
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WJG

https://www.wjgnet.com

3454

July 14, 2019

Volume 25

Issue 26

Faias S et al. Genetics vs biopsies in pancreatic cysts
Figure 1

Figure 1 Flowchart with identification of eligible studies. A: Molecular analysis; B: Microforceps biopsy.

Molecular analysis: Four articles were included in the meta-analysis for diagnostic
accuracy of MA. For each of the three definitions of relevant cyst, forest plots of
sensitivity and specificity with heterogeneous denoted are shown in Figure 3.
The three criteria to define “relevant cysts” resulted in a different range of the
specificity and sensitivity of the studies included as shown in Figure 3. For diagnosis
of the subgroup with high-risk and low-risk mucinous cysts that require intervention
(either surgery or surveillance) comparing to benign cysts the pooled sensitivity was
0.75 (95%CI: 0.66-0.83) and the pooled specificity was 0.72 (95%CI: 0.56-0.85) for MA.
In the subgroup of high-risk cysts that require surgery, comparing to other cysts
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Figure 2

Figure 2 Quality assessment of the studies using QUADAS-2. A: Tabular presentation of risk bias for each study; B: Graphical display of bias.

requiring conservative management, the sensitivity was 0.57 (95%CI: 0.42-0.71) with a
specificity of 0.88 (95%CI: 0.80-0.93). In the subgroup of low-risk mucinous cysts
comparing to high-risk, the pooled sensitivity was 0.89 (95%CI: 0.79-0.95) and the
pooled specificity was 0.88 (95%CI: 0.75-0.95).
Figure 4 displays the sROC curves of MA, showing the sensitivity of the individual
articles mapped on the vertical scale, 1-specificity on the horizontal scale, with the
summary (sensitivity, 1-specificity) point marked, as well as the summary ROC curve
and the confidence region for the summary (sensitivity, 1-specificity) points. The area
under the sROC curve was 0.7706 (SE: 0.0927) in non-benign cysts, 0.9248 (SE: 0.0691)
in high-risk cysts, and 0.9555 (SE: 0.0293) in mucinous low-risk cysts. The results of
the studies had greater variation in non-benign cysts as shown by the wide confidence
region.
In the four studies, 566 patients had DNA available to perform MA in PCF. Pooled
analysis (Figure 5) showed a diagnostic yield of 54.3% (95%CI: 49.8%-58.7%; I2 =
39.605%; test for heterogeneity P = 0.174).
By considering the classification of cysts by specific type (IPMNs, MCNs, cNETs,
SCAs, pseudocysts, ACCs, and other RCs), MA identified correctly 73.1% of cysts
(95%CI: 61.6%-82.2%; I2 = 37.381%; test for heterogeneity P = 0.203) (Figure 5).
Micro forceps biopsy: Four articles were included in the meta-analysis for diagnostic
accuracy of histology obtained using MFB. Figure 6 shows the forest plots of
sensitivity and specificity for the three subgroups of relevant cysts. The forest plots for
MFB show variable specificities within the papers, from 0 to 1, which can be due to
the small numbers of patients with the target condition in some studies.
For each of the three subgroups there exists a low heterogeneity in sensitivity (I2 =
0%, I2 = 21.4%, I2 = 0%) and specificity (I2 = 0%, I2 = 0%, I2 = 21.4%), therefore fixed
effect models were used. As presented in Figure 6, in the first subgroup the pooled
sensitivity was 0.73 (95%CI: 0.50-0.89) and the pooled specificity was 0.88 (95%CI:
0.28-1.00). In the second subgroup sensitivity was 0.81 (95%CI: 0.46-0.98) with a
specificity of 0.77 (95%CI: 0.50-0.94) and in the last subgroup the pooled sensitivity
was 0.64 (95%CI: 0.33-0.88) and the pooled specificity was 0.81 (95%CI: 0.46-0.98).
The results were plotted as a symmetrical sROC curve (Figure 4). The area under
the sROC curve was 0.7640 (SE: 0.1261) in the first subgroup, 0.8154 (SE: 0.098) in the
second subgroup, and 0.7509 (SE: 0.1277) in the last subgroup.
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Figure 3 Forest plots of the studies included for molecular analysis. In parentheses are the 95% confidence intervals (CI) of the sensitivity and specificity. The
figure shows the estimated sensitivity and specificity of the study (red circle) and its 95% CI (blue horizontal line). The area of the circle reflects the weight that the
study contributes to the meta-analysis.

By pooling the data of the four studies that investigated the use of MFB to obtain a
histopathologic diagnosis, we obtained a diagnostic yield of 73.1% (95%CI: 61.4%82.2%; I2 = 47.774%; test for heterogeneity P = 0.125) (Figure 5).
By considering the outcome “specific cyst type” diagnosis, MFB correctly identified
70.7% of the cysts (95%CI: 49.4%-85.6%; I2 = 0%; test for heterogeneity P = 0.056)
(Figure 5).

DISCUSSION
In this meta-analysis we analyzed two different but promising tests to diagnose PCNs
– molecular analysis and microforceps biopsy. To our knowledge this is the first study
of this nature, and it included 1206 patients with PCNs of which 1058 underwent MA
and 148 MFB. All patients had the index tests performed in PCF obtained preoperatively, exclusively with NGS for MA and the Moray micro forceps biopsy device
(US Endoscopy, Mentor, Ohio) used for MFB. We analyzed 203 cysts, 178 evaluated
with MA and 25 with MFB, all referred for surgery, and with a surgical pathology
specimen used as reference standard for diagnosis.
In this comparative analysis we included all studies, without restriction to simultaneous evaluation of both tests, because only one of such studies has been
published[20]. This study, which includes 48 patients but only 10 surgical pathology
specimens, showed identical results for MA and MFB in low-risk and high-risk cyst
diagnosis, but higher specific cyst type diagnosis for MFB.
The data from the seven studies included in the meta-analysis, although with
limited number of patients, particularly for MFB, suggests that MA is more accurate
than MFB for diagnosis of PCNs, including high-risk and low-risk lesions. MA has
superior accuracy to discriminate high-risk cysts from other PCNs and low-risk from
high-risk neoplastic cysts. MA performance was considered excellent with AUC
values of 0.92 and of 0.96 for high-risk and low-risk neoplastic lesions, respectively, as
compared to MFB, which showed a fair or good performance, with an AUC of 0.81
and 0.75, respectively for the same lesions (Figure 4). The specificity of MA is good
(0.88) but it has a low sensitivity (only 0.57) for high-risk cysts. This may be explained
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Figure 4

Figure 4 Summary receiver operating characteristics plots. ROC: Receiver operating characteristic curve; AUC: Area under the curve; SE: Standard error.

by technical issues, by low prevalence of relevant genetic mutations in malignant
PCNs, or by mutations not included in the current NGS panels. The sensitivity and
specificity are high (0.89 and 0.88, respectively) for MA when comparing low-risk to
high-risk cysts, which reflects the genetic nature of pancreatic carcinogenesis with
cumulative mutations from benign to malignant cysts[48].
For discriminating benign cysts from both low-risk and high-risk cysts, the
performance of MA and MFB was identical and fair according to AUC values of 0.77
and 0.76, respectively. This non-superiority of MA in the diagnosis of benign cysts in
this meta-analysis may be due to technique-inherent issues and/or underrepresentation of benign cysts in surgical series. In fact, “no genetic mutation” is
considered a false negative result in most benign rare cysts, but some of these lesions
(retention cysts, etc.) have no diagnostic genetic mutations. On the contrary, the most
frequent benign cysts, SCAs, harbor a VHL mutation, exclusively present in these
benign lesions and allowing for discarding a malignant lesion. In the MA studies, one
third of rare benign cysts were classified as false negative results, due to absence of
characteristic mutations (Table 1). Another example of PCN that is not amenable to a
MA diagnosis with current genetic panels is cNET, also reducing the accuracy of MA
for diagnosis of high-risk cysts. The sensitivities were identical for MA and MFB (0.75
and 0.72), but the latter had higher specificity (0.73 and 0.88, respectively). Limited
tissue sampling with MFB can explain the reduced sensitivity with robust specificity.
As MA depends on denuded DNA in suspension in PCF, no sampling error is
expected, which may explain its greater accuracy in neoplastic cysts, comparing to
MFB.
Concerning secondary outcomes, even with the limitations of tissue sampling
inherent to MFB, this meta-analysis showed that the diagnostic yield of MFB was
superior to MA with rates of correctly identified cyst identical with MA and MFB
(Tables 1 and 2). In fact, the definition of diagnostic yield, which for MA was
“detection of genetic mutations”, may have led to a falsely low value due to the
presence of some rare types of benign cysts (retention cysts, lymphoepithelial cysts,
epidermoid cysts, squamous cysts in two studies[46,47]) that have no characteristic
diagnostic genetic mutations.
In clinical practice, patient symptoms, cyst imaging features, CEA, and cytology of
PCF are required for diagnosis and decision for either treatment or surveillance
according to cyst types[49]. PCF analysis, including CEA to distinguish mucinous from
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Figure 5 Forest plots of molecular analysis and microforceps biopsies on the secondary outcomes of this meta-analysis.

non-mucinous cysts and cytology to select those that harbor HGA or early pancreatic
carcinoma and require surgical treatment, have suboptimal accuracies[3], due to scant
cellularity and limited PCF volume. In this context, additional diagnostic tests are
necessary to improve cyst classification and refine clinical decision. DNA markers
require limited amounts of PCF, increasing the diagnostic yield[32,45,50,51], but with
considerable technical complexity and costs. In fact, in routine clinical practice a major
pitfall for PCNs diagnosis is the limited volume of PCF obtained, precluding routine
pre-operative testing. As DNA analysis requires less volume of PCF, it may become
an alternative test in these circumstances. This major advantage of molecular analysis
was not possible to evaluate in this meta-analysis, because the volume of cystic fluid
obtained in pancreatic cysts was not available in most studies analyzed.
As MA continues to evolve, questions remain about its accuracy, how it influences
patient management, and in what order the analysis should be performed to better
support clinical decisions. Previous studies[49] have shown that DNA testing combined
with clinical features increased PCNs diagnosis compared to either alone. With
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Figure 6 Forest plots of the included studies for microforceps biopsies. In parentheses are the 95% confidence intervals (CI) of the sensitivity and specificity.
The figure shows the estimated sensitivity and specificity of the study (red circle) and its 95%CI (blue horizontal line). The area of the circle reflects the weight that the
study contributes to the meta-analysis.

multiple recent advances in biomarkers, molecular genetics will probably prove to be
useful in the management of PCNs[52]. In a previous meta-analysis, pre-operative
cytology of PCNs has shown low sensitivity for diagnosis[53], endorsing additional
tests to improve diagnosis. Another meta-analysis of diagnostic accuracy of EUS-FNA
with CEA and cytology analysis in differentiating mucinous cysts has demonstrated
to be accurate to confirm the diagnosis but performed poorly in excluding it[54]. The
role of KRAS as individual screening test has been analyzed before[55] with poor
accuracy and added benefit coming from a combined approach with cytology. A
recently published meta-analysis supporting KRAS, GNAS, and RNF43 mutations as
diagnostic markers of IPMNs [56] used different methods for mutation detection,
different tumor materials, and clinicopathologic data as reference standard for
diagnosis, which may limit its clinical application in evaluation of PCNs with
mutational analysis performed only in PCF.
In this scenario, new markers are needed for PCNs stratification, and in our metaanalysis both MA and MFB have acceptable diagnostic accuracies. The two largest
studies of MA[46,47] showed higher accuracy for diagnosis, which underscores the role
of technical aspects of PCF collection, storage, and laboratory analysis for improved
accuracy with this technique.
On the other hand, MFB provides tissue fragments for routine histological
evaluation, without additional PCF required other than for standard analysis. The
technical feasibility of through-the-needle microforceps biopsies revealed to be
excellent, even in cysts located in the pancreatic head, despite the required 19-gauge
caliber of the EUS-FNA needle. Another potential advantage of MFB is to allow the
diagnosis of histologic subtypes of IPMNs, which can potentially be used for risk
stratification[57], but still requires further validation.

Strengths and limitations
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We applied strict exclusion criteria, with all analyzed patients having a surgical
pathology specimen as the reference standard for diagnosis, because histopathology is
the gold standard for diagnosis of neoplasia. Another major strength of this metaanalysis is having identical lesions (size and location) analyzed in both groups. These
important strengths provide a more realistic accuracy estimate of the tests evaluated.
In previous studies of cytology including both surgical pathology and clinical followup[54] as reference standard, pooled sensitivities were 12% higher than in studies with
exclusive surgical pathology[55] as reference standard in the diagnosis of mucinous
cysts, with test accuracy overestimation. Finally, the pooled results have low
heterogeneity.
The quality of a systematic review depends on the quality of studies included, and
our quality assessment of patient selection regarding the risk of bias and applicability
was high. As sensitivity and specificity are sensitive to study design and influenced
by the spectrum of disease, sample collection, and processing, there may be a risk of
bias and the results, although correct, their interpretation may be inaccurate.
Moreover, there was incomplete reporting in one primary study, having no separate
information on specific cyst type, mucinous or malignant cyst diagnosis[32], and the
study was excluded from quantitative analysis. Although one study was excluded
from the meta-analysis, MA with three studies included more patients (953, of whom
only 153 in the surgical cohort) than the group of MFB with four studies but fewer
patients (148, with only 25 in the surgical cohort). This can represent a surgical
selection bias for both tests studied. Moreover, MFB studies were all retrospective,
with small sample size, without pathology diagnosis for most benign and premalignant cysts, and non-consecutive patients that were selected on endoscopist
discretion, which may have led to bias. Another limitation is the time between the
index tests and the reference standard, because the final diagnosis could have been
made at different time intervals from the tests. If the time between index tests and
reference standard is too long, the true disease status of the patient may have changed
by the time the reference standard was assessed. Aditionally, the different number of
malignant cysts per study, particularly in the MA group, may have led to part of the
heterogeneity in sensitivity and specificity. Finally, as MA does not increase the risks
of standard EUS-FNA (the analysis is performed in remnant cystic fluid after standard
diagnosis) we did not perform a safety analysis of MFB, but the four studies analyzed
described only rare non-severe adverse events.

Future perspectives
With the increasing diagnosis of asymptomatic PCNs, most with potential for
malignancy, there is a growing need to find accurate and affordable tests for
diagnosis. The goal of management of patients with pancreatic cysts is to detect and
resect cysts before progression of malignancy, while avoiding unnecessary follow-up
procedures in benign cysts and surgery in low-risk PCNs.
Biomarkers of malignancy are promising, but clinicians should be aware of their
current diagnostic performance limitations and type of lesions identified. In addition
to significant costs, logistic difficulties in preserving material for future molecular
analysis in busy general hospitals, and the technical complexity of the test, the
generalized use of MA seems difficult in clinical practice. On the other hand, if MFB
proves in larger studies to be safe and to allow tissue acquisition and gives the
histological criteria needed for a correct diagnosis of PCNs, it may be immediately
implemented in clinics, because the endoscopic procedure is standard, and histology
is already a widespread procedure in clinics. MFB may be especially useful for benign
lesions, for which both surgery and surveillance are unnecessary, representing a
considerable burden in pancreas clinics due to current diagnostic limitations[58].
For MA to become relevant in routine clinical care in the future, its role in early
cancer diagnosis and its prognostic value in PCNs requiring periodic surveillance
must be confirmed. Also, for successful massive implementation, it is required to
develop as an universal, highly accurate, first line test with clinical impact in cyst
diagnosis, prognosis, and patient management. MA, both in PCF and peripheral
blood, for standard analysis of multiple simultaneous biomarkers, allowing noninvasive diagnosis and risk stratification of these lesions[59] would be valuable. For the
present time, MA and MFB can only be recommended as complementary or as second
line tests in case CEA and cytology of PCF are non-diagnostic. For both tests, large
multicenter validation studies are still missing.

CONCLUSION
Our study confirms the diagnostic value of both MA and MFB, with higher diagnostic
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accuracy of MA than MFB for both low-risk and high-risk mucinous cysts. Genetic
analysis should not be replaced by MFB in this context. Clinicians should be aware of
the higher accuracy of MA for the diagnosis of malignant and high-risk cysts.

ARTICLE HIGHLIGHTS
Research background
Carcinoembryonic antigen (CEA) and cytology of pancreatic cystic fluid (PCF) obtained preoperatively with endoscopic ultrasound with fine-needle aspiration (EUS-FNA) are suboptimal
for diagnostic evaluation of pancreatic cystic neoplasms. Genetic testing of PCF and
microforceps biopsy obtained by EUS-FNA are promising tools for pre-operative diagnostic
improvement. The comparative performance of both methods has not been previously studied.

Research motivation
In the last decade numerous studies have shown that genetic analysis of aspirates obtained by
EUS-FNA provided a better characterization of pancreatic cysts than standard CEA and
cytology. Next-generation sequencing (NGS) is a very sensitive technique for detection of genetic
mutations in pre-defined panels of cancer genes, even in samples with limited DNA content,
such as PCF. NGS requires storage, infrastructure, data processing, expert personnel, and large
numbers of samples need to be cost-effective. These reasons make the implementation of NGS in
clinical practice still a matter of debate. The clinical need of better diagnostic tests in pancreatic
cysts led to the development of a through-the-needle miniature biopsy device for use during
EUS-FNA. The Moray micro forceps biopsy device (US Endoscopy, Mentor, Ohio) is disposable
and can pass through a standard 19-gauge EUS-FNA needle that is already used routinely. It
allows tissue sampling from the cyst wall, septa or mural nodules and the obtention of a
histological evaluation of the epithelial architecture and subepithelial stroma, with improved
pancreatic cyst diagnosis.

Research objectives
To compare the diagnostic accuracy of genetic testing and microforceps in the diagnosis of
pancreatic cystic neoplasms referred for surgery.

Research methods
We performed a literature search in Medline, Scopus, and Web of Science for studies evaluating
genetic testing of cystic fluid and microforceps biopsy of pancreatic cysts, with EUS-FNA prior
to surgery. We used surgical pathology as reference standard for diagnosis. We evaluated the
diagnostic accuracy for: benign cysts; mucinous low-risk cysts; high-risk cysts; the diagnostic
yield; and rate of correctly identified cysts with microforceps biopsy and molecular analysis.

Research results
Eight studies, including 1206 patients, of which 203 (17%) referred for surgery who met the
inclusion criteria were analyzed in the systematic review, and seven studies were included in the
meta-analysis. Genetic testing and microforceps biopsies were identical for diagnosis of benign
cysts. Molecular analysis was superior for diagnosis of both low and high-risk mucinous cysts.
The diagnostic yield was higher in microforceps biopsies than in genetic analysis, but the rates of
correctly identified cyst types were identical.

Research conclusions
This study underlines the diagnostic value of both MA and MFB, with higher diagnostic
accuracy of MA than MFB for both low-risk and high-risk mucinous cysts. Genetic analysis
should not be replaced by MFB in this context. However, MA has higher accuracy in the
diagnosis of malignant and high-risk cysts.

Research perspectives
For the present time, MA and MFB can only be recommended as complementary or as second
line tests in case CEA and cytology of PCF are non-diagnostic. In the future, for MA to become
relevant in routine clinical care, its role must be confirmed, in order to become a first line test
with clinical impact in cyst diagnosis, prognosis, and patient management. MA, both in PCF and
peripheral blood, for multiple simultaneous biomarkers and non-invasive diagnosis and risk
stratification would be valuable. If MFB proves in larger studies to be safe and to allow a correct
diagnosis of pancreatic cysts, it may be immediately implemented in clinics. MFB may be
especially useful for benign lesions, for which both surgery and surveillance are unnecessary,
with uncertain diagnosis due to current diagnostic limitations. For both tests, larger validation
studies are missing.
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Abstract
Endoscopic-retrograde-cholangiopancreatography (ERCP) is now a vital
modality with primarily therapeutic and occasionally solely diagnostic utility for
numerous biliary/pancreatic disorders. It has a significantly steeper learning
curve than that for other standard gastrointestinal (GI) endoscopies, such as
esophagogastroduodenoscopy or colonoscopy, due to greater technical difficulty
and higher risk of complications. Yet, GI fellows have limited exposure to ERCP
during standard-three-year-GI-fellowships because ERCP is much less frequently
performed than esophagogastroduodenoscopy/colonoscopy. This led to adding
an optional year of training in therapeutic endoscopy. Yet many graduates from
standard three-year-fellowships without advanced training intensely pursue
independent/unsupervised ERCP privileges despite inadequate numbers of
performed ERCPs and unacceptably low rates of successful selective cannulation
of desired (biliary or pancreatic) duct. Hospital credentialing committees have
traditionally performed ERCP credentialing, but this practice has led to
widespread flouting of recommended guidelines (e.g., planned privileging of
applicant with 20% successful cannulation rate, or after performing only 7
ERCPs); and intense politicking of committee members by applicants, their
practice groups, and potential competitors. Consequently, some gastroenterologists upon completing standard fellowships train and learn ERCP “on
the job” during independent/unsupervised practice, which can result in bad
outcomes: high rates of failed bile duct cannulation. This severe clinical problem
is indicated by publication of ≥ 12 ERCP competency studies/guidelines during
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last 5 years. However, lack of mandatory, quantitative, ERCP credentialing
criteria has permitted neglect of recommended guidelines. This work
comprehensively reviews literature on ERCP credentialing; reviews rationales for
proposed guidelines; reports problems with current system; and proposes novel
criteria for competency. This work advocates for mandatory, national, written,
minimum, quantitative, standards, including cognitive skills (possibly assessed
by a nationwide examination), and technical skills, assessed by number
performed (≥ 200-250 ERCPs), types of ERCPs, success rate (approximately ≥ 90%
cannulation of desired duct), and letters of recommendation by program
director/ERCP mentor. Mandatory criteria should ideally not be monitored by a
hospital committee subjected to intense politicking by applicants, their
employers, and sometimes even competitors, but an independent national entity,
like the National Board of Medical Examiners/American Board of Internal
Medicine.
Key words: Endoscopic retrograde cholangiopancreatography; Privileges; Credentialing;
Gastroenterology fellowship training; Advanced gastrointestinal endoscopy training;
Certification; Standards
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: An additional, optional year of endoscopic-retrogradecholangiopancreatography (ERCP) training was added because of limited ERCP
exposure during standard-three-year-gastrointestinal-fellowships and its greater
endoscopic technical difficulty. Yet, many graduates from standard-three-yearfellowships intensely pursue ERCP privileges despite inadequate numbers of ERCPs, or
low successful duct cannulation rates. Hospital credentialing committees have sometimes
disregarded recommended ERCP credentialing guidelines. Consequently, some
gastroenterologists learn ERCP “on the job”, after completing standard GI fellowships,
during unsupervised practice. National, mandatory, standards for ERCP are advocated,
including number (≥ 200-250) of performed ERCPs, and ≥ 85%-90% successful
cannulation rate. An independent entity should oversee ERCP credentialing to prevent
politicking within hospital committees.

Citation: Cappell MS, Friedel DM. Stricter national standards are required for credentialing of
endoscopic-retrograde-cholangiopan-creatography in the United States. World J
Gastroenterol 2019; 25(27): 3468-3483
URL: https://www.wjgnet.com/1007-9327/full/v25/i27/3468.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i27.3468

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) compared to the other
standard gastrointestinal (GI) procedures of esophagogastroduodenoscopy (EGD)
and colonoscopy is technically far more difficult, requires greater skill, and entails a
higher rate of clinically significant complications. Yet GI fellows have limited
exposure to ERCP during a standard three years GI fellowship because ERCP is much
less frequently performed than EGD or colonoscopy. This combination of a steep
learning curve and limited exposure motivated the institution of an optional extra
year of advanced endoscopy training, primarily devoted to ERCP but also devoted to
endoscopic ultrasound (EUS). Yet many graduates from standard three years
fellowships without an extra year of advanced training intensely pursue independent
(unsupervised) ERCP privileges[1]. Sometimes these requests are reasonable, but they
may be unjustified if the applicant did not perform an adequate number of ERCPs
during standard fellowship training and has a low rate of successful selective
cannulation of the desired (biliary or pancreatic) duct [1-3] . At least 18 studies,
recommended guidelines, and editorials on ERCP credentialing have been published
in the last 30 years, including 12 published since 2015 (Table 1). However, lack of
mandatory, quantitative, written, criteria for ERCP credentialing has permitted
ambiguities and neglect of recommended guidelines. Consequently, some
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gastroenterologists upon completing standard fellowship training learn ERCP “on the
job” during independent unsupervised practice, which can result in bad ERCP
outcomes: Extremely high rates of failed bile duct cannulation which necessitates that
patients undergo repeat ERCP by another gastroenterologist at another time[2].
Fifty years after the institution of ERCP in 1968, this opinion piece calls for
establishment of mandatory, written, and quantitative national criteria to prevent
ambiguities and disregard of recommended guidelines. The monitor of the mandatory
criteria should not ideally be an in-hospital committee because this committee is
subject to intense political pressure by the applicants themselves and their employers
(personal unpublished data, Cappell as Chief of Gastroenterology and Hepatology for
last 12 years), but a truly independent entity. This work suggests consideration of
establishing an independent national board, similar to the National Board of Medical
Examiners or American Board of Internal Medicine, to maintain uniform national
standards divorced from political pressure by local applicants, their private practice
groups, competing gastroenterology groups, or hospitals. This work reviews prior
recommended criteria for ERCP credentialing and their rationale; the compelling need
for quantitative, mandatory criteria; and provides an example of mandatory
credentialing criteria, which are merely illustrative because criteria should be
established by consensus of a committee of ERCP experts preferably assembled under
the auspices of the American Society of Gastrointestinal Endoscopy (ASGE), or similar
professional GI organization.

METHODS
Literature on ERCP credentialing and training was comprehensively searched by
computer using PubMed and Ovid with the following medical subject
headings/keywords: (“ERCP” OR “endoscopic retrograde cholangiopancreatography” OR “endoscopic retrograde cholangiography”) AND (“privileges” OR
“privileging” OR “credentials” OR “credentialing” OR “guidelines” OR “position
paper” OR “recommendation” OR “American Society for Gastrointestinal
Endoscopy” OR “ASGE” OR “competence” OR “competency” OR “competent” OR
“training” OR “trainee” OR “quality” OR “independent practice”). The two authors
independently performed literature searches, and decided on which articles to
incorporate into this review according to appropriateness of article content and article
priority based on consensus. This review was rendered up-to-date by repeating a
computerized literature search just before submitting this work for publication which
identified one new article just e-published ahead of print one week before submission
of this opinion piece[4].
This work is restricted to privileging of adult gastroenterologists for ERCP in the
United States because practice patterns, standards of care, and medical malpractice
litigation patterns differ in the rest of the world; and excludes ERCP credentialing for
pediatric gastroenterologists, or GI, hepatobiliary, and pancreatic surgeons because
they have different practice patterns.

RESULTS
History and clinical significance of ERCP
ERCP is currently the procedure of choice for many biliary and pancreatic disorders.
About 350000-500000 ERCP’s are currently performed annually in the United
States[3,5]. Common indications include choledocholithiasis, obstructive jaundice,
biliary pancreatitis, malignant biliary obstruction, and benign biliary strictures; while
uncommon indications include recurrent pancreatitis of unknown etiology, biliary or
pancreatic duct leaks, pancreatic stones, pancreatic strictures, chronic pancreatitis,
and sphincter of Oddi dysfunction[6,7].
After William McCune, an obstetrician, performed the first ERCP in 1968, Peter
Cotton, a gastroenterologist, reported a clinical series of 60 diagnostic ERCPs in
1972[8]. Critical developments in diagnostic ERCP technology included side-viewing
endoscopes to view the mural papilla en face, cannulation catheters, endoscopic
elevators to facilitate papillary cannulation, guide-wires, biopsy forceps, and brushes.
Classen and Demling in Germany[9], and Kawai and colleagues in Japan[10], pioneered
ERCP therapy using sphincterotomes to open the ampulla and endoscopic devices to
extract choledocholithiasis. ERCP has become increasingly therapeutic because of
critical advances in therapeutic technology, including sphincterotomes for
sphincterotomy, inflatable balloons or stents to dilate strictures, electrocautery to stem
hemobilia, and baskets or inflatable balloons to retrieve choledocholithiasis.
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Table 1 Literature review of criteria for endoscopic retrograde cholangiopancreatography privileging and practice
First author, Journal, Year study
Type of study
published

Proposed Minimum number of
ERCPs or other criteria for
determining competence

Wigton et al[37], American College of Position paper, American College of
Physicians, Ann Intern Med 1988
Physicians

35 supervised ERCPs. No quality
indicators specified.

Quality indicator or comments

Document to include degree of
success of ERCP. Types of ERCP not
specified.

Watkins et al[38], Gastrointest Endosc Original prospective report of point
100 supervised ERCPs
1996
at which GI fellow achieves 85% rate
of cannulation of both pancreatic and
bile ducts

Point at which GI fellow achieves
85% rate of cannulation of desired
duct (either pancreatic duct or bile
duct)

Jowell et al[40], Ann Intern Med 1996 Prospective study involved grading
of 1796 ERCPs among 17 GI fellows

180 supervised ERCPs

Number of ERCPs for individual
skills: 160 for cholangiography, 160
for pancreatic duct cannulation, 120
for stone extraction, and 60 for stent
insertion.

Eisen et al[41], Gastrointest Endosc
2002

Position paper, American Society for
Gastrointestinal Endoscopy

180 supervised ERCPs

80% ability to cannulate the duct of
interest (either bile duct or pancreatic
duct)

Garcia-Cano[39], Surg Endosc 2007

Letter to editor based on personal
experience as surgeon training in
ERCP

200 ERCPs

Based on personal experience at point
at which achieved 80% rate of
cannulation of bile duct. Anecdotal
evidence.

Verma et al[43], Gastrointest Endosc
2007

Retrospective review of single
operator ERCP learning curve

> 80% rate of successful deep
cannulation of bile duct

Achieved at performing 350-400
ERCPs

Shahidi et al[42], Gastrointest Endosc Systematic review encompassing 9
2015
studies

Competency achieved after 79 to 300
ERCPs, depending upon learning
curve of individual trainee

Competency for specific quality
indicators: 70 to 160 ERCPs for
pancreatic duct cannulation, and 160
to 400 ERCPs for deep bile duct
cannulation

Cotton[26], Gastrointest Endosc 2015 Editorial

Supports guidelines set by Australian To include a minimum of 80
Conjoint Committee of 200 ERCPs
sphincterotomies with intact
papillary sphincters, and a minimum
of 60 stents

Adler et al[44], Gastrointest Endosc
2015

Position paper, American Society for
Gastrointestinal Endoscopy Quality
Assurance in Endoscopy Committee

> 90% rate of deep cannulation of
--duct of interest with native papilla, >
90% rate of extraction of common bile
duct stone < 1 cm in patient with
normal bile duct anatomy, > 90%
successful stent placement in patient
with normal anatomy

Ekkelenkamp et al[47], Endoscopy
2015[47]

Nationwide analysis of 8575 ERCPs
by 171 endoscopists in Holland
during 1 yr.

Overall rate of “successful” ERCPs
was 83.4% for native papilla and
89.4% after sphincterotomy.

Provides a reasonable estimate of
expected success rate for ERCP
operators.

Wani et al[48], Gastrointest Endosc
2016

Prospective multicenter trial
conducted among 5 advanced GI
endoscopy fellows at 5 medical
centers

Number of ERCPs to achieve
successful cannulation rate > 90% of
biliary duct varied from 26 to 211
ERCPs.

Demonstrates variability in learning
curves to achieve competence in
ERCP as determined by > 90% rate of
bile duct cannulation

Wani et al[49], Clin Gastroenterol
Hepatol 2017

Prospective multicenter study of 22
Demonstrated substantial variability
advanced GI endoscopy trainees at 20 in learning curves for cognitive and
medical centers
technical ability in ERCP. This
suggests basing criteria for
competence not on volume, but on
achieving landmarks for quality
indicators (e.g., successful
cannulation rate).

Variable learning curves for
achieving cognitive and technical
success in ERCPs upon completion of
advanced endoscopy fellowship

Wani et al[45], Gastrointest Endosc
2018

Gastrointestinal Endoscopy white
paper

Demonstrated feasibility of using a
central database to monitor GI fellow
performance

Faulx et al[50], Gastrointest Endosc
2017

American Society for Gastrointestinal 200 supervised ERCP procedures for
Endoscopy Standards of Practice
assessing competency. Additionally,
Committee Guideline
independently perform > 80
sphincterotomies and > 60 biliary
stent placements

Developed comprehensive data
collection and reporting tool for
assessing ERCP performance

Wani et al[53], Gastroenterology 2018 Prospective multicenter clinical trial After completing an advanced
involving 22 advanced GI endoscopy endoscopy fellowship, ERCP
fellows
operators achieved an average
successful cannulation rate of 94.9%
in private practice.
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Cotton[60], Gastrointest Endoscopy
2017

Survey of 1126 responding United
States gastroenterologists

No written guidelines for initial
ERCP credentialing-21%. No written
guidelines for repeat credentialing
process-54%.

Urgent need to improve credentialing
process.

Cassani et al[63], Gastrointest Endosc Editorial on sorry state of ERCP
2017
credentialing

“Despite repeated studies, editorials,
gastroenterology society papers,
credentialing committees have yet to
take the initiative and require
increased scrutiny for both hospital
and (ERCP) procedural outcomes.”

Frank discussion of current failures
in credentialing process.

Wani et al[4], Gastrointest Endoscopy Prospective multicenter study
2019
determining standards for
competency for ERCP based on
learning curves for 37 advanced
endoscopy fellows in 32 programs.

Advanced endoscopy fellow required Provides guidance on threshold
an average of 226 ERCPs to achieve
number of ERCPs at which to assess
competency in native papillary
competency.
cannulation, and required an average
of 120 sphincterotomies to achieve
competency in biliary
sphincterotomy.

ERCP: Endoscopic retrograde cholangiopancreatography; GI: Gastrointestinal.

Therapeutic ERCP often produces dramatic cures of life-threatening conditions, and is
less invasive and safer than surgical options for various disorders, such as ascending
cholangitis from choledocholithiasis[11]. ERCP therapies have largely obviated surgery
for choledocholithiasis and choledochal strictures, and can improve survival in
patients with cholangiocarcinoma [12,13] . The relatively recent change of ERCP to
become a predominantly therapeutic modality has also been fostered by development
of less invasive and safer pancreatico-biliary diagnostic tests than ERCP, including
EUS and magnetic resonance cholangiopancreatography (MRCP).
ERCP entails greater risks of clinically significant complications than other
standard GI endoscopic procedures, such as EGD or colonoscopy[14]. ERCP has a
reported mortality ranging from 0.2% [15] to 1% [16] , depending upon patient age,
medical status, and planned therapeutic intervention. Kalaitzakis et al[17] reported a
dramatic 12% mortality at 3 mo from post-ERCP pancreatitis, though patient-related
factors, including cancer diagnosis and advanced age were contributing factors.
Moreover, ultimately fatal post-ERCP pancreatitis is probably under-reported[18-20].
Life-threatening complications after ERCP and sphincterotomy include postsphincterotomy bleeding, unremitting cholangitis, bile leak, and duodenal
perforation. ERCP is a relatively common cause of medical malpractice litigation
against gastroenterologists, and engenders a much higher rate of medical malpractice
suits than other GI endoscopic procedures[21].
ERCP is uncommonly performed relative to the other two standard GI endoscopic
procedures of EGD and colonoscopy. For example, at William Beaumont Hospital in
Royal Oak, one of the ten largest hospitals in the United States, ERCP represents only
about 700 (3%) of a total of 24000 annual GI endoscopies. Moreover, this percentage
probably overestimates its relative frequency in the United States because this tertiary
hospital is a referral center for ERCPs. The technically demanding skills and relatively
high risks of severe complications of ERCP vs. relatively infrequent exposure to ERCP
during standard three years of GI fellowship prompted gastroenterologistadministrators to establish a year of advanced endoscopy fellowship training
primarily devoted to ERCP. Advanced endoscopy programs also generally
incorporate training in diagnostic and therapeutic EUS, and increasingly offer other
relatively recently introduced advanced endoscopic procedures, including: Double
balloon enteroscopy, ablation therapy for Barrett’s mucosa, endoscopic mucosal
resection, endoscopic submucosal dissection, peroral endoscopic myotomoy,
endoscopic clips to close GI perforations, endoscopic suturing, and peroral
cholangiopancreatoscopy. Advanced GI fellows also need to generate clinical income
by performing routine EGDs and colonoscopies because their salaries are not funded
by Medicare. Training in these other advanced techniques and performance of routine
GI endoscopies can adulterate the advanced fellowship experience in ERCP. The core
curriculum outlines ERCP trainee goals in terms of expectations and experiences[22,23]
(Table 2). In one survey, graduating advanced fellows were generally satisfied with
their advanced endoscopy training, but some of them would have skipped the extra
year of advanced training altogether if they had more exposure to ERCP and EUS
during their standard GI fellowship[24].

History and rationale of ERCP credentialing criteria
After the introduction of diagnostic ERCP in 1968 and therapeutic ERCP in 1974,
clinical demand for ERCP burgeoned with scant regulation of ERCP privileges
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Table 2 Core Curriculum for endoscopic-retrograde-cholangiopancreatography trainees
Cognitive
1 Obtain written, witnessed, and informed patient consent with discussion of the indication for the ERCP; potential complications including pancreatitis,
hemorrhage, duct leak, perforation and infection; alternative tests or therapies; and adequately answer patient questions
2 Realize appropriate indications for ERCP and accessory interventions
3 Evaluate patient prior to procedure and optimize outcomes, in terms of potential bleeding (i.e., hold antiplatelet and anticoagulants if possible), and
administer antibiotics as necessary to prevent subsequent sepsis
4 Understand and practice prophylactic interventions, especially to prevent post-ERCP pancreatitis
5 Know “best practice” recommendations as to technical approaches during ERCP
6 Knowledge of optimal management of ERCP complications
7 Manage the patient after ERCP as in-patient or outpatient, as appropriate
8 Manage complications occurring during or after ERCP
9 Knowledgeably discuss findings and consult with allied specialists: hepatobiliary or pancreatic surgeons and interventional radiologists
Technical (not comprehensive)
1 Evaluate ampulla in a knowledgeable fashion
2 Access necessary ductal system via deep cannulation ≥ 90% attempts
3 Procure required fluoroscopic images of the biliary and pancreatic ductal systems
4 Working knowledge to interpret fluoroscopic images
5 Perform optimal biliary and/or pancreatic sphincterotomy as required
6 Extract biliary and pancreatic duct stones via basket or balloon.
7 Insert plastic and metal stents into pancreatic and biliary system as required
8 Perform intraductal endoscopy and associated diagnostic or therapeutic maneuvers, as required: EHL, laser, biopsies, and brushings

Adopted with major modifications from Jorgensen et al[23]. ERCP: Endoscopic retrograde cholangiopancreatography; EHL: electrohydraulic lithotripsy.

because of a severe shortage of endoscopists trained and proficient in this novel
procedure. Cappell vividly recalls how Jerry Siegel, a highly talented pioneer clinical
ERCP practitioner, travelled to numerous major academic hospitals throughout New
York City totting a briefcase containing his own ERCP endoscope and endoscopic
accessories to perform ERCP on referred patients, after being granted temporary,
emergency, ERCP privileges at these hospitals. This lightly regulated “Wild West” of
“have ERCP scope will travel” was prevalent in the mid-to-late 1970s[25]. Notable other
ERCP pioneers included Peter Cotton at Duke University Hospital who has become
the primary advocate of tighter regulation of ERCP privileges, Meinhard Classen in
Germany, and Ito in Japan.
Now 50 years after its inauguration, mandatory, written, and strict regulations of
training and credentialing of ERCP, based on national guidelines, should be adopted.
Regulation is required because of: (1) High risks inherent to ERCP, especially of postERCP pancreatitis, bile leaks, and post-sphincterotomy bleeding; (2) Extremely high
level of technical expertise and cognitive skills needed to master therapeutic ERCP,
especially given the ever increasingly innovative and more sophisticated therapeutic
technologies; and (3) Diverse ERCP training backgrounds of applicants for ERCP
privileges. As GI Division Director, Dr. Cappell and the Credentials Committee
members have “denied” five applicants’ applications for ERCP privileges because of
insufficient documentation of ERCP training during their standard three year GI
fellowship, low rate of bile duct cannulation, or request to perform ERCP at this
tertiary university hospital while primarily based at a satellite hospital without
arranging for emergency coverage to handle post ERCP emergencies on their patients
at the academic teaching hospital. Indeed, one GI attending was denied ERCP
privileges at a major academic hospital because of an extremely low volume of ERCP
during a standard three year GI fellowship, and only a 20% rate of biliary cannulation
afterwards in clinical practice[2]. Cotton[26] reported in 2015 that one GI fellow upon
entering private GI practice was requested to join the ERCP rotation after having
performed precisely 7 ERCPs during a standard three year GI fellowship.
Contrariwise, applicants may be granted ERCP privileges despite inadequate training
during a standard three years GI fellowship due to political pressure from a
prominent GI group that the applicant is joining (Cappell, personal unpublished
data). Such credentialing problems are exceedingly rare for other endoscopic
procedures (Cappell, personal experience as Chief of Gastroenterology and
Hepatology at an academic medical center during the last 12 years).
Concerns regarding ERCP training, competency, standard of practice, and
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credentialing began to appear in the literature about 25 years after its introduction[27,28].
At the time, few medical institutions offered one year advanced endoscopy training
programs focused on diagnostic and therapeutic ERCP after standard GI fellowship.
Graduating GI fellows who did not train via this extra year were still eligible to obtain
ERCP privileges if they had adequate training and experience during the standard
three years of GI fellowship, pursued extra training abroad, or simply were selftrained. The landscape began to change around the new millennium as advanced
training programs became relatively common. About 66 advanced endoscopy training
programs currently exist in the United States. Concurrently, administrators of
advanced endoscopy fellowships formulated a core curriculum to help standardize
ERCP training and practice[22,29]. The ASGE has resolved that competency in ERCP is
not required during standard GI fellowship training, and strongly recommended
advanced endoscopy fellowship training to achieve clinical competence in ERCP[22,30].
Despite these recommendations, a survey of GI fellows graduating from standard
three year GI fellowships reported in 2003 that 91% of them intended to perform
ERCP, even though only one-third had met ERCP volume thresholds for independent
ERCP practice during fellowship training[1]. This disparity between clinical practice
and professional guidelines continues to some extent even today, despite criticism of
“low-volume” operators and endorsement of quality metrics, including highly
successful biliary cannulation rates and low ERCP complication rates [3,31,32] . For
example, a survey conducted in 2015 showed that 40% of graduating third year GI
fellows believed that they would be able to perform ERCP independently upon
graduation, even though only 19% of them had performed ≥ 200 ERCPs[26].

Competency
ERCP competency is defined as thoroughly understanding the cognitive aspects of
ERCP, and reliably achieving its technical goals [33] . Patient outcome, patient
satisfaction, and ERCP complication profile are also important. Criteria for
competency, however, still remain controversial during the present era of numerous
advanced GI fellowships (Table 3). One perspective suggested that biliary cannulation
rate is a better parameter to assess competency than absolute ERCP numbers[34]. ERCP
practitioners and trainees should incorporate best practice guidelines and prevention
strategies to minimize complications, especially to prevent post-ERCP
pancreatitis[35,36]. Overestimating ERCP skills or embellishing credentials can have dire
clinical consequences[2].
Competency in ERCP was initially determined by numbers performed during GI
fellowship training. An early study recommended an extremely low threshold of 35
ERCPs to achieve competency[37]. A prospective six-year study suggested a minimal
threshold of 100 ERCPs to achieve competency, with a > 85% biliary cannulation
rate [38] . An important prospective study set 180-200 ERCPs as the threshold for
competency, including 120 gallstone extractions, and 60 stent deployments[39]. An
anecdotal Spanish study similarly recommended 200 ERCPs as the threshold for
competency for surgeons[40], as was also recommended for gastroenterologists by the
ASGE Standards of Practice Committee[41]. A systematic review, published in 2015,
reported that in five studies, the minimum threshold for competency, as determined
by very high rate of successful selective, duct cannulation, ranged from 79 to 300
ERCPs[42]. Cotton[26] published an editorial applauding these findings, and reiterating
that too many low-volume operators were performing ERCP.
Recent published recommendations have become stricter. The Mayo Clinic study[43]
recommended > 350 ERCPs performed on a native papilla as a threshold for
competency. Other studies included ERCPs on patients with prior sphincterotomy
that renders biliary cannulation much easier. Recent studies suggest a ≥ 90% selective
cannulation rate is an appropriate metric for a native ampulla[44], but a “competent”
ERCP operator should attain a ≥ 95% rate in a papilla status post sphincterotomy or
with precut maneuvers[43].
Assessment of ERCP competency based solely on numbers is flawed because of
wide variability in: training programs, individual experiences within given training
programs, exposure to ERCP during standard three-year GI fellowships, innate
endoscopic ability of individual trainees, and difficulty in translating training results
during GI fellowship into clinical practice [45] . For example, individual GI fellow
experience at a given ERCP may vary from passive observation, attempting only one
bile duct cannulation, performing the diagnostic ERCP, or performing the entire
diagnostic and therapeutic ERCP. Also, individual learning curves for ERCP are nonlinear. Relative difficulty of ERCP procedures can be graded according to patient
characteristics (e.g., stable patient vs acutely septic patient from ascending
cholangitis), biliary anatomy (e.g., status post Billroth II vs native anatomy),
procedural indication (e.g., obstructive jaundice vs recurrent idiopathic pancreatitis),
and procedure intervention (e.g., solely diagnostic vs sphincterotomy and stone
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Table 3 Ongoing controversies in endoscopic-retrograde-cholangiopancreatography training and privileging
Ongoing controversies in endoscopic-retrograde-cholangiopancreatography training and privileging
1 What minimum number (if any) of ERCPs should be performed during a dedicated advanced training fellowship to justify credentialing?
2 What minimum number of ERCPs should be documented by a physician who seeks credentialing in ERCP after completing a standard 3 yr GI
fellowship?
3 What should the profile of submitted ERCPs consist of in terms of therapeutic interventions?
4 Should all new physicians granted ERCP privileges have a probation period with monitoring by a proctor, and if so for how long?
5 What criteria, other than numbers, should be used to assess competency in ERCP?
Cannulation of desired duct(s)
Procedure outcome
Patient outcome
Complication rate
Monitoring of ERCPs during a probation period.
6 Should administrators of standard gastroenterology fellowship training programs that are 3 yr long be allowed to certify GI fellows in ERCP or should
credentialing be restricted only to GI fellows who have completed an extra year of advanced endoscopy training?
7 Is post-training proctoring acceptable as a means to attain ERCP competency?
8 Should EUS training be mandatory for ERCP performance?
9 Should advanced GI fellowship training programs offer only a dedicated EUS or ERCP pathway but not both?
10 Should curriculum content for advanced therapeutic training be nationally standardized? Are there a sufficient number of advanced GI endoscopy
program fellowships and are they of sufficient duration?
11 Should manpower concerns affect ERCP credentialing or should standards for competency be the only consideration?
12 Should individual hospital needs for ERCP operators affect credentialing?
13 Should all ERCP practitioners be compelled to participate in an on-call rotation for emergency ERCPs to be performed at night or on weekends?
14 Should all GI endoscopists with staff privileges for ERCP be compelled to join a rotation to perform ERCPs on public uninsured patients?
15 Should all ERCP practitioners be required to perform a minimum number of ERCPs per annum to maintain ERCP privileges (proficiency)? If so, what
is the minimum number: 25 or 50 ERCPs per annum?
16 Should a national board exam, similar in concept to the examination in Gastroenterology by the American Board of Medicine be required for
certification in ERCP to assess cognitive knowledge in ERCP and related clinical disciplines?

ERCP: Endoscopic retrograde cholangiopancreatography; GI: Gastrointestinal.

extraction for acute cholangitis). A reported grading system is useful to compare data
on individual trainees or from different studies on ERCP competency[46] (Table 4).
A recent trend is to emphasize learning curves rather than mere numbers. A Dutch
study showed widely variable individual rates of acquisition of cognitive ability and
technical skills, with a steeper learning curve for selective cannulation than for other
technical skills, such as stent deployment[47]. A sophisticated multi-center American
study of > 1000 advanced endoscopy trainees reported a wide range of individual
acquisition of cognitive ability and technical skills, which was only mildly-tomoderately correlated with ERCP volume[48]. Another large American study found
that only 60% of advanced endoscopy trainees attained technical ERCP competence,
even though all trainees achieved cognitive competency[49]. This study demonstrated
the feasibility of a central database to determine individual learning curves for ERCP.
The authors called their database tool TEESAT, an acronym for The EUS and ERCP
Skills Assessment Tool. The 2017 ASGE Practice Guidelines[50] recommended that ≥
200 ERCP’s should be performed before competency is assessed, and that this
minimum threshold should include > 80 sphincterotomies, and > 60 biliary stent
deployments. A national board examination may be required in the future to assess
cognitive ERCP skills.

Training
Advanced endoscopy fellowship training will eventually become the predominant
route for ERCP practice. Paradigm shifts regarding advanced endoscopy training
during the last two decades include: (1) Not mandating ERCP training during
standard GI fellowships; (2) Exponential increase in number of advanced endoscopic
fellowship training programs[51]; and (3) Recent transition from an “apprenticeship” to
“milestones” model for medical education[30,31,52]. In the apprenticeship model, trainees
are evaluated in relation to their peers at the same year of fellowship training. In the
milestone model, trainees are evaluated by reaching appropriate interim milestones
until they are evaluated for the ultimate milestone at graduation of competence for
“independent practice”. The ASGE permits trainees to designate preference for

WJG

https://www.wjgnet.com

3475

July 21, 2019

Volume 25

Issue 27

Cappell MS et al. Standards for ERCP credentialing in USA

Table 4 Grading System for endoscopic-retrograde-cholangiopancreatography difficulty
Grading system for ERCP
Grade I
Deep cannulation of CBD or main pancreatic duct
Extraction of small-to-medium (≤ 10 mm) biliary stones
Biliary stenting for leaks
Grade II
Treatment of extra-hepatic benign or malignant ductal strictures
Placement of prophylactic pancreatic stents
Extraction of larger biliary stones
Grade III
Pancreatic stricture dilation and stenting
Removal of mobile pancreatic stones ≤ 5 mm
Hilar tumor stenting
Treatment of hilar and intrahepatic biliary stricture
Sphincter of Oddi manometry
Limited pancreatic sphincterotomy
Removal of migrated pancreatic stents
Grade IV
Removal of impacted and larger pancreatic stones
Pseudocyst drainage or necrosecetomy
Ampullectomy
ERCP in patient with altered anatomy (e.g., status post Billroth II surgery)
Minor papilla therapy
Grade V
“Rendezvous” procedure to access and stent the biliary and pancreatic systems - requires endoscopic ultrasound training

Adapted with modifications from Cotton[3]. ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct.

training in EUS, ERCP or both, but applicants are generally more interested in ERCP,
which is a more highly valued and marketable skill.
Under the milestones paradigm, most advanced GI fellows achieved cognitive and
technical goals, and were judged ready for independent practice[53], but the rate of skill
acquisition was highly variable[42,45,48,49]. Number of ERCPs is deemed relevant only as
a threshold to initiate formal assessment of achieving milestones for ERCP skills[45].
Various endoscopic simulators, including mechanical devices, virtual (computergenerated) models, organ explants, and live animals can help teach and train GI
fellows in ERCP [51] . An inexpensive, simple, fabricated device boosted trainee
confidence in performing actual ERCPs[54], while an elaborate, expensive European
mechanical simulator was also helpful[55]. Computer simulators can improve ERCP
skills[56]. Trainees can practice cannulation, sphincterotomy, and stent deployment
using neo-papillae and neo-bile duct fashioned from chicken heart and trachea,
respectively[57]. Simulators are useful adjuncts to formal training, but cannot replace
actual clinical experience. Experienced ERCP operators can further improve their
hands-on skills with workshops, such as those offered by the ASGE, especially for
training in new and emerging technologies[58,59].

Credentialing
Credentialing is potentially contentious. A gastroenterologist without ERCP
privileges is barred from performing ERCP. One-time denial is potentially tantamount
to lifelong denial of this privilege because ERCP skills generally atrophy over time
with disuse. Denial may decrease professional reputation because ERCP is perceived
as a prestigious endoscopic procedure, and may decrease referrals for standard GI
endoscopies because the gastroenterologist may be perceived as incapable of
performing complex endoscopies.
Credential committee members have legitimate concerns about patient safety and
potential malpractice litigation if applicants with borderline credentials are granted
ERCP privileges, but the committee members could theoretically be biased against
granting ERCP privileges to newly graduating GI attendings to stifle competition.
However, institutional manpower needs and economic incentives may trump such
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concerns because patients with pancreatico-biliary diseases could be rerouted or
transferred by ambulance to other hospitals if a given hospital has too few GI
attendings with ERCP privileges.
A recent survey demonstrated that 21% of United States hospitals lack formal
guidelines for initial credentialing for ERCP privileges, 59% of them lack formal
guidelines for renewal of such privileges, 67% of them do not collect data on
sphincterotomy rate or volume, and 85% of them do not collect data on rates of
successful biliary cannulation [60] . After performing this survey, Cotton et al [60]
reiterated his plea for adherence to credentialing guidelines, and establishing
standardized national certification for ERCP. He recommended different criteria for
initial credentialing for ERCP after completing GI fellowship, credentialing after one
year of GI practice, and subsequent credentialing for renewal of ERCP privileges.
Clinical studies suggest that 40 to 50 ERCP with sphincterotomies annually is a
reasonable number to maintain ERCP proficiency, as evidenced by such high volume
operators having a lower risk of ERCP complications than low volume operators[61,62].
The accompanying editorial endorsed Cotton’s proposal, called the current
credentialing process “alarming”, and urged credential committees to analyze more
data on ERCP outcomes and hospital course[63]. Publications on ERCP competency
including original articles, position papers, recommended guidelines, and editorials
are listed in Table 5. Most authorities believe that endoscopists performing high
volumes of ERCPs generally provide higher quality ERCPs and improve patient
outcome compared to endoscopists performing low volumes of ERCPs[31,64-66]. Lowvolume operators derive less personal satisfaction from performing ERCP, possibly
because of greater stress, and may be viewed less favorably by endoscopy
personnel[65].
GI endoscopists who perform ERCPs at several hospitals pose another problem.
How can endoscopists who rarely perform ERCPs at a given hospital be evaluated for
re-credentialing based on the limited data available at this given hospital? Who
manages patient complications after ERCP when the performing gastroenterologist is
away at another hospital? Should all endoscopists with ERCP privileges be compelled
to participate in on-call rotations for emergency ERCPs that must be performed at
night or on weekends, and should all of them be compelled to participate in a rotation
to perform ERCPs on patients without medical insurance? At Beaumont Hospital at
Royal Oak, renewal of privileges has been linked to enrolling in an on-call rotation for
emergency ERCPs and in a rotation for uninsured patients requiring ERCPs.

Manpower needs
Few studies analyze United States manpower needs for ERCP. The approximately
350000-500000 ERCPs performed annually in the United States [3,5] are mostly
performed by endoscopists without advanced endoscopy training, and this
predominance will likely persist for years to come. In Cotton’s survey published in
2017[60,63], only one-quarter of surveyed ERCP operators in the United States had
advanced ERCP training, and these practitioners typically practiced in academic
urban or suburban hospitals. Rigorous vetting of applicants for ERCP privileges could
limit the number of operators. Rigorous vetting should work well in densely
populated urban areas with high concentrations of ERCP operators, but may be
problematic in rural and inner-city hospitals that are likely underserved in number of
ERCP operators. This phenomenon may explain the reluctance of some hospitals to
rigorously follow professional ERCP guidelines. Transferring patients from inner city
or rural hospitals to academic medical centers for emergency ERCPs, for indications
such as acute cholangitis or bile leaks, is problematic. Gastroenterologists at lowvolume ERCP centers may solicit medical advice by telephone or video
communications from ERCP experts at high-volume centers[67]. To adapt to local
shortages of gastroenterologists performing ERCPs, surgeons could increase their rate
of performing intraoperative cholangiography and could potentially perform ERCP
themselves [68,69] , while interventional radiologists could perform transhepatic
cholangiography as a substitute for ERCP.
The duties of the individual GI fellow applying for ERCP privileges, of the
supervisory attending, and of the credentialing committee at which the GI fellow is
applying for ERCP privileges upon completion of the fellowship are summarized in
Table 5. Upon graduation of a GI fellow, training programs should issue a nationally
standardized certificate regarding ERCPs that provides quantitative data on numbers
of ERCPs and percentages of successful therapeutic interventions (proposed ERCP
report card illustrated in Table 6). Credentialing should grant preference to trainees
who performed an extra year of GI fellowship mostly devoted to ERCP training.
This work has proposed that national criteria be mandatory rather than
recommended. One reasonable method of enforcement is for chairs of credentialing
committees to certify that the physician was granted ERCP privileges in accord with

WJG

https://www.wjgnet.com

3477

July 21, 2019

Volume 25

Issue 27

Cappell MS et al. Standards for ERCP credentialing in USA

Table 5 Determining competency for endoscopic-retrograde-cholangiopancreatography
Duties of GI fellow applying for ERCP
privileges at a hospital

Duties of GI supervisor of ERCP training/GI
fellowship program director

Duties of hospital committee voting on
ERCP privileges for applying physician

Contemporaneously sign each ERCP note in
which actively participated

Ascertain GI fellow signs ERCP notes when the
fellow actively participated in case

Can contemporaneously sign each note in which
merely observed ERCP, but observer status
should be reflected in note

Allow fellow to sign on note as an observer (not
active participant) in cases in which fellow was
passive observer

Passive observation of an ERCP should be
meaningful in enhancing cognitive skills for
ERCP, but cannot count towards minimum
threshold for performed ERCPs

ERCP note in which GI fellow participated
should specify what technical procedures
performed during ERCP: e.g., sphincterotomy,
stone extraction, dilation of stenosis, and etc.

Ascertain that endoscopy report includes all
technical aspects of the performed ERCP

Ascertain that received data is complete

Collate all numbers performed for ERCP:
Number performed, number (%) cannulated,
number with sphincterotomy, number with stone
retrieval, number of strictures dilated, and etc.

Review total numbers of ERCPs and number of
ERCPs in which special techniques were
employed as appropriate. Record rate (%) of
success of special techniques.

Review total numbers of ERCPs and number (%)
of ERCP special procedures and determine
whether these data satisfy minimal numbers and
minimal % of successful result required for
competency

Make sure packet with ERCP numbers and
recommendations is submitted in a timely
manner at hospital applicant is applying for
ERCP privileges

Sign form containing total number of ERCPs, and
write whether GI fellow is recommended for
independent privileges in ERCP

Decide in a timely manner whether physician
granted ERCP privileges. If decision is negative,
provide internal due process to appeal decision

Duties of graduating gastrointestinal fellow, endoscopic-retrograde-cholangiopancreatography supervisors during fellowship training, and credentialing
committee at hospital to which applicant is applying for endoscopic-retrograde-cholangiopancreatography privileges. ERCP: Endoscopic retrograde
cholangiopancreatography; GI: Gastrointestinal.

the national criteria. This certification may, however, prove to be an inadequate
remedy. An ultimate solution is to establish a Board for ERCP certification similar to
the American Board of Internal Medicine that would remove politically difficult
decisions on privileging from hospital committees. Cappell has personal experiences
of enduring political pressures during 6 cases of applicants denied ERCP privileges
and in 1 case of an applicant approved ERCP privileges despite borderline credentials
(personal unpublished data, Cappell). Requiring certification by a national board
would dissociate deliberations from local political considerations and would avoid
flouting of the numerous recommended guidelines, position papers, and
recommendations promulgated during the past 30 years.

MRCP and EUS
The advent of MRCP and EUS has improved the landscape so that ERCP is now rarely
indicated solely for diagnosis. Current diagnostic ERCP indications are restricted to
subtle primary sclerosing cholangitis, chronic pancreatitis, and indeterminate biliary
strictures[70]. MRCP is limited by contraindications from implanted metal devices, high
imaging cost, technical expertise required for performance and interpretation, and
occasionally claustrophobia. EUS is often performed by the same operator who would
perform the contemplated ERCP. Acquisition of endoscopic skills in both ERCP and
EUS is therefore highly desirable during advanced GI fellowship training. A
“negative” MRCP or EUS can obviate the need for ERCP[71] in about 70% and 50% of
cases, respectively[72]. Such avoidance of ERCP is desirable because patients without
evident malignancy or choledocholithiasis may be more susceptible to ERCP-induced
pancreatitis[73].

CONCLUSION
ERCP training and credentialing has become a growing concern during the last thirty
years. ERCP differs from most other endoscopic procedures in its predominantly
therapeutic intent, necessity for typical performance in hospitals, steep learning curve,
and penchant for occasionally causing severe complications. ERCP training has
undergone several paradigms shifts during the past 50 years including: (1) Change to
not requiring ERCP training during standard GI fellowship; (2) Recommendation for
training in advanced endoscopy fellowships to obtain privileges in ERCP; (3) Recent
exponential growth in number of advanced endoscopy fellowships; and (4) recent
shift in ERCP training from an apprenticeship to milestone model, which emphasizes
progressive milestones in competence until ultimately achieving independent practice
at graduation. Advanced fellows and advanced fellowships have been increasingly
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Table 6 Proposed standardized gastroenterology fellowship report card for endoscopic-retrograde-cholangiopancreatography training
and performance
Proposed standardized gastroenterology fellowship report card for ERCP
Achievements:
______ Number of ERCPs in which trainee was only a passive observer.
______ Number of ERCPs in which trainee actively participated (excludes ERCPs in which trainee was only a passive observer)
______ Number and ______% of ERCPs in which trainee personally successfully cannulated at least one duct (includes either common bile duct or
pancreatic duct)
______ Number and ______% of ERCPs in which trainee personally successfully performed sphincterotomy
______ Number and ______% of ERCPs in which trainee successfully personally performed stone retrieval by basket or balloon pull through
______ Number of ERCPs in which trainee successfully dilated a biliary or pancreatic stricture
______ Number of ERCPs in which trainee successfully personally deployed a stent
______ Number of ERCPs in which trainee successfully retrieved a stent
______ Number of ERCPs in which trainee successfully used daughter endoscope (e.g., Spyscope) technology
Adverse events:
Number and percent of total ERCPs in which trainee participated in which adverse events occurred:
For fatal complication: Number_____ Percent of total ______
For major adverse events: Number ______ Percent of total ______
For minor adverse events: Number ______ Percent of total ______
Has the trainee been a defendant in a medical malpractice suit in any ERCP in which the trainee participated? _____ Yes ______ No.
Has the trainee had privileges in ERCP revoked or restricted or received a written warning? _____Yes _______No
Has the trainee voluntarily given up ERCP privileges in lieu of these privileges being revoked or restricted? ___Yes ______No

ERCP: Endoscopic retrograde cholangiopancreatography.

scrutinized regarding ERCP skills, as reflected by at least 12 publications on this
subject during the past 5 years (Table 1), including analysis of trainee learning curves
and criteria for ultimate competency. ERCP authorities frequently call to improve
standardization of ERCP competence and performance, including quality metrics,
such as high rates of successful biliary cannulation and low rates of procedural
complications. The advanced endoscopy-trained pool remains relatively limited, and
most ERCP operators have been trained during a standard GI fellowship or by other
means. Hospital credentialing committees have to balance patient safety and risk of
medical malpractice litigation versus real-world needs for available ERCP operators
and desire for increased hospital revenue from treating patients requiring ERCPs.
Credentialing in ERCP by any route other than advanced endoscopy training is
expected to become increasingly difficult.
All hospitals need to establish or adopt written criteria for ERCP privileges that are
standardized according to national guidelines. Hospitals should be granted a
transition period to implement these criteria. Criteria should include minimum
number of ERCPs required to apply for privileges and minimum annual volume to
maintain privileges. These criteria may specify numbers required for specialized
ERCP procedures, including sphincterotomy, stricture dilatation, stent deployment,
stone extractions, and per-oral cholangiopancreatoscopy. Hospitals will have to
develop criteria for minimally acceptable rates of successful biliary cannulation,
sphincterotomy, and gallstone extraction. Hospitals may also have to determine
maximal acceptable rates of major post-ERCP complications, especially for ERCPinduced pancreatitis, clinically significant post-sphincterotomy bleeding, and bile
leaks. These criteria would benefit hospitals by establishing firm criteria for granting
versus denying ERCP privileges, protect applying physicians from being denied
ERCP privileges for competitive rather than professional reasons, and protect patients
from inadequately trained ERCP operators. Institutional GI morbidity and mortality
committees should review all mortality from major ERCP complications including
ERCP-induced pancreatitis, post-sphincterotomy bleeding, bile leaks, or duodenal
perforations.
Implementing and following stricter ERCP regulations would likely introduce new
direct costs from the work required to closely monitor ERCP practitioners, and
indirect costs from reduction in the number of ERCP operators. Public health
administrators need to realize that increased regulation is costly and budget these
inherent costs to benefit patient care. Criteria for ERCP competency still remain
controversial in 2019 and are sometimes flouted by hospitals despite the numerous
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studies, position papers, editorials, and recommended guidelines for ERCP
competency. Mandatory criteria monitored by a national board, similar to the
National Board of Medical Examiners or American Board of Internal Medicine, would
provide nationally uniform criteria, which would be divorced from local political
considerations of individual practitioners, their GI groups, competing GI groups, and
given hospital, and would avoid widespread flouting of recommended guidelines.
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Abstract
The peritoneum is a common site of dissemination for colorrectal cancer, with a
poorer prognosis than other sites of metastases. In the last two decades, it has
been considered as a locoregional disease progression and treated as such with
curative intention treatments. Cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) is the actual reference treatment for these
patients as better survival results have been reached as compared to systemic
chemotherapy alone, but its therapeutic efficacy is still under debate. Actual
guidelines recommend that the management of colorectal cancer with peritoneal
metastases should be led by a multidisciplinary team carried out in experienced
centers and consider CRS + HIPEC for selected patients. Accumulative evidence
in the last three years suggests that this is a curative treatment that may improve
patients disease-free survival, decrease the risk of recurrence, and does not
increase the risk of treatment-related mortality. In this review we aim to gather
the latest results from referral centers and opinions from experts about the
effectiveness and feasibility of CRS + HIPEC for treating peritoneal disease from
colorectal malignancies.
Key words: Peritoneal metastases; Colorectal cancer; Cytoreductive surgery;
Hyperthermic intraperitoneal chemotherapy; Peritoneal carcinomatosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with peritoneal metastases from colorectal cancer have classically been
associated with limited survival and treated only with palliative surgery and systemic
support. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, often
combined with systemic treatment, are increasingly performed with a curative intent for
well-selected patients. Recent data suggests an important improvement of overall and
disease-free survival for these patients. This article aims to review the state of art for the
management of peritoneal metastases from colorectal origin and to confine the latest
experts’ consensus and future directives.
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INTRODUCTION
We conducted a literature review to provide a comprehensive and updated overview
of the actual management of colorectal cancer (CRC) with peritoneal metastases (PM)
as the only site of spread. Our specific purpose is to enhance our understanding of the
following aspects of this disease: (1) To know the biological pathway for PM, the
concept of its locoregional spread, and the associated genetic and molecular factors;
(2) To update our knowledge about the prognosis factors of peritoneal disease; (3) To
delve into the multidisciplinary approach of peritoneal metastatic CRC, both synchronous and metachronous; (4) To show the recent scientific evidence on clinical trials
and meta-analyses on disease-free and overall survival after treatment with
cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy
(HIPEC); and (5) To show the new and more promising investigation lines and trials
for the future management of peritoneal metastatic CRC.

EPIDEMIOLOGY
CRC is the third most common cancer and the second most common cancer-related
mortality globally. Patients have a favorable prognosis when diagnosed at an early
stage: 70%-80% are eligible for curative-intent surgery, with a 5-year survival of 72%93% for stages I-II[1]. Approximately 25% of the remaining patients present metastases
at the time of diagnosis[2]. Among these individuals, up to 8% have synchronous
peritoneal carcinomatosis, and approximately 20% already have liver metastases[3].
Recurrent or systemic disease during the follow-up period after curative treatment of
the primary tumor will develop in 20%-30% of patients. Half of these recurrences will
develop liver metastases[3].
Although it was believed that metachronous PM occur in less than 10% of cases of
CRC, being the third most frequent site of recurrence after liver and lung, its prevalence is still not well known. As an example of the underestimation, due to the lack
of reliability of traditional imaging and unspecific symptomatology, one study of
autopsied patients that did from CRC reported an incidence of 40%-80% unknown
metachronous peritoneal carcinomatosis[4]. The peritoneum is the only dissemination
location in 4.8% of cases and is more frequent for colon tumors (5.7%) than for rectal
tumors (1.7%)[2]. Thus, thorough studies must be performed to exclude another site of
metastatic disease because of the high possibility of further spread.

PATHOPHYSIOLOGY OF COLORECTAL PERITONEAL
METASTASES
Peritoneal seeding as a dissemination pathway of an invasive cancer is believed to be
the final result of the specific expression of oncogenes and binding proteins that allow
the detachment of tumor cells to proliferate in the peritoneal environment[5]. The
actual deep knowledge of genetics and molecular cancer mechanisms is becoming a
strong tool to determine the likelihood for peritoneal spread, to avoid locoregional
relapse after the first curative surgery and to assess the real implication on prognosis.

The molecular genetic influence
Many different genetic alterations characterize the two main pathways that have been
described for the development of CRC: The conventional adenoma–carcinoma
pathway and the serrated pathway. Notably, 80% of sporadic cases of CRC involve
chromosomal instability, which includes the molecular targets for most of the novel
chemotherapy agents, including K-RAS, B-RAF or pT53. Another group encompasses
microsatellite instability (MSI) as a result of inactivation, mutation and/or epigenetic
alteration of mismatch repair genes. This mechanism is one of the main causes of
hereditary nonpolyposis CRC but also entails 10%-20% of sporadic CRCs. Depending
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on the proportion and type of microsatellite marker mutation, these tumors are
classified into two groups: High (MSI-H) and low MSI or microsatellite stability (MSIL/MSS)[2,6,7].
MSI-H has been reported as a better prognosis condition, with a lower metastatic
potential for distant recurrence than MSI-L tumors. However, a large single-center
study[8] on outcomes for CRCs with MSI showed that MSI-H recurrences, most of
them located on the peritoneum, had a worse survival than MSI-L carcinomas. These
studies showed that most of these relapses are not eligible for curative resection and
that this type of tumor progression is able to avoid immune mechanisms of protection
by several means, which increases its malignant potential. Advanced tumor stages for
MSI-H tumors have also been associated with BRAF mutations[9].
The BRAF V600E mutation is observed in 10% of CRCs, and it has been widely
related to a worse prognosis. A recent meta-analysis described a more than two times
higher risk of mortality in patients carrying this alteration[10]. The mild response to
modern chemotherapy is attributed to a frequent acquired resistance to BRAFinhibitor development[11]. This mutation has also been strongly associated with PM[12].
However, other studies have reported a more encouraging prognosis when the BRAF
V600E mutation is found in early-stage cancers[13] or when the mutation is a nonV600E BRAF mutation[14].
KRAS mutations are present in up to 40% of CRCs sporadic cases, and evidence has
shown that codon 12 KRAS mutations encompass a negative prognosis but not codon
13 KRAS mutations[15]. This biomarker has also been reported as a risk factor for a
worse prognosis in patients with PM from CRC origin, and its detection has played a
major role in patient selection for CRC+HIPEC in recent years[16]. A new oncogenic
mechanism that constrains the tumor cell phenotype switch, called the epithelialmesenchymal transition, has been suggested to be an aggressive subtype for the high
rates of this mutation detected on carcinomatous nodules in a recent publication[17].

Peritoneal seeding theory
Peritoneal implants are believed to be the consequences of primary abdominal tumor
cell detachment or malignant cell dissemination during surgical manipulation of the
tumor when the margins of resection are very close and for lymphatic or blood vessel
transection. These cells attach to the peritoneum as a result of the molecular interaction between cancer cells and host elements, and invade the subperitoneal layer,
where angiogenesis promotes their growth. Furthermore, numerous metachronous
peritoneal implants developed along the surgical planes that were opened during the
first surgery, becoming trapped by fibrin as part of the healing process, which can be
a difficult location to reach by systemic chemotherapy[5].

CLINICAL PRESENTATION
Risk factors for developing peritoneal metastases from colorectal cancer
Population-based studies agree on a set of risk factors for developing metachronous
PM for CRC, which includes the stage at diagnosis (incidence for pT4 stage,
established as an independent risk factor, has been reported to be 17%-50%; and for
pT3 stage of 5%-10%)[18,19], intraabdominal colon location, principally right-side colon
cancer, infiltrative and ulcero-infiltrative carcinomas, mucinous adenocarcinoma,
younger patients than 70-75 years, emergency procedures because of obstructive or
perforated cancer at diagnosis, lymph node metastases and nonradical oncological
resection during the first surgery[20-22] (Table 1). By knowing which patients are more
likely to develop peritoneal spread of the disease, several prophylactic or early detection strategies have been designed, as listed below.

Complicated disease presentation: Recommendation for management
Clinical presentation of intestinal obstruction and/or perforation involves a poor
prognosis, independent of stage. Even uncommon, if this situation occurs in the
context of a synchronous PM scenario, with the main aim of offering the best
prognosis possible to these patients, the expert global recommendations include the
following: (1) To perform the minimal surgical action needed to resolve the emergency situation. Primary resection should only be performed in perforated tumors.
Obstructed patients should be treated by creating derivative stomas. Non-obstructed
tumors should not be resected but treated by stomas or stents, although colonic
stenting should be avoided in patient candidates for antiangiogenic agents because of
higher rates of perforation reported[1]; (2) Always provide adequate biopsies of the
primary tumor and/or peritoneal implants; (3) Describe the extension of the
peritoneal disease using the peritoneal cancer index (PCI) score. If limited peritoneal
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Table 1 Risk factors for metachronous peritoneal metastases
Risk factors for metachronous peritoneal metastases
Advanced T stage
Lymph node metastases
Synchronous ovarian metastases
Poor differentiation
Colon origin (versus rectal origin)
Uncomplete primary tumor resection
Mucinous adenocarcinoma
Signet ring histology
Emergency surgery at diagnosis
Young age

disease is found, there is still a high recommendation to not perform surgical resection
in the emergency context because it does not add a better free-disease survival and
could hinder a better combined treatment modality[23,24].

THE NATURAL EVOLUTION OF COLORECTAL PERITONEAL
DISEASE
PM is a negative prognostic factor in patients with metastatic CRC. Patients with
isolated nonperitoneal sites (including liver and lungs) had significantly better overall
survival than that of patients with isolated peritoneal metastatic CRC. A recent large
cohort study[25] showed that the combination of peritoneal involvement with two
nonperitoneal sites had a similar survival compared with peritoneal metastasis alone.
In fact, given the poor prognosis of PM itself, in the eighth edition of the tumor-nodemetastasis classification published in 2017, CRC with peritoneal metastasis is
categorized as M1c, with or without other organ involvement, separately from M1a
(one organ metastases) and M1b (≥ two organ metastases).
Historically, as peritoneal carcinomatosis was considered a terminal stage of
disease, patients used to receive only supportive treatment or palliative chemotherapy. Generally, survival did not reach 6 mo, and patients were extremely symptomatic
because of abdominal distension, intestinal obstruction and tumoral cachexia for
constitutional syndrome[26]. Palliative surgery was not a better option, since it reached
a high perioperative mortality and morbidity (over 12% and 22%, respectively)[27].
Currently, the best survival reported for only systemic modern chemotherapy and
supportive care for PM from colorectal origin is 15.2-23.4 mo [28,29]. These poor results
prompted the need to find a more effective approach for this stage of disease.

CYTOREDUCTIVE SURGERY AND HYPERTHERMIC
INTRAPERITONEAL CHEMOTHERAPY
Why should this treatment be considered?
In the 1980s, according to Sugarbaker et al[30] publications, peritoneal carcinomatosis
ceased to be considered a systemic metastatic disease and therefore a terminal
condition. Currently, peritoneal carcinomatosis is referred to as PM, and it is determined to be a locoregional spread that is eligible for a curative intent approach based
on optimal CRS plus HIPEC[25,28,31-34]. This treatment entails a major, expensive and
complex surgery that requires an optimal selection of the patients, with an adequate
performance status and an accurate preoperative extension study, and the key for the
best survival outcomes is to ensure a complete cytoreduction with no residual tumor
remaining. Therefore, a presurgical study is paramount to optimizing the indications
of the patients who would benefit the most from this treatment.

Patients selection
The performance status of the patient is a fundamental aspect considering the
morbidity of CRC+HIPEC. Eastern Cooperative Oncology Group or World Health
Organization indices > 2 and serious comorbidities (severe cardiopulmonary or renal
failure) are considered major contraindications[35]. Age is a factor to be considered
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globally, but there is no cut-off to contraindicate CRS plus HIPEC.

Preoperative scores: Tools for prognosis and surgical indication
Peritoneal carcinomatosis index: PCI is the most accepted score for both evaluating
the tumor burden and estimating the patient prognosis, suggesting this score as a
helpful tool for surgical indication as well (Figure 1). Faron et al[36] showed a significant relationship between two factors: 5-year survival was noticeably higher (53%) for
PCI < 10, up to 23% for PCI between 10-20 and only 12% for PCI > 20. Currently, the
majority of guidelines accept a PCI > 20 as a contraindication for CRS plus HIPEC[37].
Peritoneal surface disease severity score: The peritoneal surface disease severity
score (PSDSS) is another commonly used and validated preoperative severity score.
Some experts consider a PSDSS > IV (10 points) a contraindication for CRS due to its
ominous outcomes. No additional benefit has been shown for PSDSS over PCI[38].
Completeness of the cytoreduction score: Completeness of the cytoreduction score is
another useful tool widely used to assess prognosis. A complete resection of macroscopic tumors is a necessary requirement for the long-term benefit of CRS; thus,
incomplete resections or debulking have shown survival improvement[32,39]. In other
words, CRS must not be performed if less than a CC1 (< 2.5 mm) cytoreduction
cannot be assured (for peritoneal disease, that small amount of residual tumor is
expected to be eradicated by HIPEC)[40].

Resectability
For every patient diagnosed with CRC, abdomen and chest computed tomography
(CT) and complete colonoscopy (or a CT colonography if the former cannot be
done [41] ) with biopsies for histopathological study must be performed. Positron
emission tomography (PET) is not routinely recommended by the experts, although
PET is considered a helpful tool for a more truthful evaluation of the tumor extension
in cases of extra-abdominal disease suspicion and for obtaining additional
information on equivocal lesions. Special attention should be paid to the detection of
radiological signs of peritoneal metastasis on the abdominal CT scan to contemplate
the best treatment approach for the patient. These signs include ascites, mesenteric
effacement, peritoneal nodules or masses, luminar narrowing, peritoneal thickening
and enhancement (Figure 2).
Assessment of a preoperative PCI with imaging would allow a preliminary
evaluation of complete tumor resectability that can be useful to avoid unnecessary
surgeries. However, a nonnegligible rate of inaccuracy between radiological PCI and
surgical PCI has been observed, mainly because of the underestimation of tumor
burden and operator dependence[42]. Implant sizes less than 5 mm and locations are
the main factors for missing disease[43]. Magnetic resonance imaging has been reported
to have a higher sensitivity than CT scan, especially for implants located on the small
bowel (quadrants 9 to 12) and for unexperienced radiologists[42,44]. Combining both
techniques can also increase the precision of preoperatory estimation[45].
Sugarbaker et al[46] proposed a series of radiologic features that could predict, if two
or more are present, unresectability, suboptimal surgical resection or complex resections due to the tumor burden. PET/CT has demonstrated good sensitivity and
specificity for the detection of peritoneal disease[47]. However, its accuracy can be
altered in cases of small implants, mucinous and gastric tumors, as well as under
some inflammatory conditions (e.g., inflammatory bowel disease or abscesses).

Consideration of synchronous lymph node infiltration
Lymph node infiltration is widely recognized as a poor prognosis factor for recurrence in the setting of the primary tumor. Publications on this theme also note that
lymph node metastases present a more aggressive tumor biology at the time of
CRS+HIPEC and have a dismal effect on survival[48,49].

Consideration of synchronous liver metastases
Concurrent liver and PM were initially considered a nonresectable condition due to
the poor prognosis. However, the more recent consideration of liver implants with a
poorer metastatic potential than peritoneal lesions and its excellent response (up to
60%) to modern systemic chemotherapy have changed the minds of surgeons concerning its approach[a].
In the last decade, several publications have suggested the feasibility and shown
the survival improvement of liver metastases resection without adding morbidity[50,51].
There is no consensus on the number of liver metastases that limits the indication for
CRS plus HIPEC as long as complete resection can be fulfilled[52]. Elias developed a
nomogram to estimate the prognosis of patients according to the number of liver metastases and the PCI[53].
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Figure 1

Figure 1 Peritoneal carcinomatosis index described by Sugarbaker P.

Although the presence and amount of liver disease are no longer a contraindication
for CRS plus HIPEC, a recent meta-analysis on the survival benefit of these patients
found a negative or no significant impact on survival in most of the studies compared
to patients with PM alone[54]. However, ablation or resection of liver metastases has
proven to offer better survival compared to palliative treatment[55]. Therefore, multidisciplinary consensus and individual evaluation must be considered for every
particular case.

Absolute exclusion criteria for CRS plus HIPEC
Absolute exclusion criteria for CRS plus HIPEC: Bulky and/or diffuse peritoneal
metastasis (Figure 3); Unresectable extra-abdominal metastases; Vast small bowel
serosa or small bowel mesentery involvement; Multi-segmentary malignant bowel
obstruction or non-affected length of small bowel < 150 cm; Massive affectation of the
hepatic hilus; The presence of unresectable liver metastases or the requirement of a
major hepatectomy, which could lead to insufficient hepatic function.

THE ROLE OF SYSTEMIC CHEMOTHERAPY
The effectiveness of neoadjuvant and adjuvant systemic chemotherapy for patients
with CRS and PM has long been controversial among different publications.

Neoadjuvant chemotherapy
With the present experience, no survival benefits can be attributed to the administration of neoadjuvant chemotherapy for PM from CRC origin, without extra-abdominal
disease. A recent systematic review found no strong evidence for its efficacy
regarding overall survival[56]. Neoadjuvancy has only shown survival improvement in
univariate analysis in some publications, and even in two papers[57,58] multivariate
analysis suggested a worse median survival when neoadjuvant chemotherapy was
used. A prospective study reported the first experience using modern systemic
chemotherapy with and without biological agents [59] and showed no effects on
unresectable disease, considering a minimal study sample and a high percentage of
unfavorable histology.
Notably, there are wide and non-standardized chemotherapy regimens used for the
different teams and no randomized controlled trial has been performed in this
context, which hinders the potential implication of this therapy. Similarly, there is no
reliable data concerning the safety of the surgery following neoadjuvant chemotherapy with biological agents, such as bevacizumab, a vascular endothelial growth
factor inhibitor that has been suggested as a risk factor for anastomotic leaks due to its
implication in tissue regeneration. There are few publications on this issue, initially
brought to light by Eveno et al[60], whose retrospective analysis showed a statistically
significant increase in major morbidity (mainly because of intraabdominal abscesses)
when bevacizumab was included in the neoadjuvant treatment. Subsequently, Ceelen
et al[61] published their experience using bevacizumab neoadjuvant regimens, and they
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Figure 2 Radiological computed tomography signs for peritoneal disease. Wide green arrow: Omental cake; Thin green arrow: Peritoneal thickening; Green
arrow-head: Malignant ascites; Black arrow-head: Peritoneal nodules.

not only found worsening of the postoperative morbidity but also reported a
beneficial effect on overall survival. Other recent publications describe no major
postoperative complications related to the use of bevacizumab in the neoadjuvant
protocol[62,63], but there are no further studies specifically on CRC.

Adjuvant chemotherapy
The same systematic review[56] suggests the positive effect of adjuvant chemotherapy
on overall survival, despite the heterogeneity of the studies. The most recent
publications concur on reporting improvement in median survival with modern
versus standard chemotherapy protocols[64], and these authors also agree on the actual
approach of M1c as a curable stage for CRC [65] . The clinical value of biological
therapies remains uncertain. The concept of blocking angiogenesis was a new
promising tool for metastatic CRC and has gained popularity in recent years. Previous
publications described no increase in survival using these agents after resectable or
unresectable disease[64,66]. Conversely, a recent meta-analysis[67] on the different types
of anti-VEGF antibody combination therapies has shown a significant improvement in
progression-free survival, overall survival and response rate.
The number of adjuvant chemotherapy cycles did not demonstrate a clear relationship with survival in previous publications[56]. A recent study[68] encompassing six
phase III trials evaluating the noninferiority of 3 versus 6 months administration of
adjuvant modern chemotherapies with either FOLFOX (fluorouracil, leucovorin, and
oxaliplatin) or CAPOX (capecitabine and oxaliplatin) was conducted. Among 12384
patients with stage III colon cancer, the 6-month duration of FOLFOX therapy
increased the rate of disease-free survival, particularly among patients with high-risk
cancers (T4, N2, or both). However, efficacy was maintained with the 3-month
duration for low-risk patients and for the CAPOX regimen, which suggests that this
protocol could be evaluated to prevent adverse effects, such as persistent neurotoxicity associated with oxaliplatin.
However, the most important independent factor for a better survival is the radical
resection of the tumor with curative intent[69]; thus, the effectiveness of any treatment
highly depends on the extent of the tumor and the completeness of cytoreduction,
attempting to avoid a delay of adjuvant treatment due to surgical complications.
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Figure 3 Diffuse miliary carcinomatosis on the small bowel as an example of contraindication for complete
cytoreductive surgery.

OUTCOMES OF CYTOREDUCTIVE SURGERY PLUS
HYPERTHERMIC INTRAPERITONEAL CHEMOTHERAPY
Morbidity and mortality
A large meta-analysis[65] found that intention-to-cure treatments improved overall
survival in patients with CRC + PM better than palliative strategies. The risks
reported have progressively decreased (recent studies report 1%-5% mortality rates at
centers of excellence). The morbidity associated with curative treatments was higher,
but it did not increase the risk of treatment-related mortality or caused an early
termination of the treatment. Additionally, the reported morbidity rates are similar to
those of other major abdominal procedures: Increased treatment-related complications, longer hospital stays and higher rates of short-term readmission[33,70,71] (Table 2).
A consideration that should be highlighted is that experience and learning curve
play an important role in the morbidity and mortality outcomes, so it is strongly
recommended that patients should be treated in experienced centers, mentored by
specialized institutions for peritoneal diseases, such as PSOGI [70] . Regarding the
laparoscopic approach, HIPEC delivery by the laparoscopic approach has already
been accepted as a safe and feasible procedure that is performed for different
indications. However, there is a lack of knowledge about the oncological quality of
laparoscopy CRS for CRC with peritoneal implants. Some groups have published
their early experiences in this field; all of these reports suggested the careful selection
for thin patients with a PCI < 10 to ensure a complete resection[72-74].

Survival outcomes
In recent years, CRS plus HIPEC plus systemic chemotherapy (both neoadjuvant and
after surgery) comprise the multidisciplinary treatment performed in most of the
referral centers. Overall survival results with this management can reach up to 62 mo
if optimal cytoreduction is achieved (this means, following the cytoreduction
completeness score: CCO, no tumor nodules left or CC1, implants ≤ 2.5 mm in
maximum dimension)[25]. Increasing evidence from large multicenter cohort studies
and some randomized controlled trials suggests that, in selected patients, CRS plus
HIPEC as a combined management definitely provides improved overall and diseasefree survival compared to that conferred by systemic chemotherapy alone, and
possibly a major part of this benefit has to be attributed to cytoreduction[25,28,31,34,65,75]
(Table 3).
A recent review of current guidelines about the management of patients with
colorectal PM shows no definitive agreement about the role of CRS plus HIPEC, but
most of them recommend this approach as a standard therapy for selected patients,
reaching a consensus in 71% with a level of evidence 1b[35]. The treatment approach for
these patients should always be assessed by a multidisciplinary team discussion,
which includes at least a surgeon (ideally, an oncologist surgeon), an oncologist and a
radiologist expert[52]. Considering these concepts, the latest National Comprehensive
Cancer Network (NCCN) guidelines [32] recommend that CRS plus HIPEC for
colorectal PM be considered only at experienced centers for selected patients with
limited PM for whom complete cytoreduction is deemed to be achieved.

The role of HIPEC
The lack of consensus about the role of HIPEC may be due to several reasons: The
marked heterogeneity of protocols, drugs, carrier solutions and methods of HIPEC
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Table 2 Patient and operative factors associated with cytoreductive and hyperthermic
intraperitoneal chemotherapy morbidity (modified from Newton et al[70])
Patients characteristics

Operative factors

Age > 60-70 yr

Pancreatic resections

Performance status

Bowel resection and anastomosis

Hypoalbuminemia

Surgeon experience
Peritoneal carcinomatosis index

administration (open, semi-open, closed techniques) and the discrepancy concerning
patient eligibility and lack of randomized trials in the era of modern chemotherapy
and targeted therapy.
The preliminary results of the PRODIGE 7 trial [76] , presented at the American
Society of Clinical Oncology (ASCO) meeting in 2018, questioned the widespread
conviction of the beneficial effects of HIPEC. After complete cytoreduction of M1c
CRC, 265 patients were randomized to standard treatment plus HIPEC with
oxaliplatin or standard treatment alone. No significant difference in overall survival
was found, with a median of 41.7 months in the HIPEC arm vs 41.2 mo in the nonHIPEC arm [Hazard ratio (HR) = 1.00, 95% confidence interval (CI): 0.73-1.37] and no
significant difference in relapse-free survival (13.1 vs 11.1 mo, HR = 0.90, 95%CI: 0.691.90). However, a trend toward better disease-free survival was found on the KaplanMeier curves for the first 18 months after surgery, and a subgroup analysis for
patients with a PCI between 11 and 15 showed significantly better overall and
recurrence-free survival for the HIPEC group.
Regarding morbidity, the study reported a higher late, grade 3-5 morbidity (up to
60 d after surgery) in the HIPEC arm (24.1% vs 13.6%, P = 0.03). The unexpected
results have encouraged the scientific community to continue searching for the role of
HIPEC in PM, as its advantageous effects have been extensively reported in the
biomedical literature for CRC and recently proven for other origins [77] . To our
knowledge, high quality and complete cytoreduction has been confirmed once again
as a pivotal pillar of treatment for peritoneal dissemination of CRC. Efforts are now
focused on electing patients who would benefit the most from HIPEC because this
trial remarks high PCI as an already known impaired factor.
Another goal is to ascertain the real morbidity (as most of the publications only
report the 30-day morbidity-mortality and have widely been compared, similar to
other major abdominal surgeries[78]) and reduce the side-effects of HIPEC[79]. This may
be achieved by either minimizing drug doses (which has been one critic of the
PRODIGE 7, considering previous experimental studies)[80], establishing the benefits of
hyperthermia alone and combined with the chemotherapy agents, or trying different
drugs or delivery systems. Additionally, the final results are published; to date, only
one multicenter randomized trial studying the effects of HIPEC vs standard treatment
for patients with established PM of CRC origin (NCT02179489). Therefore, the search
is ongoing, and further trials are needed to determine what HIPEC can offer.

REITERATIVE CYTOREDUCTIVE PROCEDURES
Approximately 70-80% of the patients undergoing CRS plus HIPEC will develop
recurrence disease, despite the curative intention of this approach. Half of these
recurrences will be confined to the peritoneal cavity[81]. This reality has led to the
study of the feasibility and safety of reiterative CRS and even HIPEC procedures in
recent years. The morbidity and mortality of these surgeries are similar to those of the
first procedure in high volume centers [82] . Furthermore, this active approach to
recurrent abdominal disease has reported a median survival from 39 to 42.9 mo, a
clearly better long-term survival compared to that obtained with systemic treatment
alone[82-84]
Keeping in mind that HIPEC therapy has not been proven to be an independent
risk factor itself for postoperative complications[71] and that the morbidity reported for
CRS in experienced centers is similar to that in other major surgeries, the combined
CRS plus HIPEC approach seems an acceptable strategy for this poor stage of disease,
as studies continue to show further evidence. Moreover, traditional adjuvant systemic
chemotherapy can still be performed following surgery (as it would be the only
treatment if surgery could not be performed or it would be rejected). Issues such as
the adjunctive contribution of intraperitoneal chemotherapy to CRS and optimal
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Table 3 Survival of patients with peritoneal metastases from colorectal cancer treated by cytoreductive surgery plus hyperthermic
intraperitoneal chemotherapy
Author/
Years/
Country

Mortality
1-yr SR (%) 3-yr SR (%) 5-yr SR (%)
rate (%)

Morbidity
rate (%)

Median OS OS 95%CI
(mo)
(mo)

DFS/RFS
PFS 95%CI
95%CI
(mo)
(mo)

Follow-up
times
(range)
(mo)

Controlled studies
Franko/20 92
10/Americ
-a[109]

51

28

NR

NR

34.7

NR

NR

NR

NR

Gervais/20 92
13/Canada
[110]

61

36

4

20

54

NR

NR

8

22.8 (2-81)

Goéré/201 90
[11
5/France
1]

52

32

5.8

29.5

35

NR

NR

NR

60 (47-74)

Huang/201 63.6
[112
4/China
]

16

NR

0

28.6

13.7

10.0-16.5

NR

NR

41.5 (11.570.9)

51.4

32.1

NR

NR

37.0

1-72

NR

NR

19 (1-72)

Ceelen/201 75 (NNT) 75 39 (NNT) 30 25 (NNT) 13 NR
[
4/Belgium
(NCA) 96
(NCA) 71
(NCA)
61]
(NCB)
(NCB)

NR

25 (NNT) 22
(NCA) 39
(NCB) 30
(AC) 22
NAC)

19.1-30.9
(NNT) 12.931.1 (NCA)
17.6-60.4
(NCB) 20.739.3 (AC)
14.2-29.8
(NAC)

NR

NR

18

Elias/2014
/France[53]

HIPEC single arm studies
Cao/2009/ 83.6
Australia[11
3]

91.4

54

36.5

4.2

17

41

NR

NR

NR

62.4 (55.677.6)

Frøysnes/2 93
016/Norw
-ay[114]

65

36

0

15.5

47

42-52

NR

10 (7-12)

45 (35-55)

Hamilton/ 79
2011/Cana
da[115]

38

34

NR

NR

27

0-87

NR

9 (0-87) 3-yr
34% 5-yr
26%

28 (0-119)
(all)

Hompes/2 97.9
012/Belgiu
-m[116]

84

NA

0

52.1

NA

NA

NR

19.8 (RFS)

22.7 (3.255.7)

Passot/201 83
[11
6/France
7]

51

31

NR

30

36

NR

NR

11

NR

Prada85
Villaverde
/2014/Spai
-n[118]

45

35

NR

NR

31.4

NR

NR

NR

NR

Quenet/20 92
[1
11/France
19]

36

44

4.1

47.2

41

32-60

NR

10.9 3-yr
15%

30.3 (2-88)

Adapted from Huang et al[112]. SR: Survival rate; OS: Overall survival; PFS: Progression-free survival; RFS: Recurrence-free survival; DFS: Disease-free
survival; NA: Not achieved; NR: Not reported; NNT: Non-neoadjuvant therapy; NCA: Neoadjuvant chemotherapy alone; NCB: Neoadjuvant
chemotherapy + bevacizumab; AC: Adjuvant chemotherapy; NAC: Non-adjuvant chemotherapy; CI: Confidence interval.

chemotherapy regimens still require further study.

IMPORTANCE AND RECOMMENDATION FOR THE
FOLLOW-UP
At present, there are no shared guidelines for the ideal duration and intervals for CRC
patient follow-up. The NCCN and European Society of Medical Oncology guidelines
recommend abdomen and chest CT surveillance every 6 to 12 mo for 3 to 5 years. The
American Society of Clinical Oncology (ASCO) and American Cancer Society
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recommend CT every 12 mo for 5 years.
Ultrasonography provides no additional advantages for the early detection of CRC
recurrence [85] . Colonoscopy is recommended at approximately 1 year after the
resection (or at 3-6 mo if not performed preoperatively because of emergency
surgery), then at the third year, and every 5 years thereafter. Additionally, 18FDGPET/CT was proposed as a complementary tool for prompt detection of asymptomatic recurrence, but consecutive studies have shown additional costs with no particular
benefit for resectable disease and, hence, no improvement of overall survival [86] .
Currently, it is only advisable for patients with tumor marker elevation without other
evidence of disease or for those in whom recurrences are suspected with normal
serum marker levels[87].
Several studies have focused on the role of an intensive follow-up after curative
surgery for CRC, combining imaging resources plus CEA level screening. The global
results report an improved rate of recurrence detection that could be treated by
intentionally curative iterative surgery[88]. However, these early findings of metachronous disease do not seem to correspond to better results on overall survival,
independent of the stage at diagnosis[89-92]. No advantage has been observed in the
CEA and CT combination, and any strategy has proven a better survival advantage
over a symptom-based approach[93]. Peculiarly, these findings are not consistent with
the early treatment of recurrences found in rectal cancer, below the peritoneal
reflection, which seem to benefit from a more intensive follow-up in pursuit of better
survival[90].
Despite the limitations and bias reported in these studies, the optimal follow-up
regimen for CRC patients of any stage remains controversial, and care should be
taken concerning unnecessary radiation exposure of the patients and the costeffectiveness of overly intense schedules. Notwithstanding, as radical surgery is the
only actual curative treatment for colon cancer, intensive surveillance can be justified
in high-risk patients, while quality evidence is achieved.

CURRENT AND FUTURE LINES OF RESEARCH
Prophylactic approach to peritoneal metastases from CRC
As mentioned before, knowing the risk factors for peritoneal spread (Table 1) allows
proactive strategies for patients with high risk of developing PM to be value to set the
benefit of a radical resection of located disease over the morbidity added to a patient
without objective tumor spread (for example, in cases of pT4 colon cancer, which can
develop peritoneal recurrence at rates of 30%-40%)

Second look surgery and prophylactic HIPEC
Second-look evaluation has always gone together with a close follow-up by CT of the
chest, abdomen and pelvis, colonoscopies and CEA level surveillance. Although
combined with adjuvant chemotherapy treatment, the results of the different followup protocols and guidelines are still heterogeneous, and the optimal management
remains controversial.
Some studies have found encouraging survival outcomes for proactive strategies,
such as the second-look approach[94,95], prophylactic resection of target organs for
peritoneal implants during the first surgery (omentectomy, appendectomy, hepatic
round ligament resection and bilateral adnexectomy) [96] or prophylactic HIPEC
administration in locally advanced tumors without peritoneal carcinomatosis[97-99].
Several phase III trials are currently ongoing for the evaluation of the influence of
prophylactic HIPEC in high-risk patients[100] (Table 4). For example, the ProphyloCHIP
trial led by Elias has already reported some preliminary data showing no morbidity
increased on patients who received second-look surgery, but no advantages in 3-year
disease-free survival or overall survival have been found over classical follow-up[101].
The initial results from the COLOPEC trial, presented at ASCO 2019, do not show
adjuvant HIPEC to improved 18 mo over adjuvant systemic chemotherapy on PMfree survival for high-risk patients[102].
The role of laparoscopy in the staging and second-look for peritoneal disease has
been shown as a useful and feasible tool, even in previously laparotomized patients
for restaging. Some experienced centers even use laparoscopy as a routine step for all
the elective cytoreductive surgeries to prevent patients from an unnecessary xyphopubic incision. Recent publications highlight the relevance of wide small bowel
involvement over a proper estimation of the PCI to reject CRS [103] , which could
enhance the value of the laparoscopic approach in this context. Although the risk
factors for peritoneal recurrence are well known and firmly confirmed by numerous
publications, there is currently no strong evidence of the benefit of proactive strategies
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Table 4 Studies on the ClinicalTrials.gov registry investigating the role of cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy on high risk patients for preventing peritoneal metastases from colorectal origin
ClinicalTrials.gov ID

Phase

High risk criteria

Control vs Treatment arms

NCT01226394 ProphyloCHIP trial

Phase III

Complete resection of minimal
abdominal synchronous metastases
or perforated tumors

Surveillance vs second-look
laparotomy with HIPEC
(intraperitoneal oxaliplatin and
intravenous 5-FU) after primary
resection

NCT02231086 COLOPEC trial

Phase III

T4, N0-2M0 or perforated colon
cancer

Adjuvant systemic therapy only vs
adjuvant systemic therapy + HIPEC,
without resection of target organs

NCT02974556 PROMENADE trial

Phase III

T3-T4 tumors

Resection of target organs for
peritoneal implants, plus HIPEC with
oxaliplatin and concomitant i.v., 5fluorouracil/leucovorin

NCT02179489

Phase III

T4M0 and complete resection of
minimal abdominal synchronous
metastases or perforated tumors

Surgery vs surgery and HIPEC with
mitomycin C (without preventive
excision of target organs)

NCT02965248 APEC trial

Phase II

T4NanyM0 and T3-NanyM0 +
mucinous or signet ring cells
histology

Adjuvant systemic chemotherapy
alone (arm A) vs systemic chemo +
HIPEC with raltitrexed (arm B) or
oxaliplatin (arm C)

NCT02614534 HIPEC T4

Phase III

Complete resection of T4a, bNanyM0 Surgery vs prophylactic HIPEC with
mitomycin plus target organs
excision

NCT03413254 COLOPEC-II

Phase III

Complete resection of T4a, bN0-2M0

Routine follow-up (arm A) vs a
second exploratory laparoscopy (arm
B) and third exploratory laparoscopy
(arm C) if the work-up is negative

NCT02974556

Phase III

Complete resection of T3-4NanyM0

Systemic chemotherapy alone vs
CRS/HIPEC with oxaliplatin and
systemic therapy

NCT02758951

Phase II/III

Complete resection of colorectal
tumors with ≤ 50% of signet ring
cells.

Upfront CRS-HIPEC alone vs
pre/post perioperative systemic
chemotherapy and CRS-HIPEC

NCT02830139

Phase II

Complete resection of T3-4NanyM0

CRS + systemic chemotherapy vs CRS
+ HIPEC with paclitaxel + 5-FU +
postoperative chemotherapy

CRS: Complete cytoreductive surgery; HIPEC: Hyperthermic intraperitoneal chemotherapy.

versus adequate surveillance for high-risk patients. We still await the results of the
process phase III trials to shed light on the optimal management.

Pressurized intraperitoneal aerosol chemotherapy
Better survival results have been tried to achieve by boosting the cytotoxic effect of
chemotherapy agents of HIPEC. A novel example of this effort is the development of
a new drug delivery system known as pressurized intraperitoneal aerosol chemotherapy (PIPAC). In the context of experimental trials, this procedure is being used for
patients with peritoneal region as only place of metastases from different cancer
origins, but without indication for cytoreductive plus HIPEC surgery as no complete
resection can be performed.
This laparoscopic and iterative procedure nebulizes the cytotoxic agents into the
expanded peritoneal cavity and maintains a steady pressure with the aim of
increasing drug penetration into the tissues with a more homogeneous distribution
than with liquid chemotherapy. Theoretically, as the pressure decreases venous blood
outflow, drugs would spend more time in contact with the tissues, so higher drug
concentrations could be reached with lower doses (therefore, this would minimize
systemic toxicity).
In recent years, its feasibility and safety have been extensively reported, and its
efficacy for a histological response and survival benefits has been described by several
teams[104]. Referring to CRC, there is still little experience but encouraging results
published[105], and currently, 4 prospective clinical trials are ongoing evaluating the
oncological efficacy of PIPAC for selected patients who currently would be
considered for palliative care (Table 5). Pursuing an optimal macroscopic cytoreduction for the best guarantee of prognosis, some trials have proposed the use of
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intraoperative imaging techniques that can guide the detection of malignant lesions
using tumortargeted fluorescence traces[106].
Some other trials have attempted to rescue high PCI patients for an eventual CRS
surgery by using a combination of intraperitoneal plus systemic chemotherapy
regimens. The aim of this bidirectional chemotherapy is to reach peritoneal implants
not only from the peritoneal cavity but also from subperitoneal blood vessels[107,108].

CONCLUSION
CRS plus HIPEC combined with systemic modern chemotherapy is feasible for the
management for PM of CR origin most widely accepted by experts, as accumulative
evidence suggests that it improves recurrences as well as overall and peritoneal
disease-free survival. Because of the lack of randomized clinical trials and the
conflicting data on clinical efficacy, this approach remains controversial. Optimization
of preoperative imaging assessment of tumor burden and molecular biology
categorization are two promising approaches for better individualized treatment. In
referral centers, the morbidity and mortality associated with this procedure do not
seem to be higher than other major abdominal surgeries. Iterative CRS for local
recurrences has proven to improve overall survival without adding a significant
morbidity. It is paramount that patients with peritoneal carcinomatosis continue to be
referred to experienced centers that can offer a multidisciplinary, tailored evaluation
and high-quality surgery. As complete CRS has confidently proven to improve patient
survival, future strategy targets are focused on assessing the real role of modern
systemic chemotherapy and HIPEC for the treatment and prevention of PM in highrisk patients.
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Table 5 Studies on the ClinicalTrials.gov registry investigating the role of pressurized intraperitoneal aerosol chemotherapy
Number Clinical Trial

Experimental therapy

NCT03280511 The PIPACOPC3 CC Trial

Malignant origin

Cytotoxic drugs

Primary outcomes

Exploratory Laparoscopy +
High risk colorectal cancer
biopsies + 1st PIPAC 2 mo
patients
after radical primary
resection+/-adyuvant chemo
+ 2nd PIPAC 5 wk later

Oxaliplatin (92 mg/m²)

Peritoneal recurrence

NCT03246321 CRC-PIPAC

ePIPAC + leuvocorin + 5-FU
iv

Colorectal / appendiceal
carcinomas

Oxaliplatin (92 mg/m²)

Major toxicity

NCT03210298

PIPAC/PITAC

Peritoneal metastasis of
various origins

Depends on tumor origin

Overall survival

NCT02604784 PI-CaP

PIPAC fixed repeated dose vs Gastric, colorectal and
PIPAC increasing single dose ovarian cancers or primary
peritoneal tumors

Cisplatin + doxorubicin or
oxaliplatin (92 mg/m²)

Overall response rate

PIPAC: Pressurized intraperitoneal aerosol chemotherapy; ePIPAC: Electrostatic pressurised intraperitoneal aerosol chemotherapy.
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Abstract
Eosinophils are currently regarded as versatile mobile cells controlling and
regulating multiple biological pathways and responses in health and disease.
These cells store in their specific granules numerous biologically active
substances (cytotoxic cationic proteins, cytokines, growth factors, chemokines,
enzymes) ready for rapid release. The human gut is the main destination of
eosinophils that are produced and matured in the bone marrow and then
transferred to target tissues through the circulation. In health the most important
functions of gut-residing eosinophils comprise their participation in the
maintenance of the protective mucosal barrier and interactions with other
immune cells in providing immunity to microbiota of the gut lumen. Eosinophils
are closely involved in the development of inflammatory bowel disease (IBD),
when their cytotoxic granule proteins cause damage to host tissues. However,
their roles in Crohn’s disease and ulcerative colitis appear to follow different
immune response patterns. Eosinophils in IBD are especially important in
altering the structure and protective functions of the mucosal barrier and
modulating massive neutrophil influx to the lamina propria followed by
transepithelial migration to colorectal mucus. IBD-associated inflammatory
process involving eosinophils then appears to expand to the mucus overlaying
the internal gut surface. The author hypothesises that immune responses within
colorectal mucus as well as ETosis exerted by both neutrophils and eosinophils
on the both sides of the colonic epithelial barrier act as additional pathogenetic
factors in IBD. Literature analysis also shows an association between elevated
eosinophil levels and better colorectal cancer (CRC) prognosis, but mechanisms
behind this effect remain to be elucidated. In conclusion, the author emphasises
the importance of investigating colorectal mucus in IBD and CRC patients as a
previously unexplored milieu of disease-related inflammatory responses.
Key words: Eosinophils; Eosinophilopoiesis; Gut lamina propria; Colorectal mucus;
Normal human small intestine; Normal human colon; Inflammatory bowel disease;
Crohn’s disease; Ulcerative colitis; Colorectal cancer
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Core tip: Eosinophils are multifunctional granulocytes possessing readily releasable
stores of cytotoxic proteins, regulatory cytokines and chemokines in their specific
granules. In health eosinophils reside in the gut, exerting homeostatic functions including
protective mucosal barrier integrity maintenance and contribution to gut-associated
immunity. Eosinophils are important players in inflammatory bowel disease
pathogenesis (both Crohn’s disease and ulcerative colitis). These cells are also associated
with a favourable prognosis in colorectal cancer, however mechanisms of this
association remain obscure. The author presents a comprehensive analysis of the current
literature on eosinophils in the gut and highlights the importance of poorly investigated
immune responses occurring within colorectal mucus.
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INTRODUCTION
The eosinophil was first described in the middle of XIX century when these granulocytes displaying a strong affinity to acidophilic dyes producing red staining of their
granules were first identified. The honour of discovering and characterising
eosinophils belongs to Paul Ehrlich, who also made first assumptions regarding their
biological significance[1]. For many decades eosinophils were regarded as terminally
differentiated end-stage cells of innate immunity exerting cytotoxic effector defence
against parasitic helminths, but also capable of causing damage to host tissues in
allergic conditions[2-5]. That simplistic paradigm had to be fundamentally revised once
recent research advances revealed numerous previously unknown eosinophil
functions, comprising inflammation control, epithelial barrier maintenance,
participation in tissue remodelling and linking innate and adaptive immunity[2-5].
Nonetheless, the whole range of roles played by these granulocytes in health and
disease remains to be elucidated.
This review focuses on eosinophil action in the distal gastrointestinal tract, both in
the normal physiological conditions and in pathology, especially in the context of
inflammatory bowel disease (IBD) and colorectal cancer (CRC). The declared task
looks timely since eosinophils, despite being recognised as important players in both
gut homeostasis maintenance and colorectal disorder pathogenesis, are often
overlooked when disease mechanisms are considered. It is remarkable that none of
recent comprehensive reviews on the pathogenesis of either IBD[6-10] or CRC[11-15] even
mentions possible eosinophil involvement in these complex processes. The author
decided to focus on analysing literature describing research in humans, but
experimental modelling, especially the use of genetically modified mice is one of the
key sources of new information in the field. For this reason, selected experimental
studies are considered as well, but caution is always required when results obtained
in murine models are extrapolated to humans.

EOSINOPHIL DEVELOPMENT AND MATURATION
Eosinophils are continuously generated in the bone marrow from pluripotent CD34+
stem cells, and it was presumed that their development proceeds through the
granulocyte/macrophage progenitor (GMP) in mice and the common myeloid
progenitor (CMP) in humans[2,16-19]. However, using a mouse model, Drissen et al[20]
have recently identified a distinct myeloid differentiation pathway characterised by
GATA1 expression and giving rise to eosinophils, mast cells, megakaryocytes and
erythroid cells, but not to monocytes, neutrophils and lymphocytes. In any case, it is
generally accepted that the control of eosinophilopoiesis is exerted on the one hand by
transcription factors produced internally by the developing cells of the eosinophil
lineage, but on the other hand by cytokines secreted predominantly by other immune
cells (Figure 1).
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Figure 1

Figure 1 Eosinophil development in the bone marrow followed by mature eosinophil appearance in the
circulation and eventual migration to the gut in the normal conditions.

The analysis of cell transcriptome changes during eosinophil lineage commitment
followed by maturation has revealed a marked development-related increase in the
number of expressed genes[21]. Early stages of this process appear to be regulated by
cytokine IL33[22] and are driven at the cellular level by a few transcription factors,
GATA1 being essential for eosinophil lineage commitment. Figure 1 illustrates the
necessity of the interplay between pro-differentiation transcription factors including
GATA1 (the key element), C/EBPs, PU.1 and IRF-8[16-19] and inhibitory influences of
FOG1, Id1 and Klf5 in generating eosinophil-restricted precursor (EoP) cells[16-19,23,24].
Importantly, the acquisition of surface receptor IL5Rα occurs at the EoP stage[25], thus
making EoP cells responsive to the external signalling by IL5, an eosinophil-targeting
cytokine secreted by type 2 innate immune cells (ILC2)[26]. Indeed, IL5, IL3 and GMCSF are recognised as the three cytokines regulating eosinophil proliferation,
maturation and functional activities in homeostasis and pathology [2,16,18] . Their
stimulating effect during eosinophil maturation is modulated by influences of several
transcription factors as well as protease activity regulator cystatin F and regulatory
miRNAs (Figure 1)[16-19,21,23,27,28]. It is notable that terminally differentiated mature
eosinophils produced in the bone marrow have fully formed specific granules
essential for the functions of these cells (see below).

DISTINCTIVE FEATURES OF MATURE EOSINOPHILS
Morphological characteristics
Mature human eosinophils can be easily morphologically distinguished by their
bilobed nuclei and the presence of specific cytoplasmic granules stained red by eosin.
These specific (also called crystalloid, secretory or “secondary”) granules are unique
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organelles that consist of a dense central crystalloid core and an outer matrix
surrounded by a trilaminar membrane[4,29,30]. Although earlier publications sometimes
mention the existence of both large “primary” granules lacking the crystalloid core
and rich in Charcot-Leyden crystal protein and “small” granules, recent studies
suggest that the coreless large granules are simply immature specific granules,
whereas the “small” granules are membrane-bound vesiculotubular structures
associated with eosinophil secretory activity[31]. Thus, there is only one granule type
present in human eosinophils, and these specific granules store pre-formed
biologically active substances comprising cytotoxic cationic proteins, cytokines,
growth factors, chemokines and enzymes[4,32,33]. Other eosinophil-specific organelles
are lipid bodies[34] charged with the synthesis of lipid mediators of inflammation
(cysteinyl leukotrienes, thromboxanes and prostaglandins) and pleiomorphic
vesiculotubular carriers (eosinophil sombrero vesicles) [35] . Like all somatic cells,
eosinophils also have mitochondria, endoplasmic reticulum and Golgi bodies.

Arsenal of secretory substances and cell surface markers expressed by eosinophils
Specific granule formation and maturation associated with the accumulation of
cationic granule proteins is essential for eosinophil development, function and
survival[4,5,32,33]. Table 1 presents key biomolecules secreted by human eosinophils, and
it is evident that, in addition to the well-known cationic proteins, these cells contain
pre-formed stores of numerous regulatory molecules including cytokines, chemokines, growth factors and enzymes. Studies in murine models also demonstrated that
parallel de novo synthesis of cytokines occurs in mature eosinophils[40-42], however the
relationship between pre-formed and de novo synthesised regulatory factors remains
to be elucidated.
In addition to secretory substances, eosinophils express a considerable number of
surface markers comprising receptors for adhesion molecules, cytokines, chemokines,
growth factors, lipid mediators as well as pattern recognition receptors (PRRs) and Fc
receptors. Table 2 lists hitherto identified eosinophil surface markers. Notably, stores
of receptor molecules were also identified within the specific granules [55] , and
membrane receptors for cytokines and chemokines located on the surface of these
granules enable them to act as receptor-mediated secretory organelles even
extracellularly[56,57]. The abundance of receptors and cell surface-associated molecules
defines eosinophil ability of participating in an extremely wide range of physiological
and pathological processes. More details on eosinophil surface markers can be found
in a few recent reviews (Rosenberg et al[5], Ravin et al[43] and Gangwar et al[44]).

Types of secretion/degranulation observed in human eosinophils in relation to their
functional activities
The current view on the versatility of eosinophil action in health and disease was
concisely formulated by Lee et al[3] in their LIAR (Local Immunity And/or Remodelling/Repair) hypothesis. Expanding this notion, eosinophil functions can be
classified into the following four categories: (1) Terminal effector functions; (2) Maintaining homeostasis and supporting tissue repair/remodelling; (3) Immunomodulatory role; and (4) Cooperative interactions with other immune cells[4]. Essentially,
all functional activities of eosinophils in both normal and pathological conditions are
exerted through the secretion of their specific products. Although classical or
compound exocytosis implying granule fusion with the plasma membrane followed
by extracellular release of entire granule contents[58] may be occasionally employed by
eosinophils attacking multicellular helminths[33,59], this secretory mechanism is rarely
observed during inflammatory and allergic responses, when immediate but selective
release of pre-formed granule-stored factors is required. Extensive investigation of
eosinophil degranulation modes has shown that either piecemeal degranulation
(PMD) or cytolysis followed by whole granule release clearly prevail in most
situations associated with human disease[33,59,60].
PMD is characterised by stimulus-dependent (receptor-mediated) differential
packaging of selected granule-derived proteins into secretory vesicles that are then
transported to the cell surface and expelled through it. During this process specific
granules are partially emptied but otherwise remain intact[60]. Being highly selective
and rapid, PMD is typically employed for cytokine secretion by eosinophils. It is the
most common secretion type observed in the context of inflammation and allergy in
humans[5,33,59,60].
Recent reports imply that cytolysis or primary lysis of human eosinophils[61] is the
second most frequently observed degranulation mode in inflammatory and allergic
conditions[33,60,61]. Cytolysis is now regarded as a regulated mechanism of rapid cell
death (distinct from apoptosis and necrosis) that is characterised by chromatin decondensation and dissolution of nuclear and plasma membranes as well as the release
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Table 1 Secretory substances produced by eosinophils
Substance

Characteristics

Pre-prodiced or de novo
synthesysed

Main functions

Ref.

Located within the core of specific (crystalloid) granules
Major basic proteins 1 and 2 Small highly cationic proteins Pre-produced
(MBP1 and MBP2)
(MBP2 is less basic)

Highly cytotoxic to host cells,
antihelminthic, antibacterial
(MBP1 is more potent and
associated with EETosis)

[2,4,32,36]

Located within the matrix of specific (crystalloid) granules
Eosinophil cationic protein
(ECP)

Small highly cationic protein
with a weak ribonuclease
activity (ribonuclease 3)

Pre-produced

Highly cytotoxic to host cells,
neurotoxic, antihelminthic,
antibacterial, antiviral,
associated with EETosis

Eosinophil-derived
neurotoxin

Small basic (less cationic than Pre-produced
MBP1 and ECP) protein with
a ribonuclease activity
(ribonuclease 2)

Cytotoxic to host cells,
neurotoxic, strongly antiviral,
antibacterial,

Eosinophil peroxidase

Highly cationic hemecontaining haloperoxidase

Pre-produced

Generates ROS exerting
potent antibacterial and
antihelminthic effects

Charcot-Leyden crystal
protein (CLC, galectin-10)

Small slightly acidic protein

Probably pre-produced

Unclear, but involvement
EETosis and a role in
interactions between
eosinophils and T-cells are
suggested

[2,4,32,36]

[2,4,32,36]

[2,4,32,36]

[31,32,36-38]

Most likely stored within specific granules, but some may be synthesised de novo in the cytoplasm
IL1β, IL2, IL3, IL4, IL5, IL6,
IL10, IL11, IL13, IL16, IL18,
IL25 (IL17E), IFNγ, GMCSF, TGFα, TNFα, TNFβ,
leukaemia inhibitory factor

Cytokines

Mostly pre-produced; some
may be de novo synthesised

A wide range of signaling
and regulatory functions

HB-EGF-LBP, NGF, PDGF,
SCF, EGF, VEGF, APRIL

Growth factors

Pre-produced or de novo
synthesised

Signalling functions related
to cell proliferation and
differentiation

CCL3, CCL5, CCL6, CCL7,
CCL8, CCL9, CCL11
(eotaxin-1), CCL13, CXCL1,
CXCL8, CXCL10, CXCL12

Chemokines

Pre-produced or de novo
synthesised

Cell migration regulation

Pre-produced or de novo
synthesised

Inflammation-related effector
functions including
cytotoxicity, extracellular
matrix modification and
phagocytosis

De novo synthesised

A broad range of effects in
inflammatory and allergic
responses

Matrix metalloproteinases
Enzymes
MMP9 and MMP17, acid
phosphatase, collagenase,
arylsulfatase B, histaminase,
phospholipase D, catalase,
non-specific esterases

[4,5,32,39]

[4,5,32]

[4,5,32,39]

[4,5,32]

Produced within the lipid bodies
Leukotrienes C4, D4 and E4, Lipid signalling factors,
Thromboxane B2,
mostly eicosanoids
Prostaglandins E1 and E2,
15-hydroxyeicosatetranoeic
acid, platelet-activating
factor

[4,5,34]

of intact specific granules retaining their functionality [ 3 3 , 5 6 , 5 7 , 5 9 ] . It was later
demonstrated that eosinophil cytolysis is often accompanied by the formation of
“extracellular traps”, i.e., web-like nets composed of extruded histone-coated strands
of DNA and specific granules released from the same lysed cells [62-64] . The latter
phenomenon is similar to the formation of bactericidal NETs (neutrophil extracellular
traps) by neutrophils first described in 2004 by Brinkmann et al[65] and often defined as
a unique form of cell death initially called NETosis[66]. It is, however, more appropriate
to call this phenomenon ETosis since it is not neutrophil-specific and was observed in
eosinophils[62-64], mast cells[67], basophils[68], monocytes[69], macrophages[70] and even B
and T lymphocytes [71] . Moreover, an alternative, “non-lethal”, mechanism of
extracellular DNA trap generation by eosinophils was described by Yousefi et al[72],
who observed a catapult-like release of mitochondrial DNA from eosinophils
remaining alive. The released DNA formed extracellular traps that also contained
eosinophil granule proteins apparently secreted through PMD[72]. In the context of
eosinophil effector functions, the association of released (by either mechanism) DNA
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Table 2 Cell surface markers expressed by eosinophils
Group of surface markers

Markers identified for eosinophils

Cytokine and growth factor receptors

IL-2R, IL-3R, IL-4R, IL-5R, IL-9R, IL-10R, IL-13R,
IL-17R, IL-23R, IL-27-R, IL-31R, IL-33R (ST2),
TSLPR, GM-CSFR, KIT, IFNγR, TGFβR

Chemokine and chemoattractant receptors

CCR1, CCR3, CCR4, CCR5, CCR6, CCR8, CCR9,
CXCR2, CXCR3, CXCR4, FPR1, FPR2, C3aR, C5aR

Lipid mediator receptors

Platelet-activating factor receptor, DP1
prostaglandin receptor, DP2 prostaglandin
receptor (CRTH2), EP4 prostaglandin receptor, E2
prostaglandin receptor, Leukotriene B4 receptor,
Lysophosphatidylserine receptor P2Y10, S1P
receptors

Fc receptors

FcαR, FcγRII, FcγRIII, FcεRI, FcεRII

Adhesion molecule receptors

Integrin αLβ2 (LFA1), Integrin αMβ2 (CR3), Integrin
αXβ2 (CR4), Integrin α4β1 (VLA4), Integrin α6β1,
Integrin αDβ2, Integrin α4β7 (LPAM), cell surface
adhesion receptor CD44, CD62L (L-selectin),
PSGL1 (P-selectin lipoprotein ligand), CD34,
CD244 (2B4)

Pattern recognition receptors

TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7,
TLR9, TLR10, NOD1, NOD2, RIG-1, RAGE

Other receptors and surface markers

PIRB, SIGLECs, SIRPα (shown for mice), LAIR1,
Cannabinoid receptor CB2, Kinin B1 and B2
receptors, Histamine receptors, PAR1 or PAR2,
CD80 or CD86, CD48, CD300 receptors (a and f),
MHC class II

Ref.
[5,43-45]

[5,43,44,46]

[5,43,44,47]

[5,43,44]
[5,43,44,48,49]

[5,43,44]

[5,43,44,50-53]

fibres and functional specific granules (or their proteins) certainly provides a
formidable defensive weapon that can be effectively used against infective agents
(bacteria, viruses, fungi) or multicellular parasites (helminths) [64] . However,
extracellular traps generated by eosinophils are highly cytotoxic and can damage host
tissues. Both defensive and host-damaging effects of eosinophils are especially
important for barrier tissues including the gut and will be discussed in more detail in
further sections of this review.

MIGRATION OF MATURE EOSINOPHILS TO THE GUT
According to generally accepted views, upon maturation in the bone marrow
eosinophils enter the circulation and migrate to the gastrointestinal tract, their
accumulation in the gut mucosa commencing during embryonal development[73,74].
IL5 and possibly GM-CSF stimulate the release of eosinophils from the bone
marrow into the circulation[2,16,32]. Mouse eosinophils can stay in circulation for up to
36 h [75] , and this estimate has later been shown to be close to their average 25-h
intravascular presence in humans[76]. Eosinophil trafficking from the circulation to the
gut and other peripheral target tissues (such as thymus, uterus and mammary gland
in the normal conditions) is a complex multi-step sequence of events. As for all
leukocytes, it comprises tethering, rolling, adhesion and transendothelial migration
followed by polarisation and amoeboid movement in the interstitial space[73,77-81].
Alongside chemokine and cytokine signalling, the interaction between adhesion
molecule receptors expressed by eosinophils and corresponding adhesion proteins of
endothelial cells is crucially important for efficient eosinophil trafficking. Although
leukocyte extravasation is better studied in inflammatory conditions, it can be
assumed that in health the initial adherence (tethering) of eosinophils to endothelial
cells and the initiation of rolling motion are selectin-dependent, whereas further
rolling, firm adhesion and transendothelial migration are mediated by integrins[77-79].
In the context of eosinophil homing in the intestinal lamina propria (schematically
shown in Figure 1), binding of the integrins α4β7 and α4β1 expressed by eosinophils to
endothelial adhesion molecules MAdCAM1 and VCAM1 respectively is especially
important, and interactions of α L β 2 and α M β 2 with ICAM1 appear to lead to the
eventual transmigration from capillaries [48,82,83] . Further interstitial migration of
eosinophils to their destination in the lamina propria is believed to be governed mostly
by chemokine eotaxin-1 interacting with its CCR3 receptor on the surface of
eosinophils[2,74]. Eotaxin-2 and eotaxin-3 may also contribute to the chemotaxis, but

WJG

https://www.wjgnet.com

3508

July 21, 2019

Volume 25

Issue 27

Loktionov A. Eosinophils in the gut and colorectal disorders

appear to be less eosinophil-specific[2,74]. In the human colon eotaxin-1 concentration
gradient directing eosinophil migration depends on the secretion of this chemokine
by intestinal macrophages and epithelial cells[84-86], while IL13 produced by ILC2
cells[26] stimulates macrophage eotaxin-1 expression (Figure 1).

EOSINOPHILS IN HEALTHY GASTROINTESTINAL TRACT
Mouse experiments demonstrated that eosinophil homing in the gut occurs in the
foetal life, i.e., independently of later intestinal colonisation by microbiota[73]. In the
normal human gastrointestinal tract the presence of eosinophils increases in the distal
direction (oesophagus < stomach < small intestine < colon) reaching its peak in the
caecum and ascending colon[87-89]. As already mentioned, in the normal gut eosinophils
are primarily located in the lamina propria of the mucosa rather than in the surface
epithelium[82,90].
Unfortunately, functions of human gastrointestinal eosinophils in health remain
poorly investigated, mouse models being the main source of available information.
Still, recent progress in this complex field allows making some generalisations.
Eosinophil presence in the gut was previously believed to simply constitute an
effector element of the innate host defensive barrier, but it is now becoming clear that
resident intestinal eosinophils continuously monitor and modulate complex immune
responses and tissue remodelling throughout the huge surface of the gastrointestinal
tract[3]. It is remarkable that, unlike their circulating counterparts, gastrointestinal
eosinophils exhibit an activated phenotype suggesting permanent functional
activity[4,91]. Participation in the following physiological mechanisms is currently
attributed to these gut-dwelling cells: (1) Maintenance of gastrointestinal mucosal
barrier function; (2) Provision of immunity to pathogens present in the gut lumen; (3)
Interactions with the enteric nervous system; (4) Linking innate and adaptive
immunity[4]. These functions are discussed in more detail hereafter.

Eosinophil participation in the maintenance of gastrointestinal mucosal barrier
function
The intestinal epithelium acts as a uniquely important body interface with the
environment. In addition to its physical barrier function that prevents underlying
tissues from contacting harmful microbiota and dietary antigens of the gut lumen, this
epithelium regulates the selective absorption of nutrients, water and electrolytes[92].
The epithelial surface throughout the gut is covered by the glycocalyx of enterocytes
and colonocytes[93] and abundant mucus rich in mucin 2 (MUC2) produced by goblet
cells. The utmost importance of this mucus became evident only recently, and it is
now established that the structure of the mucus layer throughout the intestine is not
uniform. The small intestine has a single and relatively loose layer of mucus
populated by microbiota, whereas the colon has a two-layered system with a dense
inner layer firmly attached to the mucosal surface and an outer layer permeable for
bacteria (Figure 2)[94,95]. It is remarkable that this structure essentially excludes any
direct contact of bacteria with the colonic epithelium. The protective role of the mucus
is further enhanced by the presence of antibacterial substances, such as α-defensins
and lysozyme secreted by Paneth cells of small intestinal crypts[96] and IgA produced
by plasma cells of the lamina propria[97,98].
Interestingly, it has recently been shown that intestinal mucus layer maintenance
depends on eosinophil presence in the lamina propria since eosinophil-deficient mice
had significantly decreased numbers of mucus-secreting goblet cells in the small
intestine[98]. This is not surprising since eosinophils are known to directly induce
mucin production in airway epithelial cells by activating EGFR cascade[99]. Moreover,
although possible interactions between eosinophils and Paneth cells remain obscure,
the transcription factor Xbp1 is important for the development of the both cell
types[27], and, like Paneth cells, human eosinophils were demonstrated to produce αdefensins [100] . It was also reported that eosinophils are required for maintaining
mucosal IgA production by plasma cells in the lamina propria[97,98,101], probably through
mechanisms involving IL1β[98] and TGFβ[97,100] signalling.
Taken together, this information suggests that eosinophils are intimately involved
in the maintenance of the protective intestinal mucus in the normal conditions.

Eosinophil participation in the provision of immunity to pathogens in the gut lumen
The immune system of the gut is an extremely complex entity, analysis of which is
beyond the scope of this review, but eosinophil impacts are highlighted herein. It is
obvious that in the normal homeostatic conditions immune surveillance focused on
sampling and assessing luminal antigens occasionally contacting the mucosal surface
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Figure 2

Figure 2 Schematic representation of eosinophil interactions with other cells and tissues in the small intestine (A) and colon (B). Black asterisks indicate gut
microbiota. Although one M-cell is shown in the colon, little is known about the presence of M-cells in healthy human colon.DC: Dendritic lells; E: Eosinophils; Fb:
Fibroblasts; GobC: Goblet cells; L: Lymphocytes; M: M-cells; Mcr: Macrophages; Ne: Nerves; PanC: Paneth cells; PC: Plasma cells.

is of utmost importance. The gut-associated lymphoid tissue (GALT) is believed to be
responsible for luminal antigen sampling. In the small intestine this function is
primarily associated with microfold (M) cells [102-104] located in the epithelium
overlaying Peyer’s patches (Figure 2) and capable of communicating with immune
cells comprising B lymphocytes, T lymphocytes, macrophages and dendritic cells. Mcells are also believed to be present in the epithelium overlaying lymphoid follicles in
the colon[103], but their location and functions in the normal human colon remain very
poorly investigated. M-cells exert luminal antigen transcytosis followed by antigen
transfer to the relevant immune cells of the lamina propria, but alternative antigen
capture mechanisms appear to exist as well. Dendritic cells were shown to sample
bacterial antigens by extending their dendrites to penetrate the epithelium and reach
the lumen[105,106]. In addition, goblet cells can deliver low molecular weight intestinal
antigens to the underlying dendritic cells of the lamina propria [107] . The latter
mechanism shown for the normal small intestine[107] may be especially important for
the colon, where it becomes activated only when mucus barrier, luminal microbiota
balance or microbial sensing by goblet cells are disturbed[108]. Given that the stratified
mucus layer securely protects colonic epithelium from any contact with gut contents
in the normal conditions, it is likely that immune cells located in the colonic lamina
propria may be completely unaware of luminal antigens until the protective barrier is
damaged[108]. Although the role of eosinophils in luminal antigen recognition and
presentation at baseline remains poorly investigated, it should be noted that these
granulocytes promote the development of Peyer’s patches[98] and are known to be
closely involved in regulating dendritic cell activation and migration[109]. In addition,
intestinal eosinophils can express antigen presentation-associated markers, including
MHCII and CD80[91] as well as activating receptor FcγRIII[110]. Their possible antigenpresenting function has not been demonstrated in the normal gut and remains to be
investigated.

Eosinophil role in the provision of interactions with the enteric nervous system
Eosinophil influences on the nervous system were extensively studied in the context
of asthma and allergic respiratory inflammation[111,112]. It is also known that human
eosinophils can produce nerve growth factor in abundance[113]. Eosinophil-nerve
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interactions in the gut were demonstrated experimentally [114] , and accumulating
evidence indicates that eosinophil impact on the enteric nervous system may often be
exerted through mast cells residing in the lamina propria[115]. Indeed, eosinophils and
mast cells are often found in close proximity to each other. Physical interaction
between them can induce a hyperactivation state accompanied by soluble mediator
release[116,117]. Mast cells and eosinophils in the gut are often located near sensory nerve
fibres and are known to be involved in the pathogenesis of functional gastrointestinal
disorders accompanied by motility changes, hyperalgesia and diarrhoea [115,118] .
Concerted action of eosinophils and mast cells can produce multiple effects in
addition to interactions with the nervous system, being among major factors in allergy
and responses to infections[119], which are beyond the scope of this review.

Eosinophil role in linking innate and adaptive immunity in the intestine
It is now recognised that eosinophils can modulate T cell-mediated immune
responses, owing to their ability to rapidly produce cytokines, chemokines and
growth factors[3-5], but little is known about their regulatory functions in the normal
intestine. Although eosinophils are able to secrete cytokines associated with both Th1
and Th2 cells[86], in the gut they appear to be primarily associated with Th2 immunity,
being producers of Th2-inducing cytokines IL4 and IL13[120]. It is remarkable that IL13
was detectable in a considerable fraction of these cells in the normal human duodenal
lamina propria[121]. Recent demonstration of significantly increased Th1 cell presence in
the gut of eosinophil-deficient transgenic mice corroborates organ-specific Th1
immunity suppression by these granulocytes[122].
It is assumed that eosinophils may regulate the magnitude and Th2 polarisation of
immune responses through interactions with B and T lymphocytes[86]. However, there
are many unanswered questions regarding types of cell-mediated immune responses
and corresponding cytokine profiles, and a view advocating the existence of three
rather than two types of effector immunity has recently emerged[123]. Only further
intense research in this dynamic area will lead to better understanding of eosinophil
interactions with other immune cells in the human gut.
Clearly, the four topics highlighted above do not entirely cover all activities of
intestinal eosinophils. For instance, experimental studies have revealed eosinophil
influences on smooth muscle cells[74,124], fibroblasts[74,125] and capillary endothelium[74],
but these roles remain to be investigated for the normal human gut.

EOSINOPHIL IMPACT IN THE PATHOGENESIS OF MAJOR
COLORECTAL DISEASES (IBD and CRC)
The author opted not to address eosinophil-associated gastrointestinal disorders
(EGID) comprising eosinophilic oesophagitis, eosinophilic gastritis, eosinophilic
enteritis and eosinophilic colitis as well as gastrointestinal manifestations of
hypereosinophilic syndromes. These relatively rare conditions were extensively
reviewed elsewhere[83,86,126,127]. The concluding part of this review is focused on two
major colorectal diseases: IBD and CRC.

Eosinophils in the pathogenesis of IBD
IBD is represented mainly by two major conditions: ulcerative colitis (UC), which
affects exclusively colonic mucosa [10] , and Crohn’s disease (CD), a transmural
asymmetrical inflammation that can involve the entire gastrointestinal tract[9]. These
diseases are highly prevalent all over the world[128-131]. Both UC and CD are chronic
relapsing disorders with complex and not entirely understood mechanisms of
development. IBD etiopathogenesis is, however, believed to include genetic
predisposition, environmental/microbial impacts, intestinal barrier dysfunction and
dysregulation of the mucosal immune system of the gut [6-10,132] . The latter two
pathogenetic components can certainly be influenced by eosinophils, the abundance
of which, correlating with disease severity, is well documented in the gut mucosa of
patients with UC [133-140] and some CD cases [135,137,141,142] . The increased presence of
eosinophils in the mucosa of these patients apparently results from an enhanced
production of eotaxin 1 in the lamina propria [84,143-145] by colonocytes [84,136] , macrophages [84,145] or B lymphocytes [144] . Furthermore, Manousou et al [146] described an
elevated expression of eotaxin receptor CCR3 in colonic biopsy samples from UC
rather than CD patients. Although the authors interpreted this finding as a sign of the
accumulation of CCR3-expressing T cells, it is likely that lamina propria eosinophils
expressing the same receptor could be at least equally responsible for this UCassociated change. Conversely, serum eotaxin levels were reported to surge in active
IBD[141,147,148], but the increase looked more pronounced in CD patients compared to UC
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cases[147,148]. The contrast between UC and CD becomes even more evident in view of
different patterns of colonic eosinophil activation described by Lampinen et
al[84,136,137,145,170,186,188] and indicating that in disease remission activated eosinophils
persisted in the lamina propria of UC, but not CD patients[136,137].
The observed differences in colonic eosinophil presence and activity between the
two IBD types are not surprising because it is traditionally accepted that CD
pathogenesis, which has a stronger genetic component [6] , is dominated by Th1
cytokine profile (combined with Th17 influences) [149-152] , whereas Th2 immune
response tends to characterise UC[150-153]. Given recent advances in the understanding
of immune response types, involved cell populations and cytokine profiles[123,154,155],
this straightforward division may now look simplistic, but the association of
eosinophils with Th2 immunity is well proven [120] . Therefore, their role in UC
pathogenesis looks more evident and easier to explain.
Before further discussing the role of eosinophils in IBD development it will be
useful to briefly address gut barrier-related aspects of disease onset. Although
numerous factors admittedly contribute to IBD pathogenesis [6-8,156] , the precise
mechanism of disease initiation remains elusive. Multiple lines of evidence indicate
that in most cases IBD can be triggered by an initial contact of the gut microbiota with
the mucosal immune cells followed by the development of inadequate immune
responses. It is probable that preconditions for this initial contact are associated with
functional deficiencies of the protective barrier of the gut mucosa, and they are likely
to differ between CD and UC. Indeed, the loose mucus layer of the small intestine
may be easily penetrated by microorganisms that then directly contact the epithelium,
particularly mucosal M-cells[102-104] of the ileum. Such events can be facilitated by αdefensin deficiency caused by Paneth cell dysfunction that is frequently observed in
CD patients, including those genetically predisposed to the disease[157,158]. In contrast,
M-cells in the normal colonic mucosa can hardly be reached by microbiota since two
layers of mucus, especially the dense inner one[93-95], exclude any bacterial contact with
the epithelium (Figure 2B). The protective role of the inner mucus layer is well
illustrated by spontaneous colitis development in MUC2-deficient mice[159,160]. Bacterial
penetration through the inner mucus layer was observed in UC patients[161], but it is
not entirely clear what triggers the initial change of inner mucus layer properties.
Mouse models suggest MUC2 secretion deficiency[159,160] or goblet cell depletion[162] as
probable causes, and goblet cell numbers in UC patients, indeed, tend to be
reduced[163]. Some authors believe that unresolved endoplasmic reticulum stress and
the unfolded protein response are early events leading to goblet cell disfunction and
mucus layer impairment in UC [164,165] . Altered eosinophil behaviour may well be
associated with these phenomena, but this possibility remains to be investigated.
Alternatively, the inner colonic mucus layer can be primarily damaged by mucusdegrading bacteria of the gut lumen [166] . The latter process may potentially be
modulated by dietary factors since it was experimentally demonstrated that dietary
fibre deficiency leads to switching of the gut microbiota on using mucus glycoproteins
as a nutrient source and eventual erosion of the mucus barrier[167]. All the pathogenetic
components discussed above may contribute to IBD initiation in humans, but further
research in the area is obviously needed.
Whatever scenario causes IBD initiation, there is little doubt that bacterial antigen
interaction with the gut-associated lymphoid tissue triggers complex cascades of
inadequate immune responses leading to disease development. In these circumstances, activated eosinophils present in the lamina propria predominantly start acting
as effector cells, excessive protective response of which can cause serious damage to
the host through several mechanisms. Activated eosinophils accumulating in the gut
of IBD patients[133-142] have an extended lifespan[168], and their degranulation leads to a
massive release of both cytotoxic granule proteins and pro-inflammatory cytokines.
Gut epithelium is one of the key targets of cytotoxic eosinophil proteins as it was
demonstrated that MBP alters colonic epithelium barrier function [169] . Another
mechanism of eosinophil contribution to colonic barrier dysfunction in UC involves
muscarinic receptors expressed by these granulocytes. Wallon et al[170] showed that
cholinergic signals received by the muscarinic receptors caused corticotropinreleasing factor (CRF) production by eosinophils, and CRF induced degranulation of
neighbouring mast cells that led to an increase in mucosal barrier permeability.
Concerted action of eosinophils and mast cells may have multiple endpoints in IBD as
the both types of cells are important sources of cytokines comprising TNFα that,
intriguingly, induces M-cell appearance in the mouse colon during inflammation[171].
Moreover, cooperation between eosinophils and mast cells was demonstrated in CDassociated fibrosis development at later stages of the disease [172] . Inflammation
intensity can also be aggravated by human gut eosinophils through blocking antiinflammatory interleukin 22 (IL22)[173] by overproducing IL22-binding protein in both
CD and UC patients[174].
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Interactions of gut eosinophils with other immune cells, especially lymphocytes,
are very complex and poorly investigated in IBD patients. There is no room for
discussing all of them here, but crosstalk between eosinophils and neutrophils
deserves to be mentioned. Neutrophils are not present in the lamina propria in the
normal conditions but are rapidly attracted there when inflammatory response
develops (Figure 3). It is believed that chemokines, especially CXCL8, produced by
gut epithelium in inflammation trigger neutrophil chemotaxis [175] . Interestingly,
eosinophil impact in this process is now becoming evident since they can synthesise
CXCL8[176]. Also, eosinophils were demonstrated to cooperate with colonic epithelium
in producing a wider range of neutrophil chemoattractants [177] . In conclusion of
discussing the role of lamina propria eosinophils in IBD it needs to be noted that the
presented facts are mostly related to human disease. There is a considerable body of
additional information obtained in murine models which has been reviewed
elsewhere[178].
Until recently, pathogenetic mechanisms of IBD were considered only at the level
of events occurring within the gut wall. However, it is now becoming evident that gut
mucus layer presents another, poorly investigated but potentially highly important,
battlefield for innate immune responses. Although massive neutrophil influx to the
mucosa, often leading to crypt abscess formation, is recognised as a hallmark feature
of IBD, the importance and mechanisms of immune cell migration through mucosal
epithelia remain poorly understood and insufficiently investigated [ 1 7 9 , 1 8 0 ] .
Transepithelial neutrophil migration involving a chain of molecular events that
include initial attachment to the basal surface of epithelial cells, movement through
paracellular space (passing by desmosomes, adherens junctions and tight junctions)
and eventual contact with the apical membrane of the epithelium is relatively well
understood[179,180]. Moreover, it is known that following transmigration neutrophils
release MMP9-rich microparticles that disrupt epithelial junctions facilitating further
transmigration[182]. Rapid eosinophil migration through tracheobronchial epithelium
in experimental conditions was also reported[181], but remains unexplored in the gut.
The process is, thus, well-defined, but the final destination of cells crossing the
epithelial barrier remains obscure, being often indicated simply as “gut lumen”[179,180].
Neutrophil-associated markers of inflammation are, indeed, easily detectable in faeces
of most patients with active UC and CD, as the popularity of faecal diagnostic tests,
particularly stool calprotectin, proves[183,184]. Similarly, the presence of eosinophil
markers in stool or colorectal perfusion fluid of IBD patients was repeatedly
reported[184-188]. It is, however, apparent that any cells or biomolecules leaving gut
epithelium surface should first enter mucus barrier already discussed above, and only
its occasionally separated fragments can be incorporated into the faecal matter. The
author of the present review previously hypothesised that colorectal mucus retains
these highly informative cells and molecules and can be conveniently used for
diagnosing colorectal diseases[189]. Studies of our group convincingly demonstrated
the abundance of inflammatory cells, predominantly neutrophils, in colorectal mucus
collected from IBD patients either intrarectally[190,191] or non-invasively[192,193]. Common
eosinophil presence in this material was also noted[191,193], especially in UC patients[193],
and dramatically increased EDN levels were determined[191,194], typically with higher
values in UC compared to CD[194]. Detailed cytological analysis of these samples
demonstrated that colorectal mucus from patients with active IBD commonly contains
not only huge amounts of neutrophils, but also eosinophils, macrophages,
erythrocytes as well as occasional plasma cells, lymphocytes and basophils[193]. Most of
these cells are viable and functionally active as our frequent observations of
phagocytosis by neutrophils and macrophages indicate[193]. Furthermore, it appears
that signs of ETosis were also present in colorectal mucus from IBD patients[193]. These
findings allow hypothesising that gut mucus acts in IBD as a unique additional
milieu, where immune responses expand from the mucosa. It is apparent that the
abundance of active cells, especially granulocytes releasing contents of their granules,
considerably loosens the inner mucus layer in the colon, thus making it both
permeable for gut microbiota and facilitating further immune cell transmigration and
movement through the mucus. These circumstances should favour antibacterial
activity of the effector cells, but extensive collateral damage of host epithelium is
highly likely. ETosis exerted by neutrophils, eosinophils and other immune cells[62-72]
may be especially important in this context. Figure 3 reflects the author’s opinion on
the extent of inflammatory process in the human gut.
Protection from invading microbiota appears to be the main biological aim of
ETosis since histones enveloping released DNA are antibacterial[195], and the addition
of DNA strands may increase mucus viscosity, thus mechanically compensating for
MUC2 degradation. Further antibacterial action is provided by granule proteins of
both neutrophils[196,197] and eosinophils (Table 1). However, ETosis in the mucus,
especially combined with the release of intact eosinophil granules, can seriously
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Figure 3

Figure 3 Schematic representation of human colonic mucosa and overlaying mucus during inflammatory
bowel disease (ulcerative colitis) flare-ups. Rapid influx of neutrophils results in severe neutrophil infiltration of the
lamina propria. Further massive transepithelial migration of neutrophils and other immune cells (especially
eosinophils in ulcerative colitis) eliminates mucus layer structure, enables bacterial contact with the epithelium,
causes epithelial cell death, ulcer formation and bleeding. Mucus infiltration with neutrophils and eosinophils is
accompanied by abundant ETosis and release of both granule proteins and free eosinophil granules. Active
inflammation also induces M-cell appearance in the epithelium overlaying lymphoid follicles[171]. Cell images
correspond to those used in Figure 2. Erythrocytes are presented by red circles. Small red dots correspond to free
eosinophil granules.

damage enterocytes or colonocytes. Eosinophil-derived extracellular DNA traps have
already been shown to injure airway epithelium in chronic obstructive pulmonary
disease[198] and chronic rhinosinusitis[199], where MBPs released from specific granules
were especially toxic[200]. This phenomenon is still poorly investigated in relation to
UC and CD, but interest in IBD-associated ETosis is emerging. In addition to our
results discussed above, NET presence has been demonstrated in biopsy samples
from IBD patients[201-203], notably within crypt abscesses[201], i.e., beyond the mucosa.
Although the significance of immune responses occurring within colorectal mucus
remains to be elucidated, it is impossible to exclude that eosinophil-generated
extracellular DNA threads, loaded with entrapped specific granules that release
cytotoxic cationic proteins, can cause a continuing colonocyte damage leading to
sustained ulceration. This so far unexplored mechanism may constitute an important
pathogenetic factor in UC and, to some extent, in colonic CD. On the other hand, it
should not be forgotten that transepithelial migration of immune cells is a major
factor in mucosal disease resolution, as demonstrated for airway diseases [204,205] .
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Indeed, the presence of both inflammatory cells and biomarkers associated with them
significantly decreased in colorectal mucus samples from successfully treated IBD
patients [194] . It is, therefore, probable that gradual distal movement of colorectal
mucus[189] creates favourable conditions for eliminating dead or obsolete immune cells
from the surface of colonic epithelium if inflammation is successfully resolved.
The presented analysis of literature on eosinophil impact in IBD pathogenesis
reveals that eosinophils are closely involved in this process through regulatory
activities, interactions with other cells and tissues and effector functions that can often
be excessive and damage the host. The impact of eosinophils appears to be especially
important in altering the structure and protective functions of the mucosal barrier.
The author also tried highlighting an interesting new research direction related to
exploring poorly investigated immune responses occurring in the protective mucus
layer of the gut. It is, however, apparent that our understanding of IBD pathogenesis,
including eosinophil participation in it, remains fragmentary and needs further
thorough investigation. For this reason, it would be premature to speculate on
possible therapeutic interventions targeting eosinophils in IBD.

Eosinophils in the pathogenesis of CRC
CRC is one of the most frequent oncological conditions with estimated global figures
of 1801000 new CRC cases and 861700 deaths due to this disease in 2018[206]. Although
there are many good reviews addressing various aspects of CRC pathogenesis[11-15],
possible role of eosinophils in this process is usually overlooked despite the existence
of reports deserving attention and briefly discussed below.
Eosinophil infiltration is often observed in malignancies, but for different tumours
it was reported as either prognostically favourable or unfavourable [3,4,207-210] .
Nevertheless, the presence of eosinophils in CRC patients is strongly linked with a
decreased disease risk, better prognosis and extended patient survival. Indeed,
elevated blood eosinophil counts were associated with a decreased CRC development
risk[211] as well as better prognosis[212-214]. Eosinophil infiltration of colorectal tumours is
a common phenomenon, and higher numbers of infiltrating eosinophils detected both
in the tumour tissue[215-217] and peritumourally[218-220] were repeatedly shown to be
prognostically favourable. Despite these seemingly cogent findings, the quoted
descriptive clinical studies could not provide any direct evidence of anti-cancer
eosinophil action, and possible mechanisms of CRC growth inhibition by eosinophils
remain poorly understood.
Tumour-associated inflammation is currently recognised among hallmarks of
cancer[11]. Eosinophil accumulation accompanying inflammation-related cancer cell
death and proliferation in CRC is one of its components that probably reflects Th2
immune responses enhanced at the expense of Th1 immunity[3]. Besides, eosinophils
are likely to stimulate tissue remodelling and tumour-related angiogenesis[3,221]. The
latter MBP-modulated effect may in theory promote tumour growth, however only
non-cytotoxic MBP concentrations enhanced angiogenesis in vitro[221], and significant
eosinophil infiltration in CRC is likely to produce high MBP concentrations. Ellyard et
al[222] argued that some components of Th2-driven inflammation in cancer can be
associated with anti-tumour activity of CD4+ Th2 cells collaborating with tumourinfiltrating granulocytes, especially eosinophils that exert regulatory functions. In any
case, it is now becoming clear that there are several mechanisms driving eosinophil
attraction to tumours and defining their influence on malignant tissue. In particular, it
was demonstrated in vitro that eosinophil chemotaxis could be induced by necrotic,
but not viable cells of neoplastic intestinal epithelium[223]. Experiments in a xenograft
mouse model indicated that eosinophil infiltration developed rapidly, involved
mostly tumour necrotic areas or capsule regions and was not associated with the
presence of CD4+ T cells[224], thus suggesting that eosinophil chemotaxis depended on
tumour-derived factors, such as damage-associated molecular pattern molecules
(DAMPs) including the nuclear protein high mobility group box 1 (HMGB1) [225] .
Notably, the presence of cell-free cytotoxic MBP was confined to the necrotic areas of
tumours[224]. There are also reports describing expression of eosinophil attractant
ecalectin (variant of galectin-9) by human colorectal carcinoma cell lines[226] and of
eotaxin 1 in tumours resected from CRC patients[227]. The latter phenomenon was
recently investigated further in a mouse model by Hollande et al[228], who found that
IL33 expressed by tumour cells induced eotaxin 1 production that led to eosinophil
recruitment and degranulation-dependent suppression of tumour growth [228] .
Interestingly, eotaxin 1 concentration is negatively regulated by serine protease DPP4,
and treatment with DPP4 inhibitor sitagliptin was shown to result in an increase in
eotaxin 1 level [228] . Sitagliptin is a drug already approved by the US FDA for
hyperglycaemia treatment, and it may potentially be re-purposed as a new antitumour agent promoting tumoricidal action of eosinophils[228,229]. Coming back to IL33,
its role as an influential modulator of early stages of eosinophil development[22], was
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noted in the beginning of this review, but it is also a potent eosinophil activator
stimulating their degranulation[230]. Moreover, it was reported that IL33-deficient mice
had gut microbiota dysbiosis and were highly susceptible to both colitis and colitisassociated cancer [231] , which could also be related to impaired eosinophil-driven
responses. Hence, multiple parallel pathways are likely to be involved in generating
eosinophil infiltration of colorectal tumours and direct killing of malignant cells, a
phenomenon already proven experimentally. In vitro studies by French investigators
assessing tumoricidal activity of eosinophils against Colo-205, a human colon
carcinoma cell line, have shown that this effect was mediated by eosinophil-produced
ECP, TNFα and proteolytic granzyme A [232] . The same group later reported that
eosinophil attachment to Colo-205 cells depended on interaction between adhesion
molecules LFA-1 and ICAM-1 that was upregulated by IL18[233]. Direct tumoricidal
effect of tumour-infiltrating degranulating eosinophils was also observed in model
experiments using genetically modified mice[234]. It is, however, obvious that the
tumoricidal action of eosinophils in vivo may involve multiple interactions with other
immune cells. Notably, there is evidence that eosinophils can promote either Th2 or
Th1 immune responses, depending on varying cytokine profiles[86,235]. Carretero et al[236]
have recently shown in experiments with xenograft-bearing mice that tumour-homing
eosinophils secreted chemoattractants that guided CD8+ effector T cells to tumours,
eventually causing tumour rejection. Thus, it is apparent that different immune
response scenarios can be involved in anti-CRC action of eosinophils.
Completing this final section of the review, the author is tempted to briefly mention
already discussed ETosis as another possible, but hitherto poorly investigated factor
in CRC. One interesting link here is provided by recently published results
implicating inflammation-induced ETosis in extracellular matrix remodelling and
awakening of dormant cancer cells [237] . As tumour-associated inflammation is a
characteristic feature of CRC, and significantly increased extracellular trap formation
in these tumours is now proven[238,239], it looks probable that previous reports of CRCassociated increase in the amount of DNA in stool[240,241] or on the surface of colorectal
mucosa[190,242] at least partially reflected abundant ETosis occurring within mucus
layers contacting tumour surface. In essence, cellular presence in the mucus
overlaying colorectal tumour surface is quite similar to that depicted by Figure 3, the
abundance of exfoliated malignant cells being the only major difference[190]. Although
today there is no published evidence of eosinophil contribution in CRC-related
ETosis, this evidence is very likely to emerge soon. In contrast to anti-cancer effects of
eosinophils in fully developed tumours, which were discussed above, it is impossible
to exclude carcinogenicity of eosinophil-derived DNA traps loaded with highly
cytotoxic released granules damaging colonic mucosa. Such a carcinogenic action
could be involved at early stages of CRC development, especially in IBD-associated
context[243,244]. Conversely, eosinophil-driven ETosis may prevent further tumour
expansion at later stages of advanced tumour growth.
The presented analysis of literature establishes a link between eosinophil presence
and favourable CRC prognosis, but functional versatility of these multifaceted cells
may comprise both anti-cancer and tumour-promoting features. Only several
experimental studies addressing eosinophil roles in cancer could be highlighted,
however it already becomes transparent that alternative mechanisms involving both
direct effector action of eosinophils and complex cooperation with other immune
cells, especially T lymphocytes, can be engaged in different circumstances. This
fascinating area still poses numerous unanswered questions requiring further intense
investigation.

CONCLUSION
Upon the presented analysis of the current literature it can be concluded that
eosinophils are now regarded as multifunctional mobile cells routinely involved in
controlling and regulating a range of biological pathways and responses in both
health and disease. The versatility of eosinophils largely depends on the availability of
numerous biologically active substances (cytotoxic cationic proteins, cytokines,
growth factors, chemokines, enzymes) stored in their specific granules and ready for
rapid release. The lamina propria of the human gut is one of the main destinations of
eosinophils produced and matured in the bone marrow and transferred through the
circulation. In the normal physiological conditions, the most important functions of
gut-residing eosinophils appear to be their participation in the maintenance of the
protective mucosal barrier and interactions with other immune cells, particularly in
providing immunity to microbiota inhabiting the lumen of the gut. In health the latter
regulatory role may be more important in the small intestine compared to the colon,
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mostly due to structural differences of mucus layers covering epithelial surfaces of
these two segments of the intestine. Eosinophils are proven to be closely involved in
the development of inflammation in IBD, when their uncontrolled cytotoxic effector
functions cause damage to host tissues. However, their roles in CD and UC differ.
While eosinophil impact in UC pathogenesis largely corresponds to Th2 immune
response pattern, the involvement of these cells in CD pathogenesis is less clear.
Eosinophils in IBD appear to be especially important in altering the structure and
protective functions of the mucosal barrier and modulating massive neutrophil influx
to the lamina propria followed by transepithelial migration to colorectal mucus. The
author believes that accumulating evidence suggests that IBD-associated
inflammatory process expands to the mucus overlaying the internal gut surface, and
the presence of eosinophils in this mucus is well documented. It can be hypothesised
that colorectal mucus presents a previously unexplored unique milieu for diseaserelated inadequate immune responses in the gut. These responses involving cytotoxic
effects and ETosis exerted by both neutrophils and eosinophils on the both sides of
the colonic epithelial barrier act as additional pathogenetic factors leading to colonic
epithelium ulceration in IBD. However, further research is needed for testing the
proposed hypothesis. Literature analysis also highlights an association between
elevated eosinophil levels and better CRC prognosis. Mechanisms behind this link
may involve both direct anti-tumour action of eosinophils and complex cooperation of
eosinophils with T cells but remain to be elucidated. This challenging area still
presents an important goal for future research.
It should be admitted that addressing all interesting topics related to eosinophil
role in the gut was impossible for obvious reasons. A huge amount of literature
covering gut immunity in health and disease exists, and certain selectivity was
inevitable. Nonetheless, the author would like to specifically emphasise his opinion
on the importance of investigating colorectal mucus in the context of major colorectal
diseases including IBD and CRC.
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Abstract
Hepatitis B virus (HBV) infection is one the leading risk factors for chronic
hepatitis, liver fibrosis, cirrhosis and hepatocellular cancer (HCC), which are a
major global health problem. A large number of clinical studies have shown that
chronic HBV persistent infection causes the dysfunction of innate and adaptive
immune response involving monocytes/macrophages, dendritic cells, natural
killer (NK) cells, T cells. Among these immune cells, cell subsets with suppressive
features have been recognized such as myeloid derived suppressive cells(MDSC),
NK-reg, T-reg, which represent a critical regulatory system during liver
fibrogenesis or tumourigenesis. However, the mechanisms that link HBVinduced immune dysfunction and HBV-related liver diseases are not understood.
In this review we summarize the recent studies on innate and adaptive immune
cell dysfunction in chronic HBV infection, liver fibrosis, cirrhosis, and HCC, and
further discuss the potential mechanism of HBV-induced immunosuppressive
cascade in HBV infection and consequences. It is hoped that this article will help
ongoing research about the pathogenesis of HBV-related hepatic fibrosis and
HBV-related HCC.
Key words: Hepatitis B virus; Hepatocellular carcinoma; Liver fibrosis; Regulatory T
cells; Regulatory natural killer cells; Dendritic cells; Monocytes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We review that hepatitis B virus (HBV) induces suppressive function of the
innate and adaptive immune cells in chronic HBV infection, and highlight that immune
suppressive cascade contributes to the mechanism of HBV persistent infection. Further,
we analyze the potential effects of HBV-induced immunosuppression in HBV-related
fibrosis and hepatocellular carcinoma, thus providing underlying research directions for
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INTRODUCTION
Despite the presence of vaccines and therapeutic drugs, hepatitis B virus (HBV)
infection remains a major global health problem. More than 350 million people
worldwide are chronically infected with HBV, and about 1 million people die each
year from HBV-related complications[1]. Persistent HBV infection can lead to varying
degrees of liver damage, which eventually leads to hepatitis, fibrosis, cirrhosis, and
hepatocellular carcinoma (HCC)[2]. HBV belongs to the noncytopathic hepatic DNA
virus family which only infect human and orangutan liver cells, and there is no
evidence that the HBV can infect other non-hepatocyte cells[3]. HBV infection does not
cause direct hepatocyte lesions, and the host's immune response determines whether
it clears the virus or induces liver disease. In contrast that HBV-infected adults often
develop self-limiting and transient hepatitis, and 95% of infections end with virus
removal and the establishment of protective antibodies, the vast majority of neonatal
vertical transmission of HBV from mother to child develops into chronic infection[4].
While divergent factors are involved in its pathogenesis, chronic HBV persistent
infection is a complex process involving the interaction of the host immune system
with the virus, which causes the incapacitation of the innate and adaptive immune
response[3]. How HBV regulates the innate and adaptive immune cells, leading to
persistent virus infection and further consequences, continues to be a research
hotspot. Therefore, in this review, we summarize recent findings regarding the
function and impairment of innate and adaptive immune cells, and discuss the
potential mechanism of HBV-induced immune suppressive cascade in HBV infection
and HBV-related liver diseases.

HBV-INDUCED IMMUNE SUPPRESSION CONTRIBUTES TO
PERSISTENT INFECTION
HBV induces immune suppressive monocytes/macrophages
Monocytes/macrophages are important natural immune cells found in peripheral
blood and organ tissue, and play multiple roles in the innate and acquired immune
responses[5]. Monocytes/macrophage interact with lymphocytes through inhibitory or
activating surface molecules. HBV stimulates monocyte/macrophage secretion of
transforming growth factor β (TGF-β)[6] and interleukin-10 (IL-10)[7], while inhibiting
the secretion of tumor necrosis factor α (TNF-α) and IL-12 induced by toll-like
receptor (TLR2)[8,9]. Our study of HBV infection in a humanized mice model found
that HBV induces human monocyte/macrophage differentiation into M2
macrophages, expressing IL-10 and other inhibitory cytokines[10]. Recently, we found
that the anti-inflammatory cytokines (IL-10 and TGF-β) and inhibitory cell surface
molecules [Programmed death ligand 1 (PD-L1) and human leukocyte antigen (HLA)E] expressed in monocytes in patients with chronic HBV infection were significantly
higher than those of healthy control[11]. Further experiments in vitro showed that
HBsAg or HBV directly induced the expression of PD-L1 and HLA-E and the
secretion of anti-inflammatory cytokines of monocytes from healthy adults[11]. Our
group recently reported that HBV induces monocyte production of inflammatory
cytokines via TLR2/MyD88/NF-κB signaling and STAT1-Ser727 phosphorylation and
inhibits interferon (IFN)-α-induced stat1, stat2, and ch25h expression through the
inhibition of STAT1-Tyr701 phosphorylation and in an IL-10-dependent, partially
autocrine manner[12]. Therefore, HBV-induced suppressive monocytes/macrophages
play a key role in the immune pathogenesis of chronic persistent infection.

HBV induces myeloid derived suppressive cells differentiation
Myeloid derived suppressive cells (MDSCs) are bone marrow-derived cell subsets
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with inhibitory functions, which can be divided into two main subgroups as M-MDSC
(CD11b+HLA-DRlow/-CD14+CD15-) and PMN-MDSC (CD11b+ CD14-CD15+) according
to their phenotypic and morphological characteristics[13]. MDSCs were first discovered
in tumor tissue and play a role in the development, metastasis and immune escape of
tumors[14]. Recent studies have found that MDSCs play a critical role in chronic HBV
infection. The level of peripheral MDSCs in chronic hepatitis B (CHB) patients was
significantly higher than that of healthy adults, and the percentage of MDSC cells had
a significant correlation with HBV load in the plasma of HBV patients[15] and the
mouse model[16]. Moreover, HBV induces monocytes differentiation of into MDSCs
through the signal transduction pathway such as ERK/IL-16/STAT3/PI3K, thus
inhibiting the activation and function of lymphocytes[17]. Drugs that target MDSCs
could restore the responses of HBV-specific T cells from CHB patients ex vivo and
prevent the increase of viral load in HBV mouse models[18,19]. In vitro, MDSCs secrete
arginase and down-regulate the CD3ζ chain by missing arginine, thus inhibiting IFNγ secretion from HBV-specific T cells[20]. In addition, MDSCs produce suppressive
cytokines IL-10 to inhibit T-cell response in CHB patients[21]. MDSC not only directly
inhibits T cell response through such mechanisms as arginase but also indirectly
influences immunomodulatory function by inducing regulatory T cells (T-reg)[22,23].

HBV impairs the maturation and function of dendritic cells
Dendritic cells (DCs) are the professional antigen presenting cells, which process and
present antigen to T cells, and are involved in the production of cytokines that
influence T-cell polarization. The studies of DCs subsets in chronic HBV infection
have primarily been limited to myeloid DCs (mDCs) and plasmacytoid DCs(pDCs),
two populations isolated from the peripheral blood. The frequency of mDCs in CHB
patients shows a reduction which could be recovered by antiviral therapy[24]. There is
a positive correlation of intrahepatic mDC subsets with serum alanine
aminotransferase (ALT) levels and a significant inverse correlation with plasma HBV
load[25]. The frequency of CD80+ and CD86+ mDCs showed slight differences between
CHB patients and healthy donors after in vitro maturation[26]. It was also reported that
PD-L1 expression on mDCs was increased in patients with active hepatitis B [27] .
Increased ALT levels correlated with increased PD-L1 expression on mDCs, and
impaired IFN-α production by pDCs[28]. Although some studies have reported that the
function and frequency of pDCs were analogous between CHB patients and healthy
controls[24], it has been demonstrated that HBV infection in pediatric patients showed
a decreased frequency of pDCs, and the numbers of pDCs were restored by antiviral
therapy [29,30] . The expression of the OX40 ligand was reduced in highly viremic
patients while the expression of CD40 and CD86 was elevated in pDCs from CHB
patients. Decreased expression of OX40L on TLR9-L-activated pDCs from viremic
patients with HBV blocks their ability to induce the cytolytic activity of natural killer
(NK) cells[31]. Monocyte-derived DCs (MoDCs) from HBV patients were impaired
resulting in a reduction in T cell production of IL-2, TNF-α, and IFN-γ because of
lower IL-12 secretion[32]. In vitro, cytokine-induced human MoDCs maturation in the
presence of HBsAg or HBV contributed to a significantly more tolerogenic DC
phenotype as the reduced release of co-stimulatory molecules and IL-12 production as
well as a T-cell stimulatory capacity, as evaluated by IFN-γ production and
proliferation of T-cells[33].

HBV impairs NK cell function and induces NK cell differentiation
NK cells are another important innate immune cell, which can effectively and quickly
identify and remove virally-infected cells without MHC restriction. NK cells are the
major lymphocytes in the liver, accounting for about 30% of liver lymphocytes[34]. In
the HBV transgenic mouse model, CD3-NK1.1+NK cells were found to be the main
infiltrating lymphocytes of liver inflammation[35]. Functional defects of NK cells were
found in CHB patients, showing a deactivation state[36]. The high level of inhibitory
cytokine IL-10 in chronic HBV infection has an obvious inhibitory effect on the
production of IFN-γ by NK cells[37]. The function of NK cells can be restored by IL-10
and TGF-β neutralizing antibodies in CHB patients[38].
The immunomodulatory function of NK cells has received much attention in recent
years. The IFN-γ secreted by NK cells promotes the function of CD4+ T cells and
enhance Th1 polarization[39]. However, under appropriate stimulation conditions, NK
cells secrete immunomodulatory factor IL-10[40,41]. IL-10+ NK cells secrete TGF-β and
IL-13, but do not secrete IFN-γ [42] . Our study found that the anti-inflammatory
cytokines (IL-10) and inhibitory cell surface molecules (PD-1 and CD94) expressed by
NK cells in patients with chronic HBV infection were significantly higher than those
of healthy adults. Further, in the co-culture experiment of monocytes and NK cells,
HBV-induced suppressive monocytes were found to induce NK cell differentiation
into regulatory NK cells (NK-regs) expressing anti-inflammatory cytokines IL-10 by
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PD-L1/PD-1 and HLA-E/CD94 conjugates[11]. The regulatory NK cells could not only
directly inhibit the antiviral function of NK cells, but also inhibit HBV-specific T cell
function by reducing the proliferation of T cells[11]. It has been reported that removing
NK cells from peripheral blood can enhance the antiviral function of CD8+T cells[43].
These studies show that HBV-induced suppressive monocytes inhibit HBV-specific Tcell immune response by educating regulatory NK cells, which then leads to a chronic
persistent infection of HBV.

HBV induces T cell exhaustion and regulatory T cell differentiation
Early studies have determined that the adaptive immune responses, especially HBVspecific CD4+ and CD8+ T cell immune responses, play a crucial role in virus removal
and the immune pathogenesis of hepatitis B[3]. CD4+T cells promote CTL responses
and the production of neutralization antibodies, while CD8 + CTLs remove
hepatocytes that are infected with HBV. IFN-γ and TNF-α secreted by T cells are
critical cytokines that inhibit HBV replication[44,45]. In CHB infection, HBV-specific
CD4+ and CD8+T cells did not respond adequately, also known as T cell exhaustion[46],
showing a significant increase in the expression of co-inhibitory receptors PD-1,
CTLA-4, TIM-3 and CD244 on the surface compared to a substantial decrease in
cytotoxicity and cytokine secretion capacity. The long-term exposure to a high
concentration of viral antigens is the direct cause of T cell immune tolerance and
specific T cell exhaustion. Virus-specific T cells become gradually more exhausted
with rising viral load and exhibit weakened effector function[47]. Viral load reduction
restores the proportion of T cells and the function of HBV-specific T cells[48].
T-regs are a special subset of CD4+T cells that play a critical role in establishing and
maintaining immune tolerance. It was reported that the proportion of peripheral
CD4+CD25+Foxp3+T-reg cells in CHB patients was higher than that in healthy control
and self-clearance of acute HBV infection[49,50], and was positively correlated with
serum HBV load[51]. In addition, the proportion of hepatic infiltrating T-reg cells
increased in CHB infection [52] . Multiple molecules participate in T-reg mediated
immunosuppression, including CTLA-4, IL-10 and TGF-β. For example, IL-10 secreted
by HBcAg-specific T-reg inhibited the secretion of IFN-γ from HBV-specific CD4+T
cells, and blockade of IL-10 restored the secretion of IFN-γ of HBV-specific CD4+T
cells[53]. T-regs from CHB patients could inhibit the proliferation and IFN-γ production
of autologous peripheral blood mononuclear cells (PBMC) mediated by HBV antigen
stimulation ex vivo [54] . Therefore, MDSCs and T-regs secrete a variety of effector
molecules, directly or indirectly inhibiting T-cell responses, resulting in a chronic,
persistent HBV infection.
Therefore, the innate immune cells (monocytes/macrophages, DCs, NK cells) and
adaptive immune cells (CD4+, CD8+T cells) are dampened in chronic HBV infection.
As shown in Figure 1, HBV induces immune suppressive cells, such as MDSCs, NKreg, and T-reg cells, to form an immunosuppressive cascade through inhibitory
molecules, such as PD-L1, PD-1, IL-10, which contributes to chronic and persistent
HBV infection.

DOES HBV-INDUCED IMMUNE SUPPRESSION
CONTRIBUTE TO LIVER FIBROSIS?
Liver fibrosis, which is a major global health problem for the lack of effective
treatment, is caused by chronic liver injury of any etiology such as viral infection,
alcoholic liver disease, and NASH[55]. The associated signals of liver injury cause the
activation of hepatic stellate cells (HSCs), the activated HSCs trans-differentiate into
myofibroblasts, and become the main source of extracellular matrix in the liver,
leading to liver fibrosis. It is thus generally believed that HSCs are essential in the
progression of liver fibrosis[56]. HBV is the leading risk factor for liver cirrhosis and
HCC. Liver fibrosis is the early stage of liver cirrhosis and HCC, and can be reversed.
Therefore, many studies are focusing on the immunopathogenesis of chronic HBV
infection and the related liver fibrosis[57]. There have been few reports about the
impact of HBV-induced immune suppression on fibrosis.

HBV-induced suppressive monocyte/macrophage in liver fibrosis
HBV interacts with receptors such as TLR2/4, which are expressed on Kupffer cells to
produce a large number of inflammatory cytokines and chemokines (TNF, CCL2)
causing liver damage [58,59] . These inflammatory mediators induce peripheral
monocytes to infiltrate into the liver, and then proliferate and differentiate into
macrophages and exacerbate the production of inflammatory cytokines and
chemokines, further inducing the development of liver inflammation and fibrosis[60-62].
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Figure 1 The schematic outline of hepatitis B virus-induced immune suppression network. The infected
hepatocytes release hepatitis B virus virion to induce suppressive monocytes (Myeloid derived suppressive cells) and
dendritic cells (tolerogenic dendritic cells), which initiate directly inducible T-reg to inhibit T cell activation or mediate
indirectly by educating natural killer cell (NK) cells differentiation into NK-reg. HEP: Hepatocytes; MDSC: Myeloid
derived suppressive cells; DC: Dendritic cells NK: Natural killer cell; T-reg: Regulatory T cell.

HBV-induced suppressive monocytes/macrophage, on the one hand, produce
immunomodulatory molecules (IL-10, TGF-β, PD-L1/2) that inhibit the anti-fibrotic
effects of NK cells and T cells; on the other hand, they secrete cytokines such as PDGF
and TGF-β to activate HSC, prompting HSC survival[63,64]. A recent report showed that
peripheral and ascitic MDSC numbers increase in cirrhosis and HCC, but its role in
such pathology was not determined[65]. Conceptually, HBV-induced MDSCs impair
the anti-fibrotic function of both T cells and NK cells by inhibiting IFN-γ secretion
through PD-L1 or CTLA-4[66]. MDSC also inhibited cytotoxicity of NK cells through
PD-L1 or TIGIT[67,68], thus protecting activated HSC from NK cell killing.

HBV-induced suppressive NK cells in liver fibrosis
NK cells secrete IFN-γ that inhibit HSC activation by abrogating profibrogenic TGF-β
signaling and induce activated HSC apoptosis[69,70]. In addition, NK cells play a key
role in the limitation of liver fibrosis through cytotoxicity of activated HSC[71]. Our
recent study found a novel mechanism by which NK cells kill HSCs through TRAILinvolved degranulation manner [72] . In HBV infection, HBV-induced suppressive
monocytes induce NK cell differentiation into NK-reg with decreased production of
IFN-γ and increased IL-10[11]. Thus, it seems that HBV-induced NK-reg could promote
HSC activation. But there is no evidence of the interaction between NK-regs and HSC,
although it has been reported that HSCs modulate NK cells through a TGF-βdependent emperipolesis in chronic HBV infection[73].

HBV-induced T cell immunosuppression in liver fibrosis
IL-2 secreted by CD4+ T cells is important in mediating the anti-fibrotic function of
NK cells, and is impaired in HIV/HCV co-infection, which causes rapid progression
of liver fibrosis[74]. More likely, HBV-induced T cell immunosuppression may also
impair the anti-fibrotic function of NK cell. T-regs directly suppress NK cell
degranulation of HSCs through CTLA-4, TGF-β1 and IL-8, and indirectly protect
HSCs from NK cell killing by inhibiting MICA/B expressed on HSCs through IL-8
and TGF-β1[75]. In HBV-infected patients undergoing surgery for HCC, hepatic Th17
cells and T-reg were heightened in patients with advanced-stage HBV-related hepatic
fibrosis[76]. On the other hand, T-regs could attenuate liver fibrosis by suppressing
inflammation [77] . The role of HBV-induced T-regs in fibrosis needs to be further
determined.

DOES HBV-INDUCED IMMUNE SUPPRESSION LEAD TO
HCC?
HCC is the fifth most prevalent cancer in men and the second principal cause of
cancer deaths worldwide[78]. HCC prevalence is very high in China, but the morbidity
of HCC has also rising in the United States over the past few decades[79,80]. Early
diagnosis and surgical resection are still the key to potential treatment, however, most
patients with HCC have advanced-stage tumors with poor prognosis. HBV is one of
the major risk factors for HCC, especially in areas where HBV is endemic, such as
China[81]. The clinical scope of chronic HBV infection ranges from asymptomatic
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carrier status to CHB, which may evolve into liver cirrhosis and liver cancer[82]. It is
estimated that 8%-20% untreated CHB adults develop cirrhosis of the liver within 5
years[83], and 2%-8% of those with cirrhosis develop HCC annually[84].
HBV prompts HCC development through direct and indirect mechanisms [85] .
Chronic liver inflammation, insertional mutagenesis, and the host gene activation (cis’
effect) and transactivation by HBx and S proteins and oncogenic co-operativity (trans’
effect) were proposed as underlying mechanisms of HBV-related HCC
development[86-88]. However, the underlying immunopathogenesis of HBV-related
HCC development and progression is still not clear. There is a consensus that the
immune system is critical in determining the clinical fate of HCC patients[89]. Viruses
may also reprogram their immune microenvironment to induce immunosuppression
and peripheral tolerance during chronic infections and eventually, tumourigenesis[90].
A meta-analysis of two immunosuppressed populations (transplant and HIV/AIDS
patients) revealed a significantly increased incidence of several types of cancer, most
of which were pathogen-driven[91]. Immunodeficiency, rather than other risk factors, is
responsible for the increased incidence of cancer. The microenvironment of HBVrelated HCC is more immunosuppressive than that of non-viral-related HCC [92] .
Therefore, HBV-induced immune suppression may play a crucial role in HCC
development and progression.

HBV-induced MDSCs in HCC
An increased frequency of CD14+HLA-DR-/low MDSCs was reported in both peripheral
blood and tumor tissue of HCC patients[93]. Depletion of MDSCs restores production
of granzyme B by CD8+ T cells and increases the number of IFN-γ producing CD4+ T
cells in HCC patients[66], suggesting that HBV-induced MDSCs inhibit T cell antitumor effect. However, the frequency of CD14+PD-L1+ MDSCs is only positively
correlated with HBV DNA load at the HCC stage[94]. Because of higher levels of PD-1+
CD8 + T cells in tumor tissues compared to nontumor tissues in HCC [95] , PD-L1
expression induced by either HBV or HCC on monocytes/ MDSCs could be
associated with impaired T-cell function in HBV-related HCC[66,96] although it has not
been demonstrated whether HBV-induced suppressive monocytes were involved in
pathogenesis.

HBV-induced NK-reg cells in HCC
NK cells from healthy donor PBMCs have significant cytotoxic function to HCC cell
lines, and HepB3 cells transplanted in mice deficient of lymphocytes and NK cells
(NOD/scid IL2RGnull) are significantly ostracized by i.p. administered NK cells in an
NKG2D-dependent manner[97,98]. It has been reported that PD-1 is highly expressed on
peripheral and tumor-infiltrating NK cells from HCC patients, suggesting NK cell
exhaustion and poorer survival[99]. Since NK cells play a key role in immunological
surveillance, HBV-induced NK cell suppression may play a crucial role in the
pathogenesis of HBV-related HCC. As our recent findings [11] , PD-L1/PD-1 and
CD94/HLA-E signaling control NK cell differentiation to NK-regs which in turn
inhibit the anti-viral function of T cells and NK cells. Whether HBV-induced NK-regs
are correlated with immune pathogenesis of HCC remains unclear.

HBV-induced T-reg in HCC
Both the absolute numbers and proportion of CD4+CD25+ T-reg cells significantly
increase in the edge region of the tumor, compared to the non-tumor region[100]. In
vitro, Huh7 cells inhibit CD4+CD25- T-cell proliferation, promote CD4+CD25+ T-cell
proliferation, and enhance their suppressor ability[101]. It seems that the induction of Tregs could be effected by not only the HBV infection but also by the HCC, because the
increased CD4+CD25+ T-regs population and upregulated T-regs-related genes are
induced by HepG2.2.15[102]. A decreased infiltration of CD8+ T cells concurrent with
abundant accumulation of T-regs was found in tumor regions compared with nontumor regions[103]. Increased Foxp3+ T-regs not only means poor survival, but also
presents a prognostic predictor in patients with early-stage HCC[104]. It indicates that
HBV-induced T-regs might be involved in immune pathogenesis of HBV-related
HCC.

CONCLUDING REMARKS
Immune suppression induced by HBV infection has been well described by a number
of different mechanisms for the different immune cells [10,11,15,27,36,53] . HBV induces
immune suppressive cells, such as MDSCs, NK-reg, and T-reg cells, through an
immunosuppressive cascade. The excessive immunosuppression could contribute to
an HBV persistent infection and the progression of liver fibrosis and HCC[105]. Better
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understanding the immunopathogenesis of HBV-related hepatic fibrosis and HCC
will be helpful for the intervention and management of HBV progression and the
treatment of related end-stage liver diseases in the clinic.
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Abstract
The advent of video capsule endoscopy into clinical routine more than 15 years
ago led to a substantial change in the diagnostic approach to patients with
suspected small bowel diseases, often indicating a deep enteroscopy procedure
for diagnostical confirmation or endoscopic treatment. Device assisted
enteroscopy was developed in 2001 and for the first time established a
practicable, safe and effective method for evaluation of the small bowel.
Currently with double-balloon enteroscopy, single-balloon enteroscopy and
spiral enteroscopy three different platforms are available in clinical routine.
Summarizing, double-balloon enteroscopy seems to offer the deepest insertion
depth to the small bowel going hand in hand with the disadvantage of a longer
procedural duration. Manual spiral enteroscopy seems to be a faster procedure
but without reaching the depth of the DBE in currently available data. Finally,
single-balloon enteroscopy seems to be the least complicated procedure to
perform. Despite substantial improvements in the field of direct enteroscopy,
even nowadays deep endoscopic access to the small bowel with all available
methods is still a complex procedure, cumbersome and time-consuming and
requires high endoscopic skills. This review will give an overview of the
currently available techniques and will further discuss the role of the upcoming
new technology of the motorized spiral enteroscopy (PowerSpiral).
Key words: Small bowel disease; Capsule endoscopy; Enteroscopy; PowerSpiral
enteroscopy; Endoscopy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This review will give an overview of the currently available techniques
especially the double balloon-enteroscopy, the single balloon-enteroscopy and the
manual spiral enteroscopy. Further the role of the upcoming new technology of the
PowerSpiral will be discussed. Available preliminary data on novel PowerSpiral
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Enteroscopy promise a safe and effective tool for deep enteroscopy with a possible
faster, deeper and less invasive approach. Further careful evaluation in larger prospective
randomized clinical trials is needed to determine the further role of PSE in diagnostic
and therapeutic approach to the small bowel.
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INTRODUCTION
Development of endoscopic methods for evaluation of the small bowel started almost
simultaneously with flexible colonoscopy. First successful total enteroscopy was
reported in 1971 using a ropeway and also a “sonde” method [1] . However, both
methods were cumbersome, time-consuming and technically challenging and thus
did not achieve wide acceptance in clinical routine. For approximately 30 years,
“push”-enteroscopy was the preferred method, leaving the deep portion of the small
intestine in-visible and in-accessible to endoscopic evaluation. The advent of video
capsule endoscopy (VCE) as a novel non-invasive and reliable method for visualization of the entire mucosal surface of the small bowel in 2000 led to a substantial
change in diagnostic assessment of patients with suspected small bowel disorders[2].
The increased detection rate of small bowel diseases consecutively led to an increasing
need for a reliable method for direct endoscopic access to the small bowel for
histopathological confirmation and/or performance of endoscopic treatment, that is
practicable in clinical routine. The development of device-assisted enteroscopy (DAE)
in 2001 by Yamamoto[3] established a practical method for examination of the small
bowel and resulted in a paradigm shift in diagnostic and therapeutic approach in
patients with suspicion of small bowel diseases. Currently three platforms for deep
enteroscopy exist: Double-balloon enteroscopy (DBE, Fujifilm, Tokyo, Japan) was first
described by Yamamoto in 2001[3], single-balloon enteroscopy (SBE, Olympus Medical
Systems Corporation, Tokyo, Japan) in 2007[4] and spiral enteroscopy (SE, Spirus
Medical, LCC, West Bridgewater, MA, United States) in 2008 [5] . Balloon-guided
enteroscopy (BGE, NaviAid, SMART Medical Systems Ltd, Ra’anana, Israel) is not
well established in clinical routine, despite a few published trials report a diagnostic
yield and DMI not inferior to standard DAE[6,7]. The double-balloon (Fujifilm, Tokyo,
Japan)[3] and single-balloon (Olympus Medical Systems Corporation, Tokyo, Japan)[4]
enteroscopy systems are the most commonly used devices in Europe. After thorough
clinical evaluation SE has gained wide acceptance in North America but less in
Europe. Despite these substantial improvements in the field of direct enteroscopy,
even nowadays deep endoscopic access to the small bowel with all available methods
is still a complex procedure, cumbersome and time-consuming and requires high
endoscopic skills. Thus, technique of deep enteroscopy was further developed. In
November 2015 clinical evaluation of a novel motorized version of the SE system
started with the first in human case of PowerSpiral Enteroscopy (PSE, Olympus
Medical Systems Corporation, Tokyo, Japan) being performed by our group[8]. The
role of small-bowel capsule endoscopy and DAE for diagnosis and treatment of small
bowel disorders was recently addressed in clinical guidelines and technical reviews
by the European Society of Gastrointestinal Endoscopy (ESGE)[9,10], American Society
of Gastrointestinal Endoscopy [11] and Japanese Gastroenterological Endoscopy
Society[12]. This review will give an overview of currently available techniques for
deep enteroscopy and will further discuss the role of the upcoming technologies with
focus on PSE.

TECHNIQUES
Generally direct endoscopic approach to the small bowel can be achieved from the
per-oral route (antegrade) or the per-anal route (retrograde). Enteroscopy has unique
challenges due to the length of the small bowel and the difficulties encountered when
attempting to push a slim, flexible instrument through as much as 300 cm to 400 cm of
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small intestine. Various devices and techniques for enteroscopy have evolved to
facilitate endoscope insertion into the small intestine. They are designed to help
minimize looping which is the rate limiting step for push enteroscopy. For antegrade
approach the endoscope is inserted via the mouth passing the esophagus and the
stomach before the small bowel can be entered. Insertion depth to the small bowel is
usually referenced to the pylorus or the Ligament of Treitz. For the retrograde
approach the enteroscope first has to pass the colon before passage of the ileocecal
valve facilitates access to the ileum. Non-invasive small bowel imaging modalities,
e.g., VCE or magnetic resonance imaging (MRI), are usually performed prior to direct
enteroscopy to: First, identify any mucosal or subepithelial lesions indicating direct
enteroscopy and thus, improving diagnostic yield of DAE; Second, to decide whether
to start with antegrade or retrograde approach, and third, to rule out contraindications for deep enteroscopy, e.g., severe strictures. DAE with DBE, SBE and
conventional SE allows for diagnostic and therapeutic deep enteroscopy and also
endoscopic retrograde cholangio-pancreaticography (ERCP) in patients with altered
anatomy[13,14]. However, currently available single- and double-balloon enteroscopes
with a working length of 200 cm have a working channel of 2.8 mm or less, making
the advancement of accessory material sometimes difficult or even impossible[15].
Conventional SE is liable to the same limitations, because the Endo-Ease overtube
(Spirus Medical, LCC, West Bridgewater, MA, United States) is usually used with the
standard slim 200 cm double- and single-balloon enteroscope[16]. To overcome these
limitations, recently new therapeutic enteroscopes for double- and single-balloon
platform have been developed with larger working channels of 3.2 mm to reduce
friction during introduction of accessory material and facilitate therapeutic
interventions [17,18] . Short length of the insertion portion additionally allows for
utilization of standard instruments for therapeutic interventions, e.g., sphincterotomes
or delivery systems for plastic or self-expandable metal stents.
The choice of the device utilized for DAE mainly depends on the experience and
equipment of the endoscopic center and the indication for enteroscopy in the
individual patient. In principle, balloon-based techniques, comprising of balloonassisted enteroscopy (DBE, SBE) and BGE, have to be distinguished from spiral-based
technique (SE, PSE). Double-balloon (DBE), single-balloon (SBE) and SE have been
studied in numerous uncontrolled and a limited number of controlled trials[19-29].
Advantages and disadvantages of current technologies have been summarized in
several reviews and discussed in recent editorials[15,30-36]. In the following technical
details of the DAE procedures will be explained. Currently available endoscopes for
each technique are listed in Table 1.

Double-balloon enteroscopy (Fujifilm Inc, Tokyo, Japan)
DBE was introduced in 2001 in Japan by Yamamoto as the first method for device
assisted enteroscopy[3]. The DBE system combines a flexible endoscope, an overtube
and a balloon-pump-system. DBE utilizes a distal and proximal balloon mounted onto
the endoscope and overtube tip, respectively, that can be inflated and deflated
independently from each other to “anchor” and move the bowel, thereby assisting the
operator in advancing the endoscope while gathering the bowel onto the overtube
shaft by insertion and retraction (“push-and-pull”-method).
There are three types of DBE available and they include a diagnostic, a therapeutic
and a short model (EN-580T, EN-580XP, EI-580BT). The “short” Double Balloon
Endoscope is engineered to overcome technically-challenging therapeutic ERCP
procedures in patients with surgically-altered anatomy such as Roux-en-Y
reconstruction after biliopancreatic, gastric or bariatric surgery.

Single-balloon enteroscopy (Olympus Medical Systems Corporation, Tokyo, Japan)
Beside DBE, SBE is the most popular DAE device used in Europe. In contrast to DBE,
SBE has only one balloon at the distal end of the overtube, what simplifies the
preparation of the scope prior to start the procedure[4]. On the other hand technique
for anchoring the endoscope’s tip differs from DBE, because SBE uses scope tip
angulation and suction instead of balloon inflation to maintain a stable position
(“hook-and-suck”-technique) while advancing the overtube. One diagnostic and one
therapeutic model of endoscope are available (SIF-Q180 and SIF-H290S).

Balloon-guided endoscopy (NaviAid, SMART Medical Systems Ltd, Ra’anana,
Israel)
BGE utilizes a dedicated through-the-scope balloon which is inserted in the working
channel of the endoscope. The balloon aids to anchor a standard endoscope, e.g.,
colonoscope, in the small-bowel. Progression is achieved by repeated push-and-pull
maneuvers. In the resent published studies the BGE is used form the antegrade and
retrograde route. For therapeutic maneuvers the balloon catheter can be extracted. If
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Table 1 Currently available device-assisted endoscopes: Technical characteristics
SingleDAE System
balloon
type
enteroscopy

Short-single
balloon

Doubleballoon
enteroscopy

Doubleballoon
enteroscopy

BalloonShort-double
guided
balloon
enteroscopy

Spiral
enteroscopy

PowerSpiral
enteroscopy

Company

Olympus
Tokyo, Japan

Olympus
Tokyo, Japan

Fujifilm
Corporation
Tokyo, Japan

Fujifilm
Corporation
Tokyo, Japan

Fujifilm
Corporation
Tokyo, Japan

Smart Medical Spirus Medical, Olympus
Systems
Stoughton,
Tokyo, Japan
Raanana, Israel Massachusetts,
United States

Endoscope
model

SIF-Q 180

SIF-H290S

EN-580T

EN-580XP

EI-580BT

No specific
scope

Outer
diameter
distal end of
endoscope

9.2 mm

9.2 mm

9.4 mm

7.5 mm

9.4 mm

11.2 mm

Instrument
channel inner
diameter

2.8 mm

3.2 mm

3.2 mm

2.2 mm

3.2 mm

3.2 mm

Outer
diameter of
overtube

13.2 mm

13.2 mm

13.2 mm

11.6 mm

13.2 mm

Total length

2345 mm

1830 mm

2300 mm

2300 mm

1850 mm

2015 mm

Working
length

2000 mm

1520 mm

2000 mm

2000 mm

1560 mm

1680 mm

Image
Enhancement

NBI (Narrow
band imaging)

NBI

FICE (Flexible
spectral
imaging color
enhancement)

FICE

FICE

No specific
scope

14.5 mm

PSF-1

18.1 mm 31.1
mm (with
spiral)

Depend on
Depend on
NBI
endoscope used endoscope used

NBI: Narrow band imaging; FICE: Flexible spectral imaging color enhancement.

necessary, it can be reinserted for ongoing the procedure. BGE is also used as an “ondemand” enteroscopy system, as it can be added to every standard endoscope if
needed[6,7,37].

Spiral enteroscopy (Spirus Medical, LCC, West Bridgewater, Massachusetts, United
States)
Spiral assisted endoscopy is based on a completely different concept of advancing an
endoscope by pleating of the bowel on the instrumentation shaft by active rotation
instead of applying pushing force. Principle of SE is the conversion of rotational
energy of the spiral into linear force to pull the intestine on the enteroscope[16]. This
technique has been widely used for anterograde enteroscopy [20,21,24,26,28] . For this
purpose the manually rotatable Endo-Ease Overtube (Spirus Medical, LCC, West
Bridgewater, MA, United States) is used with a standard thin flexible enteroscope.
The distal end of this dedicated overtube harbors a flexible spiral thread for pleating
the small intestine over the overtube. By manually rotating the overtube, the spiral
engages the small bowel which is thus pleated onto or unpleated from the overtube,
respectively, depending on the direction of the spiral rotation. Spiral assisted
endoscopy has been also approved and evaluated for retrograde enteroscopy via the
anal route[24]. However, use of the Endo-Ease Overtube requires assistance by a second
endoscopist for its appropriate use.

Upcoming Novel Technology: PowerSpiral Enteroscopy (Olympus Medical Systems
corporation, Tokyo, Japan)
A novel motorized spiral endoscope (Olympus Medical Systems Corporation, Tokyo,
Japan) has been introduced into clinical evaluation in November 2015[8]. The PSE
consists of a 168 cm long flexible endoscope and is fully compatible with the latest
EXERA III endoscopy system (Olympus Medical Systems Corporation, Tokyo, Japan).
It is similar to other currently marketed endoscopes in that it incorporates a flexible
insertion tube, 4-way deflection capabilities, high-definition imaging, optical image
enhancement technology capabilities (narrow band imaging), a large caliber accessory
channel of 3.2 mm and a separate dedicated irrigation channel. The system is unique
in that it incorporates a user-controlled integrated electric motor embedded in the
endoscope’s handle to rotate a short flexible, disposable spiral overtube, that is
attached to a rotation coupler located on the endoscope’s insertion tube. Clockwise
and counterclockwise rotation is activated by a foot pedal switch. Motorized, active
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rotation of this spiral overtube pleats the bowel on to the endoscope’s insertion tube.
The system measures and feedbacks the resistance that the spiral rotation applies to
the tissue via a LED display in order to prevent damage to the bowel [38] . PSE is
currently been evaluated for its efficacy and safety in two prospective clinical trials in
Europe. Preliminary data is currently only available in abstract form[39]. These show,
that PSE seems to be safe and effective for deep enteroscopy. Diagnostic yield of
antegrade PSE seems at least equal to standard DAE techniques while PSE seems to
offer a faster and deeper approach to the small bowel.

DISCUSSION
In the clinical practice there are three well established device assisted enteroscopy
platforms: DBE, SBE and the SE[4,5,40]. There is a couple of uncontrolled and only a
limited number of controlled trials comparing the different DAE techniques[10,15,19-36].
The comparison of these techniques is difficult in particular due to differences in
selection criteria for indications and study endpoints among the available trials.
Depth of maximum insertion (DMI) is used as an indicator of the capability of each
device for deep access to the small bowel and to compare the different techniques. On
closer inspection of the DMI there are several limitations of an exact measurement,
and thus, leading to only an estimation of the covered distance in most trials[31]. An
ESGE technical review of 2018 reports, that DBE seems to be associated with a higher
DMI, however, the diagnostic yield as well as the safety profile of DBE, SBE and SE
seem to be comparable. ESGE concludes, that these techniques appear equivalent for
routine clinical practice[10]. A systematic review by Baniya et al[15] of 8 studies including
615 procedures found no significant difference between balloon-assisted enteroscopy
and conventional SE in terms of DMI, diagnostic and therapeutic yield as well as AE
rate, despite a significant shorter procedure time for SE. Another prospective
randomized controlled trial by Moran et al[35] showed no significant differences in
DMI, diagnostic yield, procedure time and adverse events (AEs) comparing antegrade
SBE with SE. In this trial the medium DMI varied from 330 cm for SE comparing to
285 cm for SBE beyond the pylorus. Concerning the DMI and the total enteroscopy
rate (TER) the most of the published trials showed a benefit for the DBE comparing to
SBE and SE. In contrast a systematic review of 68 trials and two meta-analyses of only
randomized controlled studies reported on similar results for depth of insertion,
diagnostic and therapeutic yield and complications[29,41,42]. Two back-to-back trials
compared manual SE with anterograde DBE. Summarizing, DBE seems to achieve a
deeper insertion to the small bowel compared to SE[24,43]. Despite of all benefits of the
DBE on the other hand, many trials show a longer procedure time in relation to SBE
and SE[9,10,22,24,26,29,33,35,43,44].
On closer consideration to the TER several trials compare the various DAE
techniques. A 2011 published systematic review of 23 studies including 1143
procedures showed a TER of only 1% for antegrade DBE. Nevertheless in 44% a total
visualization of the entire small-bowel was subsequently possible by adding the
retrograde approach[44]. A meta-analysis of 2015 compared four randomized clinical
trials (RCTs) and confirmed that DBE had a higher TER than the SBE[29]. In keeping
with this, in comparison to SE, DBE showed a significantly higher rate for total
enteroscopies in a prospective RCT[26].
DAE generally is considered to be a very safe procedure with an overall AE rate of
0.8% for diagnostic procedures [1] . However, most adverse advents occurred in
relationship to therapeutic interventions resulting in higher AE rates of up to 10% in
therapeutic situations, mainly comprising of perforations and bleedings[10,44,45-48]. Xin et
al[44] showed in a systematic review of 12823 procedures of DBE a minor complication
rate of 9.1%. The rate of major complications were 0.72%. That included perforation
(0.24%), pancreatitis (0.2%), bleeding (0.07%) and other (0.21%)[44]. Comparing DBE
and SE, Despott et al[49] reported in a multicenter DBE registry a major complication
rate of 0.8% in 950 procedures. The German DBE register offered a higher rate of
major complications of 1.2% in 3894 cases [46] . Maybe a higher inclusion-rate of
therapeutic procedures in this trial was the reason for a higher AE rate. Acute
pancreatitis occurred in 9 patients. In all of these patients the DBE was performed by
the per-oral route. Regarding conventional SE Akerman et al[5,16,32,50] reported a major
complication rate of 0.3%. In 2950 patients there were 8 perforations but on the other
hand no incidence of an acute pancreatitis[50]. The data allows the assumption, that SE
has a lower risk of acute pancreatitis than DBE and SBE.
Summarizing, DBE seems to offer the deepest insertion depth to the small bowel
going hand in hand with the disadvantage of a longer procedural duration. Manual
SE seems to be a faster procedure but without reaching the depth of the DBE in
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currently available data. Finally, SBE seems to be the least complicated procedure to
perform. The novel PSE may promise a solution for the dilemma and help to
overcome the limitations of currently available DAE techniques, as it seems to have
adopted lessons learned from the development of DAE systems. In a first prospective
bi-centric trial on antegrade PSE aiming for diagnostic yield of PSE 140 procedures
were performed in 132 patients without prior abdominal surgery with suspected
small bowel disease. Diagnostic yield was shown not to be inferior to standard DAE.
Secondary endpoints of the trial promise a potential for deeper and faster approach.
Motorization of the spiral enteroscope seems to simplify the procedure of SE while
maintaining the beneficial features of SE promising an even further reduction of
procedural duration and providing deeper access to the small bowel. Data on efficacy
for total enteroscopy and retrograde approach will be available soon. However, data
on PSE in patients after abdominal surgery and with altered anatomy as well as for
enteroscopy-assisted biliopancreatic interventions are lacking. An international
prospective multicenter trial will soon start enrolling patients to answer these
questions.

CONCLUSION
DAE complements non-invasive small bowel imaging technologies like VCE and MRI
and offers safe and effective deep direct endoscopic access to the small bowel for
diagnostic evaluation and therapeutic interventions. However, available standard
techniques are still time consuming and cumbersome to use. Available preliminary
data on novel PSE promise a safe and effective tool for deep enteroscopy with a
possible faster, deeper and less invasive approach. Further careful evaluation in larger
prospective randomized clinical trials is needed to determine the further role of PSE
in diagnostic and therapeutic approach to the small bowel.
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Current evidence shows that individuals with gastric dysplasia, severe and
extensive gastric atrophy, extensive gastric intestinal metaplasia and the
incomplete subtype of intestinal metaplasia are at high risk for gastric cancer
(GC) development. There are several approaches to identifying these subjects,
including noninvasive methods, esophagogastroduodenoscopy and histology.
The main approach in Western countries is histology-based while that in Eastern
countries with a high prevalence of GC is endoscopy-based. Regarding
asymptomatic individuals, the key issues in selecting applicable approaches are
the ability to reduce GC mortality and the cost-effectiveness of the approach. At
present, population-based screening programs have only been applied in a few
Asian countries with a high risk of GC. Pre-endoscopic risk assessment based on
demographic and clinical features, such as ethnicity, age, gender, smoking and
Helicobacter pylori status, is helpful for identifying subjects with high pre-test
probability for a possibly cost-effective approach, especially in intermediate- and
low-risk countries. Regarding symptomatic patients with indications for
esophagogastroduodenoscopy, the importance of opportunistic screening should
be emphasized. The combination of endoscopic and histological approaches
should always be considered as endoscopy provides a real-time assessment of the
patient’s risk level. In addition, imaging enhanced endoscopy (IEE) has been
shown to facilitate targeted biopsies resulting in better correlation between
endoscopic and histological findings. Currently, the use of IEE is recommended
for endoscopic examinations, and the Operative Link for Gastric Intestinal
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Metaplasia or Operative Link on Gastritis Assessment grading systems are
recommended for histological examinations whenever available. However,
resource limitations are an important barrier in many regions worldwide. Thus,
for an approach to be applicable in real-life practice, it should be not only
evidence-based but also resource-sensitive. In this review, we discuss the current
understanding and approaches to identifying high-risk individuals from western
and eastern perspectives, as well as the possibility of an integrated, resourcesensitive approach.
Key words: Gastric cancer; Precancerous gastric lesions; Dysplasia; Gastric atrophy;
Chronic atrophic gastritis; Intestinal metaplasia; Dysplasia; Surveillance; Screening; Costeffective
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Current evidence shows that patients with gastric dysplasia, severe and
extensive gastric atrophy, extensive gastric intestinal metaplasia and the incomplete
subtype of intestinal metaplasia are at high risk for gastric cancer development. Key
issues in selecting approaches to identifying these subjects are the ability to reduce
gastric cancer mortality and cost-effectiveness of the approach. Resource limitations are
an important barrier in many regions worldwide. Thus, an applicable approach in reallife practice should be not only evidence-based but also resource-sensitive. In this
review, we discuss the current understanding from western and eastern perspectives, and
the possibility of an integrated, resource-sensitive approach.

Citation: Quach DT, Hiyama T, Gotoda T. Identifying high-risk individuals for gastric cancer
surveillance from western and eastern perspectives: Lessons to learn and possibility to
develop an integrated approach for daily practice. World J Gastroenterol 2019; 25(27): 35463562
URL: https://www.wjgnet.com/1007-9327/full/v25/i27/3546.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i27.3546

INTRODUCTION
With approximately 1.0 million new cases diagnosed in 2018, gastric cancer (GC) is
currently the 5th most common cancer worldwide[1]. However, it is the third leading
cause of cancer-related death as the majority of patients are diagnosed at an advanced
stage. The detection of GC at an early stage is crucial, as the 5-year survival rate of GC
patients is significantly better when it is managed in the early stages[2]. Furthermore,
therapeutic endoscopy techniques, such as endoscopic mucosal resection and
endoscopic submucosal dissection, have been successfully applied to cure patients
suffering from early GC, thereby allowing the patients to avoid the risks associated
with surgery.
Diagnosing the disease at an early stage is challenging, as many GC patients are
asymptomatic in the early stages and some patients with advanced-stage disease may
have no alarming features[3-5]. As the development of GC is usually preceded by the
decades-long progression of a precancerous lesion[6] and the progression of GC from
the early to advanced stages takes an average of 44 mo[7], it is important to identify
high-risk individuals and to offer them a proper surveillance program.
Current evidence shows that individuals with gastric dysplasia, high-stage gastritis
[according to the Operative Link on Gastritis Assessment (OLGA) or Operative Link
for Gastric Intestinal Metaplasia (OLGIM)], severe endoscopic gastric atrophy (EGA),
extensive gastric intestinal metaplasia (GIM) and the incomplete subtype of GIM are
at increased risk for GC development[8-12]. In addition, it is reported that Helicobacter
pylori (H. pylori) eradication does not reduce the GC risk of these individuals[13]. Thus,
individuals with these conditions are at high risk for developing GC and should be
identified and offered proper surveillance.
There are several approaches to identifying high-risk individuals, including
noninvasive methods, esophagogastroduodenoscopy (EGD) and histology. The main
approach in western countries is histology-based while that in Eastern countries with
high prevalence of GC is endoscopy-based. One important issue that affects these
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approaches is cost-effectiveness. Another important and challenging issue, which has
not received much attention in current literature, is local resources, as there are some
regions within which the risk of GC is high but resources are limited (Figure 1). In this
review, we discuss the current understanding and approaches from western and
eastern perspectives and the possibility of implementing an integrated, resourcesensitive approach.

IDENTIFYING HIGH-RISK INDIVIDUALS FOR GASTRIC
CANCER DEVELOPMENT
There are several approaches to identify subjects at high risk for GC development,
including noninvasive methods, EGD and histology. A histological examination is
traditionally required for the diagnosis of precancerous gastric lesions. However,
endoscopy, especially with modern endoscopic technologies, and biomarkers have
been reported to have acceptable accuracy in the diagnosis of precancerous gastric
lesions. Currently, the main approach in Western countries is histology-based while
that in Eastern countries with a high prevalence of GC is endoscopy-based.

Histological approach
Gastric atrophy and the risk of GC development: One of the first systematic reviews
to describe the risk of GC in patients with histologically diagnosed gastric atrophy
was recently published[14]. This study, which consisted of 5 studies from Europe and
three studies from Asia, found that the annual incidence of GC among patients with
gastric atrophy ranged from 0.1% to 0.5%. In addition, it found that patients with
gastric atrophy in Asia had a higher risk of GC in comparison to those in Europe.
Atrophy of the gastric mucosa was traditionally deﬁned as the loss of glands[15].
However, agreement among pathologists on the recognition and grading of gastric
atrophy has remained elusive when using this definition[16]. Subsequently, it was redefined as the loss of appropriate glands, which led to a high level of agreement
among gastrointestinal pathologists trained in different cultural contexts [17] . In
addition, although the updated Sydney system of gastritis classification has been
accepted worldwide, it lacks prognostic information. Consequently, the OLGA
gastritis staging system, which is based on the understanding that the risk levels of
GC are directly related to the extent and severity of gastric atrophy, was proposed[18].
This atrophy-based staging system combines the antral and oxyntic mucosal atrophy
scores using the updated Sydney system visual analog scales with the aim of offering
clinicians information about the risk of GC [19] . A multi-center study has been
conducted to test the correlation between the stages of gastritis, classified according to
this staging system, with the risk of GC in different populations[20]. This study showed
that the OLGA stage of gastritis mirrored the incidence of GC in populations with
different levels of GC risk. Observational studies from populations with different
levels of GC risk also consistently showed that neoplastic gastric lesions clustered in
high stages (i.e., stage III and IV) OLGA gastritis, supporting the potentially useful
application of the system in clinical practice[21,22]. In a prospective cross-sectional study
of 439 consecutive dyspeptic outpatients in Italy who underwent endoscopy with
standardized biopsy sampling, benign conditions were consistently clustered in
OLGA stages 0-II, whereas all neoplastic gastric lesions were clustered in OLGA
stages III-IV[21]. In another cross-sectional study to assess the distribution of the OLGA
gastritis stages of 280 non-ulcer dyspeptic patients in Vietnam, neoplastic lesions were
found to cluster in patients with OLGA stages III-IV as opposed to OLGA stages 0II[22]. A meta-analysis of 6 case-control studies and 2 cohort studies from Europe and
Asia also showed that there was a significant association between OLGA stages III-IV
and GC[12]. Recently, two large and long-term follow-up Italian studies confirmed that
this staging system reliably predicted the risk of GC development[23,24]. The Kyoto
global consensus on H. pylori gastritis strongly recommends the use of the OLGA and
OLGIM grading systems for GC risk stratification[10].
In summary, the application of the new definition of gastric atrophy as the loss of
inappropriate glands has led to a higher agreement in the assessment of gastric
atrophy. The risk of GC is significantly associated with the extent and severity of
gastric atrophy, and the OLGA staging system has been shown to be correlated with
risk of GC in long-term cohort studies.
GIM and the risk of GC development: A nationwide cohort study in the Netherlands
reported that the overall annual incidence of GC development in patients with GIM
was 0.25% at 5 years[25]. A population-based cohort study in Sweden reported that
approximately 1 in 39 patients with GIM who underwent EGD with gastric biopsy for
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Figure 1

Figure 1 The estimated age-standardized incidence rate for gastric cancer in 2018 (both sexes, all ages)[1].

non-malignant indications developed GC within 20 years[26]. In a recent systematic
review consisting of 9 cohorts (4 from the United States, 4 from Western European
countries and 1 from South Korea), the incidence of GC among patients with GIM
ranged from 0.38 to 17.08 per 1000 person-years[14]. However, the majority of the
included cohorts reported incidence rates between 1.26 and 4.10 per 1000 personyears.
GIM subtypes and the risk of GC development: GIM can be classified into complete
and incomplete subtypes. The complete subtype (type I) is characterized by goblet
cells scattered among columnar absorptive cells. The incomplete subtype is
characterized by goblet cells interspersed among mucin-secreting columnar cells,
which can be further divided into type II (sialomucin-secreting cells; presence of
Paneth cells) and type III (sulphomucin-secreting columnar cells; absence of Paneth
cells) by high-iron diamine staining[27].
A cancer registry-based study in Slovenia reported that the cumulative incidence of
GC in patients previously diagnosed with GIM was 1.3% in complete GIM type I,
2.8% in incomplete GIM type II and 9.8% in incomplete GIM type III[27]. A Spanish
study reported that GC developed in 18.2% of patients with incomplete GIM and in
only 0.9% of patients with complete GIM after a mean follow-up period of 12.8
years[28]. This study showed—based on a multivariate analysis—that incomplete GIM
was associated with the highest risk of developing GC (Hazard ratio 11.3, 95%CI: 3.833.9). In South Korea, GIM subtyping was not found to play a major role in the
prediction of GC development[29]. However, these observations were derived from
cross-sectional studies and results from follow-up studies are awaited.
In a literature review on the association between incomplete GIM and GC in
studies published between 1980 and 2010, 13 of the 14 cross-sectional studies and 6 of
the ten follow-up studies found a statistically significant association between
incomplete GIM and the risk of GC[30]. Among the studies that reported the magnitude
of the risk, the relative risk (RR) of GC in patients with incomplete GIM was 4- to 11fold higher than that in patients with complete GIM or without incomplete GIM.
In a recent retrospective cohort study in Thailand, 91 patients with GIM were
recruited for surveillance EGD every 6-12 mo until a diagnosis of GC was made or the
planned 5-year follow-up period was completed [31] . By the end of the study,
incomplete GIM and male sex were found to be significantly associated with the
development of gastric neoplasia. None of the 81 patients with complete GIM at the
time of recruitment developed GC. In contrast, 5 of the 10 patients exhibiting
incomplete GIM progressed to high-grade dysplasia (HGD) and GC.
In summary, most of the scientific evidence supports that incomplete GIM is a risk
factor for GC.
The extent of GIM and the risk of GC development: The extent of GIM is a very
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important risk factor for the development of GC. There are four patterns of GIM
distribution[32]. The “focal” GIM pattern consists of scattered foci, mostly in the lesser
curvature and incisura. The “antrum-predominant” GIM pattern involves most of the
antrum and incisura angularis. The “magenstraße” GIM pattern spreads throughout
the lesser curvature from the cardia to the pylorus, also involving the greater
curvature of the pre-pyloric antrum. Finally, the “diffuse” GIM pattern involves the
entire gastric mucosa, with the exception of the fundic areas. In comparison to the
focal or antral-predominant GIM patterns, the magenstraße GIM and diffuse GIM
patterns are associated with a 5.7-fold and 12.2-fold increase in the risk of GC
development, respectively. An Italian study also reported that the extension of GIM
was associated with the risk of GC, and that ≥ 20% baseline GIM extension was a
sensitive first screening parameter for identifying subjects with a higher risk of GC[33].
Recently, a Japanese cohort study followed 573 patients for 6.2 years and found that
GC developed in 21 patients[34]. The cumulative 5-year incidence of GC was 1.5% in
patients without GIM, 5.3% in those with GIM limited to the antrum and 9.8% in
those with GIM in the corpus.
The OLGIM staging system: The proposed OLGIM staging system is based on the
OLGA staging system, which provides clinically relevant information about GIM[35].
The main parameter of this system is the severity and extent of GIM, rather than
gastric atrophy. The rationale for this system is that previous studies reported that the
degree of interobserver agreement in the assessment of gastric atrophy was lower in
comparison that for the assessment of GIM[36,37].
A prospective multicenter study conducted in the Netherlands found that
replacement of gastric atrophy by GIM in the staging of gastritis considerably
increased interobserver agreement while the correlation with the severity of gastritis
remained at least as strong [35] . A systematic review and meta-analysis on the
association between the OLGIM gastritis stage and the GC risk has been recently
published[12]. The meta-analysis, which was based on three case-control studies from
Eastern countries, showed that the GC risk was significantly higher among patients
with OLGIM stage III-IV [Odds ratio (OR) = 3.99; 95%CI: 3.05-5.21: P < 0.001]. The
only prospective cohort study, which was conducted in the Netherlands, found that
patients with OLGIM stage III-IV were more likely to develop HGD (RR = 16.67;
95%CI: 0.8-327.53).
Gastric dysplasia and the risk of GC development: Gastric dysplasia is usually
classified as low or high grade[38]. A nationwide cohort study in the Netherlands
reported that the annual incidence of GC in patients with LGD and HGD within 5
years after the diagnosis was 0.6% and 6%, respectively[39]. A recent population based
cohort study in Sweden reported that 1 in 19 patients with dysplasia progressed to
GC within 20 years, although no differentiation was made between those with lowgrade dysplasia (LGD) or HGD [26] . Notably, there is a remarkably histological
discrepancy between biopsy specimens and material obtained from endoscopic
resection. A recent study from Japan found that a substantial proportion of biopsyproven gastric LGD specimens were diagnosed as GC after endoscopic resection[40].
The strategy for managing patients with gastric dysplasia is, therefore, more
straightforward in comparison to that for gastric atrophy and GIM. The resection of
endoscopically visible dysplastic lesions is now recommended worldwide, regardless
of the grade of dysplasia[9,11,41]. However, a considerable number of patients have
endoscopically invisible gastric dysplasia. These patients are still at high risk and
need to be strictly followed up[22,42]. A recent literature review reported that LGD
persisted in 19% to 50% of patients and that the risk of GC development in these
patients ranged from 0% to 23% over 10-48 mo[11]. Regarding endoscopically invisible
HGD, immediate endoscopic reassessment with extensive biopsy sampling and
surveillance at 6- to 12-mo intervals is mandatory. Furthermore, the disappearance or
assumed disappearance of dysplastic lesions, as assessed by follow-up endoscopic
biopsy, does not rule out possible progression to invasive GC[9,41].

Endoscopic approaches
White light endoscopy: Gastric atrophy: The endoscopic diagnosis of gastric atrophy
based on good visualization of the submucosal vessels, even in the hands of
experienced endoscopists, is not reliable[43]. The sensitivity and specificity were only
61.5% and 57.7%, respectively in the antrum; and 46.8% and 76.4%, respectively in the
corpus. However, the assessment of EGA according to the Kimura-Takemoto
classification has been consistently confirmed to have a good correlation with
histological gastric atrophy [22,44] . In addition, several long-term cohort studies
confirmed its value in predicting the risk of GC development in subjects with and
without H. pylori infection, as well as after the successful eradication of H. pylori[8,34,45].

WJG

https://www.wjgnet.com

3550

July 21, 2019

Volume 25

Issue 27

Quach DT et al. Identifying high-risk individuals for GC surveillance

The key point in assessing EGA according to the Kimura-Takemoto classification is
to identify the location of the so-called endoscopic atrophic border of the stomach[46].
Based on the location of the endoscopic atrophic border, an endoscopic classification
of gastric atrophy pattern was proposed which consists of two main types: Closed
type (C-type) and open type (O-type). These two types are further subdivided in into
three C-types (C-1, C-2 and C-3) and three O-types (O-1, O-2 and O-3). The severity of
EGA is often classified into three grades: Mild (C-1, C-2), moderate (C-3, O-1) and
severe (O-2, O-3)[8,22,34,45]. Our previous study in Vietnam showed that the severity of
EGA was signiﬁcantly correlated with the OLGA gastritis stage [22] . As EGA
assessment has not been widely applied in Western countries and it was unclear
whether the EGA findings were correlated with histological atrophy in Western
patients, another study was conducted in the United Kingdom[44]. In this study, EGA
was compared with histological atrophy using the updated Sydney classification
system. The strength of agreement on the extent of atrophy between the endoscopic
and histological findings was good, with a weighted kappa value of 0.76. In addition,
the strength of agreement between endoscopic and histological atrophy, as assessed
by cancer risk-oriented grading (i.e., none, limited atrophy in antrum and angulus or
pan-atrophy) was good, with a kappa value of 0.81.
Several studies have consistently confirmed that the severity of EGA at baseline is
associated the risk of GC development. A prospective cohort study that followed
1,603 consecutive Japanese patients with benign gastroduodenal diseases for an
average of 8 years found that GC only developed in patients with H. pylori infection,
and the RR of GC in patients with severe EGA at baseline was 4.9 times higher than
that of those with no or mild EGA at baseline[8]. A recent cohort study that included
573 Japanese patients who underwent follow-up endoscopy after successful H. pylori
eradication therapy found that the cumulative 5-year incidence of GC was 0.7%, 1.9%,
and 10% in patients with none/mild, moderate, and severe EGA, respectively[34].
Based on the current evidence, the Kyoto global consensus on gastritis suggested that
EGA assessment can be used initially in regions with proven expertise in EGA
assessment; however, histological conﬁrmation is still recommended[10].
GIM: The endoscopic diagnosis of GIM by standard endoscopy is also unreliable
even in the hands of experienced endoscopists. A study in Korea reported that the
sensitivity and specificity of endoscopy for the diagnosis of GIM were 24.0% and
91.9%, respectively for the antrum; 24.2% and 88.0%, respectively for the body[47]. A
another study in Greece reported that the sensitivity and specificity of endoscopy for
the diagnosis of GIM and LGD were 74.6% and 94%, respectively[48].
Gastric dysplasia: The endoscopic diagnosis of gastric dysplasia by endoscopy is
even more unreliable, especially for LGD. In a Finnish study that included a series of
101 patients with histologically diagnosed gastric dysplasia graded into three
categories (mild, moderate, or severe), all severe dysplastic lesions were detected in
visible lesions but 3 (22%) moderate dysplastic lesions and 57 (68%) mild dysplastic
lesions were endoscopically invisible and were only detected in random biopsy
specimens[42]. Our previous study of 280 dyspeptic patients in Vietnam identified LGD
in 7 (2.5%) patients and all of these dysplastic lesions were endoscopically invisible[22].
IEE and magnifying endoscopy: Several studies have shown the significantly higher
accuracy of IEE and magnification endoscopy in the diagnosis of gastric atrophy,
GIM, dysplasia and GC in comparison to white light endoscopy (WLE). A multicenter
prospective randomized study in the Asia-Paciﬁc region was conducted to compare
narrow-band imaging (NBI) and high-definition WLE (HD-WLE) in the detection of
GIM[49]. This study found that a significantly higher proportion of patients with GIM
was detected by NBI compared with HD-WLE (17.7% vs 7.7%, P < 0.001). Similarly, a
recent prospective blinded trial in the United States reported higher proportions of
patients with GIM were detected by NBI (65%) and mapping (76%) vs HD-WLE (29%)
(P < 0.005 for both comparisons). In addition, there were also higher proportions of
sites with GIM detected with NBI (53%) and mapping biopsies (67%) than HD-WLE
(28%) (P < 0.005 for both comparisons). A recent consensus developed by expert
endoscopists in Asia strongly recommends to use IEE in addition to WLE to improve
the detection rate of precancerous gastric lesions[50].
The development of NBI magnifying endoscopy (NBI-ME) has helped endoscopists
to better observe the gastric mucosa endoscopically. The Light Blue Crest (LBC) sign,
defined as a fine, blue-white line on the crests of the epithelial surface/gyri, was
found to correlate with histological evidence of GIM[51]. A recent meta-analysis on the
diagnostic yield of LBC in GIM reported that the sensitivity and specificity values of
this finding were 0.90 (95%CI: 0.86-0.92) and 0.90 (95%CI: 0.86-0.93), respectively[52].
The practicality of NBI-ME for gastritis staging has been reported in Japan[53]. In this
study, the NBI-ME score classification was established from images obtained
beforehand, and then biopsy specimens taken from the observed areas were scored
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according to histological findings. The NBI-ME and histological stages were assessed
using a combination of scores for the antrum and corpus, and were divided into lowrisk and high-risk groups. This study found that the agreement between NBI-ME and
histological scores was 69.1% for the antrum and 72.7% for the corpus, and that
between the high- and low-risk groups was 89.1%. NBI-ME procedures, however, are
generally time-consuming and require appropriate training and gastroscope.
Therefore, it could not be widely used in daily practice.
A simplified classification system using NBI without magnification has been
proposed and validated in Western countries, and its accuracy and reliability in the
diagnosis of GIM and dysplasia have been demonstrated [54] . According to the
simplified classification, pattern A (regular vessels with circular mucosa) was
associated with normal histology (accuracy 83%; 95%CI: 75%-90%), pattern B (tubulovillous mucosa) was associated with GIM (accuracy 84%; 95%CI: 77%-91%); and
pattern C (irregular vessels and mucosa) was associated with dysplasia (accuracy
95%; 95%CI: 90%-99%). The reproducibility of these patterns was high (k = 0.62). Nonexperienced endoscopists showed lower agreement (k = 0.6 vs k = 0.75) and accuracy
(74 % vs 86%) than experienced endoscopists, suggesting that appropriate training is
required. The real-time validity of HD-WLE with and without NBI in the diagnosis of
precancerous gastric lesions and the possibility of deriving a classification for the
endoscopic grading of GIM (EGGIM), a score (0-10) resulting from the sum of
endoscopic assessments of GIM, have been reported [55,56] . In a later multicenter
prospective study, NBI based on the simplified classification was found to
significantly increase sensitivity in the diagnosis of GIM and gastric dysplasia (87% vs
53% and 92% vs 74%, respectively). The area under the curve (AUC) of the receiver
operating characteristic curve for EGGIM in the diagnosis of extensive GIM was
0.98[55]. Another study was conducted by the same group to externally validate the
EGGIM classification[56]. Consecutive patients underwent HD-WLE followed by NBI
to estimate the EGGIM classification. The score was 0, 1, or 2 for no GIM, ≤ 30%, or >
30% of the mucosa, respectively, in five areas (lesser and greater curvature of both the
antrum and corpus, and incisura). If GIM was endoscopically suspected, targeted
biopsies were performed. If GIM was not noticeable, random biopsies were
performed according to the Sydney system to estimate the OLGIM stage. For the
diagnosis of high-stage OLGIM gastritis, the AUC was 0.96 (95%CI: 0.93-0.98) and the
sensitivity and specificity using a cutoff of > 4 were 89% and 95%, respectively. This
study shows the promise of the endoscopic approach in determining the risk of GC
development without the need for biopsies. Further studies in other populations
should be performed to validate the results.

Non-invasive approaches
Serum pepsinogen (PG) is the most intensively investigated biomarker for
precancerous gastric lesions and GC. Serum PG consists of two distinct types, namely,
pepsinogen I (PGI) and pepsinogen II (PGII). PG I is exclusively produced by chief
and mucous neck cells in the fundic glands, while PG II is secreted by these cells as
well as by cells in the pyloric glands and Brunner’s glands. Both of serum PGI and
PGII levels initially increase on the progression of gastritis. However, as the fundic
gland mucosa is reduced, PGI levels gradually decrease while PGII levels remain
fairly constant. Consequently, the serum PG I/II ratio (sPGr) decreases in a stepwise
manner which is closely correlated with the progression of atrophic gastritis[57]. The
low serum PG I level and sPGr, therefore, reflect the severity of gastric atrophy. The
measurement of serum PG I and sPGr alone or in combination with H. pylori serum
antibody (HpAb) test, and/or Gastrin-17 has been investigated to identify high-risk
individuals[58].
Non-invasive approaches in western countries: A study was conducted in 284
dyspeptic patients from 14 European countries to evaluate the role of sPGr as a
screening test for moderate-to-severe and multifocal atrophic gastritis[59]. The best cutoff point of sPGr was 5.6, which showed 65.0% sensitivity and 77.9% specificity.
Another study, which was one of a few population-based studies in Western
countries, was conducted to investigate the serum levels of PGI and sPGr in
asymptomatic individuals in northern Portugal, a region with high incidence of GC[60].
The participants, whose ages ranged from 40 to 79 years, were classified into a
positive test group (PG I ≤ 70 ng/mL and sPGr ≤ 3) and a negative test group (all
others). All participants with a positive test result and a consecutive random sample
of participants with negative test results underwent EGD and were followed up in 5
years. In the detection of GC development during the follow-up period, this test
showed 67% sensitivity, 47% specificity, a positive predictive value of 2% and a
negative predictive value of 99%. Recently, a study investigating the cost-effectiveness
of population screening strategies based on biomarkers and endoscopy was
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conducted in the United States[61]. This study found that although one-time serum PG
testing at 50 years of age could prevent one in four cases of GC among men, it was not
of high value in improving the outcomes of GC. However, targeting the high-risk
group (i.e., male, smokers of > 50 years of age) could be a cost-effective approach for
reducing GC-related mortality.
Non-invasive approaches in eastern countries: A meta-analysis was conducted to
evaluate the prediction of GC development by sPGr, HpAb tests, and a risk-prediction
model based on these two tests[62]. This model categorized patients into four groups:
low risk (A: HpAb -, sPGr-), moderate risk (B: HpAb+ and sPGr-), and high risk (C:
HpAb+ and sPGr+; D: HpAb-and sPGr+). This study included 9 prospective cohorts
from Eastern Asian countries with a total of 33741 asymptomatic participants in GC
screening programs. The mean ages of the participants at enrollment ranged from 45
to 57 years, while the mean follow-up ranged from 3.9 to 14 years. This study found
that adults with a positive sPGr test had an approximately four-fold higher risk of
developing GC than those with a negative test. In addition, the four-risk-group
prediction model had the potential to stratify middle-aged presumptively healthy
adults according to the risk of GC development.
Another meta-analysis, which consisted of over 30000 individuals across 13
different western and eastern countries, was conducted to assess the accuracy of
serum PG testing in the diagnosis of GC and chronic atrophic gastritis (CAG)[63]. This
study showed that serum PG testing had 69% sensitivity and 73% specificity in the
diagnosis of GC, and 69% sensitivity and 88% specificity in the diagnosis of CAG.
However, there were significant variations in serum PG measurement methods and
cut-off values of PGI and sPGr among the included studies.
One other meta-analysis was conducted to assess the combination of sPGr, gastrin17 and HpAb tests in the diagnosis of CAG. As Gastrin-17 is only secreted by the G
cells of the antral mucosa, a low serum Gastrin-17 level in combination with a positive
HpAb test would indicate the presence of antral CAG; and a combination of sPGr,
Gastrin-17 and HpAb tests would help to detect the presence and site of CAG[64]. This
meta-analysis included 20 eligible studies with a total of 4241 subjects. The median
prevalence of CAG across the included studies was 27%. The test sensitivity,
specificity, negative predictive value and positive predictive value for the diagnosis of
CAG were 74.7%, 95.6%, 91% and 86%, respectively. However, that only six of the 20
included studies considered moderate-to-severe gastric atrophy as a gold standard
might have adversely affected the practical usefulness of the study results.
There may be some exceptions regarding the use of the serum PG test in predicting
the development of GC in different populations. Notably, a study from Singapore was
conducted to examine whether racial differences in the prevalence of H. pylori
infection and serum PG level could account for racial differences in the incidence of
GC [65] . This study found that Indian subjects had a lower incidence of GC but a
significantly higher prevalence of low PG in comparison to Chinese and Malay
subjects. The study highlighted the limited usefulness of serum PG testing in the
Indian population. In addition, the rPGr level has been recently reported to return to
the normal range in Japanese patients after successful H. pylori eradication[66]. Thus,
test results may be misleading in populations in which a large percentage of
participants have undergone H. pylori eradication (intended and unintended).

LESSONS FROM WESTERN AND EASTERN PERSPECTIVES
AND THE POSSIBILITY OF DEVELOPING AN INTEGRATED
RESOURCE-SENSITIVE APPROACH TO IDENTIFY HIGHRISK INDIVIDUALS
Pre-endoscopic risk assessment
The detection of high-risk precancerous gastric lesions generally requires endoscopy
with biopsy. However, there are demographic and clinical features that are helpful for
predicting the presence of these lesions, including ethnicity, gender, age, family
history of GC, H. pylori status and serum PG level[4,50,67,68].
A recent review found that individuals in the United States who were immigrants
from high-risk regions (East Asia, Russia, or South America) had a higher risk of GC
development in comparison to other Americans[68]. In multi-ethnic Southeast Asia
countries, it was reported that some ethnic groups, including Chinese, Batak and
Minahasanese, had higher risk in comparison to the other ethnic groups[4]. H. pylori
infection and having first-degree relatives diagnosed with GC have been reported as
important risk factors for GC development worldwide[8,67,68]. In addition, male sex,
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smoking and advanced age are also associated with a higher risk of developing
GC[61,69,70]. The age threshold may differ depending on the GC risk level in each region:
it is approximately 40 years in high-risk regions and approximately 50 years in lowrisk regions [67-69] . In subjects with family history of GC, the age threshold is
approximately 10 years younger than the age of the ﬁrst-degree relative at the
diagnosis or 50 years of age (whichever is earlier)[68]. The application of the PG test in
subjects with clinical high-risk characteristics has been shown to be promising but, as
mentioned above, should be locally validated.
In summary, pre-endoscopic risk assessment is possible and it is helpful for
selecting subjects with a high pre-test probability for a possibly cost-effective
approach, especially in intermediate- and low-risk regions.

Approaches for asymptomatic individuals
The two key issues in selecting applicable approaches for asymptomatic individuals
are the ability to reduce GC mortality, especially in high-risk regions, and the costeffectiveness of the approach, especially in low- and intermediate-risk regions. The
possibly applicable approaches based on current evidence worldwide are
summarized in Figure 2.
Approaches for asymptomatic individuals in eastern countries: At present,
population-based screening programs have only been applied in some Asian
countries with a high incidence of GC. In South Korea, the national cancer screening
program for GC by EGD or upper gastrointestinal series (UGS) was launched in 1999
as a Medicaid program, but it has since expanded to all subjects of ≥ 40 years of age
since 2005 [71] . A recent nested case-control study was conducted to assess the
effectiveness of this program in reducing GC mortality. The study used data from
16584283 subjects who participated in the screening program since 2002, and found
that the subjects who received EGD were less likely to die from GC in comparison to
those who received UGS[72]. In Japan, a recent cohort study reported that the survival
rate and GC mortality among Japanese patients with screening-detected GC were not
significantly different from those with interval GC in the annual endoscopic screening
program, which also suggested the benefit of endoscopic screening in reducing GC
mortality[73]. The current Japanese guidelines for GC screening recommend the use of
EGD or UGS for population-based and opportunistic screenings, but emphasize that
the former method is more sensitive than the later[74]. Serum PG and HpAb tests are
currently not recommended for population-based screening in Japan due to
insufficient evidence on the reduction of GC mortality. In China, there have been no
national screening programs for GC but some screening programs have been applied
in high-risk regions of the country. Among these programs, the so-called two-step
examination (i.e., the sequential sPGr-EGD screening method) has been reported to
have reasonable cost-effectiveness and good participant compliance[5]. A recent metaanalysis and systematic review, which included 6 cohort studies and 4 nested casecontrol studies from high-risk Asian countries (2 from South Korea, 2 from China, and
6 from Japan) with 342013 individuals, has been conducted to investigate how
endoscopic screening affected the incidence of GC or GC mortality. This study found
that endoscopic screening may reduce GC mortality, regardless of the incidence of GC
in the included populations. The subgroup analysis showed signiﬁcant reductions in
GC mortality after endoscopic screening in comparison to no screening[75].
In other Asian countries, there have been no national screening programs. We
recently conducted a survey about the management of H. pylori and GC across 9
South-East Asian countries[4], and found that most lesions were diagnosed in an
advanced stage and that the prognosis of GC patients was very poor. Resource
limitations are among the most challenging issues for countries with limited resources
but a high prevalence of GC. In Singapore’s multi-ethnic population, the risk in
Chinese is higher in comparison to Malaysians and Indians. A cost utility analysis was
conducted to determine whether endoscopic screening for GC would be cost-effective
and to better define the high-risk group[69]. This study found that screening of the
high-risk group of Chinese men (age-standardized rate, 25.9/100000) from 50-70 years
of age was highly cost-effective.
Approaches for asymptomatic individuals in western countries: Most western
countries have low or intermediate GC risk (Figure 3). Thus, cost-effectiveness is the
main issue concerning the selection of a suitable approach.
The longest follow-up study using serum PG screening tests for GC detection in the
West was conducted in the northern part of Portugal, the area with the highest
incidence of GC in Western Europe[76]. This cohort included 5913 individuals, of 40-74
years of age, who were subjected to the PG test (PGI = 70 ng/mL and sPGr ≥ 3). This
study found that the PG test was suboptimal as a screening test for GC as its

WJG

https://www.wjgnet.com

3554

July 21, 2019

Volume 25

Issue 27

Quach DT et al. Identifying high-risk individuals for GC surveillance
Figure 2

Figure 2 Possibly cost-effective approaches for identifying asymptomatic individuals with a high risk of gastric cancer development.1The age-standardized
incidence rate is greater than 20 per 100000. 2Applying selective screening for subjects with high-risk pre-endoscopic features. 3Not yet shown to reduce gastric
cancer mortality. 4The performance of serum PG I/II ratio should be locally validated. 5Cost-effectiveness should be considered based on the local age-standardized
incidence and the cost of esophagogastroduodenoscopy. In multi-ethnic populations, ethnicity-based screening for high-risk ethnic groups should be considered.
EGD: Esophagogastroduodenoscopy; UGS: Upper gastrointestinal series; sPGr: Serum PG I/II ratio.

sensitivity was only 35% at the initial stage and 58% after 3 years of follow-up.
National screening programs for colon cancer have been well-developed in many
western countries. Thus, in this region, there have been intensive investigations to
determine a reasonable approach for combining gastric and colorectal cancer
screening.
An analysis using a Markov model to determine the cost-utility of screening
strategies for GC in Portugal was recently reported[77]. The three following screening
strategies were compared vs no screening: Stand-alone EGD, EGD combined with a
colorectal cancer screening colonoscopy after a positive fecal occult blood test or a
positive serum PG test. This study found that endoscopic GC screening in Europe
could be cost-effective if combined with screening colonoscopy in countries with an
age-standardized rate (ASR) of ≥ 10 per 100000. Based on the cost of EGD alone (<
€75), the provision of only three EGDs per patient or an ASR > 25/100000 would
make stand-alone endoscopic screening cost-effective. Interestingly, this analysis of
cost efficacy also supports the national endoscopic screening programs that are
currently running in Japan and South Korea (ASR 27.5 and 39.6 per 100.000,
respectively)[1].
The marked differences in the prevalence of GC among different ethnic groups in
multi-ethnic countries may also affect the cost-effectiveness of the approach. In the
United States, a recent study investigated whether selected non-cardia GC screening
for members of high-risk ethnic groups was cost-effective[70]. A decision analytic
Markov model was developed with the base case of a 50-year-old person of nonHispanic white, non-Hispanic black, Hispanic, or Asian ethnicity. The cost
effectiveness of a no-screening strategy (current standard) for non-cardia GC was
compared with that of two endoscopic screening modalities initiated at the time of
screening colonoscopy for colorectal cancer: EGD with biopsy examinations and
continued surveillance, only if GIM or more severe histological findings were
identiﬁed, or EGD with biopsy examinations continued every 2 years even in the
absence of these histological findings. Compared with biennial and no screening, EGD
screening with continued surveillance only when indicated was cost effective for nonHispanic blacks, Hispanics, and Asians, but not for non-Hispanic whites. The cost-
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Figure 3

Figure 3 The age-standardized incidence and mortality rates of gastric cancer[1]. ASR: Age-standardized rate[1].

effectiveness was highest for Asians. A selective screening approach based on
ethnicity, family history of GC and the age threshold has also been recently proposed
in the United States[68].

Approaches for patients who have indications for EGD according to the current
guidelines
Definitely, symptomatic patients who have indications for EGD according to the
current guidelines for upper gastrointestinal symptoms are the subjects who benefit
the most from opportunistic screening, regardless of the GC risk levels in their
countries. However, we believe that the importance of opportunistic screening should
be further emphasized in guidelines for dyspepsia and gastroesophageal reflux
disease management and should always be considered whenever EGD is performed.
The combination of endoscopic and histological approaches should always be
considered as it has several advantages. First, endoscopy provides a real-time
assessment of the patient’s risk of GC development. As endoscopists tend to focus on
endoscopic findings that explain patient symptoms, it is important to be cautious that
precancerous gastric lesions and even early GCs may already exist. These subtle
lesions are often not the causes of the symptom(s) and are very easy to miss[5]. Second,
the results of histological examination greatly depend on the location from which the
specimens are taken. New endoscopic technologies have helped to improve the
endoscopist’s ability to identify subtle changes in the gastric mucosa and facilitate
targeted biopsies instead of mapping biopsies, which results in a better correlation
between endoscopic and histological findings[50,52,55,56].
How to make this combined approach widely applicable in daily practice is a
crucial issue. Obviously, an ideal approach should be accurate as well as feasible; it
should not be time-consuming or require special expertise or equipment. Currently,
the best evidence supports the use of IEE for endoscopy and OLGIM/OLGA grading
systems for histological examination whenever applicable. However, resource
limitation is an important barrier in many regions worldwide. Notably, there are
several countries with a high risk of GC but limited resources, including Mongolia
and Vietnam[1]. Resources may also be quite different within the same country, as
reported in our recent survey of 9 Southeast Asian countries[78]. Thus, a suitable
approach should not only be evidence-based but also resource-sensitive (Figure 4).
Endoscopic strategy: Regions with high resources: Start with WLE and escalate to IEE
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Figure 4

Figure 4 Resource-sensitive approaches to identifying high-risk patients who undergo esophagogastroduodenoscopy for any reason. WLE: White-light
endoscopy; EGA: Endoscopic gastric atrophy; GC: Gastric cancer; IEE: Image-enhanced endoscopy.

if necessary. Recent studies from the east and west strongly support that IEE, in
addition to WLE, improves the rate at which gastric premalignant mucosal changes
such as gastric atrophy and GIM are endoscopically detected[50,55,56].
Regions with limited resources (IEE is unavailable): Start with WLE and evaluate
the severity of EGA. Recently, several cohort studies in Asia have shown that EAG
assessment can help to effectively identify high-risk individuals with a higher risk of
GC development among patients with moderate-to-severe EGA[8,34,45]. A recent global
consensus on gastritis recommends that EGA be used if expert endoscopists are
available[10]. We previously reported good to excellent intraobserver agreement and a
moderate interobserver agreement among experienced endoscopists in the assessment
of the severity of EGA[79]. A recent study reported that the interobserver agreement for
the diagnosis and grading of EGA significantly improved after proper training and
that it remained stable after intervention, irrespective of the endoscopist’s experience
level[80]. Thus, this endoscopic assessment, which requires no additional equipment, is
potentially useful in regions with limited resources. One limitation of EGA
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assessment that should be kept in mind is that the improvement of the severity of
EGA may not be parallel with histological gastric atrophy after successful H. pylori
eradication [81] . In such situations, it is necessary to obtain biopsy specimens for
histological examination, especially if the baseline histological results are not
available.
Biopsy strategy: Obviously, endoscopically visible gastric lesions that are suspected
to represent precancerous gastric lesions and GC should be biopsied. However, the
strategy of taking mapping biopsies may differ depending on the local resources
(Figure 4).
In regions with high resources, the performance of a mapping biopsy at mucosal
sites is recommended, according to the Sydney protocol, for patients with endoscopic
findings suggestive of chronic gastritis[10]. A biopsy specimen from the angularis
angular is essential in order not to downgrade the OLGA and OLGIM gastritis stage
and miss high-risk individuals [82] . Specimens from each site should be put into
separate container. Whenever available, IEE should be used for detection and
obtaining targeted biopsy specimens [50] . Regarding histological assessment, the
OLGIM and OLGA staging systems should be applied[9,10]. However, a recent South
Korean study found that only about one quarter of GC patients in this high-risk
population had high-stage OLGA and OLGIM gastritis. Thus, the sensitivity of these
staging systems as indicators for GC in Asians, may be lower in comparison to the
sensitivity reported in western populations, and local validation is required[83]. A GIM
subtype analysis may be considered but is not a necessity, as the presence of
incomplete GIM is significantly associated with extensive GIM, which is a
documented marker that is easier to evaluate[32,33,84].
In regions with limited resources, mapping biopsy is also recommended and
specimens from each site should be put into separate containers as mentioned above.
In some developing countries, the cost of histological examinations is not currently
reimbursed and the cost increment of additional containers may not be affordable for
many self-paid patients[4]. As patients with extensive gastric atrophy and/or GIM
have a higher risk of GC development[32,34,35], a reasonable option is to take 5 biopsies
at mucosal sites according to the Sydney protocol and put them into 2 separate
containers for the antrum and the corpus. Another option is to define high-risk
patients based on EGA severity alone, if well-trained endoscopists are available.

Approach for patients with upper gastrointestinal symptoms who do not yet have
indications for EGD according to the current guidelines
The indications for EGD according to the current guidelines on dyspepsia or
gastroesophageal reflux disease are mainly to detect organic diseases that cause the
patient’s symptoms, especially to rule out upper gastrointestinal malignancies. For a
long time, the role of EGD as an opportunistic screening tool for these malignancies,
including GC, has not been sufficiently emphasized. In our opinion, the benefits from
opportunistic screening by EGD should also be considered whenever we decide
whether patients with upper gastrointestinal symptoms should undergo EGD. There
is currently no evidence on this topic and it represents an important and interesting
direction for future research.

CONCLUSION
The characteristics of individuals with high risk for GC development are well
recognized. There are several strategies that employ non-invasive, endoscopic,
histological or combined approaches in order to attempt to identify these individuals.
The main approach in western countries is histology-based while that in eastern
countries with high prevalence of GC is endoscopy-based. Although some approaches
have demonstrated their cost effectiveness and their ability to reduce GC mortality,
these cannot be widely applied in many regions due to resource limitations. Based on
the current evidence from both western and eastern perspectives, an integrated and
resource-sensitive approach could be developed for real-life practice.
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Abstract
In view of the increasing life expectancy in different parts of the world, a larger
proportion of elderly patients with hepatocellular carcinoma (HCC) requiring
oncological treatment is expected. The clinicopathological characteristics of HCC
in elderly patients and in younger patients are different. Elderly patients, in
general, also have more comorbidities. Evaluation of the efficacy of different
HCC treatment options in elderly patients is necessary to optimize treatment
outcomes for them. Treatment modalities for HCC include hepatectomy, liver
transplantation, radiofrequency ablation, transarterial chemoembolization, and
molecular-targeted therapy with sorafenib. In this review, current evidence on
the risks and outcomes of the different HCC treatments for elderly patients are
discussed. According to data in the literature, elderly patients and younger
patients benefited similarly from HCC treatments. More clinical data are needed
for the determination of selecting criteria on elderly HCC patients to maximize
their chance of getting the most appropriate and effective treatments. As such,
further studies evaluating the outcomes of different HCC treatment modalities in
elderly patients are warranted.
Key words: Hepatocellular carcinoma; Aged; Clinical outcome; Surgery; Hepatectomy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Elderly patients and younger patients benefited similarly from hepatocellular
carcinoma (HCC) treatments. Advanced age and comorbidity are intrinsic factors in
elderly HCC patients but should not preclude them from receiving treatments. Patients
should be evaluated individually and treatment options should be personalized. All
treatment options available to the young should be made available to the elderly. Careful
assessment of clinical status, cancer stage and comorbidity is needed to ensure good
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most
common cause of cancer-related deaths worldwide[1]. Because of the high prevalence
of hepatitis B virus infection[2], countries in eastern and southeast Asia have the
highest incidence of HCC in the world[3].
Aging is a major risk factor and poor prognostic factor for most chronic diseases.
Owing to the remarkable socioeconomic development and advancement of medical
care, average life expectancy has increased around the world; citizens of many
developed countries enjoy a lifespan of over 80 years. In the Hong Kong Special
Administrative Region, the average life expectancy is the longest in the world.
According to a report by Hong Kong Centre for Health Protection, the average life
expectancy at birth reached 81.9 and 87.6 years for males and females respectively in
2017. Consequently, an increasing proportion of elderly patients with HCC requiring
oncological treatment was expected[4]. It was estimated that the incidence of HCC will
increase by approximately 59% by 2030, more than 50% of which will be in people
aged 65 or above[5].
HCC in the elderly population may show different clinical and pathological
characteristics when compared to the younger population. The incidence rate of HCC
raises at the age of forties and decreases after eighties[6]. Aging has been shown to be
associated with gradual alteration of hepatic structure and function as well as various
changes in liver cells[7,8]. In the sequenced process of liver injury, aging decreases
regenerative ability[7,9]. Elderly patients also have inferior cardiopulmonary function.
Comorbidities such as diabetes mellitus and renal insufficiency are common among
the elderly population. Aging is associated with higher severity and worse prognosis
of various liver diseases due to the summation of the aforesaid factors.
Most developed countries accept the chronological age of 65 years as the definition
of an elderly person[10]. However, many clinical studies about HCC in the elderly
population defined elderly as over 70 years of age[11-17]. This heterogeneity will persist
through the discussion in this review. The age cutoff for elderly in the literature varies
from 60 to 80, while 70, 75 and 80 were the cutoffs commonly used.
Although the prevalence of hepatitis B virus infection is decreasing in our locality
due to the implementation of the universal neonatal vaccination program since 1988,
the need for HCC treatment in the elderly may not decrease due to the following three
reasons: (1) Delay in HCC recurrence due to improved primary treatment; (2)
Increasing incidence of types of liver cirrhosis that require more time to develop into
HCC, e.g., non-alcoholic steatohepatitis[18]; (3) Liberal use of antiviral agents which
have an effect on viral hepatitis and delay the natural course of HCC formation[19]. In
view of the above, evaluation of treatment options for elderly HCC patients is of high
clinical relevance. The treatment options of HCC vary according to the stage of the
disease. They include hepatectomy, liver transplantation (LT), radiofrequency
ablation (RFA), transarterial chemoembolization (TACE), and molecular-targeted
therapy with sorafenib. However, whether or not age should be a factor of
consideration in HCC treatment allocation is controversial.
The aim of this review is to give an overview of the current knowledge on HCC
treatments in elderly patients and to provide available evidence on the treatment
modalities for HCC. In particular, the discussion will focus on the role of each
treatment in the management of elderly HCC patients and these treatments’
respective clinical impact.

HEPATECTOMY
Hepatectomy is an established therapeutic modality for HCC[20]. The mortality rate of
liver resection is minimal[21] although the morbidity rate is 20%-30%[22-25]. The surgical
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outcome of hepatectomy depends on host liver function, HCC staging, and anesthetic
risk[20]. In addition to the fact that young and old patients have histological difference
in liver, elderly patients usually have more comorbidities, such as cardiovascular
problems, diabetes mellitus, hypertension, and pulmonary disease. As such, they tend
to suffer worse surgical outcomes[26].
Numerous studies reported the results of hepatectomy for HCC in elderly patients.
However, the majority of them were retrospective observational studies and therefore
the validity of these results is debatable[27-36]. There are a few meta-analyses comparing
hepatectomy outcomes between the elderly and the young, and Table 1 is a summary
of these meta-analyses[37-39]. In general, comparable short-term outcomes (mortality,
morbidity, immediate surgical complications, etc.) between the elderly and the young
were reported. Long-term outcomes (1-, 3- and 5-year overall and disease-free
survival rates) were also comparable between the two groups of patients in all the
meta-analyses. The results were surprising as it would have been expected that the
elderly would have worse post-hepatectomy outcomes due to their impaired
physiological functions. In fact, one of the analyzed studies even reported better 1year survival in the elderly compared to the younger group (odds ratio = 0.762, P =
0.045). This could probably be explained by the more careful selecting criteria on
elderly patients – lower risk for surgery and lower grade of background liver
fibrosis[40]. Heterogeneity of study design and publication bias might also have led to
the paradoxical result.
There are different scoring systems for assessing elderly patients with poor
physiological status, including Possum/pPossum, E-PASS, and APACHE II score.
Although age is not an accurate risk factor for mortality or morbidity, it usually
correlates with physiological reserve and is a surrogate marker for comorbidities[15,41,42]. The proportion of comorbid disease (cardiovascular, cerebrovascular
and renal diseases, chronic obstructive pulmonary disease, etc.) is higher in elderly
patients than in their younger counterparts. Cardiopulmonary workup including
echocardiography and lung function test should be performed, if necessary, for
patients with a high index of suspicion of occult cardiopulmonary disease [43] .
Perioperative patient evaluation by physicians and anesthetists would optimize the
outcomes of hepatectomy in elderly patients.
Laparoscopic hepatectomy was introduced in 1996 [44] as a minimally invasive
technique with potential advantages. Its potential benefits over open hepatectomy
include decreased operative blood loss, decreased pain, better cosmesis, faster
recovery, fewer cardiovascular and respiratory complications, and shorter hospital
stay. Many studies have shown that it could attain better perioperative outcomes[43,45-47]. Although laparoscopic hepatectomy has been shown to be a safe and
effective approach to the management of liver disease[48-52], its application to elderly
HCC patients with cirrhosis and other comorbidities remains unclarified. For this
potentially feasible and safe alternative to open hepatectomy to benefit more patients,
selecting criteria on elderly patients need to be determined.

LIVER TRANSPLANTATION
In the past, LT was seldom performed in elderly patients[53]. Since the 1990s, cases of
LT in the aged population have gradually been reported and its feasibility in treating
the elderly has been evaluated[54-56]. However, most of these studies used a cutoff age
of 50-60 years, which would be controversial nowadays in view of the improved life
expectancy worldwide. A more recent retrospective study reported a mean post-LT
survival of 65 mo in 13 patients who were 75 or older at the time of LT[57].
Data in the literature about LT for elderly HCC patients was very limited since
HCC is not the only indication for LT. In the several studies that evaluated the
outcomes of LT in elderly patients[58-64], there were inconsistencies in the results: some
reported comparable survival outcomes between older and younger recipients while
some reported significantly worse survival outcomes in the elderly group. The studies
quoted were all retrospective in nature with questionable validity, and the cutoff used
for old age also varied in the studies, making direct comparison difficult. However,
the researchers in the different studies generally agreed that age should not be the
only factor in determining eligibility for LT. It is believed that other patient factors
like preoperative disease severity (MELD score) and functional reserve are more
important than chronological age in determining eligibility for LT[65]. Since elderly
HCC patients often have a lower grade of background liver fibrosis and lower ChildPugh scores when compared to younger HCC patients[40], LT may potentially be a
treatment option for elderly HCC patients. Studies specifically evaluating LT as an
oncological treatment for elderly HCC patients need to be conducted before patient
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Table 1 Summary table of meta-analyses comparing outcomes of hepatectomy for hepatocellular carcinoma in the elderly and young
populations
Characteristics of included
studies

Authors (year)

Outcome measures and results

Conclusions

Hung et al[38], (2015)

23 studies included in total 18 studies Short-term outcomes Treatment
on hepatectomy for hepatocellular
complications: Comparable between
carcinoma (6341 patients)
the elderly and younger groups
Long-term outcomes 1-, 3-, 5-yr
disease-free and overall survival:
Increased 1-yr overall survival in the
elderly compared to the younger
group Comparable 3- and 5-yr
survival, disease-free survival

Hepatectomy, transarterial
chemoembolization and
radiofrequency ablation are safe and
effective for elderly hepatocellular
carcinoma patients Similar success
compared to younger patients
Optimal strategy depends on patient
and tumor characteristics (evaluation
of cancer stage and general condition
is important)

Mizuguchi et al[37], (2014)

16 studies included in total 5 studies
on hepatectomy for hepatocellular
carcinoma (1932 patients)

Short-term outcomes Morbidity and
mortality: No significant differences
between the elderly and younger
groups

Outcome of hepatectomy depends on
tumor type (hepatocellular carcinoma
vs colorectal metastatic cancer)
Hepatectomy is indicated in older
hepatocellular carcinoma patients

Zhou et al[9], (2013)

28 studies included in total 11 studies Short-term outcomes Morbidity and
on hepatectomy for hepatocellular
mortality: No significant differences
carcinoma (3560 patients)
between the elderly and younger
groups Long-term outcomes 5-yr
disease-free and overall survival: No
significant differences between the
elderly and younger groups

Similar overall morbidity and
mortality in elderly and young
patients Analysis should be
interpreted with caution as elderly
mortality after hepatectomy has been
reported to be higher in the presence
of cirrhosis Age alone should not be a
contraindication to hepatectomy

selection criteria can be determined and evidence on outcomes can emerge.
The risk-benefit profile is the most important parameter for consideration of highrisk procedures such as LT for elderly patients. Data on the benefit of LT to elderly
HCC patients are lacking, but we can assume that LT, as an oncological treatment,
offers the elderly and the young similar benefit, as do other HCC treatment
modalities. However, as depicted in Figure 1, the operative risk is considerably
elevated in the older population. Therefore, LT as a treatment option for the aged
population is still subject to debate, and the upper age limit for undergoing LT is yet
to be defined.
In clinical practice, LT is seldom performed on elderly patients. In Hong Kong and
other Asian regions, the rates of organ donation from the deceased are low[66]. The
utilization of deceased-donor liver grafts for elderly HCC patients would be subjected
to evaluation based on treatment efficacy and cost-effectiveness. Donor risk would be
an additional concern in the case of living-donor LT. Furthermore, elderly waitlisted
patients have a higher dropout rate than their younger counterparts, mainly due to
deterioration of cardiopulmonary status.

RADIOFREQUENCY ABLATION
Hepatectomy, LT and RFA are considered curative modalities for early-stage HCC.
Percutaneous RFA would be beneficial to elderly patients with a poor risk profile due
to avoidance of risks associated with general anesthesia. It is also less invasive and
hence has fewer periprocedural risks and deteriorative effects on liver function[67]. It
has become an increasingly popular treatment option for elderly HCC patients.
AASLD and EASL guidelines present RFA as a potential treatment option for
compensated cirrhotic patients with small HCCs < 5 cm[68,69]. However, to date, there
have not been many studies about the long-term outcome of RFA in HCC patients.
Percutaneous ethanol injection has been used to treat elderly HCC patients but
evidence of its efficacy is limited[70,71]. RFA has largely replaced percutaneous ethanol
injection for better recurrence-free survival and fewer treatment sessions[72].
In the comparison of RFA and surgical resection by postoperative outcomes,
contradictory results were yielded. Peng et al[73] reported that patients having RFA had
better outcomes than those having surgical resection, while Bauschke et al[74] and Yu et
al[75] reported better outcomes for surgical resection. Another retrospective study by
Jiang et al[76] concluded that RFA should be recommended for elderly patients (age >
65 years) with HCCs ≤ 20 mm while surgical resection would be a better treatment for
HCCs of 21-50 mm in elderly patients. A meta-analysis by Hunget al[38] found that
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Figure 1

Figure 1 Schematic diagram–risk-benefit profile comparing aged patients with young patients in hepatocellular carcinoma treatments. TACE: Transarterial
chemoembolization; RFA: Radiofrequency ablation; SR: Surgical resection; LT: Liver transplantation; HCC: Hepatocellular carcinoma.

elderly and young patients shared similar survival outcomes at one year and three
years after RFA. However, the elderly group had a significantly worse 5-year survival
rate (odds ratio = 1.379, P = 0.01). Unlike elderly patients having surgical resection,
elderly patients having RFA had poorer survival when compared with young
patients. This may be due to selection bias – elderly patients with a poorer general
health profile were included into the RFA arm.

TRANSARTERIAL CHEMOEMBOLIZATION
TACE is a widely used nonsurgical treatment that is considered to be effective in
prolonging HCC patients’ survival[33,77-79]. It has been reported that development of
peptic ulcer disease occurred in 2.5% of patients and development of liver failure
occurred in 11% of patients[16]. The meta-analysis by Hung et al[38] found that elderly
patients benefited more from TACE than younger patients did. Significantly better 1and 3-year survival rates were seen in the elderly group (odds ratio = 0.664, P < 0.01
and odds ratio = 0.795, P = 0.013). Nonetheless, no significant difference in 5-year
survival between the two groups of patients was observed. In general, elderly patients
with HCC at an earlier stage or with a higher surgical risk are more likely to be
selected to receive TACE. This may be a major reason to explain why some studies
reported a better survival outcome in elderly patients after TACE.

TARGET THERAPY AND IMMUNOTHERAPY
Sorafenib represents the standard of care in the management of advanced HCC. It has
been reported that sorafenib achieved similar progression-free survival and overall
survival in elderly and young patients with advanced HCC[80]. However, morbidities
including neutropenia, malaise and mucositis occurred more frequently in elderly
patients. Dose reduction is a way to increase its tolerability [81,82] . Other common
adverse effects (e.g., hand and foot syndrome and diarrhea) were reported to be
similar in both populations [80] . Certain novel immunotherapy agents have been
approved and introduced into clinical practice to treat HCC, e.g., anticytotoxic T
lymphocyte-associated protein 4 antibody, anti-programmed cell death 1 antibody,
and anti-programmed death-ligand 1 antibody. Despite limited data, immune
checkpoint inhibitors may represent a potential option of nonsurgical treatment for
elderly HCC patients[83].
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CONCLUSION
Overall, elderly patients and younger patients benefited similarly from HCC
treatments. Advanced age and comorbidity are intrinsic factors in elderly HCC
patients but should not preclude them from receiving treatments. Patients should be
evaluated individually and treatment options should be personalized. All treatment
options available to the young should be made available to the elderly. Careful
assessment of clinical status, cancer stage and comorbidity is needed to ensure good
treatment outcomes. More clinical data are needed for the determination of selecting
criteria on elderly HCC patients to maximize their chance of getting the most
appropriate and effective treatments. As such, further studies evaluating the
outcomes of different HCC treatment modalities in elderly patients are warranted.

REFERENCES
1

2

3

4
5

6
7
8

9

10

11

12

13

14

15

16

17

18
19

20
21

WJG

https://www.wjgnet.com

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer
in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Poon D, Anderson BO, Chen LT, Tanaka K, Lau WY, Van Cutsem E, Singh H, Chow WC, Ooi LL, Chow
P, Khin MW, Koo WH; Asian Oncology Summit. Management of hepatocellular carcinoma in Asia:
Consensus statement from the Asian Oncology Summit 2009. Lancet Oncol 2009; 10: 1111-1118 [PMID:
19880065 DOI: 10.1016/S1470-2045(09)70241-4]
Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F.
Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012.
Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI: 10.1002/ijc.29210]
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]
Smith BD, Smith GL, Hurria A, Hortobagyi GN, Buchholz TA. Future of cancer incidence in the United
States: Burdens upon an aging, changing nation. J Clin Oncol 2009; 27: 2758-2765 [PMID: 19403886
DOI: 10.1200/JCO.2008.20.8983]
Yoon SK, Chun HG. Status of hepatocellular carcinoma in South Korea. Chin Clin Oncol 2013; 2: 39
[PMID: 25841918 DOI: 10.3978/j.issn.2304-3865.2013.11.08]
Kim IH, Kisseleva T, Brenner DA. Aging and liver disease. Curr Opin Gastroenterol 2015; 31: 184-191
[PMID: 25850346 DOI: 10.1097/MOG.0000000000000176]
Le Couteur DG, Warren A, Cogger VC, Smedsrød B, Sørensen KK, De Cabo R, Fraser R, McCuskey RS.
Old age and the hepatic sinusoid. Anat Rec (Hoboken) 2008; 291: 672-683 [PMID: 18484614 DOI:
10.1002/ar.20661]
Sanz N, Díez-Fernández C, Alvarez AM, Fernández-Simón L, Cascales M. Age-related changes on
parameters of experimentally-induced liver injury and regeneration. Toxicol Appl Pharmacol 1999; 154:
40-49 [PMID: 9882590 DOI: 10.1006/taap.1998.8541]
Seo JH, Kim DH, Cho E, Jun CH, Park SY, Cho SB, Park CH, Kim HS, Choi SK, Rew JS. Characteristics
and Outcomes of Extreme Elderly Patients With Hepatocellular Carcinoma in South Korea. In Vivo 2019;
33: 145-154 [PMID: 30587615 DOI: 10.21873/invivo.11451]
Liu PH, Hsu CY, Lee YH, Hsia CY, Huang YH, Su CW, Chiou YY, Lin HC, Huo TI. Uncompromised
treatment efficacy in elderly patients with hepatocellular carcinoma: A propensity score analysis. Medicine
(Baltimore) 2014; 93: e264 [PMID: 25526453 DOI: 10.1097/MD.0000000000000264]
Mirici-Cappa F, Gramenzi A, Santi V, Zambruni A, Di Micoli A, Frigerio M, Maraldi F, Di Nolfo MA,
Del Poggio P, Benvegnù L, Rapaccini G, Farinati F, Zoli M, Borzio F, Giannini EG, Caturelli E, Bernardi
M, Trevisani F; Italian Liver Cancer Group. Treatments for hepatocellular carcinoma in elderly patients
are as effective as in younger patients: A 20-year multicentre experience. Gut 2010; 59: 387-396 [PMID:
20207642 DOI: 10.1136/gut.2009.194217]
Nishikawa H, Kita R, Kimura T, Ohara Y, Takeda H, Sakamoto A, Saito S, Nishijima N, Nasu A,
Komekado H, Osaki Y. Transcatheter arterial chemoembolization for intermediate-stage hepatocellular
carcinoma: Clinical outcome and safety in elderly patients. J Cancer 2014; 5: 590-597 [PMID: 25057310
DOI: 10.7150/jca.9413]
Cohen MJ, Bloom AI, Barak O, Klimov A, Nesher T, Shouval D, Levi I, Shibolet O. Trans-arterial
chemo-embolization is safe and effective for very elderly patients with hepatocellular carcinoma. World J
Gastroenterol 2013; 19: 2521-2528 [PMID: 23674854 DOI: 10.3748/wjg.v19.i16.2521]
Oishi K, Itamoto T, Kohashi T, Matsugu Y, Nakahara H, Kitamoto M. Safety of hepatectomy for elderly
patients with hepatocellular carcinoma. World J Gastroenterol 2014; 20: 15028-15036 [PMID: 25386051
DOI: 10.3748/wjg.v20.i41.15028]
Yau T, Yao TJ, Chan P, Epstein RJ, Ng KK, Chok SH, Cheung TT, Fan ST, Poon RT. The outcomes of
elderly patients with hepatocellular carcinoma treated with transarterial chemoembolization. Cancer 2009;
115: 5507-5515 [PMID: 19701904 DOI: 10.1002/cncr.24636]
Suda T, Nagashima A, Takahashi S, Kanefuji T, Kamimura K, Tamura Y, Takamura M, Igarashi M,
Kawai H, Yamagiwa S, Nomoto M, Aoyagi Y. Active treatments are a rational approach for hepatocellular
carcinoma in elderly patients. World J Gastroenterol 2013; 19: 3831-3840 [PMID: 23840122 DOI:
10.3748/wjg.v19.i24.3831]
Bugianesi E. Non-alcoholic steatohepatitis and cancer. Clin Liver Dis 2007; 11: 191-207, x-xi [PMID:
17544979 DOI: 10.1016/j.cld.2007.02.006]
Cammà C, Giunta M, Andreone P, Craxì A. Interferon and prevention of hepatocellular carcinoma in viral
cirrhosis: An evidence-based approach. J Hepatol 2001; 34: 593-602 [PMID: 11394661 DOI:
10.1016/S0168-8278(01)00005-8]
Chu KK, Cheung TT. Update in management of hepatocellular carcinoma in Eastern population. World J
Hepatol 2015; 7: 1562-1571 [PMID: 26085915 DOI: 10.4254/wjh.v7.i11.1562]
Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C, Wong J. Hepatectomy for hepatocellular
carcinoma: Toward zero hospital deaths. Ann Surg 1999; 229: 322-330 [PMID: 10077043 DOI:

3568

July 21, 2019

Volume 25

Issue 27

Chu KKW et al. HCC treatment outcomes in the elderly

22

23

24

25

26
27

28

29
30
31

32
33

34

35

36
37

38
39
40

41

42
43

44

45

46

47

48

49

WJG

https://www.wjgnet.com

10.1097/00000658-199903000-00004]
Cook EJ, Welsh FK, Chandrakumaran K, John TG, Rees M. Resection of colorectal liver metastases in
the elderly: Does age matter? Colorectal Dis 2012; 14: 1210-1216 [PMID: 22251850 DOI:
10.1111/j.1463-1318.2012.02946.x]
Di Benedetto F, Berretta M, D'Amico G, Montalti R, De Ruvo N, Cautero N, Guerrini GP, Ballarin R,
Spaggiari M, Tarantino G, Di Sandro S, Pecchi A, Luppi G, Gerunda GE. Liver resection for colorectal
metastases in older adults: A paired matched analysis. J Am Geriatr Soc 2011; 59: 2282-2290 [PMID:
22188075 DOI: 10.1111/j.1532-5415.2011.03734.x]
Mazzoni G, Tocchi A, Miccini M, Bettelli E, Cassini D, De Santis M, Colace L, Brozzetti S. Surgical
treatment of liver metastases from colorectal cancer in elderly patients. Int J Colorectal Dis 2007; 22: 7783 [PMID: 16538491 DOI: 10.1007/s00384-006-0096-7]
Nagano Y, Nojiri K, Matsuo K, Tanaka K, Togo S, Ike H, Shimada H. The impact of advanced age on
hepatic resection of colorectal liver metastases. J Am Coll Surg 2005; 201: 511-516 [PMID: 16183488
DOI: 10.1016/j.jamcollsurg.2005.05.010]
Velanovich V. The effects of age, gender, race and concomitant disease on postoperative complications. J
R Coll Surg Edinb 1993; 38: 225-230 [PMID: 7693933 DOI: /10.1097/00132586-199410000-00026]
Aldrighetti L, Arru M, Caterini R, Finazzi R, Comotti L, Torri G, Ferla G. Impact of advanced age on the
outcome of liver resection. World J Surg 2003; 27: 1149-1154 [PMID: 12917756 DOI:
10.1007/s00268-003-7072-y]
Cescon M, Grazi GL, Del Gaudio M, Ercolani G, Ravaioli M, Nardo B, Cavallari A. Outcome of right
hepatectomies in patients older than 70 years. Arch Surg 2003; 138: 547-552 [PMID: 12742961 DOI:
10.1001/archsurg.138.5.547]
Ezaki T, Yukaya H, Ogawa Y. Evaluation of hepatic resection for hepatocellular carcinoma in the elderly.
Br J Surg 1987; 74: 471-473 [PMID: 3038252 DOI: 10.1002/bjs.1800740614]
Fortner JG, Lincer RM. Hepatic resection in the elderly. Ann Surg 1990; 211: 141-145 [PMID: 2301993
DOI: 10.1097/00000658-199002000-00005]
Lui WY, Chau GY, Wu CW, King KL. Surgical resection of hepatocellular carcinoma in elderly cirrhotic
patients. Hepatogastroenterology 1999; 46: 640-645 [PMID: 10370589 DOI:
10.1046/j.1523-5378.1999.09061.x]
Nagasue N, Chang YC, Takemoto Y, Taniura H, Kohno H, Nakamura T. Liver resection in the aged
(seventy years or older) with hepatocellular carcinoma. Surgery 1993; 113: 148-154 [PMID: 8381563]
Poon RT, Fan ST, Lo CM, Liu CL, Ngan H, Ng IO, Wong J. Hepatocellular carcinoma in the elderly:
Results of surgical and nonsurgical management. Am J Gastroenterol 1999; 94: 2460-2466 [PMID:
10484009 DOI: 10.1111/j.1572-0241.1999.01376.x]
Takenaka K, Shimada M, Higashi H, Adachi E, Nishizaki T, Yanaga K, Matsumata T, Ikeda T,
Sugimachi K. Liver resection for hepatocellular carcinoma in the elderly. Arch Surg 1994; 129: 846-850
[PMID: 8048856 DOI: 10.1001/archsurg.1994.01420320072014]
Yamamoto K, Takenaka K, Matsumata T, Shimada M, Itasaka H, Shirabe K, Sugimachi K. Right hepatic
lobectomy in elderly patients with hepatocellular carcinoma. Hepatogastroenterology 1997; 44: 514-518
[PMID: 9164528 DOI: 10.4236/ojim.2012.23024]
Zieren HU, Müller JM, Zieren J. Resection of colorectal liver metastases in old patients.
Hepatogastroenterology 1994; 41: 34-37 [PMID: 8175111 DOI: 10.1055/s-2008-1066069]
Mizuguchi T, Kawamoto M, Meguro M, Okita K, Ota S, Ishii M, Ueki T, Nishidate T, Kimura Y,
Furuhata T, Hirata K. Impact of aging on morbidity and mortality after liver resection: A systematic
review and meta-analysis. Surg Today 2015; 45: 259-270 [PMID: 24526292 DOI:
10.1007/s00595-014-0863-y]
Hung AK, Guy J. Hepatocellular carcinoma in the elderly: Meta-analysis and systematic literature review.
World J Gastroenterol 2015; 21: 12197-12210 [PMID: 26576104 DOI: 10.3748/wjg.v21.i42.12197]
Zhou Y, Zhang X, Zhang Z, Liu X, Wu L, Li Y, Li B. Hepatectomy in elderly patients: Does age matter?
World J Surg 2013; 37: 2899-2910 [PMID: 23959339 DOI: 10.1007/s00268-013-2184-5]
Miki D, Aikata H, Uka K, Saneto H, Kawaoka T, Azakami T, Takaki S, Jeong SC, Imamura M,
Kawakami Y, Takahashi S, Itamoto T, Asahara T, Arihiro K, Chayama K. Clinicopathological features of
elderly patients with hepatitis C virus-related hepatocellular carcinoma. J Gastroenterol 2008; 43: 550-557
[PMID: 18648742 DOI: 10.1007/s00535-008-2194-5]
Cucchetti A, Ercolani G, Cescon M, Ravaioli M, Zanello M, Del Gaudio M, Lauro A, Vivarelli M, Grazi
GL, Pinna AD. Recovery from liver failure after hepatectomy for hepatocellular carcinoma in cirrhosis:
Meaning of the model for end-stage liver disease. J Am Coll Surg 2006; 203: 670-676 [PMID: 17084328
DOI: 10.1016/j.jamcollsurg.2006.06.018]
Goldhill DR. Preventing surgical deaths: Critical care and intensive care outreach services in the
postoperative period. Br J Anaesth 2005; 95: 88-94 [PMID: 15486009 DOI: 10.1093/bja/aeh281]
Chan AC, Poon RT, Cheung TT, Chok KS, Dai WC, Chan SC, Lo CM. Laparoscopic versus open liver
resection for elderly patients with malignant liver tumors: A single-center experience. J Gastroenterol
Hepatol 2014; 29: 1279-1283 [PMID: 24517319 DOI: 10.1111/jgh.12539]
Azagra JS, Goergen M, Gilbart E, Jacobs D. Laparoscopic anatomical (hepatic) left lateral
segmentectomy-technical aspects. Surg Endosc 1996; 10: 758-761 [PMID: 8662435 DOI:
10.1007/BF00193052]
Belli G, Fantini C, D'Agostino A, Cioffi L, Langella S, Russolillo N, Belli A. Laparoscopic versus open
liver resection for hepatocellular carcinoma in patients with histologically proven cirrhosis: Short- and
middle-term results. Surg Endosc 2007; 21: 2004-2011 [PMID: 17705086 DOI:
10.1007/s00464-007-9503-6]
Kanazawa A, Tsukamoto T, Shimizu S, Kodai S, Yamamoto S, Yamazoe S, Ohira G, Nakajima T.
Laparoscopic liver resection for treating recurrent hepatocellular carcinoma. J Hepatobiliary Pancreat Sci
2013; 20: 512-517 [PMID: 23404252 DOI: 10.1007/s00534-012-0592-9]
Truant S, Bouras AF, Hebbar M, Boleslawski E, Fromont G, Dharancy S, Leteurtre E, Zerbib P, Pruvot
FR. Laparoscopic resection vs. open liver resection for peripheral hepatocellular carcinoma in patients with
chronic liver disease: A case-matched study. Surg Endosc 2011; 25: 3668-3677 [PMID: 21688080 DOI:
10.1007/s00464-011-1775-1]
Chen J, Li H, Liu F, Li B, Wei Y. Surgical outcomes of laparoscopic versus open liver resection for
hepatocellular carcinoma for various resection extent. Medicine (Baltimore) 2017; 96: e6460 [PMID:
28328863 DOI: 10.1097/MD.0000000000006460]
Komatsu S, Brustia R, Goumard C, Sepulveda A, Perdigao F, Soubrane O, Scatton O. Clinical impact of

3569

July 21, 2019

Volume 25

Issue 27

Chu KKW et al. HCC treatment outcomes in the elderly

50

51

52

53
54

55

56
57

58

59

60

61

62

63

64

65
66
67

68

69

70

71

72

73

74

WJG

https://www.wjgnet.com

laparoscopic hepatectomy: Technical and oncological viewpoints. Surg Endosc 2017; 31: 1442-1450
[PMID: 27495335 DOI: 10.1007/s00464-016-5135-z]
Rhu J, Kim SJ, Choi GS, Kim JM, Joh JW, Kwon CHD. Laparoscopic Versus Open Right Posterior
Sectionectomy for Hepatocellular Carcinoma in a High-Volume Center: A Propensity Score Matched
Analysis. World J Surg 2018; 42: 2930-2937 [PMID: 29426971 DOI: 10.1007/s00268-018-4531-z]
Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han HS, Asbun H, OʼRourke N, Tanabe M,
Koffron AJ, Tsung A, Soubrane O, Machado MA, Gayet B, Troisi RI, Pessaux P, Van Dam RM, Scatton
O, Abu Hilal M, Belli G, Kwon CH, Edwin B, Choi GH, Aldrighetti LA, Cai X, Cleary S, Chen KH,
Schön MR, Sugioka A, Tang CN, Herman P, Pekolj J, Chen XP, Dagher I, Jarnagin W, Yamamoto M,
Strong R, Jagannath P, Lo CM, Clavien PA, Kokudo N, Barkun J, Strasberg SM. Recommendations for
laparoscopic liver resection: A report from the second international consensus conference held in Morioka.
Ann Surg 2015; 261: 619-629 [PMID: 25742461]
Yoon YI, Kim KH, Kang SH, Kim WJ, Shin MH, Lee SK, Jung DH, Park GC, Ahn CS, Moon DB, Ha
TY, Song GW, Hwang S, Lee SG. Pure Laparoscopic Versus Open Right Hepatectomy for Hepatocellular
Carcinoma in Patients With Cirrhosis: A Propensity Score Matched Analysis. Ann Surg 2017; 265: 856863 [PMID: 27849661 DOI: 10.1097/SLA.0000000000002072]
National Institutes of Health Consensus Development Conference Statement: Liver transplantation--June
20-23,. Hepatology 1984; 4: 107S-110S [PMID: 6363254 DOI: 10.1002/hep.1840040725]
Emre S, Mor E, Schwartz ME, Katz E, Acarli K, Fukuzawa K, Miller CM. Liver transplantation in
patients beyond age 60. Transplant Proc 1993; 25: 1075-1076 [PMID: 8442047 DOI:
10.1097/00007890-199302000-00049]
Bilbao I, Balsells J, Lazaro JL, Charco R, Murio E, Gifre E, Ruiz C, Edo A, Margarit C. Liver
transplantation in patients over 60 years of age. Transplant Proc 1995; 27: 2337-2338 [PMID: 7652834
DOI: 10.1007/s001470050315]
Shaw BW. Transplantation in the elderly patient. Surg Clin North Am 1994; 74: 389-400 [PMID: 8165474
DOI: 10.1016/S0039-6109(16)46288-2]
Taner CB, Ung RL, Rosser BG, Aranda-Michel J. Age is not a contraindication for orthotopic liver
transplantation: A single institution experience with recipients older than 75 years. Hepatol Int 2012; 6:
403-407 [PMID: 21688082 DOI: 10.1007/s12072-011-9286-7]
Aduen JF, Sujay B, Dickson RC, Heckman MG, Hewitt WR, Stapelfeldt WH, Steers JL, Harnois DM,
Kramer DJ. Outcomes after liver transplant in patients aged 70 years or older compared with those younger
than 60 years. Mayo Clin Proc 2009; 84: 973-978 [PMID: 19880687 DOI:
10.1016/S0025-6196(11)60667-8]
Gil E, Kim JM, Jeon K, Park H, Kang D, Cho J, Suh GY, Park J. Recipient Age and Mortality After Liver
Transplantation: A Population-based Cohort Study. Transplantation 2018; 102: 2025-2032 [PMID:
30153223 DOI: 10.1097/TP.0000000000002246]
Ikegami T, Bekki Y, Imai D, Yoshizumi T, Ninomiya M, Hayashi H, Yamashita Y, Uchiyama H, Shirabe
K, Maehara Y. Clinical outcomes of living donor liver transplantation for patients 65 years old or older
with preserved performance status. Liver Transpl 2014; 20: 408-415 [PMID: 24424619 DOI:
10.1002/lt.23825]
Kuramitsu K, Egawa H, Keeffe EB, Kasahara M, Ito T, Sakamoto S, Ogawa K, Oike F, Takada Y,
Uemoto S. Impact of age older than 60 years in living donor liver transplantation. Transplantation 2007;
84: 166-172 [PMID: 17667807 DOI: 10.1097/01.tp.0000269103.87633.06]
Levy MF, Somasundar PS, Jennings LW, Jung GJ, Molmenti EP, Fasola CG, Goldstein RM, Gonwa TA,
Klintmalm GB. The elderly liver transplant recipient: a call for caution. Ann Surg 2001; 233: 107-113
[PMID: 11141232 DOI: 10.1097/00000658-200101000-00016]
Sharpton SR, Feng S, Hameed B, Yao F, Lai JC. Combined effects of recipient age and model for endstage liver disease score on liver transplantation outcomes. Transplantation 2014; 98: 557-562 [PMID:
24717221 DOI: 10.1097/TP.0000000000000090]
Wilson GC, Quillin RC, Wima K, Sutton JM, Hoehn RS, Hanseman DJ, Paquette IM, Paterno F, Woodle
ES, Abbott DE, Shah SA. Is liver transplantation safe and effective in elderly (≥70 years) recipients? A
case-controlled analysis. HPB (Oxford) 2014; 16: 1088-1094 [PMID: 25099347 DOI: 10.1111/hpb.12312]
Zenilman ME. Surgery in the geriatric patient: Aging, the heart, emergencies, and us. Arch Surg 2007;
142: 109-110 [PMID: 17309959 DOI: 10.1001/archsurg.142.2.109]
Lo CM. Deceased donation in Asia: Challenges and opportunities. Liver Transpl 2012; 18 Suppl 2: S5-S7
[PMID: 22961949 DOI: 10.1002/lt.23545]
Hiraoka A, Michitaka K, Horiike N, Hidaka S, Uehara T, Ichikawa S, Hasebe A, Miyamoto Y, Ninomiya
T, Sogabe I, Ishimaru Y, Kawasaki H, Koizumi Y, Hirooka M, Yamashita Y, Abe M, Hiasa Y, Matsuura
B, Onji M. Radiofrequency ablation therapy for hepatocellular carcinoma in elderly patients. J
Gastroenterol Hepatol 2010; 25: 403-407 [PMID: 19929922 DOI: 10.1111/j.1440-1746.2009.06037.x]
Bruix J, Sherman M; American Association for the Study of Liver Diseases. Management of
hepatocellular carcinoma: An update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Guy J, Kelley RK, Roberts J, Kerlan R, Yao F, Terrault N. Multidisciplinary management of
hepatocellular carcinoma. Clin Gastroenterol Hepatol 2012; 10: 354-362 [PMID: 22083023 DOI:
10.1016/j.cgh.2011.11.008]
De Sio I, Castellano L, Calandra M, Persico M, Romano M, Torella R, Del Vecchio-Blanco C.
Ultrasound-guided percutaneous ethanol injection: First choice for treatment of hepatocellular carcinoma
in the elderly. Arch Gerontol Geriatr 1996; 22 Suppl 1: 295-303 [PMID: 18653047 DOI:
10.1016/0167-4943(96)86952-4]
Kang SD, Kim JW, Jwa YJ, Choi YH, Song TJ, Bae WK, Kim NH, Kim KA, Lee JS. Treatment of
hepatocellular carcinoma in elderly patients. Hepatogastroenterology 2014; 61: 2001-2008 [PMID:
25713902]
Brunello F, Veltri A, Carucci P, Pagano E, Ciccone G, Moretto P, Sacchetto P, Gandini G, Rizzetto M.
Radiofrequency ablation versus ethanol injection for early hepatocellular carcinoma: A randomized
controlled trial. Scand J Gastroenterol 2008; 43: 727-735 [PMID: 18569991 DOI:
10.1080/00365520701885481]
Peng ZW, Liu FR, Ye S, Xu L, Zhang YJ, Liang HH, Lin XJ, Lau WY, Chen MS. Radiofrequency
ablation versus open hepatic resection for elderly patients (gt; 65 years) with very early or early
hepatocellular carcinoma. Cancer 2013; 119: 3812-3820 [PMID: 23922119 DOI: 10.1002/cncr.28293]
Bauschke A, Altendorf-Hofmann A, Mothes H, Rauchfuß F, Settmacher U. Partial liver resection results

3570

July 21, 2019

Volume 25

Issue 27

Chu KKW et al. HCC treatment outcomes in the elderly

75

76

77

78

79

80

81

82

83

WJG

https://www.wjgnet.com

in a significantly better long-term survival than locally ablative procedures even in elderly patients. J
Cancer Res Clin Oncol 2016; 142: 1099-1108 [PMID: 26782669 DOI: 10.1007/s00432-016-2115-6]
Yu B, Ding Y, Liao X, Wang C, Wang B, Chen X. Radiofrequency ablation versus surgical resection in
elderly patients with early-stage hepatocellular carcinoma in the era of organ shortage. Saudi J
Gastroenterol 2018; 24: 317-325 [PMID: 30117492 DOI: 10.4103/sjg.SJG_261_18]
Jiang YQ, Wang ZX, Deng YN, Yang Y, Wang GY, Chen GH. Efficacy of Hepatic Resection vs.
Radiofrequency Ablation for Patients With Very-Early-Stage or Early-Stage Hepatocellular Carcinoma: A
Population-Based Study With Stratification by Age and Tumor Size. Front Oncol 2019; 9: 113 [PMID:
30863723 DOI: 10.3389/fonc.2019.00113]
Bismuth H, Morino M, Sherlock D, Castaing D, Miglietta C, Cauquil P, Roche A. Primary treatment of
hepatocellular carcinoma by arterial chemoembolization. Am J Surg 1992; 163: 387-394 [PMID: 1373044
DOI: 10.1016/0002-9610(92)90039-T]
Bronowicki JP, Vetter D, Dumas F, Boudjema K, Bader R, Weiss AM, Wenger JJ, Boissel P, Bigard MA,
Doffoel M. Transcatheter oily chemoembolization for hepatocellular carcinoma. A 4-year study of 127
French patients. Cancer 1994; 74: 16-24 [PMID: 7516263 DOI:
10.1002/1097-0142(19940701)74:1<16::AID-CNCR2820740105>3.0.CO;2-V]
Ikeda K, Kumada H, Saitoh S, Arase Y, Chayama K. Effect of repeated transcatheter arterial embolization
on the survival time in patients with hepatocellular carcinoma. An analysis by the Cox proportional hazard
model. Cancer 1991; 68: 2150-2154 [PMID: 1655202 DOI:
10.1002/1097-0142(19911115)68:10<2150::AID-CNCR2820681011>3.0.CO;2-F]
Wong H, Tang YF, Yao TJ, Chiu J, Leung R, Chan P, Cheung TT, Chan AC, Pang RW, Poon R, Fan ST,
Yau T. The outcomes and safety of single-agent sorafenib in the treatment of elderly patients with
advanced hepatocellular carcinoma (HCC). Oncologist 2011; 16: 1721-1728 [PMID: 22135121 DOI:
10.1634/theoncologist.2011-0192]
Montella L, Addeo R, Cennamo G, Vincenzi B, Palmieri R, Sperlongano P, Sperlongano R, Iodice P,
Russo P, Del Prete S. Sorafenib in elderly patients with advanced hepatocellular carcinoma: A case series.
Oncology 2013; 84: 265-272 [PMID: 23428832 DOI: 10.1159/000345558]
Williet N, Clavel L, Bourmaud A, Verot C, Bouarioua N, Roblin X, Merle P, Phelip JM. Tolerance and
outcomes of sorafenib in elderly patients treated for advanced hepatocellular carcinoma. Dig Liver Dis
2017; 49: 1043-1049 [PMID: 28712860 DOI: 10.1016/j.dld.2017.06.008]
El-Khoueiry AB AB. Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, Kim TY, Choo SP, Trojan J,
Welling TH Rd, Meyer T, Kang YK, Yeo W, Chopra A, Anderson J, Dela Cruz C, Lang L, Neely J, Tang
H, Dastani HB, Melero I. Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate
040): An open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet 2017; 389:
2492-2502 [PMID: 28434648 DOI: 10.1016/S0140-6736(17)31046-2]

3571

July 21, 2019

Volume 25

Issue 27

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 July 21; 25(27): 3572-3589

DOI: 10.3748/wjg.v25.i27.3572

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

ORIGINAL ARTICLE
Basic Study

Mucosal healing progression after acute colitis in mice
Sandra Vidal-Lletjós, Mireille Andriamihaja, Anne Blais, Marta Grauso, Patricia Lepage, Anne-Marie Davila,
Claire Gaudichon, Marion Leclerc, François Blachier, Annaïg Lan
ORCID number: Sandra Vidal-Lletjós
(0000-0003-0629-9165); Mireille
Andriamihaja
(0000-0001-6322-187X); Anne Blais
(0000-0002-0897-7612); Marta
Grauso (0000-0003-0413-9950);
Patricia Lepage
(0000-0002-9501-6771); Anne-Marie
Davila (0000-0003-4469-5628); Claire
Gaudichon (0000-0002-0983-4760);
Marion Leclerc
(0000-0001-8684-2847); François
Blachier (0000-0002-8501-0990);
Annaïg Lan (0000-0003-2044-9377).

Author contributions: Vidal-Lletjós
S, Andriamihaja M, Blais A,
Grauso M, and Lan A performed
experiments; Vidal-Lletjós S,
Lepage P, Davila AM, and Lan A
analyzed the data; Lan A, Leclerc
M, and Blachier F conceived and
supervised the study; Vidal-Lletjós
S and Lan A drafted the
manuscript; All authors have read
and approved the final manuscript
as submitted and are accountable
for all aspects of the research.

Supported by grants from the
Société Française de Nutrition and
the Association François Aupetit.
Vidal-Lletjós S was a recipient of a
PhD grant from INRA-Université
Paris-Saclay (ALIAS program).

Institutional review board
statement: The study was
reviewed and approved by the
AgroParisTech/ INRA
Institutional Review Board.

Institutional animal care and use
committee statement: All
procedures involving animals were
reviewed and approved by the
local Institutional Animal Care and
Use Committee of AgroParisTech/

WJG

Sandra Vidal-Lletjós, Mireille Andriamihaja, Anne Blais, Marta Grauso, Anne-Marie Davila, Claire
Gaudichon, François Blachier, Annaïg Lan, UMR PNCA, AgroParisTech, INRA, Université
Paris-Saclay, Paris 75005, France
Patricia Lepage, Marion Leclerc, UMR MICALIS, INRA, Université Paris-Saclay, Jouy-enJosas 78350, France
Corresponding author: Annaïg Lan, PhD, Associate Professor, UMR PNCA, AgroParisTech,
INRA, Université Paris-Saclay, 16 rue Claude Bernard, Paris 75005, France. annaig.lan@agroparistech.fr
Telephone: +33-1-44087242
Fax: +33-1-44081858

Abstract
BACKGROUND
Mucosal healing has become a therapeutic goal to achieve stable remission in
patients with inflammatory bowel diseases. To achieve this objective, overlapping
actions of complex cellular processes, such as migration, proliferation, and
differentiation, are required. These events are longitudinally and tightly
controlled by numerous factors including a wide range of distinct regulatory
proteins. However, the sequence of events associated with colon mucosal repair
after colitis and the evolution of the luminal content characteristics during this
process have been little studied.
AIM
To document the evolution of colon mucosal characteristics during mucosal
healing using a mouse model with chemically-induced colitis.
METHODS
C57BL/6 male mice were given 3.5% dextran sodium sulfate (DSS) in drinking
water for 5 d. They were euthanized 2 (day 7), 5 (day 10), 8 (day 13), and 23 (day
28) d after DSS removal. The colonic luminal environment and epithelial repair
processes during the inflammatory flare and colitis resolution were analyzed
with reference to a non-DSS treated control group, euthanized at day 0. Epithelial
repair events were assessed histo-morphologically in combination with
functional permeability tests, expression of key inflammatory and repairing
factors, and evaluation of colon mucosa-adherent microbiota composition by 16S
rRNA sequencing.
RESULTS
The maximal intensity of colitis was concomitant with maximal alterations of
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intestinal barrier function and histological damage associated with goblet cell
depletion in colon mucosa. It was recorded 2 d after termination of the DSStreatment, followed by a progressive return to values similar to those of control
mice. Although signs of colitis were severe (inflammatory cell infiltrate, crypt
disarray, increased permeability) and associated with colonic luminal alterations
(hyperosmolarity, dysbiosis, decrease in short-chain fatty acid content), epithelial
healing processes were launched early during the inflammatory flare with
increased gene expression of certain key epithelial repair modulators, including
transforming growth factor-β, interleukin (Il)-15, Il-22, Il-33, and serum amyloid
A. Whereas signs of inflammation progressively diminished, luminal colonic
environment alterations and microscopic abnormalities of colon mucosa persisted
long after colitis induction.
CONCLUSION
This study shows that colon repair can be initiated in the context of inflamed
mucosa associated with alterations of the luminal environment and highlights the
longitudinal involvement of key modulators.
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Core tip: When colitis was chemically induced with dextran sodium sulfate, 2 d after the
end of the treatment, mice showed unequivocal sign of colitis, changes in the luminal
environment of the large intestine, epithelial permeability loss, and dysbiosis. These
inflammation-induced alterations progressively and partly resolved in the period of time
following colitis induction. Early and long-term evaluation of the epithelial repairing
process showed overlapping action of inflammatory and repairing markers, rather than
successive actions.
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INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic inflammatory disorders of the
gastrointestinal tract with unclear etiology. These pathologies display relapsingremitting courses characterized by periods of inflammation and remission over long
periods of time [1] . Maintaining stable remission without clinical symptoms and
decreasing the incidence and duration of relapses are ultimate goals of IBD
treatment [2] . A key step to achieving these objectives is the healing of inflamed
mucosa, also known as mucosal healing (MH), described as the complete absence of
blood, friability, erosion, and ulcerative lesions in all segments of the gut[3]. Indeed,
clinical studies have shown the importance of MH on IBD outcomes, since MH is
associated with lasting clinical remission, a decrease in intestinal complication risk,
and less recourse to hospitalization and surgery[4].
The healing sequence starts with epithelial restitution, where epithelial cells
surrounding the wounded area migrate to reseal the denuded basal membrane[5,6].
Within hours or days after injury, epithelial restitution is followed by additional steps
in wound healing. These include increased epithelial cell proliferation to replenish the
decreased cell pool, and later, maturation and differentiation of undifferentiated
epithelial cells to recover colon physiological functions such as barrier function and
water absorption[5,7]. These processes require tight control mechanisms that rely on
modulation of numerous factors. They include a wide range of structurally distinct
regulatory proteins, such as growth factors, cytokines, other peptide molecules like
extracellular matrix (ECM) factors, and non-peptide molecules, including microbiotaderived metabolites[8]. Although their relevance as signal-transducers and modulators
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of cell function, migration, proliferation and differentiation has been well established
individually, mostly by in vitro studies[8,9], the concomitant interaction of these factors
with epithelial repair in vivo has been less ascertained. Furthermore, although
alterations of microbiota composition during acute colitis have been repeatedly
observed in IBD patients[10-12], the impact of epithelial changes during MH on mucosaadherent microbiota has barely been evaluated. This is despite the observation that it
may have a major impact on the colonic epithelium due to its proximity to epithelial
cells. Lastly, changes in the bacterial metabolite composition in the luminal fluid
facing the colonic and rectal epithelium are also likely to influence the course of
inflammatory processes[13].
Given the clinical relevance of MH for IBD patients, it is important to understand
the sequence of events and the modulators that intervene in the healing progression
as well as how these modifications may influence mucosa-adherent microbiota and,
ultimately, the MH outcome. Our aim was to further the current understanding of
MH progression after an acute inflammatory episode. We used a kinetics approach
with complementary methods to study events involved in epithelial repair and
mucosa-adherent microbiota restitution that contribute to the restoration of colon
barrier function after an acute inflammatory challenge, which was chemically induced
by dextran sodium sulfate (DSS) in mice.

MATERIALS AND METHODS
Animals and diets
Male C57BL/6 OlaHsd mice [n = 64, 7-week-old, body weight (BW) mean: 22.4 ± 0.2 g,
Envigo, France] were acclimated for 1 wk with free access to standard mouse chow
and tap water under controlled temperature (23 °C), humidity (55% ± 10%), and light
(12:12-h light-dark cycle) conditions. Each mouse was maintained in an individual
cage with a grid and acclimated to the diet after 3 d of a standard mouse chow/fresh
P14 diet (Table 1). The study was performed according to the European directive for
the use and care of laboratory animals (2010/63/UE) and received the approval of the
local animal ethics committee and the ministerial committee for animal
experimentation (registration number: APAFIS#3987-2016012214388658). Animals
were randomly distributed in each group.

Experimental design
A normoproteic diet (P14, 140 g/kg milk protein) was used throughout the study
(Table 1). Healthy controls (untreated mice at day 0, n = 12) received fresh tap water.
DSS-treated mice (n = 52) received 3.5% (w/v) DSS (36000-50000 MW, MP Biomedicals
Illkirch-Graffenstaden, France) in drinking water for 5 d, from day 1 to day 5 (fresh
DSS solution being prepared every 2 d), to induce an acute episode of colitis[14]. Drink
and food were provided ad libitum. DSS, food consumption, and BW were measured
daily. Mice were evaluated using an inflammatory score based on stool consistency
and rectal bleeding. Each of these elements was rated on a 0-3 scale, 0 representing no
disease symptoms and 3 representing severe disease symptoms. Presented data are
the sum of both scores. Long-term assessment of mice in the day 28 group was
performed by dual-energy x-ray absorptiometry to measure body fat and lean body
mass every 9 d using a PIXImus imager (GE Lunar PIXImus, GE Healthcare,
Waukesha, WI, United States). In parallel, an in vivo permeability assay was
performed on the day 28 group by gavage of 4 kDa paracellular marker fluorescein
isothiocyanate-labeled dextran (FD4, Sigma-Aldrich, St. Louis, MO, United States).
Food was withdrawn for 4 hours, and mice were gavaged with permeability tracer
(0.6 mg/100 g BW of FD4). Plasma was collected from the tail 4 hours later. Plasmatic
FD4-concentrations were determined by fluorescence measurement from a standard
curve using serial dilutions of FD4 gavage solution. Mice were euthanized at day 10
(n = 12), 13 (n = 12), and 28 (n = 16) to evaluate the impact of diet on epithelial repair
kinetics or if they lost more than 20% BW, as per approved animal protocol
guidelines, to meet the end point criteria.

Tissue collection
At euthanasia, animals were anesthetized by isoflurane inhalation and euthanized by
intracardiac puncture. Blood was collected in EDTA-containing tubes and plasma was
frozen and kept at -80 °C for measurement of cytokines. The entire colon was
removed, measured, and weighed. The colon was divided into six segments. One
segment of the proximal colon was mounted in an Ussing chamber. Proximal colon
mucosa was scraped, frozen in liquid nitrogen, and stored at -80 °C for subsequent
analysis of adherent microbiota. Whole luminal colonic content was then removed for
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Table 1 Composition of the experimental diet
Ingredient, g/kg

P14

Acid casein (Armor Protéines®, ref. 139860)

112

Whey protein (Armor Protéines®, Protarmor 80, ref. 139805)

28

Corn starch

622.4

Sucrose

100.3

Cellulose

50

Soybean oil

40

Mineral mixture (AIN 93-M)

35

Vitamin mixture (AIN 93-V)

10

Choline

2.3

Metabolizable energy, kJ/g

14.5

osmolarity and water content measurements. Another segment was harvested for
RNA analysis and immediately frozen in TRIzol® Reagent (ThermoFisher Scientific,
Waltham, MA, United States) and stored at -80 °C until further analysis. Two other
segments were immediately frozen in liquid nitrogen and stored at -80 °C for
myeloperoxidase (MPO) and protein expression assays. Two 1 cm segments of the
distal colon were fixed in 4% buffered formaldehyde for histological analysis
(longitudinal and transversal sections). Osmolarity of colonic content was measured
with a freezing point depression osmometer (Löser Type 15 Roebling Osmometer,
ThermoFisher Scientific), and water content was calculated as previously described[14].

Quantification of gene expression by real-time polymerase chain reaction (qRTPCR)
Colonic samples were homogenized in TRIzol® Reagent using an ultra-turrax and
phase separated. RNA was purified using an RNeasy Mini kit (Qiagen SAS,
Courtabœuf, France) and DNase I treatment. qRT-PCR was performed with Fast
SYBR Green MasterMix (Applied Biosystems, Foster City, CA, United States), genespecific primers (sequences available on demand), and the StepOne Real-Time PCR
system (Applied Biosystems, Life Technologies). Gene expression was determined
using the 2-ΔΔCT formula, where ΔΔCT = (CT target gene - CT reference gene) using
Hprt as the house-keeping gene and normalized to the day 7 group.

Determination of local and systemic inflammatory markers
Intestinal tissue was assayed for MPO activity as a neutrophil infiltration marker.
Activity analysis was performed using an O-dianisidine dihydrochloride assay as
previously described[15]. Colonic cytokine concentrations were measured in total colon
protein lysate by Luminex technology using Bio-Plex kits[14] (Bio-Rad, Marnes-LaCoquette, France). Results were expressed as nanograms per milligram of total
protein. Plasmatic concentration of lipopolysaccharide-binding protein was
determined with commercial solid-phase sandwich enzyme-linked immunosorbent
assay from Tebu-Bio (LBP, Pikoline Elisa Kit Mouse, Set220EK1274; Boechout,
Belgium).

Histological analysis
Colonic sections stained with hematoxylin-and-eosin were coded for blind
microscopic assessment by an external histological platform (Histalim, Montpellier,
France), and microscopic changes were qualitatively described and scored using a
severity scale (0 to 3). The histological score was calculated as the sum of the score of
four criteria: goblet cell depletion, ulceration and/or erosion, percentage of crypt
damage, and edema. Epithelial repair score was calculated as the sum of the score of
gland hyperplasia and presence of mitotic cells, re-epithelialization, and crypt repair.
The inflammatory infiltrate (increase in mononuclear cells and/or neutrophils) was
also scored depending on the location: 1- mucosa (lamina propria), 2- submucosa, 3muscularis or serosa. Images were digitalized using a slide scanner (Lamina, Perkin
Elmer, Waltham, MA, United States) and the CaseViewer software v. 2.2
(3DHISTECH, Budapest, Hungary). Colonic length of well-oriented epithelial crypt,
mucosae, sub-mucosae, and muscularis was determined by image analysis using
Pannoramic Viewer software v. 1.15.4 (3DHISTECH, Budapest, Hungary). Periodic
Acid Schiff staining was used to visualize mucus-producing cells on 4-µm transversal
colon sections counterstained with hematoxylin.
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Ussing chamber studies
Proximal colon samples, opened along the mesenteric line, were mounted in
EasyMount Ussing chambers within 15 minutes of dissection (Physiologic Instrument
Inc, San Diego, CA, United States) with an exposed area of 0.1 cm 2 . Electric
measurements were performed as previously described [16] . At the end of each
procedure, tissue viability was assessed by adding the cholinergic drug carbachol (10-4
M) on the serosal side.

Evaluation of adherent mucosal microbiota composition
Total DNA was extracted from 20 mg of scraped mucosa samples using the
PowerFecal DNA Isolation kit (MoBio Laboratories, Carlsbad, CA, United States)
according to the manufacturer’s protocol. DNA extracts were used for qRT-PCR
analysis of the 16S ribosomal genes. Total bacteria were quantified by real-time qPCR
using specific primers (HAD-1: 5'- TGGCTCAGGACGAACGCTGGCGGC -3' and
HAD-2: 5'- CCTACTGCTGCCTCCCGTAGGAGT-3', annealing at 59 ºC), Fast SYBR
Green MasterMix (Applied Biosystems) and the StepOne Real-Time PCR system
(Applied Biosystems, Life Technologies). A standard curve was generated from serial
dilutions of a known copy number of the target gene cloned into a plasmid vector as
previously described[17]. DNA were subjected to PCR amplification of the V3-V4
region of the 16S rDNA gene, and sequencing was performed at the GenoToul INRA
platform (Castanet-Tolosan, France) using Illumina technology with MiSeq kit V2 2 x
250 bp. A total of 747538 high-quality sequences were produced in this study, with an
average of 8100 reads per sample. Data analysis was performed as previously
described[18].

Analysis of short chain fatty acids
The Kristensen et al[19] method was used to assay short chain fatty acids (SCFA) in
cecal content. After bacterial metabolite extraction in supernatant, SCFA were
derivatized by esterification and analyzed with a gas chromatograph equipped with a
capillary column (30 m, 0.32 mm ID, RestekRtx 502.2) and fitted with a flame
ionization detector. SCFA concentrations were determined by external standards with
reference to internal standards.

Statistical analysis
The animal number for each group (n = 12) was the minimal number necessary to
obtain statistically exploitable results according to the variables studied and the
variability of the model. Results are expressed as means ± standard error. The mean of
differential values for each time period was assessed by analysis of variance with
Bonferroni post-hoc test. For repeated measurements, time was added as a repeated
factor. All analyses were performed with RStudio software version 1.0.143 with
packages lme4, car, and lsmeans. For all statistical tests, the level of significance was
set to P < 0.05. Principal component analysis was performed at phylum and familylevel taxonomy to assess the evolution of adherent-microbiota composition at day 0, 7,
10, 13, and 28. The analysis of similarity, conducted with the ANOSIM test, was used
to assess the correlation between ecological distance (based on family composition)
and time groups. 16S rDNA analysis was performed using R software and in-house
pipeline as previously published[18].

RESULTS
Comprehensive follow-up of DSS-treated mice shows that the inflammation peak
occurred 2 d after DSS removal with a progressive return to basal values
Administration of 3.5% DSS for 5 d induced severe BW loss (Figure 1A) and sharp
diminution of the percentage of lean and fat body mass (Figure 1B) at day 7. Mice
exposed to DSS experienced an average of 14% weight loss during the first week of
DSS administration compared to their initial BW. Food intake follow-up showed a
substantial decrease in dietary energy ingestion both during DSS-treatment and until
day 7 (58%, P < 0.001) but then progressively increased to reach the baseline amount
at day 17 (Figure 1A). The inflammatory score peaked at day 7 and diminished
progressively to remain stable from day 15 until the end of the study. A total of 11
mice died or were euthanized because they reached endpoint criteria between day 2
and day 15. This inflammatory state was associated with intestinal barrier leakage
that reached its maximum at days 6 and 9 and returned to its initial value at day 12
(Figure 1D). Altogether, follow-up and intestinal permeability data indicate that the
maximal intensity of colitis appeared around day 7 (i.e. 2 d after DSS removal) and
that inflammation resolution/epithelial repair occurred during the week following
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the inflammation peak. To understand the succession of events involved in colon
healing, they will be described kinetically at critical stages: every 3 d from the
inflammatory peak (day 7), therefore, at day 10 and day 13; and 21 d in (day 28) to
assess evolution of the inflammatory process and restoration of the intestinal basal
state.

At the maximal intensity of colitis, severe colon histo-morphological changes are
associated with major luminal environment alterations (day 7)
DSS impacts colon crypt architecture and permeability: Intestinal barrier
permeability increase coincided with major changes of the colon structure, as
evidenced by colon morphometry and histological analysis (Tables 2 and 3, Figure 2).
DSS-treated colons were significantly shortened and thickened, as shown by the
increase in the weight/length ratio (Table 2). The transmural potential of the proximal
colon, measured in an Ussing chamber, was altered (-1.4 ± 0.4 mV in DSS-treated mice
vs -4.7 ± 0.5 mV at day 0, P < 0.05). DSS treatment induced severe histological damage,
as most mice presented with mucosal multifocal ulceration and/or erosion (Figure
2A) but with different degrees of severity according to the animals examined (severe
for 5/11, moderate for 2/11, and minimal for 4/11 mice). All DSS-treated mice were
subject to crypt disappearance associated with distension of the remaining crypts and
cyst formation (large cystic spaces lined by flattened epithelial cells and filled with
pale basophilic mucin) (Figure 2A). Unsurprisingly, DSS treatment induced goblet cell
depletion (day 0: 13.36 ± 1.98 vs day 7: 4.95 ± 1.24 Periodic-acid Schiff-positive
cells/well-oriented crypt, P < 0.05) and provoked modifications to their morphology.
Goblet cell size was larger than usual, with abundant mucin-rich cytoplasm,
peripheral nuclei, and open pole (Figure 2B). Accordingly, goblet cell markers were
severely impacted by DSS (Table 4), such as the major intestinal secreted mucin Muc2
and the related transcription factor Klf4. These histo-morphological changes were
associated with an increased colonic permeability, as evidenced by plasmatic FD4
concentrations (Figure 1D) and a decreased expression of several tight-junction
proteins. Gene expression of Zonula Occludens 1 (Tjp1), Occludin (Ocln), and the
permissive Claudin 2 (Cldn2) were indeed downregulated at day 7 compared to day 0
(Table 4).
DSS causes inflammatory cell recruitment: DSS-treated animals suffered from
subacute to chronic and segmental or diffuse lesions accompanied by a moderate to
severe increase in edema (clear spaces). These lesions affected the entire intestinal
wall, with particular effects on mucosa and submucosa at day 7 compared to
untreated mice at day 0 (Figure 2A and Table 3). DSS-treatment provoked mucosal
and submucosal infiltration of mononuclear cells (Figure 2A), mostly diffusely
distributed and multifocally extended to the serosa, particularly around the blood
vessels. Simultaneously, there were neutrophil clusters within lamina propria and
submucosa. Colon MPO activity was indeed markedly increased by a 5-fold factor
compared to untreated mice (Table 3), indicating a massive neutrophil infiltration.
Analysis of relative mRNA levels showed that pro-inflammatory cell recruitment was
associated with a marked upregulation of inflammatory genes such as Il-1β, Il-6, Tnf-α,
and cyclooxygenase-2 (Ptgs gene) compared to untreated mice (Table 4). Colon proinflammatory cytokine (IL-1β and IL-6) concentrations were accordingly higher than
in untreated animals (Table 2). Moreover, this coincided with a tremendous, increased
expression of genes that encode key enzymes and structural constituents involved in
the ECM remodeling process at day 7 (Table 4). There was also an increased
expression of cytokines involved in epithelial repair. Gene expression of Il-22, Il-33,
and Tgfβ-1 and -3 were correspondingly upregulated compared to untreated animals,
whereas Il-13 and Il-15 gene expressions were downregulated at day 7 after DSStreatment (Table 4).
DSS-treatment alters luminal environment and induces microbiota dysbiosis: DSS
intake induced luminal content hyperosmolarity and increased the percentage of
water in colonic content (Table 2), consistent with the inflammatory score results
(Figure 1). The cecal quantities of acetate, propionate, and butyrate (among the most
important end products of bacterial fermentation) were significantly reduced at day 7
compared to day 0 (Table 5), while proportions between the three SCFA remained
stable. These luminal environment modifications were associated with major changes
in mucosa-adherent microbiota composition. While microbiota quantification showed
an increase in total bacterial load (Table 5) after DSS-treatment, estimators of
community richness (Chao) and diversity (Shannon) were markedly lower than those
at day 0 (Table 5). In addition, the number of exclusive and shared species-level
phylotypes were significantly reduced after inflammation (463.5 ± 31.4 at day 0 vs
318.1 ± 30.6 at day 7, P = 0.002). Furthermore, DSS-treatment heavily impacted the
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Figure 1

Figure 1 Follow-up parameters of dextran sodium sulfate-treated mice. A: Evolution of daily dietary intake and body weight; B: Evolution of lean and fat mass
versus baseline; C: Evolution of the macroscopic inflammatory score; D: In vivo fluorescein isothiocyanate-dextran permeability measurement. Values are means ±
SE (n = 8-12). aP < 0.05 vs day 0; bP < 0.05 vs day -2; cP < 0.05 vs day 7. FD4: Fluorescein Isothiocyanate-dextran; DSS: Dextran sodium sulfate.

mucosa-adherent microbiota at a higher taxonomic level, as shown by a decreased
relative abundance of over 30 genera, the most relevant presented in Table 5. Colitis
also impacted the phyla proportions: Bacteroidetes and Tenericutes decreased by 2
and 20-fold, respectively (P < 0.05); while Proteobacteria and Deferribacteres
increased by 8 and 3-fold, respectively (P < 0.05) (Figure 3). Within the Firmicutes
phylum, the Eubacteriaceae, Lachnospiraceae, and Clostridiaceae families (the latter
including Roseburia, Clostridium XIVa, and Butyrivibrio) were significantly decreased
following DSS treatment (Table 5). Conversely, within the Proteobacteria, DSS
treatment led to a massive increase in the Escherichia Shigella proportion, accounting
for increased representation of the Enterobacteriaceae family (Table 5).

Three days after the maximal intensity of colitis, epithelial repair occurs while signs
of inflammation remain present (day 10)
Colon inflammation was still evident 5 d after DSS consumption arrest. At day 10,
mice still suffered from severe ulceration and goblet cell depletion (Table 3). In one
third of the animals, severe transmural inflammation continued to be observed with
an increased gap between crypt bases and muscularis mucosae (Figure 2A), with a
greater proportion of mononuclear cells. The neutrophils were mostly located at the
edges of ulcerated areas showing epithelial exocytosis within the mucosa and/or
crypt epithelium. In other animals, light to moderate inflammation was generally
located within mucosa and mucosa/submucosa with an equilibrated proportion of
mononuclear cells and neutrophils. Colonic MPO activity did indeed remain 4-fold
greater than that in the untreated group, and IL-1β and IL-6 colonic concentrations
were not different from day 7 (Table 2). However, gene expression of some proinflammatory markers (Il-1β, Il-6, Ptgs, Tnf-α) was decreased without reaching
baseline values (Table 4). In vivo permeability increase continued to be observed at
day 9 (Figure 1D) but was associated with a lower plasmatic concentration of the
endotoxemic marker LBP when compared to day 7 (Table 2). This was concomitant
and likely explained by increased gene expression of tight junction proteins that
started to regain basal levels at day 10 (Table 4).
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Table 2 Colon morphometric and inflammatory markers

d28 vs d0

Statistical
effect
(time)

5.7 ± 0.2a

↓

< 0.001

-

38 ± 8.0ab

↑

< 0.05

288 ± 13a

-

281 ± 15a

↑

< 0.01

↓

76.3 ± 1.5ab

-

74.0 ± 1.9ab

↑

< 0.001

13.7 ± 1.8a

-

16.2 ± 2.5a

-

15.4 ± 2.2a

↑

< 0.01

↑

4.2 ± 0.8a

-

4.9 ± 1.2a

-

2.3 ± 0.3bcd

-

< 0.001

5.8 ± 1.2a

↑

5.3 ± 0.8a

-

3.1 ± 0.8abc

↓

1.9 ± 0.6bcd

-

< 0.001

5.8 ± 0.4a

↑

4.5 ± 0.5ab

↓

4.9 ± 0.6ab

-

4.6 ± 0.3c

↑

< 0.001

Parameter d0

d7

d7 vs d0

d10

d10 vs d7 d13

d13 vs d10 d28

Colon
6.5 ± 0.2
length (cm)

4.9 ± 0.3a

↓

5.4 ± 0.2a

-

5.5 ± 0.2a

-

Colon
16 ± 0.3
weight/len
-gth
(mg/cm)

24 ± 0.4a

↑

31 ± 3.0ab

↑

34 ± 3.0ab

Osmolarity 180 ± 8
of colonic
content

311 ± 15a

↑

278 ± 8.0a

-

Colonic
64.6 ± 2.5
water
content (%)

87.5 ± 2.0a

↑

75.5 ± 3.0ab

IL-1β
(ng/mg of
total colon
protein)

9.4 ± 1.8

14.3 ± 2.4a

↑

IL-6
(ng/mg of
total colon
protein)

1.5 ± 0.5

3.6 ± 0.6a

MPO
activity
(UA/mg
total colon
protein)

1.2 ± 0.2

Plasmatic
LBP
(µg/mL)

2.0 ± 0.2

C57BL/6 male mice were given 3.5% dextran sodium sulfate (DSS) for 5 d in their drinking water in order to induce an acute inflammatory episode. Colon
morphometric and inflammatory markers were analyzed at peak colitis (day 7) and during colitis resolution (day 10, day 13 and day 28). Day 0 values
correspond to non-DSS treated mice. Values are means ± SE (n = 8-12).
a
P < 0.05 vs day 0;
b
P < 0.05 vs day 7;
c
P < 0.05 vs day 10;
d
P < 0.05 vs day 13.
DSS: Dextran sodium sulfate; LBP: Lipopolysaccharide-binding protein; MPO: Myeloperoxidase activity.

First signs of epithelial repair are measured in a context of active inflammation:
Despite a high inflammatory score, the healing process became visible while the
thickening of the colon wall increased (Table 2). Sharp crypt hypertrophy
accompanied by mild hyperplasia with increased mitotic figures was indeed observed
at day 10 compared to day 7 (Figure 2A and Table 3). The edges of ulcerated areas
showed minimal healing by re-epithelization, and edema was graded from moderated
to minimal (Table 3). However, qRT-PCR data indicated that most factors that
contribute to colon remodeling and epithelial repair had already been induced at day
7, since the expression of corresponding genes was maintained or reduced at day 10.
The Mmp7 gene expression was the notable exception with an almost 4–fold increase
when compared to day 7 (Table 4).
First healing sequences are associated with major changes in microbiota-adherent
mucosa composition: The osmolarity of luminal content remained high, while colon
content was less watery at day 10 (Table 2). At that point, the three main SCFA
concentrations were still severely diminished, notably the acetate concentration (Table
5). In addition, the relative abundance of the butyrate-producing Clostridium cluster
XIVa species was significantly increased compared to day 7, reaching its initial
proportion. Nonetheless, microbial dysbiosis remained present compared to day 7, as
evidenced by similar proportions of Bacteroidetes, Deferribacteres, Tenericutes, and
Proteobacteria phyla (Figures 3 and 4).

Six days after maximal intensity of colitis, epithelial repair is actively engaged even
though inflammation is still active (day 13)
Colon DSS-induced inflammation diminishes in intensity: DSS-treated mice still
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Figure 2

Figure 2 Histological examination of longitudinal and transversal colonic sections stained either with hematoxylin-and-eosin or with Periodic-acid Schiff.
Magnification: 10 ×. A: Colon sections of the control mice at day 0 and dextran sodium sulfate-treated mice at days 7, 10, 13 and 28 (Blue arrow: Focal ulceration
accompanied by fibrin; Circle: Clusters of neutrophils within mucosa and submucosa; Green arrow: Transmural increase of mononuclear cells; Pink arrow: Clear
space due to of edema; Yellow arrow: Cyst formation; Red arrow: Mucosal lymphocytosis; Green rectangle: Crypt architectural disarray and crypt abscess; Grey
arrow: Edema; Orange arrow: Multifocal ulceration; Violet arrow: Focal re-epithelization); B: Histological illustration of Periodic-acid Schiff staining during time. Scale
bar: 100 µm.

presented with some crypt abscesses, but lesions were generally less severe than
observed in the preceding days (although two animals still presented with a severe
transmural leukocytic infiltrate) (Figure 2A). MPO activity was indeed significantly
lower than at day 10, but remained higher than at day 0 (Table 2). Half of the mice
showed healing by re-epithelization at the edges of ulcerated areas, and most animals
showed marked architectural disarray and hyperplasia indicative of crypt
regeneration (Figure 2A). These observations were confirmed by the epithelial repair
score, which remained elevated at day 13 (Table 3). This was accompanied by
improvement of both mechanical and chemical barrier functions, indicated by the
increased mRNA expression of Ocln (Table 4) and goblet cell restoration (Figure 2B).
Indeed, goblet cell depletion severity score was decreased (Table 3) in parallel with an
increased expression of the goblet cell markers Tff3 and Muc2 (Table 4). The
correlation analysis performed at day 13 also showed that Tgf-β3, Il-15, Il-22, and Il-33
gene expressions were statistically correlated with the re-epithelization score (Figure
5). The initial Il-15 colonic mRNA level was actually restored, and gene expression of
colon Saa (serum amyloid A) was notably increased (Table 4). At day 12, the observed
improvement of the intestinal barrier function (Figure 1D) may have been a
consequence of these ongoing epithelial repair events.
Mucosa-adherent microbiota remains altered: The total biomass of mucosa-adherent
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Table 3 Histological analysis scoring of inflammatory and healing parameters
Parameter

d7

d10

d10 vs
d7

d13

Inflammatory score

12.8 ± 0.8

9.3 ± 1.4b

↓

8.4 ± 1.3b

d28

d28 vs
d7

Statistical effect
(time)

-

4.4 ± 1.7bcd

↓

< 0.001

Goblet cell depletion

2.27 ±
0.24

1.83 ± 0.21

-

1.08 ± 0.26

↓

0.88 ± 0.30bc

↓

< 0.001

Ulceration and erosion

2.09 ±
0.29

1.34 ± 0.31

-

1.17 ± 0.27

-

0.63 ± 0.32bcd ↓

< 0.001

Crypt damage

2.72 ±
0.19

1.58 ± 0.34b ↓

1.25 ± 0.30b -

1.25 ± 0.45b

↓

< 0.001

Edema

2.09 ±
0.09

1.25 ± 0.22b ↓

1.42 ± 0.23b -

0.0 ± 0.0bcd

↓

< 0.001

Inflammatory infiltrate (mononuclear
cells)

1.91 ±
0.27

1.83 ± 0.30

-

1.75 ± 0.18

-

1.40 ± 0.33bcd -

< 0.001

Inflammatory infiltrate (neutrophils)

1.73 ±
0.13

1.50 ± 0.29

-

1.75 ± 0.19

-

0.63 ± 0.32bcd ↓

< 0.001

Epithelial repair score

0.82 ±
0.22

2.83 ± 0.42b ↑

3.25 ± 0.43b -

3.25 ± 0.25b

↑

< 0.001

Gland hyperplasia and presence of
mitotic cells

0.0 ± 0.0

0.83 ± 0.24b ↑

0.92 ± 0.26b -

0.88 ± 0.35b

↑

< 0.001

Re-epithelialization

0.54 ±
0.16

0.58 ± 0.15

0.58 ± 0.15

0.63 ± 0.33

-

NS

Crypt repair

0.27 ±
0.19

1.42 ± 0.34b ↑

1.75 ± 0.45b

↑

< 0.001

-

bc

d13 vs
d10

-

1.75 ± 0.30b -

Hematoxylin-and-eosin stained colonic sections were coded for blind microscopic assessment by an external histological platform (Histalim, Montpellier,
France), and microscopic changes were qualitatively described and scored using a severity scale (0 to 3). Measurements were performed at peak colitis (day
7) and during colitis resolution (day 10, day 13 and day 28). Values are means ± SE (n = 8-11).
b
P < 0.05 vs day 7;
c
P < 0.05 vs day 10;
d
P < 0.05 vs day 13.
NS: Non-significant difference.

microbiota at day 13 was higher than at day 10. Proteobacteria and Deferribacteres
relative percentages remained high at day 13, while Bacteroidetes relative abundance
was reduced 3-fold (Figure 3), with a clear reduction in the Bacteroidaceae family (4fold less, P < 0.001, Table 5). In contrast, the Clostridium cluster XIVa proportion had
increased compared to day 10. However, cecal SCFA concentrations remained very
low at that time (Table 5).

Three weeks after the maximal colitis intensity, epithelial repair is only partly
achieved
DSS-treatment exerts long-term effects on colon crypt architecture and permeability: While numerous parameters associated with colon inflammation did reach
baseline values (Tables 2-4), several DSS-induced abnormalities such as colon
environmental changes (hyperosmolarity and watery content) persisted. Colon histomorphology also remained affected, as indicated by a high colon weight/length ratio
(Table 2), crypt disarray (Figure 2A), and altered epithelium electrical parameters
(transmural potential Vt: -1.2 ± 0.1 mV at day 28 vs -4.7 ± 0.5 mV at day 0, P < 0.05).
Mice also still displayed inflammation traits, such as mild ulceration, mucosal erosion
(Table 3), and increased gene expression of Tnf-α. Furthermore, higher concentrations
of IL-1β in the colon, and of the endotoxemic marker in plasma, were recorded in
DSS-treated mice when compared to untreated mice (Table 2). It is noteworthy that
colon Il-33 and Saa gene expression remained elevated in DSS-treated mice (Table 4).
Inflammation alters mucosa-adherent microbiota in the long term: At day 28,
dysbiosis was still noticeable, as evidenced by principal component analysis at both
phylum and family levels. The different sample clustering between day 0 and day 28
highlighted a distinct microbial structure impairment (Figure 4). Indeed, the total
bacterial load associated with the mucosa was slightly but significantly higher than at
day 0, while both diversity and community richness indexes remained reduced (Table
5). In addition, while the cecal SCFA had returned to baseline proportions at day 28,
the absolute concentrations of these metabolites were 3-fold lower than at day 0
(Table 5). Tenericutes and Actinobacteria were the only two phyla for which a
significant difference was still observed at day 28. Proportions of Prevotellaceae and
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Table 4 Kinetics of colonic mRNA expression level normalized to day 7 group (2-ΔΔCt)
d0

d7

d7 vs d0 d10

d10 vs d7 d13

d13 vsd10 d28

d28 vsd0

Statistical effect
(time)

Tight-junction protein
Cldn2 2.41 ± 0.29

1.24 ± 0.21a ↓

2.90 ± 0.15b

↑

1.94 ± 0.17b

-

2.26 ± 0.31b

-

< 0.001

1.45 ± 0.09

1.03 ± 0.08a ↓

1.17 ± 0.10b

↑

1.30 ± 0.06b

-

1.29 ± 0.06b

-

< 0.01

bc

Tjp1
Ocln

2.92 ± 0.37

a

1.18 ± 0.24

↓

a

abc

1.36 ± 0.11

-

1.96 ± 0.18

↑

2.21 ± 0.30

-

< 0.001

ECM remodeling
Mmp7 0.58 ± 0.16

1.46 ± 0.40a ↑

5.31 ± 1.37ab

↑

5.21 ± 1.22ab

-

3.69 ± 0.85ab

-

< 0.001

Mmp9 0.13 ± 0.01

1.35 ± 0.24a ↑

1.17 ± 0.27a

-

0.89 ± 0.15a

-

0.55 ± 0.20bcd

-

< 0.001

b

a

ab

bc

Timp1 0.05 ± 0.00

1.75 ± 0.49

0.84 ± 0.25

↓

0.41 ± 0.05

-

0.23 ± 0.06

-

< 0.001

Col3a 0.77 ± 0.07
1

1.60 ± 0.33a ↑

1.15 ± 0.15a

-

1.20 ± 0.12a

-

0.83 ± 0.16bcd

-

< 0.01

0.31 ± 0.02

1.40 ± 0.35a ↑

0.78 ± 0.17ab

↓

0.52 ± 0.04b

-

0.43 ± 0.06b

-

< 0.001

-

0.79 ± 0.05

a

-

0.85 ± 0.11

-

< 0.01

-

1.62 ± 0.19c

↑

1.87 ± 0.13c

-

< 0.05

Wisp

Acta2 1.33 ± 0.17

1.25 ± 0.22

↑

-

0.95 ± 0.16

-

1.05 ± 0.12ad

Goblet cell markers and mucins
Tff3

1.80 ± 0.24

Muc2 3.77 ± 0.64
Klf4

2.31 ± 0.13

1.29 ± 0.32
a

1.10 ± 0.16

↓

1.12 ± 0.22a ↓

1.72 ± 0.22

a

bc

bc

-

3.03 ± 0.18

↑

3.38 ± 0.21

-

< 0.001

1.52 ± 0.15a

-

1.73 ± 0.10a

-

2.56 ± 0.24bcd

-

< 0.001

1.14 ± 0.22ad

-

0.55 ± 0.09abcd

-

< 0.001

Epithelial repair modulating factors
Igf-1

0.27 ± 0.02

1.23 ± 0.19a ↑
a

-

0.77 ± 0.06ac

a

bc

bc

Il-15

4.59 ± 0.89

1.32 ± 0.51

1.67 ± 0.18

-

3.61 ± 0.91

↑

4.73 ± 0.86

-

< 0.01

Il-22

0.33 ± 0.20

1.59 ± 0.44a ↑

0.36 ± 0.08b

↓

0.47 ± 0.14b

-

0.18 ± 0.04b

-

< 0.001

Il-33

0.08 ± 0.02

1.69 ± 0.43a ↑

0.60 ± 0.11ab

↓

0.43 ± 0.05ab

-

0.26 ± 0.06ab

↑

< 0.001

1.21 ± 0.23

-

abc

abc

1.05 ± 0.16

-

3.40 ± 0.40

↑

3.18 ± 0.31

↑

< 0.001

Tgf-ß1 0.50 ± 0.03

1.29 ± 0.28a ↑

0.72 ± 0.07b

↓

0.51 ± 0.07b

-

0.43 ± 0.04b

-

< 0.001

Tgf-ß3 1.08 ± 0.11

1.47 ± 0.37

0.72 ± 0.10b

↓

0.93 ± 0.12

-

1.16 ± 0.16

-

< 0.01

0.39 ± 0.06ab

↓

0.45 ± 0.07ab

Saa

1.51 ± 0.27

↓

-

Inflammatory markers
Il-1ß

0.04 ± 0.01

1.71 ± 0.50a ↑

-

0.39 ± 0.09ab

b

↑

< 0.001

0.84 ± 0.28

↓

0.41 ± 0.08

-

0.15 ± 0.07b

-

< 0.001

1.37 ± 0.27a ↑

0.37 ± 0.04b

↓

0.31 ± 0.06b

-

0.25 ± 0.03b

-

< 0.001

1.26 ± 0.23a ↓

0.82 ± 0.08a

-

0.78 ± 0.10a

-

2.53 ± 0.39bcd

-

< 0.001

a

Il-6

0.01 ± 0.00

1.73 ± 0.51

Il-10

0.23 ± 0.03

Il-13

3.81 ± 0.75

a

1.29 ± 0.22

↑

Tnf-α

0.13 ± 0.01

Ptgs

0.14 ± 0.01a 1.69 ± 0.39b ↑

↑

ab

ab

ab

ab

0.46 ± 0.05

↓

0.50 ± 0.06

-

0.47 ± 0.07

↑

< 0.001

0.84 ± 0.30c

↓

0.60 ± 0.10 c

-

0.29 ± 0.05a

-

< 0.001

Values are means ± SE (n = 8-12). Means with different superscripts within a row are significantly different.
a
P < 0.05 vs day 0;
b
P < 0.05 vs day 7;
c
P < 0.05 vs day 10;
d
P < 0.05 vs day 13. ECM: Extracellular matrix.

Rikenellaceae families (both from the Bacteroidetes phylum), Clostridiaceae,
Eubacteriaceae and Lachnospiraceae (Firmicutes phylum), and Anaeroplasmataceae
(Tenericutes phylum) remained reduced. Conversely, both Actinobacteria phylum
(Figure 3) and Bacteroidaceae family proportions were strongly increased compared to
day 0 (Table 5).

DISCUSSION
The present study examined the kinetics of molecular and cellular events in
association with mucosa-adherent microbiota modifications involved in epithelial
repair after acute colon inflammation induced by DSS administration. This study
highlighted the heterogeneous responsiveness to DSS and evidenced long-term DSSinduced alterations on the colon luminal environment, notably on adherent
microbiota composition, with associated changes in colon histo-morphology. This
research also showed that epithelial healing processes were launched early during the
inflammatory flare, supporting the concept of intricate involvement of certain key
colon factors (Tgf-β, Il-15, Il-22, and Il-33) on epithelial repair modulation. Such
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Figure 3

Figure 3 Phylum-relative abundance of mucosa-adherent microbiota. Values are means ± SE (n = 8-12). Means
with different superscripts are significantly different. aP < 0.05 vs day 0; bP < 0.05 vs day 7, cP < 0.05 vs day 10; dP <
0.05 vs day 13. SE: Standard error; NS: Non-significant difference.

factors could be potential therapeutic targets for MH enhancement. Few studies have
investigated the mucosa healing signature after an acute intestinal inflammatory flare.
Previous studies have rather focused on the evolution of the inflammation markers[20]
than on the repairing factors. In addition, most studies were carried out over a shorter
period of time after colitis induction[21-23].
DSS-induced colitis is one of the most commonly used animal models of IBD,
reflecting many clinical features of ulcerative colitis, such as infiltration of
inflammatory cells, crypt loss and erosion, local production of MPO, and
inflammatory cytokines in the distal colon[24-27]. This model is generally described as
reproducible once the mouse strain and DSS dose/duration have been defined[27-29].
However, this qualitative histological analysis demonstrated relatively high
variability in DSS responsiveness among animals, in contrast to other studies[21,23,30].
The reasons for such heterogeneity between animals are not known, but it is tempting
to speculate that it is related to animals having been individually housed in this study
(in order to accurately follow the inflammatory score and food consumption). Such
conditions may amplify differences in the microbiota composition between animals[31].
With this in mind, this study clearly shows that DSS treatment induced common
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Table 5 Mucosa-adherent microbiota composition and cecal bacterial metabolic activity

d10 vs d13

d13 vs d28

d0

d7

d10

d28 vs Statistical

d0

d0

effect (time)

Total bacteria (log/g
mucosal content)
Shannon index
Chao index
Actinobacteria (%)

9.36 ± 0.35 10.4 ± 0.14a

↑

9.92 ± 0.16b ↓

10.6 ± 0.22ac ↑

10.2 ± 0.24ac

↑

< 0.001

6.46 ± 0.07 4.75 ± 0.32a
794 ± 55.2 633 ± 43.7a

↓
↓

4.56 ± 0.28a 593 ± 31.1a -

4.44 ± 0.26a
635 ± 34.4a

-

5.03 ± 0.29a
606 ± 51.6a

↓
↓

< 0.001
< 0.01

0.02 ± 0.01 0.01 ± 0.00
0.01 ± 0.02 0.04 ± 0.02

-

0.01 ± 0.01
0.07 ± 0.04

-

0.00 ± 0.00
0.06 ± 0.04

-

0.60 ± 0.28abcd ↑
0.83 ± 0.31abcd ↑

< 0.001
< 0.001

5.6 ± 1.34
7.40 ± 2.08
0.01 ± 0.00a
0.00 ± 0.00a
1.39 ± 0.61a
1.04 ± 0.51a

↓
↓
↓
↓

11.55 ± 2.77b
2.53 ± 1.29
0.01 ± 0.01a
0.01 ± 0.01a
0.33 ± 0.24a
0.24 ± 0.15a

↑
-

3.08 ± 1.08c
1.03 ± 0.35ab
0.02 ± 0.01a
0.01 ± 0.01a
0.31 ± 0.26a
0.13 ± 0.09a

↓
-

20.1 ± 4.98cd
12.1 ± 5.18d
0.01 ± 0.01a
0.00 ± 0.00a
2.04 ± 1.20a
1.98 ± 1.20a

↑
↓
↓
↓
↓

< 0.05
< 0.001
< 0.01
< 0.05
< 0.001
< 0.001

3.53 ± 1.86 9.98 ± 2.33a

↑

10.16 ± 3.04a -

14.82 ± 2.80a -

3.49 ± 0.76bcd -

< 0.001

Roseburia
0.80 ± 0.17 0.01 ± 0.00a
Clostri6.07 ± 0.84 1.09 ± 0.35a
dium XIVa
Butyrivi-brio 0.28 ± 0.21 0.00 ± 0.00a

↓
↓

0.01 ± 0.01a 5.56 ± 2.73b ↑

0.01 ± 0.01a 8.54 ± 2.80abc ↑

0.03 ± 0.01a
4.01 ± 1.64b

↓
-

< 0.001
< 0.05

0.04 ± 0.02
13.5 ± 2.91a
1.28 ± 0.55a
0.24 ± 0.12
30.4 ± 6.4

↓
↓
↓
↓
-

0.00 ± 0.00a
0.00 ± 0.00a
21.7 ± 4.25a
0.30 ± 0.13a
3.41 ± 2.82
18.2 ± 3.6b

↓

0.00 ± 0.00a
0.00 ± 0.00a
23.2 ± 4.49a
1.11 ± 0.63a
0.63 ± 0.26
26.7 ± 4.0

-

0.00 ± 0.00a
0.00 ± 0.00a
23.6 ± 4.69
1.00 ± 0.63a
1.44 ± 0.88
21.1 ± 4.0

↓
↓
↓
-

< 0.01
< 0.001
< 0.01
< 0.001
NS
< 0.05

1.94 ± 0.39
0.24 ± 0.04
0.05 ± 0.03
0.11 ± 0.04
0.05 ± 0.40
0.14 ± 0.05

1.68 ± 0.32
14.38 ± 5.93a
14.08 ± 5.83a
0.06 ± 0.01
1.02 ± 0.42
0.51 ± 0.26a

↑
↑
↑

3.06 ± 0.64
6.28 ± 2.59a
6.02 ± 2.53a
0.06 ± 0.02
2.87 ± 0.87
0.02 ± 0.02b

↓

3.64 ± 0.95ab
5.99 ± 3.80a
5.47 ± 3.46bc
0.18 ± 0.09
4.97 ± 1.93
0.00 ± 0.00b

-

1.30 ± 0.31d
0.55 ± 0.16bcd
0.30 ± 0.11bc
0.21 ± 0.12
7.39 ± 2.97
0.04 ± 0.02b

-

< 0.01
< 0.01
< 0.01
NS
NS
< 0.001

0.23 ± 0.13
12.4 ± 1.63
8.95 ± 1.16
1.93 ± 0.29
1.51 ± 0.22

0.00 ± 0.00a
1.13 ± 0.78a
0.94 ± 0.67a
0.04 ± 0.04a
0.15 ± 0.11a

↓
↓
↓
↓
↓

0.00 ± 0.00a
0.06 ± 0.04a
0.04 ± 0.04ab
0.00 ± 0.00a
0.01 ± 0.01a

↓
-

0.01 ± 0.01a
0.14 ± 0.07a
0.14 ± 0.07ab
0.00 ± 0.00a
0.00 ± 0.00a

-

0.00 ± 0.00a
4.88 ± 1.08abcd
3.40 ± 0.71abcd
0.90 ± 0.26abcd
0.59 ± 0.13abcd

↓
↓
↓
↓
↓

< 0.01
< 0.001
< 0.001
< 0.001
< 0.001

Bifidobacteriaceae
Coriobacteriaceae

d7

d7 vs d10

Parameter

Bacteroidetes (%)

Bacteroidaceae
Porphyromonadaceae
Prevotellaceae
Rikenelleceae
Deferribacterres (%)

Deferribacteraceae
Firmicutes (%)

Clostridiaceae

Eubacteriaceae
Lachnospiraceae
Lactobacillaceae
Ruminococcaceae

4.35 ± 1.24
12.1 ± 2.55
1.06 ± 0.33
Alloprevotella 1.04 ± 0.32
9.64 ± 1.79
Alistipes 9.48 ± 0.72

Mucispirillum

0.17 ± 0.05
35.0 ± 4.85
Acetitafactor 5.46 ± 1.47
0.42 ± 0.19
24.7 ± 4.5

a

Proteobacteria (%)

Desulfovibrionaceae
Enterobacteriaceae
Escherichia Shigella
Pseudomonadaceae
Sutterellaceae
Rhodospirillaceae
Tenericutes (%)

Anaeroplasmataceae
Total SCFA (µmol/g)
Acetate
Propionate
Butyrate

Quantification of total bacteria in the mucosa adherent microbiota was determined by real-time qPCR. Values are expressed as log of gene copy numbers
of the different bacterial groups per gram of mucosal content. Evolution of the relative abundance of mucosa-adherent microbiota families was assessed by
Illumina MiSeq sequencing. Cecal short chain fatty acids concentrations were obtained by gas chromatography after esterification. Values are means ± SE (n
= 8-12).
a
P < 0.05 vs day 0;
b
P < 0.05 vs day 7;
c
P < 0.05 vs day 10;
d
P < 0.05 vs day 13.
NS: Non-significant difference; SCFA: Short chain fatty acids.
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Figure 4

Figure 4 Principal component analysis of relative abundances of mucosa-adherent microbiota. A: Phylum level; B: Family level. Partial sample clustering by
time was observed. PCA: Principal component analysis.

modifications of luminal content physicochemical parameters, such as osmolarity,
water, and short-chain fatty acid luminal contents.
Major changes in mucosal-associated microbiota at the peak of colitis and during
the days after may have resulted from a luminal increase in oxygen concentration
caused by blood presence, in turn induced by inflammatory lesions. For instance, the
increased bacterial biomass at mucosal sites at day 7 may be the consequence of an
increase in redox potential that promoted development of facultative anaerobic
bacteria such as Proteobacteria[32]. At day 10, relative abundance of Lachnospiraceae and
Ruminococcaceae was reduced, similar to the microbial dysbiosis observed in IBD
patients[33-35]. Eubacteriaceae and Clostridiaceae showed no improvement compared to
proportions found in mice euthanized at day 7. This was particularly true for the
Roseburia and Butyrivibrio genera, which are generally considered beneficial due to
their role in butyrate production. Meanwhile, the proportion of Escherichia Shigella
(Proteobacteria), strongly linked to intestinal inflammation[36], increased until day 13.
These taxonomic shifts replicated what is generally observed in IBD patient
microbiota[11,34,37,38], characterized by chronic dysbiosis even during remission[39]. These
results did indeed show a severe colitis-associated dysbiosis of mucosa-associated
microbiota, with an α-diversity loss that persisted throughout the resolution phase
(from day 10 to day 28). As in ulcerative colitis, where longitudinal variations in
mucosal bacterial populations are associated with disease severity[40], depletion of
these bacterial families may be linked to observed functional disturbances during the
resolution phase, such as altered epithelial barrier and inflammatory flare[41]. The
drastic and persistent reduction of SCFA concentrations in the cecum was also likely
due to disturbance of the cecal microbiota composition and/or metabolic activity,
thus altering SCFA production. Acute lesions in the cecum induced by DSS have been
described[42,43], though it is not one of the most common features[27].
This work indicates two important findings: Epithelial repair induction started
rapidly even while inflammation was still severe; and although permeability was
largely restored 6 d after the inflammatory peak, colon alterations persisted long after,
likely because of consequential tissue remodeling. This is supported by observation of
the over-expression of inflammatory markers and ECM remodeling factors as well as
factors that influence epithelial repair, namely Tgfβ[44], Il-22[45], Il-33[46], and Igf-1[47,48].
This study showed that Tgf-β3, Il-22, Il-33, and Il-15, but not Igf-1, positively
correlated with the re-epithelization score at day 13. The expression of Il-33 remained
higher than in control animals throughout the experiment; it may, in particular, be a
promising therapeutic target in the MH process. While conflicting results were
obtained regarding its role in colitis, IL-33 has recently been shown to attenuate colitis
and to favor colon repair in mice by promotion of M2 macrophage development and
stimulation of goblet cell differentiation[49]. Moreover, the acute phase protein SAA,
usually analyzed in plasma, displayed an increased gene expression in the colon 6 d
after the maximal intensity of colitis. Importantly, SAA was recently identified as a
protective factor against colon epithelium acute injury[50].
Several results obtained in this study regarding Il-15 expression deserve additional
attention. This interleukin is considered a deleterious factor in cases of colitis[51]. IL-15
actually promotes intestinal dysbiosis associated with butyrate deficiency and
increased susceptibility to colitis[52]. Although severely decreased in this study in the
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Figure 5

Figure 5 Correlation matrix of analytical parameters involved in inflammation and repair at day 13. Color
intensity represents the degree of association between the parameters as measured by Spearman’s correlations.
Blue color indicates positive association and red color negative association. Lower triangular matrix corresponds to
associations between histological re-epithelialization score and gene expression value of mucosal repairing factors.
Statistically significant correlations are indicated with aP < 0.05, bP < 0.01 cP < 0.001. (n = 8-12). ECM: Extracellular
matrix; LBP: Lipopolysaccharide-binding protein; MPO: Myeloperoxidase activity.

course of colitis induction, IL-15 followed the same expression kinetics as those of
epithelial repair, this process being characterized by the restoration of goblet cells and
expression of genes coding for tight-junction proteins. Notably, in other pathological
contexts, this cytokine has been shown to promote wound repair via TGFβ[53] and IGF1[54] production, suggesting that IL-15 may be a therapeutic agent to manage wound
healing. Additional, specific immunohistochemical assays, outside the scope of the
present study, are necessary to identify which cells produce these modulating
epithelial repair factors, since they may be synthesized by many cell types in the colon
mucosa (colonocytes, innate cells, macrophages, myofibroblasts, or fibroblasts).
Unsurprisingly, epithelial repair coincides with goblet cell restoration, as evidenced in
this study by Muc2 expression increase and a decreased goblet cell depletion score.
This was associated with increased expression of gene coding for the major epithelial
repair factor Tff3 6 d after the peak colitis. However, this also indicates that in this
model, epithelial repair was triggered by pathways independent of Tff3 since
histological improvements had already been observed 3 d before changes in Tff3
expression.
Overall, this histo-morphological analysis, the measurement of several
inflammatory markers, the luminal parameters related to the microbiota composition,
and SCFA concentrations indicate effects of DSS on colon mucosa that lasted more
than 3 wk after DSS removal from drinking water. Although MH is usually
considered attained when lesions are no longer visible in the colon after an
inflammatory flare, microscopic colon mucosa abnormalities were still present 3 wk
after the colitis peak in this study. These alterations might be related to residual
inflammatory infiltrate with high expression of pro-inflammatory cytokines (Il-1β and
Tnf-α) and Mmp7, whereas other factors involved in ECM remodeling returned to
their basal levels. Future studies using an Mmp-7 inhibitor would be useful to
evaluate the involvement of this potentially therapeutic modulator in colitis
progression[55]. Finally, the resulting mild colon mucosa disarray associated with
microscopic inflammation raises questions about clinical consequences for patients
without endoscopic lesions, specifically in terms of relapse risk and/or associated
complications.
In conclusion, the present study showed the longitudinal evolution of several key
parameters associated with inflammation and healing during and after inflammatory
flare in a DSS model of colitis. As previously proposed[56], our study offers additional
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information regarding the imbrication of mucosal inflammation and repairing
processes. Such a concept is worth considering for further research aiming at
improving intestinal MH by means of therapeutic and nutritional interventions.
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ARTICLE HIGHLIGHTS
Research background
Rapid mucosal healing after an intestinal inflammatory episode is considered beneficial to
diminishing the relapse risk in inflammatory bowel disease patients. However, the event
progression of colon mucosal repair after a colitic flare has barely been studied.

Research motivation
A better understanding of the events associated with inflammation resolution and mucosal
healing are necessary to identify potential targets for colon mucosal healing enhancement.

Research objective
To document longitudinal modifications of the colon mucosa and luminal ecosystem following
an episode of chemically-induced colitis.

Research methods
Evolution of colon mucosa inflammation and healing indicators, as well the changes in colonic
luminal environment, were assessed in dextran sodium sulfate-treated mice during the 3 wk
after the maximal intensity of colitis. Complementary approaches such as measurement of
physicochemical parameters in colonic luminal content, mucosa-adherent microbiota
composition and activity, colon mucosa histo-morphological analysis, permeability tests, and
expression of numerous factors involved in epithelial inflammation and/or repair were used.

Research results
Indications of epithelial repair were observed early, while inflammation was still active.
However, colitis-induced luminal colonic environment alterations and microscopic abnormalities
of colon mucosa persisted even though inflammation had been resolved.

Research conclusions
The longitudinal evolution study of the overlapping events that participated in epithelial repair
revealed modulation factors (Il-15, Il-33, and Saa) that may prove to be potential therapeutic
targets for mucosal healing enhancement.

Research perspectives
Since repairing processes were launched by mucosal inflammation, the interventional time
window is an important parameter to take into account in clinical trials aiming to accelerate
intestinal mucosal healing.
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Abstract
BACKGROUND
Obesity is a major risk factor for a variety of diseases such as diabetes,
nonalcoholic fatty liver disease, and cardiovascular diseases. Restricting energy
intake, or caloric restriction (CR), can reduce body weight and improve metabolic
parameters in overweight or obese patients. We previously found that
Lingguizhugan decoction (LZD) in combination with CR can effectively lower
plasma lipid levels in patients with metabolic syndrome. However, the
mechanism underlying CR and LZD treatment is still unclear.
AIM
To investigate whether CR and LZD improve metabolic parameters by
modulating gut microbiota.
METHODS
We extracted the water-soluble components out of raw materials and dried as
LZD extracts. Eight-week old male C57BL/6 mice were treated with a 3-d
treatment regime that included 24 h-fasting followed by gavage of LZD extracts
for 2 consecutive days, followed by a normal diet (ND) ad libitum for 16 wk. To
test the effects of gut microbiota on diet-induced obesity, 8-wk old male C57BL/6
mice received fecal microbiota transplantation (FMT) from CR and LZD-treated
mice every 3 d and were fed with high-fat diet (HFD) ad libitum for 16 wk.
Control mice received either saline gavage or FMT from ND-fed mice receiving
saline gavage as mentioned above. Body weight was monitored bi-weekly. Food

https://www.wjgnet.com

3590

July 21, 2019

Volume 25

Issue 27

Liu MT et al. Lingguizhugan decotion improves metabolism
guideline.

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

consumption of each cage hosting five mice was recorded weekly. To monitor
blood glucose, total cholesterol, and total triglycerides, blood samples were
collected via submandibular bleeding after 6 h fasting. Oxygen consumption rate
was monitored with metabolic cages. Feces were collected, and fecal DNA was
extracted. Profiles of gut microbiota were mapped by metagenomic sequencing.
RESULTS
We found that CR and LZD treatment significantly reduced the body weight of
mice fed with ND (28.71 ± 0.29 vs 28.05 ± 0.15, P < 0.05), but did not affect plasma
total cholesterol or total triglyceride levels. We then transplanted the fecal
microbiota collected from CR and LZD-treated mice under ND feeding to HFDfed mice. Intriguingly, transplanting the mice with fecal microbiota from CR and
LZD-treated mice potently reduced body weight (44.95 ± 1.02 vs 40.53 ± 0.97, P <
0.001). FMT also reduced HFD-induced hepatosteatosis, in addition to improved
glycemic control. Mechanistic studies found that FMT increased OCR of the mice
and suppressed the expression and protein abundance of lipogenic genes in the
liver. Metagenomic analysis revealed that HFD drastically altered the profile of
gut microbiota, and FMT modified the profile of the gut microbiota.
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CONCLUSION
Our study suggests that CR and LZD improve metabolic parameters by
modulating gut microbiota.
Key words: Obesity; Diabetes; Lipid metabolism; Hepatosteatosis; Gut microbiota
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study shows that caloric restriction (CR) together with Lingguizhugan
decoction (LZD) only slightly reduce body weight and blood glucose levels of normal
diet (ND)-fed mice. Yet, transplanting the fecal microbiota of these mice into high-fat
diet (HFD)-fed mice potently attenuated diet-induced obesity, hepatic steatosis, and
hyperglycemia. Moreover, we found that fecal microbiota transplantation increases
oxygen consumption rate of the mice and suppresses hepatic lipid biosynthesis. Using
metagenomic sequencing, we further discovered that CR and LZD treatment alters the
profile of ND-fed mice, and fecal microbiota transplantation alters HFD-induced
changes in gut microbiota. Taken together, our study highlights that CR and LZD
treatment exerts its metabolic improving effects via modulating gut microbiota.

Citation: Liu MT, Huang YJ, Zhang TY, Tan LB, Lu XF, Qin J. Lingguizhugan decoction
attenuates diet-induced obesity and hepatosteatosis via gut microbiota. World J Gastroenterol
2019; 25(27): 3590-3606
URL: https://www.wjgnet.com/1007-9327/full/v25/i27/3590.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i27.3590

INTRODUCTION
The prevalence of obesity has drastically increased in recent decades and has become
a major health issue worldwide. Excessive body weight or obesity is a major risk
factor for a variety of diseases, such as insulin resistance, type 2 diabetes, dyslipidemia, hypertension, non-alcoholic fatty liver disease, cardiovascular disease, and
metabolic syndrome (MetS)[1-4]. However, there is no specific medical treatment for
obesity, and patients are often treated for their metabolic complications such as
hyperlipidemia, diabetes and hypertension. The most effective way to reduce body
weight is perhaps adapting a more active lifestyle, that is, limiting food intake and
increasing physical activity. Patients with severe obesity can be treated by gastric
bypass surgery, but there are potential side effects of the operation, such as vitamin or
iron deficiency, malnutrition, and hernia, limiting its application as a treatment for
overweight or less obese patients[5]. Caloric restriction (CR) has recently been shown
to improve metabolic parameters of obese patients with and without MetS [6,7] .
Additionally, we have found that Lingguizhugan decoction (LZD), a traditional
Chinese medicine, can be used to treat obesity and non-alcoholic fatty liver disease[8],
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as it potently decreases plasma total triglycerides (TG) and total cholesterol (TC)
levels and blood glucose levels in patients with MetS, on top of the reductions
induced by CR[7]. However, the underlying mechanism is still unclear. In the past
decade, the gut microbiota has been found to play an important role in the
development of obesity and its related diseases [9-13] . Interestingly, metformin, a
commonly used medicine to treat diabetes, has been found to improve glycemic
control in type 2 diabetes patients via modulating the gut microbiota[14]. We thus
wondered whether CR in combination with LZD exerted its effects by modulating gut
microbiota.
To this end, we first explored if CR in combination with LZD affects energy and
lipid metabolism in mice without any disturbance in metabolism, that is, mice fed a
normal diet (ND). We found that combined treatment of CR + LZD reduced body
weight and blood glucose levels of ND-fed mice. To further clarify whether such
effects were mediated by microbiota, we transplanted the fecal microbiota from CR +
LZD treated ND-fed mice to high fat diet (HFD)-fed mice and studied its effects on
metabolic parameters. Interestingly, we found that fecal microbiota transplantation
(FMT) protected mice from diet-induced obesity and hepatosteatosis and lowered
plasma lipid level by promoting fatty acid (FA) oxidation and inhibiting hepatic lipid
biosynthesis. Our study thus highlights a novel pharmacological mechanism of
combined treatment with CR + LZD in treating obesity and MetS.

MATERIALS AND METHODS
Preparation of herbal extracts
LZD, which is a combination of 12 commonly used herbal medicines in China, has
been widely used in clinical practice to treat patients with MetS[7]. To test the effects of
LZD on mice, we extracted the water-soluble components out of the raw materials
(Kangmei Pharmaceutical Co., Ltd). In short, to prepare the herbal extracts, 50.5 g
Radix Codonopsis, 40.4 g Cortex Poria, 50.5 g Rhizoma Atractyldis Macrocephalae,
30.3 g Ramulus Cinnamomi, 101 g Radix Astragali, 101 g Rhizoma Dioscoreae, 20.2 g
Pericarpium Citri Reticulatae, 30.3 g Rhizoma Pinelliae, 67.3 g Semen Coicis, 40.4 g
Radix Morindae Officinalis, 40.4 g Epimedium Folium, and 20.2 g Radix Glycyrrhizae
were briefly washed three times with sterilized ultrapure water, and then submerged
into 2 L 100 °C sterilized ultrapure water and incubated for 1 h at 100 °C in a water
bath. The supernatant was then filtered with a 300-mesh filter to remove any large
debris, then centrifuged at 100× g for 30 min to remove any small debris. Prepared
supernatant was then freeze-dried using a vacuum freezing-dryer (Christ Inc,
Germany), and 122.8 g dried powder was obtained and stored at -80 °C until use. For
medicine administration, dried LZD extracts were re-suspended with sterilized
ultrapure water and dosed at 4.14 g/kg body weight. This dose is comparable to the
dose used for human subjects described elsewhere[7].

Animals
C57BL/6 mice were purchased from Guangdong Medical Laboratory Animal Center
(Guangzhou, China) and were housed at a 12-h light/12-h dark cycle. To test the
effects of CR in combination with LZD extracts, hereby denoted as CR + LZD
treatment, 8-wk old male C57BL/6 mice were treated with a 3-d treatment cycle,
which includes 24 h-fasting and LZD extracts gavage for 2 consecutive days, and fed
with ND (Research Diet, United States) ad libitum for 16 wk. Control mice did not
undergo 24 h-fasting and were given saline gavage instead of LZD extracts gavage. To
test the effects of gut microbiota on diet-induced obesity, 8-wk old male C57BL/6
mice received FMT from CR + LZD treated mice every 3 d and were fed with HFD
(60% kcal fat, Research Diet) ad libitum for 16 wk. Control mice received either saline
gavage or FMT from ND-fed mice receiving saline gavage as above-mentioned.
Experimental schemes are summarized in Figure 1. Body weight was monitored biweekly. Food consumption of each cage hosting five mice was recorded weekly. To
monitor blood glucose, TC, and triglycerides, blood samples were collected via
submandibular bleeding after 6 h fasting. Experimental procedures were approved by
the local animal ethnic committee (2018-057) and met the requirements of National
Institutes of Health guide for the care and use of laboratory animals.

Feces collection and FMT
To collect feces, mice were housed individually in regular cages without any padding
for 1-2 h, and feces were collected manually and chilled immediately with ice until
use. For each group, 1 g feces was weighed, homogenized with 2.5 mL sterilized
phosphate buffered saline using a micro-tube homogenizer, and filtered with a 40 μm
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Figure 1

Figure 1 Illustration of experimental schemes. ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet; FMT: Fecal microbiota transplantation.

cell strainer (Thermo Scientific) to remove any large debris. Prepared fecal
homogenates were stored on ice and used within 2 h. For FMT, 200 μL fecal
homogenates were given to mice by oral gavage every 3 d.

Intraperitoneal glucose tolerance test
One week prior to the end of the study, an intraperitoneal glucose tolerance test was
performed as previously described[15]. Briefly, after 16 h fasting, 2 g/kg glucose was
injected intraperitoneally to mice. Blood samples were collected from tail vain at 0, 15,
30, 60 and 120 min after glucose injection, and blood glucose levels were measured
using a glucometer (Johnson and Johnson). Glucose levels were compared at each
time point, and overall differences in glycemic control were compared using area
under the curve.

Oxygen consumption and physical activity measurement
Metabolic and physical activity of the mice were measured using an indirect opencircuit calorimeter (Oxylet, Panlab)[16]. In short, mice were housed individually in
metabolic chambers and O2 consumption, CO2 production, and physical activity were
recorded at 30 min intervals for 60 consecutive hours. For accuracy, the recorded data
from the first 12 h after the mice have been housed in the chamber were not analyzed.
Respiratory quotient (RQ) was calculated as the ratio between CO2 production and O2
consumption.

Hematoxylin and eosin staining and oil red O staining
Hematoxylin and eosin (H and E) and oil red O (ORO) staining were performed as
described previously (Ref). In short, H and E was performed on 5 μm liver sections
that were Bouin’s-fixed and paraffin-embedded. For ORO staining, which was used to
detected neutral lipids, fresh liver tissues embedded in optimal-cutting-temperature
compound were cryosectioned for 7 μm in thickness. After fixation with 4%
paraformaldehyde, sections were stained with 0.3% ORO following standard
procedures and counterstained with hematoxylin. Images were scanned using
Cytation 5 Cell Imaging Multi-mode reader (BioTek Instruments, United States).

Measurement of plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrate (BUN), and insulin levels
To measure plasma levels of ALT, AST, BUN, and insulin, blood samples were
collected after 6-h fasting, at the end of the study, and pre-cleared by centrifugation at
3000× g for 5 min. Insulin levels were measured with an ELISA kit from ALPCO
(catalog nr. 80-INSMSU-E01) according to the manufacturer’s protocol. Plasma ALT
and AST activities and BUN levels were measured using a colorimetric kit from
Biosino (China), following the manufacturer’s standard protocol.
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RNA isolation and qPCR analysis
Liver samples were homogenized with Trizol (Thermo Fisher Scientific), and total
RNA was extracted using Direct-zol RNA Miniprep kit (ZYMO Research). One
microgram of total RNA was reverse transcribed with PrimeScriptTM RT Master Mix
(TaKaRa). SYBR Green real-time quantitative PCR assays were performed on a
qTOWER apparatus (Analytic Jena) using SYBR® Premix Ex TaqTM II kit (TaKaRa). The
expression of sterol regulatory element-binding protein (SREBP)-1c, acetyl-CoA
carboxylase (ACC) α, fatty acid synthase (FASN), stearoyl-CoA desaturase (SCD) 1,
and peroxisome proliferator-activated receptor (PPAR) γ were measured. SREBP1-c is
a membrane-bound transcription factor that plays an important role in regulating
lipogenic gene expression [17] . PPARγ plays an important role in HFD-induced
upregulation of lipogenic gene expression and hepatic lipid biosynthesis[18,19]. ACC
catalyzes acetyl-CoA to form malonyl-CoA, an essential substrate for synthesizing FA
and an inhibitor of FA oxidation[20]. Thus, ACC levels are crucial in determining lipid
metabolism and overall energy metabolism[21]. FASN is a large multipeptide enzyme
whose major function is synthesizing palmitate, a long-chain saturated FA[22]. SCD1 is
a key enzyme in catalyzing the synthesis of unsaturated FA oleic acid. Primers used in
the study were as follow: ACCα (Forward: 5’-atgggcggaatggtctctttc-3’; Reverse: 5’tggggaccttgtcttcatcat-3’), PPARγ (Forward: 5’-gaaagacaacggacaaatcacc-3’; Reverse: 5’gggggtgatatgtttgaacttg-3’), SCD1 (Forward: 5’ttccctcctgcaagctctac-3’; Reverse: 5’cagagcgctggtcatgtagt-3’), SREBP-1c (Forward: 5’-ggttttgaacgacatcgaaga-3’; Reverse: 5’cgggaagtcactgtcttggt-3’), FASN (Forward: 5’-gctgctgttggaagtcagc-3’; Reverse: 5’agtgttcgttcctcggagtg-3’), and 36B4 (Forward: 5’-actggtctaggacccgagaag-3’; Reverse: 5’ctcccaccttgtctccagtc-3’).

Immunoblotting
For immunoblotting, 50 mg mouse liver samples were homogenized in RIPA buffer
(Beyotime, China) with a protease inhibitor cocktail (Roche) using a TissueLyzer
(Jingxin, China). Homogenates were precleared by centrifugation at 10000× g for 10
min at 4 °C. Protein concentrations were determined using BCA assay (Pierce). Equal
amounts of proteins (20-30 mg) were loaded and separated on 4%-12% Bis-Tris gels
(GenScript) and transferred to PVDF membranes using iBlot® 2 Dry Blotting System
(Thermo Fisher Scientific). The blots were then probed with the following antibodies:
Anti-ACC (1:1000, Cell Signaling Technology), anti-PPARγ (1:1000, Proteintech), antiSCD1 (1:500, Abcam), anti-SREBP-1c (1:1000, Proteintech), anti-FASN (1:1000,
Proteintech), anti-β-actin (1:5000, Proteintech), anti-mouse IgG (1:5000, Jackson
ImmunoResearch), anti-rabbit IgG (1:5000, Jacson ImmunoResearch), and then
detected by ClarityTM Western Substrate (Bio-Rad). Band intensities were analyzed
using ImageJ.

Hepatic lipid extraction and measurement
To measure lipid contents in the liver, Folch’s method was used to extract hepatic
lipids[23]. In short, 50 mg liver samples were homogenized using TissueLyzer (60 Hz,
30 s) in chloroform and methanol mixture (2:1) followed by adding methanol,
chloroform and ultrapure water. Extracted lipids were dried with N 2 gas and
dissolved with 200 µL PBS containing 1% Triton X-100. Cholesterol and triglycerides
were measured using colorimetric kits (Wako).

Metagenomic sequencing and analysis
Metagenomic sequencing and analysis were performed by Novagen (Beijing, China).
In short, 40 mg feces from each mouse were pooled, and DNA was extracted using an
automated DNA extractor (Chemagic360, PelkinElmer). DNA concentration was
measured using Qubit ® dsDNA Assay Kit in Qubit ® 2.0 Fluorometer (Life
Technologies, CA, United States), and DNA quality was checked using Labchip GX
Touch 24 and HT DNA extended range Labchip kit. For library construction, 1 μg
DNA per sample was used as input material. Sequencing libraries were generated
using NEBNext® Ultra™ DNA Library Prep Kit for Illumina (NEB, United States)
following the manufacturer’s recommendations. Index codes were added to attribute
sequences to each sample. Briefly, the DNA sample was fragmented by sonication to a
size of 350 bp, then DNA fragments were end-polished, A-tailed, and ligated with the
full-length adaptor for Illumina sequencing with further PCR amplification. At last,
PCR products were purified (AMPure XP system), and libraries were analyzed for
size distribution by Agilent2100 Bioanalyzer and quantified using real-time PCR.
For data processing and analysis, raw data obtained from the Illumina HiSeq
sequencing platform were first preprocessed using Readfq (version 8, ht
tps://github.com/cjfields/readfq) to acquire clean data for downstream analysis. The
criteria for processing the raw data were as follows: (1) Reads that contain low quality
bases (default quality threshold value ≤ 38) above a certain portion (default length of
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40 bp) were removed; (2) Reads in which the N base has reached a certain percentage
(default length of 10 bp) were removed; (3) Reads that shared an overlap above a
certain portion with adapter (default length of 15 bp) were removed. Obtained clean
data were further blasted to the host (mouse) database using Bowtie (version 2.2.4,
http://bowtiebio.sourceforge.net/bowtie2/index.shtml) to remove any genes that
were of host origin. To assemble metagenomes from the acquired clean data,
SOAPdenovo software (version 2.04, http://soap.genomics.org.cn/soapdenovo.html)
was used. For gene prediction and abundance analysis, MetaGeneMark (version 2.10,
http://topaz.gatech.edu/GeneMark) and CD-HIT (version 4.5.8, http://www.bioinformatics.org/cd-hit) were used. For taxonomy prediction, DIAMOND (version 0.9.9,
https://github.com/bbuchfink/diamond), NR database (version 2018-01-02,
https://www.ncbi.nlm.nih.gov), MEGAN software, R vegan package (version 2.15.3),
and LEfSe software were used. Detailed parameters used in the analysis are available
upon request.

Statistics
All values were presented as mean ± SE. For experiments with n number ≥ 8/group, a
D'Agostino-Pearson omnibus test was performed to test normality. For experiments
with a lower n number, a Kolmogorov-Smirnov test was performed for normality test.
After passing the normality test, one-way ANOVA followed by the Bonferroni test
was performed for comparison of more than two groups. A student’s t-test was used
to compare the differences between two groups. P values of < 0.05 were considered
significant. The statistical methods of this study were reviewed by Dr. Huachun Zhou
from the Department of Medical Statistics and Epidemiology, School of Public Health,
Sun Yat-Sen University.

RESULTS
CR and LZD reduces body weight of ND-fed mice
We first tested the effect of CR + LZD on ND-fed mice. To limit energy intake without
causing any detrimental effect, the mice were fasted for 24 h every 3 d, and they
received LZD by oral gavage. This treatment, in line with previous reports, reduced
body weight (Figure 2A) without affecting accumulated food intake during the 16-wk
experimental period (Figure 2B). It is likely that fasted mice consumed more food
after fasting, thus leveling up the total food intake. Likely as a consequence of
reduced body weight, blood glucose levels were also reduced approximately 20% by
CR + LZD treatment, as compared to the levels of control treated mice (Figure 2C).
Plasma levels of TG and TC were not affected by the treatment (Figure 2D and E),
likely because these mice had normal baseline plasma lipid levels. To exclude the
possibility that reduced body weight is not a result of liver injury induced by CR +
LZD treatment, we measured plasma ALT and AST activities of the mice and found
no changes in their activities and ratios (Figure 2F-H). This suggests that CR + LZD
treatment did not impair liver functions. Additionally, we found that plasma levels of
blood urea nitrogen, an indicator of renal damage, was unaltered by the treatment
(Figure 2I), suggesting that the treatment did not cause renal damage. Taken together,
these findings suggest that CR + LZD treatment is also effective in modulating
metabolism in mice without any metabolic disorders.

FMT attenuates diet-induced obesity and hepatosteatosis in C57BL/6 mice
We speculated whether FMT from CR + LZD-treated mice would provide beneficial
effects against diet-induced obesity in C57BL/6 mice. We collected feces from ND-fed
mice receiving control treatment or CR + LZD treatment and transplanted the gut
microbiota by oral gavage of fecal homogenates. Intriguingly, FMT from CR + LZDtreated mice attenuated HFD-induced body weight gain in C57BL/6 mice (Figure 3A).
In accordance with reduced body weight, HFD-induced increase in blood glucose
levels was also attenuated by FMT from CR + LZD-treated mice (Figure 3B).
However, plasma insulin levels remained unaltered (Figure 3C), suggesting that
treatment improved insulin sensitivity. Glucose tolerance was also improved by FMT
from CR + LZD-treated mice, but not from control mice (Figure 3D). Similar to the
effects in ND-fed mice, FMT from CR + LZD-treated mice lowered plasma TG and TC
levels (Figure 3E and F). However, reduced plasma lipid levels could be caused by
reduced hepatic lipid output, which could in turn cause lipid accumulation in the
liver. To exclude this possibility, we examined hepatic lipid content by ORO staining.
Strikingly, hepatic lipid staining was also reduced by FMT (Figure 3G). We further
extracted lipid contents from the liver. When we measured lipid levels, we found that
in line with ORO staining, hepatic TG and TC levels were both reduced in mice that
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Figure 2

Figure 2 Caloric restriction and Lingguizhugan decoction treatment reduces body weight and blood glucose levels in normal diet-fed C57BL/6J mice.
Eight-week-old male C57BL/6J mice received control treatment (pink) or caloric restriction and Lingguizhugan decoction (CR + LZD) (green) for 16 wk; n = 10 per
group. A: Body weight was monitored biweekly during the study period, and each point and error represents the mean ± standard error; B: Accumulated food intake
during experimental period; C: Fasting blood glucose levels were measured on weeks 0 and 16; D: Plasma total cholesterol levels; E: Plasma total triglyceride levels;
F-H: Plasma alanine transaminase (ALT) and aspartate transaminase (AST) activity, and AST/ALT ratio; I: Plasma blood urea nitrogen levels. Data were evaluated for
statistical significance by student’s t-test and are represented as follows: aP < 0.05 CR + LZD treatment vs Control treatment. CR: Caloric restriction; LZD:
Lingguizhugan decoction; AST: Aspartate transaminase; ALT: Alanine transaminase; BUN: Blood urea nitrogen.

received FMT from CR + LZD-treated ND-fed mice (Figure 3H and I). These findings
suggest that FMT either promoted lipid oxidation or inhibited lipid biosynthesis to
reduce plasma and hepatic lipid levels. To gain a better understanding, we measured
oxygen consumption rate (OCR) and physical activity of the mice. FMT from mice
treated with CR + LZD, but not from control mice, drastically increased OCR (Figure
3J and K) without affecting physical activity (Figure 3L), suggesting that these mice
were more active in metabolism. Additionally, RQ, a reflector for fuels being oxidized,
was reduced by FMT (Figure 3M), implying that FA oxidation is likely increased.
Taken together, these findings imply that FMT from CR + LZD-treated mice promotes
lipid oxidation, thus reducing body weight and hepatic lipid contents.

FMT suppresses lipid biosynthesis in the liver
It is unclear whether FMT reduced hepatic lipid levels solely by increasing lipid
oxidation. Thus, we measured the hepatic expression of key genes involved in lipid
biosynthesis. We found that HFD increased expression of SREBP-1c, ACCα, FASN,
SCD1, and PPARγ in the liver[24], as compared to the expression levels in the liver of
ND-fed mice (Figure 4A-E). Thus, increased expression of these lipogenic genes
explains the increases in lipid deposition in the liver and adipose tissues. Intriguingly,
FMT from CR + LZD-treated mice, but not from control mice, reduced hepatic
expression of these lipogenic genes (Figure 4A-E). Furthermore, we measured protein
abundance of these key factors by immunoblotting. In line with gene expression
profiles, SREBP-1c, ACCα, FASN, SCD-1 and PPARγ proteins were all reduced by
FMT (Figure 4F and G). Taken together, these data suggest that FMT also suppresses
lipid biosynthesis in the liver, further explaining the observation that hepatic lipid
content was reduced by FMT.

FMT alters the profile of gut microbiota
To gain a better understanding of FMT-induced changes in metabolic profiles, we
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Figure 3

Figure 3 Fecal microbiota transplantation from caloric restriction and Lingguizhugan decoction-treated normal diet-fed mice into high-fat diet-fed
C57BL/6J mice attenuates diet-induced obesity and hepatosteatosis. Eight-week-old male C57BL/6J mice received saline gavage (denoted as Saline, pink),
feces gavage from normal diet (ND)-fed control mice [denoted as fecal microbiota transplantation (FMT) control, green], or feces gavage from ND-fed mice receiving
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caloric restriction and Lingguizhugan decoction (CR + LZD) treatment (denoted as FMT LZD, blue) for 16 wk, and fed with HFD; n = 10 per group. A: Body weight was
monitored biweekly during the experimental period, and each point and error represents the mean ± standard error; B: Fasting blood glucose levels were measured
on weeks 0, 8 and 16; C: Plasma insulin levels were measured on weeks 0 and 16; D: Intraperitoneal glucose tolerance test was performed 1 wk prior to the end of
the study. Glucose levels at each time point were compared by one-way ANOVA, and small letters indicate significant differences between FMT control and FMT LZD.
Area under the curve was used to compare the overall differences between groups; E and F: Plasma total cholesterol (TC) and total triglycerides (TG) levels,
respectively; G: Representative images of oil red O staining and hematoxylin and eosin staining of the liver (scale bar = 200 μm); H: Total cholesterol levels; I:
Triglyceride levels; FMT control vs FMT LZD; J: Oxygen consumption of total test period, during the night, and during the day; K: Average oxygen consumption of total
test period, during the night, and during the day; L: 24 h average physical activity; M: Respiratory quotient and of saline-treated, FMT control, and FMT LZD-treated
mice were monitored with a metabolic monitoring system 3 d prior to death; n = 3 per group. Data were evaluated for statistical significance by one-way ANOVA and
are represented as follows: aP < 0.05, bP < 0.01 FMT LZD vs Saline; cP < 0.05, dP < 0.01 FMT LZD vs FMT control. ND: Normal diet; LZD: Lingguizhigan decoction;
HFD: High-fat diet; FMT: Fecal microbiota transplantation; AUC: Area under the curve; TC: Cholesterol; TG: Triglycerides; OCR: Oxygen consumption rate; ORO: Oil
red O staining; HE: Hematoxylin and eosin staining.

mapped the gut microbiota by metagenome sequencing. Gut microbiota profile of the
mice fed an ND was completely different from that of mice fed an HFD (Figures 5-8).
At the phylum level, Fibrobacteres, Spirochaetes, Fusobacteria, Firmicutes, Actinobacteria,
Chlorobi, Candidatus, Cloacimonets, Elusimicrobia, and Candidatus Shapirobacteria were
abundantly detected in the feces of ND-fed mice, while they were less abundantly
detected in the feces of HFD-fed mice (Figure 5). FMT from CR + LZD-treated mice
into HFD-fed mice increased the abundance of the phyla Fusobacteria, Actinobacteria,
Elusimicrobia and Candidatus Shapirobacteria, suggesting that alterations in gut
microbiota induced by HFD were partially reversed by FMT. Additionally, the
abundance of the phyla Thermotogae, Chlamydiae, Aquificae, Candidatus Melainabacteria,
Euryarchaeota, Tenericutes, Candidatus Yanofskybacteria, and Candidatus Nealsonbacteria
was increased by FMT from CR + LZD-treated mice (Figure 5). At the family level,
FMT from CR + LZD-treated mice into HFD-fed mice increased the abundance of
Siphoviridae, Rikenellaceae, Odoribacteraceae, Oscillospiraceae, Chlamydiaceae, Clostridiales
Family XIII, Incertae Sedis, Clostridiceae, Tannerellaceae and Bcillaceae compared to NDfed control mice and HFD-fed mice receiving saline gavage (Figure 6). At the genus
level, FMT from CR + LZD-treated mice into HFD-fed mice strongly increased the
abundance of Rumiococcus, Proteus, Parabacteroides, Oscillibacter, Phascolarctobacterium,
Alistipes, Desulfovibrio, and Clostridium (Figure 7). At the species level, FMT from CR +
LZD-treated mice into HFD-fed mice increased the abundance of Alistipes finegoldii,
Alistipes puredinis, Bacteroides coprophilus, Clostridium sp. CAG: 389, Clostridium sp.
CAG: 343, Phascolarctobacterium sp. CAG: 207, and uncultured Ruminococcus sp.
(Figure 8).

DISCUSSION
Regular or prolonged CR is effective in treating metabolic disorders, such as obesity,
diabetes, hypertension and hyperlipidemia[25,26]. CR + LZD treatment can effectively
lower plasma TC and TG levels in patients with MetS [7] . Similarly, CR + LZD
attenuates HFD-induced obesity and hyperlipidemia in rats [ 2 7 ] . Despite its
effectiveness, little is known about its underlying mechanism. In the current study, we
demonstrated that CR + LZD treatment is also capable of lowering blood glucose
levels and body weight in ND-fed C57BL/6 mice. Yet, it is not clear how LZD reduces
body weight. Perhaps, as illustrated in HFD-fed mice receiving FMT of CR + LZD
treated mice, CR + LZD may increase OCR of the mice by promoting FA oxidation.
However, unlike previous findings, plasma TC and TG levels were not affected by the
treatment. It is possible that CR + LZD treatment only attenuates dyslipidemia
induced by excessive fat intake because under ND feeding, C57BL/6 mice have
normal plasma lipid levels. This implies that CR + LZD treatment is more likely
correcting disturbed lipid metabolism rather than directly modulating plasma lipid
metabolism. We found that the gut microbiota profile of C57BL/6 mice is drastically
changed by HFD feeding. Recent studies have highlighted the importance of gut
microbiota in the development of metabolic diseases, such as obesity and diabetes. It
is thus possible that CR + LZD can modulate gut microbiota to improve metabolism.
Indeed, we found that FMT from CR + LZD-treated mice attenuated HFD-induced
obesity, hyperglycemia, and hepatosteatosis. FMT improves metabolic parameters to
a similar degree as those achieved by CR + LZD treatment in HFD-fed rats [27] ,
highlighting that the gut microbiota is the primary, if not the only, target of CR and
LZD in modulating metabolism. Recent studies have also revealed that traditionally
used herbal medicines, such as Ganoderma lucidum and Hirsutella sinensis, exert their
effects by modulating gut microbiota[28,29]. These findings, including ours, present a
new aspect in understanding the pharmacological effects of herbal plants. Yet, it is
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Figure 4

Figure 4 Fecal microbiota transplantation from caloric restriction and Lingguizhugan decoction-treated normal diet-fed mice into high-fat diet-fed
C57BL/6J mice reduces expression level and protein abundance of lipogenic genes. Total RNA was isolated from liver samples from saline-treated mice (pink),
fecal microbiota transplantation (FMT) control mice (green), and FMT Lingguizhigan decoction (LZD)-treated mice (blue). A-E: Gene expression was analyzed and
normalized to 36B4 expression in the same sample; n = 10 per group; F: Representative blot of liver samples; G: Protein abundance of sterol regulatory elementbinding protein 1c, peroxisome proliferator-activated receptor γ, fatty acid synthase, stearoyl-CoA desaturase 1, and acetyl-CoA carboxylase α/β was quantified and
normalized to β-actin levels in the same lysate; n = 9 per group. Data were evaluated for statistical significance by one-way ANOVA and are represented as follows: aP
< 0.05, bP < 0.01 vs normal diet control with Saline; cP < 0.05, dP < 0.01 FMT LZD vs FMT control. ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet;
FMT: Fecal microbiota transplantation; SREBP: Sterol regulatory element-binding protein; ACC: Acetyl-CoA carboxylase; FASN: Fatty acid synthase; SCD: StearoylCoA desaturase; PPAR: Peroxisome proliferator-activated receptor.

still not clear how these herbal medicines affect the composition of gut microbiota. It
is possible that components of the medical plants inhibit the growth of certain bacteria
while promoting the growth of others. Extract of Glycyrrhiza glabra has been shown to
inhibit the growth of Salmonella, Shigella and enterotoxigenic Escherichia coli in vivo[30].
It is worth noting that Radix Glycyrrhizae, a component of LZD, contains dried roots
and rhizomes of Glycyrrhiza glabra. Another possibility is that the components of the
medical plants can be transformed into other metabolites that facilitate the growth of
certain types of microbes or directly affect the metabolism of the host, as reviewed
elsewhere[31,32].
It must be noted that the gut microbiota profile of CR + LZD-treated and ND-fed
mice did not overlap with that of HFD-fed mice that received FMT. The exact reason
for this is not clear. Possibly, the most abundant microbes present in the donor feces
did not necessarily well inhabit the gut of the recipient mice. Recent studies have
reported that HFD increases the abundance of the phyla Firmicutes and Proteobacteria and decreases the abundance of Bacteroidetes[33,34]. In the current study, we
found that HFD decreased the abundance of phyla Firmicutes and Bacteroidetes, but
increased the abundance of Proteobacteria, differing with previous report. It is possible
that the origin of the mice and the housing environment may have had an impact on
the gut microbiota profile. Yet, we found that FMT from CR + LZD-treated mice
increased the abundance of species Alistipes finegoldii, Alistipes putredinis and
Bacteroides coprophilus, which belong to the phyla Bacteroidetes. Of note, a decreased
abundance of Bacteroides coprophilus has been reported in MetS patients[35]. Alistipes
putredinis has recently been identified as a butyrate producer in the gut[36]. Butyrate is
a short-chain FA and plays an important role in maintaining colon health. The main
butyrate-producing bacteria are within the Firmicutes phylum, but members of the
Actinobacteria, Bacteroidetes, Fusobacteria, Proteobacteria, Spirochaetes and Thermotogae
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Figure 5

Figure 5 Relative abundance of gut microbes at phylum level. ND. Saline: Mice fed with normal diet (ND) and
given saline gavage; ND. CR + LZD: Mice fed with ND on caloric restriction (CR) and Lingguizhigan decoction (LZD)
treatment; HFD. Saline: Mice fed high-fat diet (HFD) and given saline gavage; HFD. FMT control: Mice fed HFD and
given fecal microbiota transplantation (FMT) from ND. Saline mice; HFD. FMT CR + LZD: Mice fed HFD and given
FMT from ND. CR + LZD mice; ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet; FMT: Fecal
microbiota transplantation; CR: Caloric restriction.

phyla also have butyrate-synthesis pathways[36]. It is worth noting that FMT from mice
treated with CR + LZD strongly increased the abundance of Thermotogae. Dietary
butyrate supplementation can attenuate diet-induced obesity, insulin resistance, and
hyperlipidemia in mice by activating mitochondrial functions [37,38] . Additionally,
butyrate is also capable of reducing lipid secretion and lipoprotein biosynthesis in
hepatic cells[39]. Interestingly, butyrate also increases OCR of epithelial cells[40]. Taken
together, FMT from CR + LZD-treated mice could increase FA oxidation and limit
lipid biosynthesis by increasing the abundance of butyrate-producing bacteria in the
gut. In conclusion, we report that CR in combination with LZD attenuates dietinduced obesity and hepatosteatosis by modulating the gut microbiota.
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Figure 6

Figure 6 Relative abundance of gut microbiota at the family level. ND. Saline: Mice fed normal diet (ND) and
given saline gavage; ND. CR + LZD: Mice fed ND and given caloric restriction (CR) and Lingguizhigan decoction
(LZD) treatment; HFD. Saline: Mice fed high-fat diet (HFD) and given saline gavage; HFD. FMT control: Mice fed HFD
and given fecal microbiota transplantation (FMT) from ND. Saline mice; HFD. FMT CR + LZD: Mice fed HFD and
given FMT from ND. CR + LZD mice; ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet; FMT: Fecal
microbiota transplantation; CR: Caloric restriction.
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Figure 7

Figure 7 Relative abundance of gut microbiota at the genus level. ND. Saline: Mice fed normal diet (ND) and given saline gavage; ND. CR + LZD: Mice fed ND
and given caloric restriction (CR) and Lingguizhigan decoction (LZD) treatment; HFD. Saline: Mice fed high-fat diet (HFD) and given saline gavage; HFD. FMT control:
Mice fed HFD and given fecal microbiota transplantation (FMT) from ND. Saline mice; HFD. FMT CR + LZD: Mice fed HFD and given FMT from ND. CR + LZD mice;
ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet; FMT: Fecal microbiota transplantation; CR: Caloric restriction.
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Figure 8

Figure 8 Relative abundance of gut microbiota at species level. ND. Saline: Mice fed a normal diet (ND) and given a saline gavage; ND. CR + LZD: Mice fed ND
and given caloric restriction (CR) and Lingguizhigan decoction (LZD) treatment; HFD. Saline: Mice fed high-fat diet (HFD) and given saline gavage; HFD. FMT control:
Mice fed HFD and given fecal microbiota transplantation (FMT) from ND. Saline mice; HFD. FMT CR + LZD: Mice fed HFD and given FMT from ND. CR + LZD mice;
ND: Normal diet; LZD: Lingguizhigan decoction; HFD: High-fat diet; FMT: Fecal microbiota transplantation; CR: Caloric restriction.

ARTICLE HIGHLIGHTS
Research background
Lingguizhugan decoction (LZD) in combination with food restriction is widely used in clinical
practice to treat patients with metabolic disorders, such as obesity, diabetes, high plasma lipid
levels, and non-alcoholic fatty liver disease. Despite its wide application and effectiveness, little
is known about its mechanism.

Research motivation
Although it is well accepted to use LZD in clinic to treat patients with metabolic disorders,
lacking the knowledge on its mechanism has limited its use. Clarifying the pharmacological
mechanism will provide scientific evidence for its clinic usage. Recent studies have revealed that
traditional Chinese herbal medicines exert their effects by modulating gut microbiota, which has
been previously unrecognized.

Research objectives
To investigate whether LZD combined with food restriction improves metabolic parameters via
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modulating gut microbiota.

Research methods
To answer this question, we administered LZD gavage in addition to food restriction to mice fed
a normal diet, and monitored body weight, blood glucose, and plasma lipid levels. At the same
time, we collected the feces of these mice and homogenized with saline. We gave these fecal
homogenates, which contain microbes, to mice fed a high fat diet. As high fat diet increases body
weight, it causes increases in plasma lipid levels and blood glucose levels and induces abnormal
lipid accumulation in the liver. Thus, we studied the effects of giving fecal homogenates from
LZD treated and food-restricted mice on diet-induced metabolic abnormalities.

Research results
We found that LZD together with food restriction slightly reduced body weight and blood
glucose levels but did not affect plasma lipid levels. However, giving the fecal homogenates
collected from LZD and food-restricted mice greatly reduced body weight, plasma lipid levels,
hepatic lipid contents, and blood glucose levels of mice on a high-fat-diet. We also found that
giving the mice fecal homogenates significantly promoted fat oxidation and inhibited fat
synthesis. Using DNA sequencing techniques, we found that LZD together with food restriction
significantly changed the composition of bacteria in the gut.

Research conclusions
We found that a widely used traditional Chinese medicine can change the bacteria composition
of the gut. Transferring these gut bacteria into high-fat-diet fed mice can reduce diet-induced
increase in blood glucose, plasma lipid levels, hepatic lipid contents and body weight gain. Thus,
gut microbes are the most likely primary target of LZD and food restriction treatment.

Research perspectives
Our study highlights the possibility of using bacteria to treat metabolic disorders such as obesity
in the future. Using metagenomics, metatranscriptomic sequencing, and fecal metabolomics, it is
possible to identify the most important bacteria and metabolites underlying the treatment of
LZD and food restriction. This will make it possible to culture the identified bacteria in vivo and
treat them with LZD extracts. Then giving the patients with such cultured and treated bacteria
would provide similar effects as LZD treatment, thus reducing any potential toxic effects of the
herbal medicine.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) represents the sixteenth most frequent cancer in
Argentina. The rise of new therapeutic modalities in intermediate-advanced HCC
opens up a new paradigm for the treatment of HCC.
AIM
To describe real-life treatments performed in patients with intermediateadvanced HCC before the approval of new systemic options.
METHODS
This longitudinal observational cohort study was conducted between 2009 and
2016 in 14 different regional hospitals from Argentina. Included subjects had
intermediate-advanced Barcelona Clinic Liver Cancer (BCLC) HCC stages (BCLC
B to D). Primary end point analyzed was survival, which was assessed for each
BCLC stage from the date of treatment until last patient follow-up or death.
Kaplan Meier survival curves and Cox regression analysis were performed, with
hazard ratios (HR) calculations and 95% confidence intervals (95%CI).
RESULTS
From 327 HCC patients, 41% were BCLC stage B, 20% stage C and 39% stage D.
Corresponding median survival were 15 mo (IQR 5-26 mo), 5 mo (IQR 2-13 mo)
and 3 mo (IQR 1-13 mo) (P < 0.0001), respectively. Among BCLC-B patients (n =
135), 57% received TACE with a median number of 2 sessions (IQR 1-3 sessions).
Survival was significantly better in BCLC-B patients treated with TACE HR =
0.29 (CI: 0.21-0.40) than those without TACE. After tumor reassessment by
RECIST 1.1 criteria following the first TACE, patients with complete response
achieved longer survival [HR = 0.15 (CI: 0.04-0.56, P = 0.005)]. Eighty-two
patients were treated with sorafenib, mostly BCLC-B and C (87.8%). However,
12.2% were BCLC-D. Median survival with sorafenib was 4.5 mo (IQR 2.3-11.7
mo); which was lower among BCLC-D patients 3.2 mo (IQR 2.0-14.1 mo). A total
of 36 BCLC-B patients presented tumor progression after TACE. In these patients,
treatment with sorafenib presented better survival when compared to those
patients who received sorafenib without prior TACE [HR = 0.26 (CI: 0.09-0.71); P
= 0.013].
CONCLUSION
In this real setting, our results were lower than expected. This highlights unmet
needs in Argentina, prior to the introduction of new treatments for HCC.

STROBE statement: All procedures
followed were in accordance with
the Strengthening the Reporting of
Observational Studies in
Epidemiology (STROBE)
guidelines.
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Core tip: Trans-arterial chemoembolization and systemic treatment with sorafenib or
lenvatinib are the standards of treatment for patients with intermediate and advanced
stage hepatocellular carcinoma (HCC). The rise of new current therapeutic modalities
such as radioembolization, the combination of antiangiogenic agents with locoregional
therapies and other first and second line systemic options, open up a new paradigm for
the treatment of HCC. In this dual cohort study, we describe the treatments performed in
the real life setting before the approval of these new systemic options. Our real-data
outcomes, lower than expected, highlight unmet needs and improvement areas in the
daily practice prior to the introduction of new treatments for HCC.
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INTRODUCTION
According to the latest estimates made by the International Agency for Research on
Cancer [IARC (http://gco.iarc.fr)] for the year 2018, Argentina has an incidence rate
of 212 cases per 100000 inhabitants[1]. This figure places it within the countries of the
world with medium-high incidence of cancer (range 177 to 245.6 per 100000
inhabitants) and in seventh place in Latin America. Although liver cancer or hepatocellular carcinoma (HCC) is currently the 5th most common cancer and the 2nd cause
of death from cancer worldwide, in Argentina represents the sixteenth most frequent
cancer (www.argentina.gob.ar/salud/instituto-nacional-del-cancer)[1].
Given that in more than 90% of the cases this tumor develops in patients with
cirrhosis or chronic infection with hepatitis B or C virus, the diagnostic, staging and
therapeutic management in our country is mainly done by hepatologists or hepatobiliary surgeons, rather than clinical oncologists[2].
Transarterial chemoembolization (TACE) and systemic treatment with sorafenib or
lenvatinib are the standard treatments for patients with intermediate and advanced
stage HCC[3-5]. The rise of new therapeutic modalities such as radioembolization, the
combination of antiangiogenic agents with locoregional therapies and other first and
second line systemic options, open up a new paradigm for the treatment of HCC.
In this dual cohort study, we aimed to describe treatments performed in the real life
setting before the approval of these new systemic options. It is of interest to know the
real life context, in order to evaluate the therapeutic management in these patients
and gaps that should be explored more thoroughly as areas of public health improvement.

MATERIALS AND METHODS
Study design, setting and participating centers
This longitudinal observational cohort study was conducted in 14 different regional
hospitals from Argentina. Two cohorts of consecutive adult patients (> 17 years of
age) with newly diagnosed HCC were included. Between January 1 2009 and
September 1 2014, a retrospective cohort was followed-up until death or last
ambulatory visit until January 1 2016 (Cohort 1). A second prospective cohort was
included from September 2 2014, followed until January 1 2016 (Cohort 2). Participating centers appointed a study coordinator responsible for data collection. Sites
were instructed to enroll all eligible patients on a sequential basis and to record data
from medical charts into a web-based electronic system. In cases of conflicting or
missing data, central revision and resubmission was requested.

Cohort characteristics and study variables
Patients with intermediate (BCLC-B) or advanced-end stage (BCLC C-D) HCC were
included[6,7]. Criteria for inclusion required patients to be adult recipients with newly
diagnosed HCC either by pathological criteria or imaging evaluation as recommended by international Western guidelines[6,7]. Intermediate stage or BCLC B includes
patients with preserved liver function with multifocal tumors, in the absence of cancer
related symptoms, vascular invasion or extrahepatic spread. In these patients the
recommended treatment is TACE. Advanced-stage HCC (BCLC C) comprises patients
with preserved liver function, good performance status or ECOG 1-2, with
extrahepatic spread (lymph node involvement or metastases) or vascular invasion. In
this subgroup, sorafenib or lenvatinib are the recommended treatments. As lenvatinib
has been recently approved in our country (March 2019), this cohort includes patients
treated under sorafenib. Best supportive care (BSC) or symptomatic treatment is
recommended for patients with unpreserved liver function (Child Pugh C) or ECOG
> 2 or cancer related symptoms[8]. Patients were excluded if (1) clinical baseline data
was missing; (2) BCLC stage was either 0 or A; and (3) patients with BCLC-B-D who
underwent liver transplantation.
Baseline characteristics at HCC diagnosis included patients demographics,
performance status (ECOG grade 0-4), grade of liver fibrosis (I-IV) assessed by liver
biopsy or elastography or other non-invasive measurements or by clinical data
(including imaging data, presence of gastro-esophageal varices or ascites or splenomegaly > 120 mm diameter, or other complications related to portal hypertension),
Child Pugh score; selected laboratory variables, serum alpha-fetoprotein (AFP) levels
and tumor characteristics at diagnosis, as well as treatments performed. Computed
tomography (CT) or magnetic resonance images (MRI) were evaluated considering
tumor number and diameter, vascular invasion and extrahepatic or lymph node
metastasis.
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Tumor treatment after HCC diagnosis was reviewed, namely: Liver resection (LR),
radiofrequency ablation (RFA), percutaneous ethanol injection (PEI), trans-arterial
chemoembolization (TACE), trans-arterial radioembolization (TARE), sorafenib and
best supportive care (BSC). Each treatment was discussed at each center on a case-bycase basis. Imaging tumor reassessment after treatments were done according to
RECIST 1.1 criteria as recommended by international Western guidelines[6,7].

Study end-points
Primary end point analyzed was survival, which was assessed for each BCLC stage
from the date of treatment until last patient follow-up or death. Secondary objectives
were to (1) describe treatments performed in each BCLC stage; (2) to evaluate the
sequential treatment of TACE-sorafenib in BCLC-B patients; and (3) to evaluate
adverse events and tolerability of sorafenib in the daily practice.
All procedures followed were in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement[9]. This study was
approved by the Austral University School of Medicine and by each center; complied
with the ethical standards (institutional and national) and with Helsinki Declaration
of 1975, as revised in 2008.

Statistical analysis
Statistical significance is expressed as P < 0.05. Categorical data were compared using
Fisher’s exact test or Chi-Square test. Continuous variables were compared with
Student’s T test or Mann-Whitney U test according to their distribution, respectively.
Multiple comparisons for continuous data were done according to its distribution
with ANOVA or Kruskal Wallis tests as appropriate. Dummies for ordinal variables
were assessed. For survival analysis, Cox regression analysis estimating hazard ratios
(HR) and 95%CI for baseline variables related with mortality was performed.
Proportional hazards through graphic and statistical evaluation (Schoenfeld residual
test) were done. Kaplan Meier survival curves were compared using the log-rank test
(Mantel-Cox) Collected data was analyzed using STATA 13.0.

RESULTS
From a total of 721 consecutive adult patients with HCC during the study period, 327
patients with newly diagnosed intermediate and advanced HCC were included.
Patients who received a liver transplant in BCLC-B (n = 16), BCLC-C (n = 2) and
BCLC-D (n = 28) were excluded.
Table 1 describes the main baseline patient characteristics. Overall, 41.3% of the
patients were in BCLC stage B (n = 135), 19.9% in stage C (n = 65) and 38.8% in stage
D (n = 127). Treatments performed during the whole follow-up period were LR (n =
36), RFA or PEI (n = 19), TACE (n = 126), TARE (n = 6), sorafenib (n = 82) and BSC (n =
146).
Outcomes were assessed in all patients during follow-up with a median survival of
12.0 mo (IQR 4.0-27.0 mo). Corresponding median survival for BCLC stages were as
follows: stage B 15 mo (IQR 5-26 mo), stage C 5 mo (IQR 2-13 mo) and stage D 3 mo
(IQR 1-13 mo)(Figure 1).

Characteristics and management of patients treated with TACE
TACE was performed in 126 patients (38.5%); 77 were BCLC-B, 22 were BCLC-C and
27 patients were BCLC-D. According to the type of endovascular treatment, 43.6% of
the patients were treated with conventional TACE (cTACE), 45.2% with TACE with
drug eluting beads (TACE-DCbeads) and 11.2% with transarterial embolization
(TAE).
Among BCLC-B patients (n = 135), 57% received TACE (n = 77) whereas 43% did
not (Table 2). Median number of TACEs sessions was 2 (IQR 1-3 sessions); 40%, 26%
and 34% of these patients received 1, 2 and 3 or more sessions, respectively. Other
treatments than TACE were performed in BCLC-B patients, as follows: RFA or PEI in
7 patients, liver resection in 21 patients, sorafenib in 15 patients and BSC in 5 patients.
Of the 22 BCLC-C patients who were treated with TACE, 13 had non-main portal
trunk vascular invasion and 12 patients had extrahepatic disease (lymph node
metastasis in 5, bone metastasis in 3 and 4 patients with lung involvement). Sorafenib
was the following treatment performed in 7 patients. Among BCLC-D, 27 patients
received TACE, 19 were Child Pugh C, 10 patients presented performance status
ECOG 3-4, 2 patients presented non-main portal trunk vascular invasion and 1 had
extrahepatic disease (lymph node metastasis). Best supportive care following TACE
was done in all patients except for 1 who received sorafenib in this latter group.
Survival was significantly better in BCLC-B patients treated with TACE HR 0.29
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Table 1 Patients’ baseline characteristics
Variable

Values

Age, yr (± SD)

63 ± 10

Male gender, n (%)

265 (81.3)

Non-cirrhotic liver, n (%)

41 (12.5)

Child Pugh A/B/C, n (%)

137 (42)/98 (30)/92 (28)

Etiology of liver disease, n (%)
Hepatitis C virus

99 (30.3)

Alcohol

77 (23.5)

NASH

35 (10.7)

Cryptogenic

37 (11.3)

Hepatitis B virus

22 (6.7)

1

Cholestatic

4 (1.2)

Autoimmune

-

Hemochromatosis

6 (1.8)

Miscellaneous

36 (11.0)

Comorbidities, n (%)

141 (43.1)

Diabetes mellitus, n (%)

84 (25.7)

Ascites, n (%)
Mild

76 (23.3)

Moderate-severe

77 (23.5)

Encephalopathy, n (%)
Grade I-II

78 (23.8)

Grade III-IV

6 (1.8)

CSPH, n (%)

212 (64.8)

ECOG 0-2, n (%)

262 (80.1)

1

Cholestatic: Primary Biliary Cholangitis, Primary and Secondary Sclerosing Cholangitis. NASH: Nonalcoholic steatohepatitis; CSPH: Clinically significant portal hypertension defined as presence of at least one
of the following: Ascites, gastroaesophaguel varices or hepatic encephalopathy.

(CI: 0.21-0.40) with a median survival of 15 mo (IQR 7-25 mo), when compared with
BCLC-B without TACE and BCLC-C or D patients treated with TACE (Figure 2A).
According to tumor reassessment after the first TACE, patients with complete
response (CR) achieved a better overall survival with a HR of 0.15 (CI: 0.04-0.56. P =
0.005) (Figure 2B).

Characteristics and management of patients treated with sorafenib
Table 3 describes baseline patient characteristic treated with sorafenib (n = 82). Of
these, 43.9% were BCLC-B, 43.9% BCLC-C and 12.2% BCLC-D. Among BCLC-B, 15
were TACE naïve and 21 received a median number of 3 TACE sessions (IQR 2-4
sessions) until disease progression (n = 7) or no response (n = 14). Among BCLC-C
patients (n = 65), 55.4% were treated with sorafenib, 21 received BSC and 8 patients
received other treatments (4 patients TACE, 1 TARE and patients 3 LR).
Median sorafenib treatment duration was 4.0 mo (IQR 2-11 mo). The most frequent
sorafenib starting dose was 400 mg/d in 41% of the patients, followed by 800 mg/d in
32%. During follow-up, 55% of the patients achieved 800 mg full-dose of treatment,
35.4% had dose reductions (n = 29) of which in 21 patients dose-reduction were
associated with drug-related adverse events. Most frequent adverse events (AEs) were
fatigue (n = 27), diarrhea (n = 16), dermatologic events (n = 5), hand-foot-skin reaction
(n = 3), and hypertension (n = 1). Permanent treatment discontinuation was observed
in 12.2% of the patients secondary to treatment AEs (n = 10), tumor progression in
26.8%, (n = 22) and death in the rest of the patients. In 37 out of 82 patients in which
radiologic evaluation after sorafenib initiation was performed, complete and partial
responses were observed in 1.2% (n = 1) and 2.4% (n = 2), respectively. In these
subgroup, median time to progression since sorafenib initiation was 7.3 mo (IQR 2.110.7 mo).
Corresponding median survival in all patients treated with sorafenib was 4.5 mo
(IQR 2.3-11.7 mo); 5.2 mo (IQR 3.7-12.6 mo) in BCLC-B, 3.8 mo (IQR 1.9-9.9 mo) in
BCLC-C and 3.2 mo (IQR 2.0-14.1 mo) in BCLC-D (Figure 3). When comparing BCLC-
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Figure 1

Figure 1 Cumulative survival stratified by Barcelona Clinic Liver Cancer staging in the overall cohort. BCLC: Barcelona clinic liver cancer.

B and C vs BCLC-D treated patients, although it did not reach statistical significance, a
better survival curve was observed in BCLC-B/C patients with a HR of 0.63 (CI: 0.311.27; P = 0.19).

Sequential treatment with Sorafenib after TACE and impact on survival
Imaging evaluation after the first TACE in BCLC-B patients was registered in 64 out
of 77 patients in median time from TACE to evaluation of 5 wk (IQR 4-6 wk).
According to RECIST 1.1 criteria tumor response was as follows: partial response in
62.5% (n = 40), stable disease 15.6% (n = 10), complete response in 12.5% (n = 8), and
disease progression in 9.3% (n = 6). Thus, overall objective response (ORR) and
disease control rates (DCR) were 75% and 90.7% after first TACE, respectively.
In BCLC-B patients treated with sorafenib after progression (n = 36), the sequential
treatment of sorafenib following TACE presented better survival when compared to
those patients who received sorafenib without prior treatment with TACE [HR = 0.26
(CI: 0.09-0.71); P = 0.013] (Figure 4). Median number of TACEs in these patients prior
to systemic treatment was 3 sessions (IQR 2-4 sessions). Among those patients not
treated with TACE prior to sorafenib initiation, prior treatments were RFA/PEI (n =
4) and LR (n = 5).

DISCUSSION
This is the first observational study of treatments performed in the real life setting
from Argentina in patients with intermediate to advanced stage HCC and one of the
only ones to report post-treatment survival in Latin America. Knowing the real life
treatment patterns is of interest to highlight unmet needs in the daily practice prior to
the introduction of new treatments for HCC.
In this cohort we observed that in the majority of patients in intermediate stage, the
most frequent treatment in daily practice was TACE. The effect on survival was
beneficial in these patients in particular when treatment was established in accordance with Western clinical practice recommendations [ 6 , 7 ] . In patients with
unpreserved liver function or BCLC-C, TACE was performed in a smaller proportion
with heterogeneous effect on survival. On the other hand, those patients in BCLC-B
stage with complete tumor response after TACE showed a better survival. Likewise, a
non-negligible proportion of BCLC-B patients started sorafenib in the absence of prior
TACE as a decision of “treatment stage migration”[10]. In the era of sequential treatment
recommendation, in those BCLC-B patients with tumor progression after TACE[11], a
better survival with sorafenib was observed with respect to those patients without
prior TACE.
Knowing the therapeutic decisions in the daily practice is important because it
reflects the gaps between interventional studies evaluating efficacy in ideal situations
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Table 2 Stratified analysis comparing transarterial chemoembolization treatment in barcelona clinic liver cancer stage B
Variable

BCLC stage B overall (n = BCLC stage B with TACE BCLC stage B without
135)
(n = 77)
TACE (n = 58)

P value

Age, yr (± SD)

65 ± 10

65 ± 8

65 ± 11

0.86

Male gender, n (%)

111 (82.2)

68 (88.3)

43 (74.1)

0.03

Non-cirrhotic liver, n (%)

23 (17.0)

7 (9.1)

16 (27.6)

0.006

HCV

42 (31.1)

25 (32.5)

17 (29.3)

HBV

8 (5.9)

5 (6.5)

3 (5.2)

Alcohol

29 (21.5)

21 (27.3)

8 (13.8)

Etiology, nNASH

14 (10.4)

6 (7.8)

8 (13.8)

Etiology, nOthers

42 (31.1)

20 (25.9)

22 (37.9)

Child Pugh A/B, n (%)

88 (65.2)/47 (34.8)

48 (62.3)/29 (37.7)

40 (69.0)/18 (31.0)

0.42

CSPH , n (%)

67 (49.6)

45 (58.4)

22 (37.9)

0.018

Median nº HCC nodules
(IQR)

2 (2-3)

2 (1-3)

2 (1-4)

0.39

Median largest HCC
diameter, mm, (IQR)

65 (43-100)

60 (43-88)

69.5 (45-114.5)

0.11

Bilobar involvement, n (%)

53 (39.3)

30 (39.0)

23 (39.7)

0.72

Diffuse HCC pattern, n (%)

5 (3.7)

2 (2.6)

3 (5.2)

0.72

Median AFP, ng/mL (IQR)

26.7 (4.7-248.5)

27.5 (5.1-202.85)

24.4 (4.3-285)

0.91

AFP > 200 ng/mL, n (%)

36 (27.3)

19 (25.0)

17 (30.4)

0.49

AFP > 400 ng/mL, n (%)

30 (22.7)

17 (22.4)

13 (23.2)

0.91

AFP > 1000 ng/mL, n (%)

18 (13.6)

11 (14.5)

7 (12.5)

0.74

Etiology, n (%)

0.11

1

Vascular invasion, n (%)

-

Extrahepatic disease, n (%)

-

1

Clinically significant portal hypertension defined as presence of at least one of the following: Ascites, gastro-aesophagueal varices or hepatic
encephalopathy. AFP: Alpha-feto protein; TACE: Transarterial chemoembolization; BCLC: Barcelona clinic liver cancer.

and those in the real-life setting. The BRIDGE study is an example, among others, of
how therapeutic decisions in patients with HCC are complex, demanding a fine
knowledge not only of tumor extension, but also of liver disease and its complications[12]. That is why the role of hepatologists is of utmost importance in the treatment
of these patients. In our cohort, most of the patients were screened, diagnosed and
treated by hepatologists, both in referral or local centers.
Treatment with TACE has been established as the gold standard for intermediate
stage HCC since more than 10 years ago[3,4]. Two randomized, placebo-controlled
trials have shown its survival benefit [3,4] ; results further underlined in a metaanalysis[13]. However, clinical and tumor heterogeneity, which are characteristic of
BCLC-B patients, results in a diversity of established treatments[12]. In our analysis, we
excluded BCLC-B patients who underwent transplantation, given that we considered
performing a pure analysis in this stage. The same went for BCLC-D patients. In the
original trials of TACE, a median survival was close to eighteen months[3,4,14] whereas
in more recent observational studies, median survival of forty months has been
reported[15]. In our study, median survival in BCLC-B patients treated with TACE was
fifteen months. Survival was significantly better in BCLC-B patients treated with
TACE with a 71% relative risk reduction of death when compared with BCLC-B
without TACE and BCLC-C or D patients treated with TACE. According to tumor
reassessment by RECIST 1.1 criteria after the first TACE, patients with complete
response had the highest survival benefit, as previously reported elsewhere[16].
Systemic treatment of HCC is remarkably changing given the introduction of
alternative therapies in first line such as lenvatinib[17] and second-line including
regorafenib[18], cabozantinib[19] and ramucirumab[20]. In our country, as in many others
from Latin America, approval of these new treatments usually takes between 12 and
24 mo later than other developed regions of the world. In 2009 and 2017, sorafenib
and regorafenib were approved in our country, respectively. Recently, the use of
lenvatinib has also been approved, not yet included in the daily practice. Treatment
with immunotherapy, either with nivolumab[21] or pembrolizumab[22], has not been
approved by the National Regulatory Agency in our country (ANMAT).
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Figure 2

Figure 2 Characteristics and management of patients treated with transarterial chemoembolization. A: Kaplan Meier survival curves according to Barcelona
Clinic Liver Cancer stage and treatment with/without trans-arterial chemoembolization; B: Survival according to radiological response after the first transarterial
chemoembolization (TACE) evaluated by RECIST 1.1 criteria. BCLC: Barcelona clinic liver cancer.

Argentina is a South American country with a wide extension, a great sociocultural heterogeneity with a large variety in health care systems. In many cases, the
main barrier for the access to health system is the authorization by insurances to carry
out diagnostic studies or therapies due to costs or other barriers. This problem is
common in Latin America[23]. In this study, the use of sorafenib slightly exceeded half
of BCLC-C patients, presenting better survival when compared with those patients in
the same stage but without systemic treatment. We observed that in our cohort,
median survival with the use of sorafenib was strikingly low, being no more than 5
months. This lower than expected outcome can be explained, in part, by the delay in
starting treatment, due to a wide range of authorizations and complex administrative
processes. This might have leaded to a significant slowness in the initiation of
systemic treatment. Moreover, most of the patients were initially treated with half
dose rather than full dose.
It is noteworthy of mention that sorafenib tolerance was similar to that reported
from first (SHARP and Asia-Pacific)[5,24] and second line (RESORCE)[18] clinical trials,
with a rate of definitive treatment discontinuation due to related adverse events of
12.2%. On the other hand, in those patients in whom radiological response was
evaluated, median time to progression under treatment with sorafenib was similar
than that previously reported[18]. Finally, we observed that there was an inadequate
use of sorafenib in patients with unpreserved liver function or BCLC-D that was
associated with a poor prognosis, demonstrating an inadequate and inefficiency use
of resources.
Our study has limitations. In particular, given that it was mainly a retrospective
cohort study, exposed to different selection and information biases. Specifically,
neither radiological evaluation assessing time to progression was homogeneous nor
there was a centrally blinded evaluation through all participating centers. However,
we enrolled a group of centers presenting similar decision making processes trying to
homogenize the sample.
In conclusion, in this dual cohort study from Argentina, we described the treatments performed in the real life setting before the approval of new systemic options.
Knowing this life context is of interest, in order to assess the most common therapeutic decision making processes and management in these patients. In this real
setting, our results highlights unmet needs and improvement areas in public health
among developing regions, particularly to promote early and correct treatments in
each stage, prior to the introduction of new treatments for HCC.
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Table 3 Characteristic of patients treated with sorafenib
Variable

Overall (n = 82)

BCLC stage B (n = 36) BCLC stage C (n = 36) BCLC stage D (n = 10) P value

Age, yr (± SD)

63 ± 9

63 ± 8

62 ± 10

63 ± 8

0.86

Male gender, n (%)

68 (82.9)

29 (80.6)

31 (86.1)

8 (80.0)

0.88

Non-cirrhotic liver, n (%)

9 (11.0)

3 (8.3)

5 (13.9)

1 (10.0)

0.78

HCV

28 (34.1)

16 (44.4)

11 (30.6)

1 (10.0)

HBV

4 (4.9)

2 (5.6)

1 (2.8)

1 (10.0)

Alcohol

18 (21.9)

9 (25.0)

8 (22.2)

1 (10.0)

NASH

10 (12.2)

4 (11.1)

4 (11.1)

2 (20.0)

Others

22 (26.8)

5 (13.9)

12 (33.3)

5 (50.0)

Child Pugh A/B/C, n (%)

48 (58)/30 (37)/4 (5) 25 (69)/11 (31)/-

21 (58)/15 (42)/-

2 (20)/4 (40)/4 (40)

CSPH1, n (%)

45 (54.9)

21 (58.3)

18 (50.0)

6 (60.0)

0.66

Median nº HCC nodules (IQR)2

2 (1-4)

2 (2-4)

2 (1-4)

1.5 (1-2)

0.25

Median largest HCC diameter, mm,
(IQR)2

70 (47-100)

65 (46-90)

87 (48.5-130)

57.5 (39-121)

0.56

Bilobar involvement, n (%)

30 (37.0)

10 (27.8)

18 (50.0)

3 (30.0)

0.33

Diffuse HCC pattern, n (%)

6 (7.4)

2 (5.6)

3 (8.3)

1 (10.0)

0.35

Median AFP, ng/mL (IQR)

103 (7.0-1069)

30 (7.2-739)

150 (6.3-1210)

649 (16-2198)

0.26

AFP > 200 ng/mL, n (%)

35 (43.7)

12 (34.3)

16 (45.7)

7 (70)

0.13

AFP > 400 ng/mL, n (%)

30 (37.5)

10 (28.6)

13 (37.1)

7 (70)

0.06

AFP > 1000 ng/mL, n (%)

21 (25.9)

5 (14.3)

12 (33.3)

4 (40)

0.13

Vascular invasion, n (%)

27 (33.3)

-

25 (69.4)

3 (30.0)

< 0.0001

Extrahepatic disease, n (%)

19 (23.5)

-

18 (50.0)

1 (10.0)

< 0.0001

Etiology, n (%)

0.11

1

Clinically significant portal hypertension defined as presence of at least one of the following: ascites, gastro-aesophagueal varices or hepatic
encephalopathy.
2
Intrahepatic nodules. AFP: Alpha-feto protein; TACE: Transarterial chemoembolization; BCLC: Barcelona clinic liver cancer.

Figure 3

Figure 3 Corresponding survival curves for patients treated with Sorafenib stratified by Barcelona Clinic Liver Cancer stages. BCLC: Barcelona clinic liver
cancer.
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Figure 4

Figure 4 Survival in Barcelona Clinic Liver Cancer stage B patients under tumor progression with the sequential treatment of transarterial
chemoembolization-sorafenib. BCLC: Barcelona clinic liver cancer.

ARTICLE HIGHLIGHTS
Research background
Although liver cancer or hepatocellular carcinoma (HCC) is currently the 5th most common
cancer and the 2nd cause of death from cancer worldwide, in Argentina represents the sixteenth
most frequent cancer. Transarterial chemoembolization (TACE) and systemic treatment with
sorafenib are the standards of treatment for patients with intermediate and advanced stage HCC.

Research motivation
The rise of new therapeutic modalities such as radioembolization, the combination of antiangiogenic agents with locoregional therapies and other first and second line systemic options,
open up a new paradigm for the treatment of HCC.

Research objectives
Our aim was to describe the treatments performed in the real life setting before the approval of
these new systemic options.

Research methods
This longitudinal observational cohort study was conducted between in 14 different regional
hospitals from Argentina between 2009 and 2016. Study data were registered into a web-based
electronic system. Patients with intermediate (BCLC-B) or advanced (BCLC C-D) HCC were
included. Patients were excluded if (1) clinical baseline data was missing; (2) BCLC stage was
either 0 or A, in which potentially curative treatments are recommended such as liver resection
(LR), percutaneous ethanol injection (PEI)/radiofrequency ablation (RFA) or liver transplantation (LT); and (3) patients with BCLC-B-D who underwent liver transplantation. Baseline
tumor and patients characteristics at HCC diagnosis, as well as treatments performed were
registered. Each treatment was discussed at each center on a case-by-case basis. Imaging tumor
reassessment after treatments were done according to RECIST 1.1 criteria as recommended by
international Western guidelines. Median survival was assessed for each BCLC stage from the
date of treatment until last patient follow-up or death. For survival analysis, Cox regression
analysis estimating hazard ratios (HR) and 95%CI for baseline variables related with mortality
was performed. Kaplan Meier survival curves were compared using the log-rank test (MantelCox).

Research results
A total of 327 consecutive adult patients with intermediate and advanced HCC were included, of
which 41.3% of the patients were in BCLC stage B (n = 135), 19.9% in stage C (n = 65) and 38.8%
in stage D (n = 127). Corresponding median survival for BCLC stages were as follows: Stage B 15
mo (IQR 5-26 mo), stage C 5 mo (IQR 2-13 mo) and stage D 3 mo (IQR 1-13 mo)(Figure 1). TACE
was performed in 126 patients (38.5%); 77 were BCLC-B, 22 were BCLC-C and 27 patients were
BCLC-C. Among BCLC-B patients (n = 135), 57% received TACE (n = 77) whereas 43% did not
(Table 2). Median number of TACEs sessions was 2 (IQR 1-3 sessions). Survival was significantly
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better in BCLC-B patients treated with TACE HR 0.29 (CI: 0.21-0.40) with a median survival of 15
mo (IQR 7-25 mo), when compared with BCLC-B without TACE and BCLC-C or D patients
treated with TACE. According to tumor reassessment after the first TACE by RECIST 1.1 criteria,
patients with complete response (CR) achieved a better overall survival with a HR of 0.15 (CI:
0.04-0.56, P = 0.005). Table 3 describes baseline patient characteristic treated with sorafenib (n =
82). Of these, 43.9% were BCLC-B, 43.9% BCLC-C and 12.2% BCLC-D. Among BCLC-B patients
who received sorafenib, 15 were TACE naïve and 21 received a median number of TACEs of 3
(IQR 2-4) until disease progression (n = 7) or no response or un-TACE-able (n = 14). Among
BCLC-C patients (n = 65), 55.4% were treated with sorafenib and those not treated with sorafenib
received BSC (n = 21) and other treatments (4 patients TACE, 1 TARE and patients 3 LR).
Corresponding median survival in all patients treated with sorafenib was 4.5 mo (IQR 2.3-11.7
mo); 5.2 mo (IQR 3.7-12.6 mo) in BCLC-B, 3.8 mo (IQR 1.9-9.9 mo) in BCLC-C and 3.2 mo (IQR
2.0-14.1 mo) in BCLC-D. In BCLC-B patients treated with sorafenib after progression (n = 36), the
sequential treatment of sorafenib following TACE presented better survival since systemic
treatment when compared to those patients who received sorafenib without prior treatment with
TACE [HR = 0.26 (CI: 0.09-0.71); P = 0.013].

Research conclusions
In conclusion, in this dual cohort study from Argentina, we describe the treatments performed in
the real life setting before the approval of new systemic options.

Research perspectives
Knowing the real life setting is of interest, in order to assess the most common therapeutic
decision making processes and management in these patients. Our results highlights unmet
needs and improvement areas in public health among developing regions such as Argentina,
particularly to promote early and correct treatments in each stage, prior to the introduction of
new treatments for HCC.
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Abstract
BACKGROUND
Magnetic resonance enterography (MRE) is increasingly attractive as a
noninvasive and radiation-free tool for assessing Crohn’s disease (CD). Diffusionweighted imaging (DWI) is recommended as an optional MRE sequence for CD
by the European Society of Gastrointestinal and Abdominal Radiology, and has
shown a superb potential as a quantitative modality for bowel inflammation
evaluation. However, the measurement reproducibility of quantitative DWI
analysis in MRE has not been ascertained so far. To facilitate the application of
quantitative diffusion-weighted MRE in the clinical routine, systematic
investigations of the intra and interobserver reproducibility of DWI quantitative
parameters should be performed.
AIM
To evaluate the intra and interobserver reproducibility of quantitative analysis
for diffusion-weighted MRE (DW-MRE) in ileal CD.
METHODS
Forty-four subjects (21 with CD and 23 control subjects) who underwent
ileocolonoscopy and DW-MRE (b = 800 s/mm2) within one week were included.
Two radiologists independently measured apparent diffusion coefficients (ADC)
of the terminal ileum and signal intensity ratio (SR) of the terminal ileum to
ipsilateral psoas muscle on DWI images (b = 800 s/mm2). Between- and withinreader agreements were assessed using intraclass correlation coefficients (ICC),
coefficients of variation (CoV), and 95% limits of agreement of Bland-Altman
plots (BA-LA LoA). Diagnostic performances of ADC and SR for identifying
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inflamed terminal ileum from the normal were evaluated by receiver operating
characteristic (ROC) curve analysis.
RESULTS
There were no significant differences in ADC or SR values between the two
sessions or between the two radiologists either in the CD or control group (paired
t-test, P > 0.05). The intra and interobserver reproducibility of ADC (ICC: 0.9520.984; CoV: 3.73-6.28%; BA-LA LoA: ±11.27% to ±15.88%) and SR (ICC: 0.9690.989; CoV: 3.51%-4.64%; BA-LA LoA: ±10.62% to ±15.45%) was excellent for CD.
Agreement of ADC measurements was slightly less in control subjects (ICC:
0.641-0.736; CoV: 10.47%-11.43%; BA-LA LoA: ± 26.59% to ± 30.83%). SR of
normal terminal ileum demonstrated high intra and interobserver reproducibility
(ICC: 0.944-0.974; CoV: 3.73%-6.28%; BA-LA LoA: ± 18.58% to ± 24.43%). ADC
and SR of two readers had outstanding diagnostic efficiencies (area under the
ROC curve: 0.923-0.988).
CONCLUSION
Quantitative parameters derived from DW-MRE have good to excellent intra and
interobserver agreements with high diagnostic accuracy, and can serve as robust
and efficient quantitative biomarkers for CD evaluation.
Key words: Magnetic resonance imaging; Diffusion-weighted imaging; Crohn's disease;
Ileum; Reproducibility
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We evaluated the measured reproducibility of quantitative apparent diffusion
coefficients (ADC) and signal contrast ratio (SR) of the terminal ileum to ipsilateral
psoas muscle on diffusion-weighted imaging (DWI; b = 800 s/mm2). The intra and
interobserver reproducibility of ADC and SR values was good to excellent for Crohn’s
disease (CD) and normal control subjects. Quantitative parameters of ADC and SR
derived from DWI had outstanding diagnostic efficacy for CD. Therefore, both ADC and
SR could serve as robust and efficient quantitative biomarkers for the evaluation of CD.

Citation: Yu H, Shen YQ, Tan FQ, Zhou ZL, Li Z, Hu DY, Morelli JN. Quantitative
diffusion-weighted magnetic resonance enterography in ileal Crohn's disease: A systematic
analysis of intra and interobserver reproducibility. World J Gastroenterol 2019; 25(27): 36193633
URL: https://www.wjgnet.com/1007-9327/full/v25/i27/3619.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i27.3619

INTRODUCTION
Crohn’s disease (CD) is a life-long, relapsing, chronic inflammatory disease of the
gastrointestinal tract that most frequently involves the terminal ileum [1] . Serial
evaluation including monitoring of disease and assessment of treatment efficacy is
important throughout the patient’s life[2-4]. For non-invasive assessment, magnetic
resonance (MR) enterography (MRE) is increasingly attractive as an ionizing
radiation-free supplement to endoscopy in assessment of CD patients [5-8] . MRE
presents several advantages as it not only assesses abnormalities of the bowel
lumen[5], but also identifies extra-intestinal complications (abscesses or fistulae)[2,6],
offers an assessment of the whole gastrointestinal tract[8], and has the merit owing to
its high soft tissue contrast [9,10] . Since the conventional MRE is based upon the
qualitative morphological assessment of a lesion, an accurate quantitative MR technique may enable a more objective assessment of clinical therapeutic effect[6,9].
As a promising functional MR imaging (MRI) technique[7,9-12], diffusion-weighted
imaging (DWI) could qualitatively and quantitatively evaluate random motion of
water molecules at the microstructural level in biological tissues, and is recommended
as an optional sequence for CD by the European Society of Gastrointestinal and
Abdominal Radiology in the latest consensus statements[13]. Meanwhile, DWI has been
shown to be an alternative to contrast-enhanced MRI for the detection of inflamed
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segments in CD patients, and is suitable for the patients who cannot receive intravenous contrast agents[6,14]. Furthermore, the latest consensus recommendations
pointed out that restricted diffusion on DWI was a valuable and supportive sign
correlating with the inflammatory lesions demonstrated on endoscopy [15,16] . The
apparent diffusion coefficient (ADC) derived from DWI has been reported as a
potential quantitative biomarker for monitoring the course of disease and therapeutic
efficiency in patients with CD[17].
However, ADC values calculated from DWI could be degraded by variations in
field homogeneity, eddy currents, and motion, particularly in hollow organs like the
gastrointestinal tract or gallbladder [ 5 , 1 8 ] . And systematic investigations on
measurement reproducibility of quantitative DWI analysis in MRE have not been
ascertained so far. The characterization of reader agreement and variability with
quantitative parameters is imperative before such parameters are to be incorporated
into clinical practice[19-21]. As ADC values could be affected by the image mismatch
calculated from DWI with at least two b values[5,8], we proposed an abbreviated proxy
for diffusion restriction, a signal intensity ratio (SR), between the terminal ileum and
ipsilateral psoas muscle on DWI with an appropriate b value (800 s/mm 2 ), and
explored the application of SR and ADC values in CD patients.
The purpose of this study was to investigate the level of inter and intraobserver
agreement for ADC and SR measurements from DWI in the terminal ileum, and then
to assess the diagnosis efficiency of quantitative ADC and SR for the evaluation of
CD.

MATERIALS AND METHODS
Patients
The study was approved by our institutional review board, and informed consent was
waived for the retrospective study design. From November 2015 to May 2018, a total
of 297 patients underwent MRE examinations for suspected gastrointestinal disorders
at our gastrointestinal medical center of the referral university-based hospital. Sixtyone patients were included based on the follow criteria: (1) Complete clinical data
available; (2) DWI with a b-value of 800 s/mm2 included in the MRE protocol; (3)
Colonoscopy was successfully conducted to assess the terminal ileum within one
week of the MR enterography; and (4) No bowel surgery performed prior to MRI
examination. Among the 61 patients, 12 diagnosed with other diseases and 5 with
inadequate MRE images due to serious artifacts were excluded. Finally, the remaining
44 patients, including 21 with CD involving the terminal ileum and 23 with a normal
terminal ileum as control subjects, were included for the further analysis. A flowchart
of the study population is shown in Figure 1. The diagnosis of CD was confirmed by
clinical information and a combination of endoscopic, histological, and radiological
investigations according to the European Crohn's and Colitis Organization criterion[22].

MRI data acquisition
MRE was performed in a supine position using a 3.0-T GE scanner (Discovery MR750;
GE Healthcare, Milwaukee, WI, United States) with a 32-channel torso phased array
body coil. Per protocol, all patients had fasted for at least 6 h before MRE. To achieve
adequate distension of the small bowel, about 1500 mL of 2.5% isosmotic mannitol
solution was administered orally to the patients 45 min prior to MR scanning.
Anisodamine 10 mg was administered intramuscularly 5 min before the MR examination to reduce bowel peristalsis. Conventional MRE was acquired including T2weighted single shot fast spin echo (SSFSE; TR/TE: a respiratory cycle/68 ms, matrix:
288 × 288, slice thickness: 4 mm for coronal/5 mm for axial), the fast imaging
employing steady state acquisition (FIESTA; TR/TE: 3.2/1.2 ms, matrix: 288 × 288,
slice thickness: 4 mm for coronal/5 mm for axial, flip angle: 45 degrees), and coronal
and axial T1 weighted three-dimensional fast spoiled gradient echo (liver acquisition
with volume acceleration sequence, LAVA; TR/TE: 3.8/1.7 ms, matrix: 260 × 210, slice
thickness: 4 mm, flip angle: 15 degrees).
The axial DWI sequence was obtained using single shot echo planar imaging (SSEPI; TR/TE: a respiratory cycle/minimum, field of view: 38.0 cm × 30.4 cm, matrix:
160 × 128, slice thickness: 6 mm) with b values of 0 and 800 s/mm2; the number of
excitations (NEX) was 6. The total acquisition time of the whole examination for every
patient was approximately 25 min depending on the patient’s respiratory rate.

Image analysis
All images were transferred to a workstation (Advantage Workstation 4.6, GE
Healthcare) where ADC maps were generated by using a mono-exponential fit. Two
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Figure 1

Figure 1 Flow chart illustrating study design. DWI: Diffusion weighted imaging; CD: Crohn’s disease.

gastrointestinal radiologists (R1 with 5 years of experience and R2 with 3 years of
experience), both blinded to clinical details as well as endoscopy results, measured the
signal intensity (SI) of the terminal ileum (defined as the final 10 cm of the small
bowel) and ipsilateral psoas muscle on DWI images with b = 800 s/mm2. Separately
and simultaneously, ADC values for the terminal ileum were recorded. For the SI and
ADC measurements in the terminal ileum, the images were magnified, and three oval
regions of interest (ROI), as large as possible (12-30 mm2) to encompass the bowel
wall, were placed on the area of brightest signal on the DWI along with hypointensity
on ADC maps (Figure 2), as having been described in previous studies[9,23]. The means
of the three measurements (SI and ADC) were used for the further analysis. Then, SI
of the psoas muscle on DWI with b = 800 s/mm2 was measured by placing a larger
oval ROI (60-100 mm2). The SR of the terminal ileum to ipsilateral psoas muscle was
calculated according to the prior studies[24,25] by the equation: SR = SIileum/SImuscle, where
SIileum and SImuscle represent the measured SI of the terminal ileum and ipsilateral psoas
muscle, respectively. After a washout period of 4 wk, the same two radiologists
repeated the above described measurements to assess intraobserver agreement.

Reference standard: Endoscopy assessment
The terminal ileum of all the subjects was assessed by ileocolonoscopy as the
reference standard. Prior endoscopy, bowel preparation was performed via oral
ingestion of about 4 L of polyethylene glycol solution according to the standard
protocol. Endoscopy was successfully conducted to assess the terminal ileum in all of
the included patients. Endoscopic analysis of the terminal ileum was performed by an
endoscopist with 10 years of experience who was blinded to MRE results and clinical
data. The colonoscopy findings of the terminal ileum, such as overt ulcers, aphthoid
lesions, and erythema or edema, were considered as inflammatory conditions[17,22].

Statistical analysis
Statistical calculations were performed using the Statistical Package for the Social
Sciences Software Package (SPSS Statistics, version 20.0; SPSS Inc., Chicago, IL, United
States) and MedCalc (release 15.2.2; MedCalc Software, Mariakerke, Belgium). The
normal distribution of quantitative parameters was ascertained by the KolmogorovSmirnov test. Differences in ADC and SR between the two readers and two sessions
within the CD and control groups were compared using a paired t t-test. Inter and
intraobserver agreements for SR and ADC measurements were assessed using the
intraclass correlation coefficient (ICC), coefficients of variation (CoV) from duplicate
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Figure 2 A 48-year-old man with Crohn’s disease involving the terminal ileum. A: Axial diffusion-weighted imaging with b = 800 s/mm2 demonstrated high signal
intensity of the terminal ileum (arrow). B: The terminal ileum was hypointense (arrow) on the corresponding apparent diffusion coefficient map. C: Ileocolonoscopy
showed mucosal ulcers. D: Histopathology demonstrated neutrophil infiltration.

measurements, and the Bland-Altman analysis with 95% limits of agreement (LoA).
ICC was interpreted as follows: 0.00-0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate;
0.61-0.80, good; 0.81-1.00, excellent. Diagnostic efficiency of the DWI parameters was
determined by receiver operating characteristic (ROC) curve analyses. The
comparison of the areas under ROC curve (AUROC) was performed between SR and
ADC using the method of Delong et al. Spearman’s correlation test was used to
identify correlation between SR and ADC values in CD patients. P-values less than
0.05 were considered statistically significant.

RESULTS
Patient characteristics
A total of 44 subjects (age: Mean ± SD, 44.9 ± 15.7 years; 22 males and 22 females)
were included in this study, and all of the DWI images were eligible for evaluation.
Twenty-three control subjects had a normal terminal ileum in colonoscopy
examination. The remaining 21 CD patients with the terminal ileum involved
presented 12 overt ulcers, 5 aphthoid lesions, and 4 erythema or edema conditions
according to endoscopy. The patients’ data of this cohort are summarized in Table 1.

Comparisons of quantitative ADC and SR between two reading sessions or two
radiologists
There were no significant differences (paired t-test, P > 0.05) in ADC or SR values
between the two sessions or between the two radiologists either in the CD or control
group (Tables 2 and 3). The intra and interobserver agreements of quantitative DWI
parameters measurements are shown in Tables 2 and 3 and Figures 3 and 4.

Intraobserver agreement analysis
The intraobserver agreement for SR was excellent in both the CD and control groups
with similar results obtained by the two readers (R1: ICC = 0.989, CoV = 3.51%; R2:
ICC = 0.979, CoV = 4.64% for CD and R1: ICC = 0.974, CoV = 5.93%; R2: ICC = 0.944,
CoV = 8.69% for the normal). Similarly, the ADC measurements in the CD group
showed excellent intraobserver reproducibility (R1: ICC = 0.952, CoV = 6.28%; R2: ICC
= 0.977, CoV = 4.71%). However, intraobserver agreement was inferior when
measuring the ADC on the normal terminal ileum (R1: ICC = 0.736, CoV = 10.47%; R2:
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Table 1 Clinical characteristics of included subjects
Characteristic

Value

CD patients (n)

21

Age (yr) (mean ± SD)

43.4 ± 16.1

Gender (males: Females)

11:10

CRP (mg/dL) [median (range)]

21.0 (0.9-94.0)

ESR (mm/h) [median (range)]

19 (7-51)

Days between MRE and endoscopy median [median (range)]

4 (0-7)

Endoscopic findings of terminal ileum (n)
Overt ulcers

12

Aphthoid lesions

5

Erythema or edema conditions

4

Control group (n)

23

Age (yr) (mean ± SD)

46.3 ± 15.4

Gender (males:females)

11:12

Days between MRE and endoscopy [median (range)]

3 (1-7)

Total (n)

44

Age (yr) (mean ± SD)

44.9 ± 15.7

Gender (males:females)

22:22

Days between MRE and endoscopy [median (range)]

4 (0-7)

CD: Crohn’s disease; SD: Standard deviation; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate;
MRE: Magnetic resonance enterography.

ICC = 0.711, CoV = 10.64%). Bland-Altman plots for intraobserver agreement showed
rather narrow 95% LoA ranges except for the ADC measurements in the control
group; no systematic bias between sessions was present (Figure 3).

Interobserver agreement analysis
Similar to the analysis of intraobserver reproducibility, all ADC measurements in the
CD group and SR in both the CD and normal groups demonstrated excellent
interobserver agreement (Table 3). The lowest agreement and highest variability
between readers were observed in ADC measurements of the control group (first
session: ICC = 0.641, CoV = 11.43%; second session: ICC = 0.736, CoV = 11.07%).
Similarly, only the interreader ADC measurements for the control group
demonstrated broad 95% LoA ranges (-33.93% to 25.96% for first session; -32.03% to
29.62% for second session) as illustrated in Figure 4.

Spearman’s correlation analysis between SR and ADC values in the CD patients
The correlation between the quantitative DWI parameters of SR and ADC is shown in
Figure 5. SR was moderately and negatively correlated with ADC values in CD
patients for both readers (R1: r = - 0.438, P = 0.047; R2: r = - 0.485, P = 0.026).

Diagnostic efficiency of ADC and SR for differentiating inflammatory bowel
segments from the normal
Due to the good to excellent intraobserver agreement of ADC and SR measurements
in two sessions of the two readers, the mean ADC and SR values were calculated
based on an average from the two sessions for further analysis. ADC and SR from
both readers achieved a high diagnostic accuracy for differentiating inflammatory
segments from the normal bowel with high sensitivities and specificities (Table 4 and
Figure 6). The areas under the ROC curve for SR (R1: 0.981; R2: 0.988) were slightly
better than those of ADC (R1: 0.923; R2: 0.929), but these differences were not
statistically significant (P-values: 0.117 for R1; 0.067 for R2). The cutoff values
maximizing sensitivity and specificity for ADC and SR parameters were approximately 1.80 × 10-3 mm2/s and 2.00, respectively.

DISCUSSION
DW-MRE has been increasingly utilized for the noninvasive evaluation of CD over
the last few years[5-10,14,26]. Meanwhile, quantitative analysis of DW-MRE is gradually
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Table 2 Intraobserver agreement and variability of apparent diffusion coefficient and signal ratio measurements between the two readers
over two sessions
CD (n = 21)

Normal (n = 23)

Group

1st
2nd
session session P-value
reader 1 reader 1

1st
2nd
session session P-value
reader 2 reader 2

1st
2nd
session session P-value
reader 1 reader 1

1st
2nd
session session P-value
reader 2 reader 2

ADC

1.50 ± 0.40 1.54 ± 0.45 0.201

1.52 ± 0.45 1.56 ± 0.47 0.125

2.55 ± 0.53 2.53 ± 0.53 0.772

2.57 ± 0.50 2.64 ± 0.57 0.450

ICC

0.952

0.977

0.736

0.711

CoV

6.28

4.71

10.47

10.64

Bias (%)

1.77

1.89

-1.07

-1.71

LoA (%)

-14.10 to 17.65

-10.65 to 14.42

-30.75 to 28.62

-28.30 to 24.86

SR

4.17 ± 1.43 4.20 ± 1.36 0.505

4.21 ± 1.34 4.23 ± 1.42 0.794

1.45 ± 0.54 1.44 ± 0.53 0.697

1.44 ± 0.52 1.45 ± 0.56 0.704

ICC

0.989

0.979

0.974

0.944

CoV

3.51

4.64

5.93

8.69

Bias (%)

1.39

-0.07

-0.58

0.45

LoA (%)

-9.22 to 12.01

-13.81 to 13.67

-19.16 to 17.99

-23.99 to 24.88

Apparent diffusion coefficient (ADC) and signal ratio parameters are expressed as the mean ± standard deviation, ADC units: ×10-3 mm2/s. ADC:
Apparent diffusion coefficient; SR: Signal ratio; CD: Crohn’s disease; ICC: Intraclass correlation coefficient; CoV: Coefficients of variation; LoA: BlandAltman analysis with 95% limits of agreement.

drawing attention as an objective biomarker for bowel inflammation[9,17,26-28]. ADC
values along with the Clermont score have been reported as having excellent accuracy
for identifying inflamed bowel segments and evaluating therapeutic response in CD
patients [17,23,26] . However, the measurement agreement for DW-MRE quantitative
parameters has not been ascertained to date [8] . To facilitate the application of
quantitative DW-MRE into the clinical routine, a thorough study of the intra and
interobserver reproducibility of DWI quantitative parameters should be performed,
similar to what has been done in other organs[19,20].
In the current study, intra and interobserver agreements of ADC measurements in
CD patients were excellent with high ICC, low CoV, and a limited 95% LoA range
(Tables 2 and 3). ADC values of the terminal ileum in the CD group were robust both
between and within individual readers, suggesting that different radiologists could
obtain comparable ADC values in CD patients over time. In previous studies[9,23,29],
interobserver agreement of measured ADC values in CD patients was also superb
with high ICC, similar to our results of ADC analysis between radiologists. As the
same with ADC values, excellent intra and interobserver agreements of SR
measurement were found in inflamed terminal ileum. As expected, SR demonstrated
moderately negative correlations with ADC in CD patients in both readers (Figure 5),
indicating that SR could also represent the diffusion condition on DWI just like the
ADC value. Therefore, both ADC and SR could act as the robust and quantitative
methods for the evaluation of CD patients.
Although the comprehensive Clermont score has been introduced as a valuable tool
for the ileal CD assessment in academic studies[12,23,26], the calculation of Clermont
score is based on quantitative ADC values and wall thickness along with qualitative
signs of bowel ulcer and mural edema. As a completed quantitative analysis of DWI
in this study, Clermont score was not applied for its qualitative signs on conventional
MRE. And the Kappa values of inter-reader agreement were only fair for the presence
of ulcer (0.34) and moderate for the presence of mural edema (0.47) on conventional
MRE[30]. Furthermore, ADC values were reported to have similarly high diagnostic
performance for CD patients compared with Clermont score in prior studies[9,23]. In
addition, ADC measurement from the post-processing ADC maps and SR of the
terminal ileum to ipsilateral psoas muscle on b = 800 s/mm2 images are relatively
convenient to implement in the daily clinical practice.
However, the measured ADC in normal terminal ileum demonstrated lower
agreement between sessions and readers (ICC: 0.641-0.736; CoV: 10.47%-11.43%; BALA LoA: ±26.59% to ±30.83%). This might be due to more pronounced partial volume
effects of the thin normal intestinal tissues during the ROI placement compared to the
thickened inflammatory segments[5]. Additionally, post-processing ADC maps are
generated by applying a mono-exponential fit with at least two b values, a technique
prone to image degradation due to bowel peristalsis[9,31]. The SR in the subjects with a
normal terminal ileum still achieved high intra and interobserver agreements (ICC:
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Table 3 Interobserver agreement and variability of apparent diffusion coefficient and signal ratio measurements between the two readers
over two sessions
CD (n = 21)

Normal (n = 23)

1st
Group session
reader
1

1st
2nd
2nd
sessisessi- session
P-value on
on
P-value
reader
reader reader
2
1
2

1st
sessi- st
1 sessi-on
on
reader 2
reader
1

2nd
sessiP-value on
reader
1

2nd
session
P-value
reader
2

ADC

1.52 ±
0.45

2.55 ±
0.53

0.815

2.64 ±
0.57

1.50 ±
0.40

0.402

1.54 ±
0.45

1.56 ±
0.47

0.379

2.57 ± 0.50

2.53 ±
0.53

ICC

0.969

0.984

0.641

0.736

CoV

4.71

3.73

11.43

11.07

Bias
(%)

-0.72

-0.82

-1.20

-3.98

LoA
(%)

-14.29 to 12.85

-12.09 to 10.44

-32.03 to 29.62

-33.93 to 25.96

SR

4.17 ±
1.43

4.21 ±
1.34

0.473

4.20 ±
1.36

4.23 ± 1.42

0.569

1.45 ± 0.54

1.44 ±
0.52

0.760

1.44 ±
0.53

1.45 ±
0.56

ICC

0.981

0.989

0.950

0.971

CoV

4.53

3.72

8.12

6.27

Bias
(%)

-1.85

-0.39

0.43

-0.59

LoA
(%)

-17.30 to 13.60

-12.38 to 11.61

-22.17 to 23.04

-19.47 to 18.29

0.208

0.618

Apparent diffusion coefficient (ADC) and signal ratio parameters are expressed as the mean ± standard deviation, ADC units: ×10-3 mm2/s. ADC:
Apparent diffusion coefficient; SR: Signal ratio; CD: Crohn’s disease; ICC: Intraclass correlation coefficient; CoV: Coefficients of variation; LoA: BlandAltman analysis with 95% limits of agreement.

0.944-0.974) and was less variable than ADC between sessions and readers. The main
reasons could be that SR is calculated from a single b value DWI, limiting the
propensity for motion degradation, and acquisition of a single b value DWI image
using SS-EPI is rapid, sub-second using the latest acquisition techniques and
hardware[8,20]. Hence, SR could be more robust for quantitative DWI assessment in
normal or inflamed ileal segments of CD patients. And the measurement of SR avoids
the post-processing maps compared to ADC, which would be easier and more
applicable in clinic.
In line with prior quantitative analysis of DWI on CD patients[9,23,29], the ADC values
of inflammatory lesions were significant lower than those of normal segments in this
study, and achieved optimal AUROC (R1: 0.923 and R2: 0.929) with high sensitivities
and specificities by a threshold value of 1.8 × 10-3 mm2/s. Furthermore, diagnostic
efficiency of SR (AUROC: 0.981 for R1 and 0.988 for R2) was slightly superior to the
ADC values. According to our results and Table 4, SR values greater than 2 (meaning
more than twice signal intensity of the terminal ileum to ipsilateral psoas muscle)
could be used to differentiate inflamed terminal ileum from the normal. Quantitative
parameters of ADC and SR from DWI both had excellent diagnostic accuracy for CD.
Similarly, the relative signal intensity (rSI) of lesion to muscle demonstrated higher
diagnostic performance than ADC in assessing complete tumor response on post
neoadjuvant chemoradiotherapy DWI in rectal cancer[24]. The SR, as an alternative
modality of ADC, would be a reliable and effective quantitative parameter of DWMRE to identify the normal and inflamed bowel segments based on this initial study.
The further exploration of SR in the differentiation of CD stages and medical therapy
assessment during CD course is worthwhile in the future study.
However, our study had some limitations due to the retrospective nature and
relatively small sample size included. Further prospective trials with larger sample
sizes would help to confirm these results. Since DW-MRE examinations of this
primary study were acquired from a single center using a same 3.0-T MR scanner, a
multicenter study with various MR systems could further increase the applicability of
the data. Additionally, ROIs placement on the bowel wall was relatively challenging
and subjective for the observers; improvements in automated approaches to ROI
placement would be potentially of great value. Finally, the quantitative endoscopic
score was not acquired due to this retrospective study.
In conclusion, the intra and interobserver agreements of quantitative ADC and SR
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Figure 3

Figure 3 Bland-Altman plots of intraobserver agreement between 2 two sessions of two readers. Bland-Altman 95% limits of agreement with diffusion weighted
imaging parameters including apparent diffusion coefficient and signal ratio from the Crohn’s disease group and normal group. The solid line represents the mean
relative difference as a percentage and the dashed lines represent the upper and lower 95% limits of agreement. ADC: Apparent diffusion coefficient; SR: Signal ratio;
CD: Crohn’s disease; SD: Standard deviation; R1S1: First session of reader 1; R1S2: Second session of reader 1; R1S2: First session of reader 2; R2S2: Second
session of reader 2.
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Figure 4

Figure 4 Bland-Altman plots of interobserver agreement between two readers at two sessions. Bland-Altman 95% limits of agreement with Crohn’s disease
parameters including apparent diffusion coefficient and signal ratio from the Crohn’s disease group and normal group. The solid line represents the mean relative
difference as a percentage and the dashed lines represent the upper and lower 95% limits of agreement. ADC: Apparent diffusion coefficient; SR: Signal ratio; CD:
Crohn’s disease; SD: Standard deviation; R1S1: First session of reader 1; R1S2: Second session of reader 1; R1S2: First session of reader 2; R2S2: Second session
of reader 2.
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Figure 5

Figure 5 Scatterplots between apparent diffusion coefficient and signal ratio of reader 1 and reader 2. Reader 1: r = -0.438, P = 0.047; Reader 2: r = -0.485, P
= 0.026; R1: reader 1; R2: reader 2. ADC: Apparent diffusion coefficient; SR: Signal ratio; R1: Reader 1; R2: Reader 2.

analysis on DW-MRE images were found to be good or excellent in this initial study.
Both the ADC and SR demonstrated high diagnostic yield for distinguishing inflamed
terminal ileum in CD patients from the normal. Therefore, ADC value or SR could
serve as robust and efficient biomarkers to aid in the noninvasive evaluation of CD.
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Table 4 Diagnostic performance of apparent diffusion coefficient and signal ratio for differentiating inflammatory lesions from normal
terminal ileum
CD (n = 21)

Normal (n = 23)

P-value

Cut-off value

AUROC

Sensitivity (%)

Specificity (%)

ADC value

1.52 ± 0.42

2.54 ± 0.49

< 0.001a

1.80

0.923

85.7

95.7

SR value

4.19 ± 1.39

1.44 ± 0.53

< 0.001a

2.24

0.981

90.5

95.7

ADC value

1.54 ± 0.46

2.61 ± 0.48

< 0.001a

1.81

0.929

85.7

95.7

SR value

4.22 ± 1.37

1.45 ± 0.53

< 0.001a

2.07

0.988

95.2

95.7

First reader

Second reader

a

P < 0.05 was considered statistically significant. Apparent diffusion coefficient (ADC) and signal ratio parameters are expressed as the mean ± SD, ADC
units: ×10-3 mm2/s. ADC: Apparent diffusion coefficient; SR: Signal ratio; CD: Crohn’s disease; AUROC: Areas under receiver operating characteristic
curve.

Figure 6

Figure 6 Receiver operating characteristic curve for quantitative apparent diffusion coefficient and signal ratio of the two readers. ADC: Apparent diffusion
coefficient; SR: Signal ratio; R1: Reader 1; R2: Reader 2.

ARTICLE HIGHLIGHTS
Research background
The diagnosis and monitoring of Crohn’s disease (CD) are important for the clinical therapy
during its longstanding course. As avoiding the use of intravenous contrast agents, diffusion
weighted (DW) imaging (DWI) is increasingly considered as a promising magnetic resonance
(MR) enterography (MRE) technique to the qualitative and quantitative evaluation of CD in
recent years, and is recommended as an optional MR sequence for CD. The quantitative DWI
analysis may be more objective for CD assessment. However, the measurement reproducibility
of quantitative DWI analysis in MRE has not been ascertained so far. Thus, the investigation of
intra and interobserver agreements of quantitative DWI parameters could be valuable to
facilitate the application of quantitative DW-MRE into the clinical routine.

Research motivation
DWI has shown a superb potential as a quantitative modality for CD evaluation. The
characterization of reader agreement and variability with quantitative DWI parameters is
imperative before such parameters are to be incorporated into clinical practice. Therefore, it is
necessary to investigate the level of measurement reproducibility of quantitative DWI
parameters.

Research objectives
This study aimed to explore intra and interobserver reproducibility of quantitative analysis for
DW-MRE in CD, and then to assess the diagnosis efficiency of quantitative parameters for the
evaluation of CD.

Research methods
Forty-four subjects (21 diagnosed with CD and 23 normal control subjects) who underwent
ileocolonoscopy and DW-MRE (b = 800 s/mm 2 ) within one week were included. Two
radiologists, blinded to clinical details as well as endoscopy results, measured the signal
intensity (SI) of the terminal ileum and ipsilateral psoas muscle on DWI with b = 800 s/mm2.
Separately and simultaneously, apparent diffusion coefficients (ADC) of the terminal ileum were
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recorded. Then, SI of ipsilateral psoas muscle on DWI with b = 800 s/mm2 was also measured by
placing a larger oval ROI. Signal intensity ratio (SR) of the terminal ileum to ipsilateral psoas
muscle was calculated according to the equation: SR = SIileum/SImuscle. After a washout period of 4
weeks, the same two radiologists repeated the above described measurements to assess
intraobserver agreement. Between- and within-reader agreements were assessed using intraclass
correlation coefficients (ICC), coefficients of variation (CoV), and 95% limits of agreement of
Bland-Altman plots (BA-LA LoA). Diagnostic performances of ADC and SR for identifying
inflamed terminal ileum from the normal were evaluated by receiver operating characteristic
(ROC) curve analysis.

Research results
There were no significant differences in quantitative DWI parameters (ADC and SR) between the
two sessions or between the two radiologists either in the CD or control group (paired t-test, P >
0.05). The intra and interobserver reproducibility of ADC (ICC: 0.952-0.984; CoV: 3.73%-6.28%;
BA-LA LoA: ±11.27% to ±15.88%) and SR (ICC: 0.969-0.989; CoV: 3.51%-4.64%; BA-LA LoA:
±10.62% to ±15.45%) was excellent for CD. Agreement of ADC measurements was slightly less in
control subjects (ICC: 0.641-0.736; CoV: 10.47%-11.43%; BA-LA LoA: ± 26.59% to ±30.83%). SR of
the normal terminal ileum demonstrated high intra and interobserver reproducibility (ICC:
0.944-0.974; CoV: 3.73%-6.28%; BA-LA LoA: ± 18.58% to ± 24.43%). The areas under the ROC
curve for SR (reader 1: 0.981; reader 2: 0.988) were slightly better than those of ADC (reader 1:
0.923; reader 2: 0.929), but these differences were not statistically significant (P-values: 0.117 for
reader 1; 0.067 for reader 2). The cutoff values maximizing sensitivity and specificity for ADC
and SR parameters were approximately 1.80 × 10-3 mm2/s and 2.00, respectively. In addition, SR
was moderately and negatively correlated with ADC values in CD patients for both readers
(reader 1: r = - 0.438, P = 0.047; reader 2: r = - 0.485, P = 0.026).

Research conclusions
From this study, the intra and interobserver agreements of quantitative ADC and SR analysis
from DW-MRE images were found to be good or excellent. Both the ADC and SR demonstrated
high diagnostic yield for distinguishing inflamed terminal ileum in CD patients from the normal.
Additionly, SR demonstrated moderately negative correlations with ADC in CD patients, and
could also represent the diffusion condition of the terminal ileum. Therefore, ADC value or SR
could serve as robust and efficient biomarkers to aid in the noninvasive evaluation of CD.

Research perspectives
Quantitative ADC and SR values derived from DW-MRE achieved good to excellent intra and
interobserver agreements with high diagnostic accuracy based on this initial study. The further
exploration of these quantitative parameters in the differentiation of CD stages and medical
therapy assessment during CD course is worthwhile in the future study.
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Abstract
BACKGROUND
Acute liver failure (ALF) has a high mortality varying from 80% to 85% with
rapid progress in multi-organ system failure. Bioartificial liver (BAL) support
systems have the potential to provide temporary support to bridge patients with
ALF to liver transplantation or spontaneous recovery. In the past decades, several
BAL support systems have been conducted in clinical trials. More recently,
concerns have been raised on the renovation of high-quality cell sources and
configuration of BAL support systems to provide more benefits to ALF models in
preclinical experiments.
AIM
To investigate the characteristics of studies about BAL support systems for ALF,
and to evaluate their effects on mortality.
METHODS
Eligible clinical trials and preclinical experiments on large animals were
identified on Cochrane Library, PubMed, and EMbase up to March 6, 2019. Two
reviewers independently extracted the necessary information, including key BAL
indicators, survival and indicating outcomes, and adverse events during
treatment. Descriptive analysis was used to identify the characteristics of the
included studies, and a meta-analysis including only randomized controlled trial
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(RCT) studies was done to calculate the overall effect of BAL on mortality among
humans and large animals, respectively.
RESULTS
Of the 30 selected studies, 18 were clinical trials and 12 were preclinical
experiments. The meta-analysis result suggested that BAL might reduce
mortality in ALF in large animals, probably due to the recent improvement of
BAL, including the type, cell source, cell mass, and bioreactor, but seemed
ineffective for humans [BAL vs control: relative risk (95% confidence interval),
0.27 (0.12-0.62) for animals and 0.72 (0.48-1.08) for humans]. Liver and renal
functions, hematologic and coagulative parameters, encephalopathy index, and
neurological indicators seemed to improve after BAL, with neither meaningful
adverse events nor porcine endogenous retrovirus infection.
CONCLUSION
BAL may reduce the mortality of ALF by bridging the gap between preclinical
experiments and clinical trials. Clinical trials using improved BAL must be
designed scientifically and conducted in the future to provide evidence for
transformation.
Key words: Bioartificial liver; Acute liver failure; Preclinical experiment; Clinical trial;
Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This systematic review and meta-analysis included a large number of studies
about clinical trials and preclinical experiments of bioartificial liver (BAL) support
systems for treating patients and large animal models with acute liver failure. We
summarized the characteristics of studies, BAL, and outcomes in all the studies and
compared the pooled effect by meta-analysis including only randomized controlled trial
studies regarding mortality after BAL among humans and large animals, respectively.
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INTRODUCTION
Acute liver failure (ALF) is characterized by an acute episode of liver dysfunction in
individuals without underlying chronic liver diseases, sometimes causing a rapid
onset of encephalopathy and coagulopathy followed by multiorgan system failure.
Patients with ALF have a high mortality ranging from 80% to 85%, approaching 90%
among those with severe fulminant hepatic failure (FHF) [1] . The most effective
treatment method for patients with ALF is liver transplantation, as it has increased the
5-year survival rate by 75%[2]. Although some patients might recover spontaneously,
many would die during waiting for a compatible donor because of aggressive
deterioration of liver function or development of cerebral edema, intracranial
hypertension, and even irreversible brain damage. Thus, a liver support system must
be developed to maintain a viable status of these patients prior to the transplantation.
During the past decades, several artificial devices for removing toxins from
patients’ blood through filtration and adsorption have improved clinical status in
some cases. However, a meta-analysis of six randomized controlled trials (RCTs)
concluded that artificial liver support systems might not reduce the mortality in
ALF[3]. Moreover, the newly developed bioartificial liver (BAL) support systems that
incorporate a hepatoma cell line or primary hepatocytes into a bioreactor when
processing blood or plasma proved meaningful for prolonging the survival time of
ALF animals in preclinical trials. Several types have been applied for the treatment of
patients with ALF in phase I studies or controlled clinical trials, and improved
neurological status and liver and renal functions, thus bridging to transplantation or
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spontaneous recovery[4-7]. However, the survival outcome and adverse effects of such
alternative methods are controversial[3,8].
In addition, the BAL has various types with different cell sources, cell mass, and
culture methods, as well as architectural design such as the bioreactor, scaffold, and
separation, which might be associated with the effect and safety of the BAL in treating
ALF [9] . Furthermore, the BAL has been modified and renovated in preclinical
experiments on large animals but has not been used in clinical trials[10-12], which caused
a significant gap between clinical and preclinical studies.
One objective of our study was to investigate the characteristics of studies about
BAL for ALF in both clinical trials and recent preclinical experiments on large
animals. In particular, we looked at key indicators of the BAL, survival outcome, and
adverse events regarding the treatment. Another objective was to evaluate the pooled
effect of the BAL on mortality by conducting a meta-analysis of randomized
controlled studies stratified among patients with ALF and large animals.

MATERIALS AND METHODS
This study was constructed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. The protocol has been registered in
PROSPERO, an international prospective register of systematic reviews (Registration
number: CRD42019133215).

Inclusion and exclusion criteria
We included studies about any of the BAL for ALF, including all clinical trials, case
reports, and RCTs in patients with ALF and preclinical experiments in large animals
(monkeys, pigs, and dogs) published in the past 10 years. The language was limited to
English.
The exclusion criteria were as follows: (1) Not focusing on the outcome of BAL, or
the ALF group could not be separated from the other study populations such as
patients with acute-on-chronic liver failure; (2) Duplicates of previous publications;
(3) Based on incomplete data; and (4) Reviews, meta-analyses, comments, guidelines,
letters, editorial articles, and project or conference summaries. If more than one study
by the same author using the same data was published, either the study with the
largest sample size or the most recently published study was included.

Literature search and selection
By using a searching strategy and filter that combined keywords or subjects about
BAL and ALF, which had been pre-tested and improved repeatedly, we searched the
Cochrane Library, PubMed, and EMbase to identify eligible articles till March 6, 2019
according to the inclusion and exclusion criteria, by setting the following key
elements (Patients: ALF; Intervention: BAL; Comparison: None; Outcome: including
but not limited to mortality, bridging time, liver and renal function; keywords used
for literature search are shown in Supplementary material). Literature about
preclinical experiments in large animals was limited to papers published in the past
10 years. The references used in the eligible articles were also reviewed to examine
other potential sources.
Teams of paired reviewers who were trained and knowledgeable about the study
screened the literature independently. We screened the title and keywords first and
excluded unqualified studies according to the predefined criteria. Then, we read the
abstracts and full texts carefully to further exclude unqualified literature. The decision
to exclude studies was determined by two reviewers. Inconsistent results were
resolved either by discussion or decided by a third reviewer. Finally, the remaining
studies were enrolled to be reviewed and analyzed. The flow chart of the study
selection is shown in Figure 1.

Data extraction
We extracted the following information from each eligible article: (1) Basic
information of the included studies, including the publication year, title of the article,
journal along with impact factor in 2018, country of the first author, study setting,
study type (clinical trial, case report, or preclinical experiment), and data sources (full
text and abstract); (2) Detailed information of clinical trials in humans, including the
type of BAL [e.g., HepatAssist, extracorporeal liver assist device (ELAD), academic
medical center (AMC)-BAL, modular extracorporeal liver support (MELS), novel
bioartificial liver support system (BLSS), radial-flow bioreactor (RFB)-BAL, and
hybrid bioartificial liver (HBAL)], whether hybrid or not, cell sources (e.g., porcine
hepatocytes, C3A cells, or primary human hepatocytes), cell mass, sample size, ALF
subtype [fulminant hepatic failure (FHF) or primary nonfunction (PNF)], age and sex
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Figure 1

Figure 1 Flow chart of study selection.

of subjects, disease etiology [e.g., PNF, viral, indeterminate, autoimmune,
Acetaminophen (AO), and ischemic], BAL treatment time, outcomes (i.e., bridging
time, orthotopic liver transplantation, death events, and recovery), follow-up time,
stable or unstable hemodynamics, effects on liver and renal functions, hematologic
and coagulative parameters, encephalopathy index, neurological status, adverse
events during treatment (e.g., transitory hypotension), and porcine endogenous
retrovirus (PERV) test result; (3) data of preclinical experiment on large animals,
including animal species (e.g., pig, canine, and monkey), number of animals, sex
(female and male), weight (kg), inducer of acute liver failure (e.g., D-galactosamine,
hepatic artery ligation, surgical ligation of all blood flow to the liver, α-amanitin, and
lipopolysaccharide), type of BAL (e.g., FBBAL, HBAL, HBALSS, SRBAL, hiHep-BAL,
and UCLBAL), cell sources (e.g., alginate-chitosan encapsulated primary porcine
hepatocytes, co-cultured pig hepatocytes, bone marrow mesenchymal stem cells,
human hepatic CL-1 cells grown in microgravity culture, HiHeps, and threedimensional HepG2-cell spheroids), cell mass, bioreactor (e.g., choanoid fluidized bed
bioreactor, multi-layer ﬂat-plate bioreactor anionic resin adsorption column,
fluidized-bed bioreactor, perfusion bioreactor, spheroid reservoir, and packed-bed
bioreactor), treatment time, survival time or rate at a specific time point, other effects
such as ammonia level, and PERV test result.
For data extraction and scoring, paired reviewers conducted the survey
independently on the basis of the literature database and recorded the necessary
information. The results of the paired reviewers were cross-checked, and
disagreements were resolved by discussion or decided by a third reviewer.

Statistical analysis
We conducted description analyses of the study characteristics of clinical trials and
preclinical experiments on large animals by using the absolute numbers and
percentages of the qualitative variables, and mean [standard deviation (SD)] or
median (percentile) of the quantitative data. The bias risk of the included RCT studies
was assessed according to the Cochrane assessment method for RCTs, while risk of
non-RCT studies was assessed according to the Newcastle-Ottawa Quality
Assessment Scale for cohort studies.
By selecting clinical RCTs and preclinical RCT experiments with survival outcome
(death event) recorded at a specific time, we combined the effect of selected studies on
the relative ratio (RR) scale by performing a meta-analysis with a random effect model
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and assigning weights according to the estimated variance. The heterogeneity of the
included studies was also tested, with Q-test significance (P < 0.05) or I2 > 50%
indicating that heterogeneity existed between studies. The overall RR and 95%
confidence interval (CI) were calculated. We also conducted sensitivity analyses to
examine the impact of using alternative effect measures (odds ratio vs relative ratio),
pooling methods [Peto vs Mantel-Hanszel (M-H)], and statistical models (fixed- vs
random-effects). Begg’s funnel plot was also used to evaluate the publication bias.
All the statistical analyses were performed with SPSS 23.0 (IBM Corp. Armonk, NY,
United States) and Review Manager 5.3 (RevMan, the Cochrane Collaboration,
Oxford, England).

RESULTS
We identified 215 studies preliminarily, and then excluded 67 unrelated or ineligible
articles, 34 articles about artificial liver support system, 14 articles about in vitro
function evaluation, 1 duplicate article, 4 articles with unavailable data, and 65
reviews. We finally included 30 articles in the analyses, of which 18 were human
clinical trials[6,7,13-28] (only 2 were RCT studies[6,7]) and 12 were preclinical experiments
in large animals[5,10-12,29-36].
Among the 30 articles, 94.4% (17/18) were clinical trials published before 2005, with
only 1 phase I clinical trial published in 2018 (only abstract available). Studies about
preclinical experiments in large animals in the recent 10 years accounted for 40% of
the articles (12/30). The median (P25-P75) impact factor (IF) of the journals was 4.04
(2.60-9.20), with 8 articles having an IF < 3 and 5 having an IF > 10. Approximately
two-thirds of the studies were conducted by authors in the United States (11/30) and
China (8/30). One RCT study was done in England and published in Hepatology in
1996[7] while the other one was performed in 11 United States and 9 European sites by
United States researchers and published in Annals of Surgery in 2004[6]. More than onethird (12/30) of the studies were about hybrid support systems (e.g., HBAL, MELS,
HBALSS, and HepatAssist), distributed in 9 clinical trial studies and 3 preclinical
experimental studies. The available data that we analyzed were mostly from full texts
(29/30), and 1 abstract of clinical trial was also included considering the limited
number of eligible studies in humans and the availability of valuable information in
the abstract (as shown in Supplemental Table 1).

Characteristics of the BAL, subjects, outcomes, and adverse events in the clinical
trials
From the 18 clinical trials, 332 patients with ALF were included, with 295 cases of FHF
subtypes and 37 cases of PNF subtypes. The mean age was 35.4 years, and females
accounted for 69.4% of the patients according to the reported data. Most of the disease
etiologies were indeterminate (103 cases), viruses (45 cases), and AO (33 cases). The
types of BAL included HepatAssist (6 cases), ELAD (3 cases), AMC-BAL (2 cases),
MELS (2 cases), BLSS (1 case), RFB-BAL (1 case), HBAL (1 case), Lifeliver (1 case), and
BAL (1 case), and in one case the BAL type was unclear; of these 9 were hybrids and 8
were non-hybrids. Most of the cells were sourced from porcine hepatocytes (14/18),
followed by C3A cells (3/18) and primary human hepatocytes (1/18). The mean cell
mass was approximately 9 × 109 (Table 1).
The mean treatment time was around 25 h. Among the 317 reported patients, 201
received orthotopic liver transplant (OLT) and 57 recovered without OLT. The mean
survival rate in the OLT group was 93%, with the follow-up period ranging from 7 d
to 62 mo. Hemodynamics were stable in all patients. These results show that BAL
improved liver and renal functions in all the patients, except 3 with PNF[6,14,15], in terms
of the different biochemical parameters, with decreased ammonia, bilirubin, and
transaminase levels in 12, 12, and 10 studies, respectively. Other meaningful
indicators were reduced, including lactate ALB, BUN, and creatinine levels. By
examining prothrombin time (PT), international normalized ratio, or other
parameters, 9 studies found improvements in hematological and coagulative status.
Ten of 12 reported studies showed an improvement in encephalopathy index.
Thirteen of 16 reported studies showed improvements in neurological indicators,
showing decreased intracranial pressure (ICP) and increased cerebral perfusion
pressure, Glasgow coma score, and comprehensive level of consciousness score. In 3
studies on ALF subtypes, the encephalopathy index and neurological indicators
showed improvements in patients with FHF but not in patients with PNF [6,14,15] .
However, one case report of a patient with PNF showed improvement in the
neurological status with a change in coma stage from IV to I after BAL treatment[22]
(Table 2).
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PERV: Porcine endogenous retrovirus; RCT: Randomized controlled trial.
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During BAL treatment, 9 studies reported adverse events such as transient
hypotension, decreased body temperature, tachycardia, pyrexia, and hypoglycemia,
which had no clinical significance and resolved in all. PERV test results in 8 reported
studies were all negative (Table 2).

Characteristics of the BAL, animal, and outcomes in the preclinical experiments
with large animals
Of 12 studies that performed preclinical experiments with pigs (8 studies, 160
animals), monkeys (2 studies, 45 animals), and canines (2 studies, 40 animals), the
proportions of male and female animals were 45.3% (111/245) and 30.2% (74/245),
respectively. Inducers included D-galactosamine in 7 studies (145 animals)[5,12,29-33],
surgicaloperation in 3 studies (53 animals)[11,34,35], 85% hepatectomy in 1 study (18
animals)[36], and α-amanitin and lipopolysaccharide in 1 study (30 animals)[10] (Table
3).
The types of BAL included SRBAL (n = 3), HBAL (n = 2), FBBAL (n = 1), UCLBAL
(n = 1), hiHep-BAL (n = 1), HBALSS (n = 1), FBBAL (n = 1), and BAL (n = 1), using
cells from porcine hepatocyte (9/12), human hepatic CL-1 cells or HepG2 cells (2/12),
and HiHeps (1/12), which were all cultured using modified three-dimensional
methods such as spheroids, organoid, alginate-chitosan encapsulated, and even
microgravity culture, with corresponding bioreactors such as a spheroid reservoir.
The mean cell mass was 2 × 1010, and the treatment time ranged from 3 to 24 h (mean:
9 h; Table 3).
Compared with the control group, the survival outcomes (median survival time or
survival rate) were better in the BAL group, and the biochemical metabolic function
showed improvement, especially decreased ammonia levels (10/12), bilirubin levels
(6/12), ICP (5/12), and PT (4/12). All the PERV test results were negative in reported
studies (Table 3).

Meta-analysis of the effects of the BAL on mortality in the clinical trials and
preclinical experiments
As shown in Figure 2, the overall effect of the BAL on mortality in the patients with
ALF [6,7] was insignificant [BAL 97 vs control 98: RR (95%CI), 0.72 (0.48-1.08)].
However, the meta-analysis of the preclinical experiments of large animals[10,12,29,30,32,36]
indicated a significant effect of the BAL [BAL 56 vs control 77: RR (95%CI), 0.27 (0.120.62)]. The test of heterogeneity showed no significant difference between included
studies, with I 2 being 0% and 41% for human clinical studies and pre-clinical
experimental studies, respectively.
Sensitivity analyses of pooled results using an alternative effect measure (M-H OR
= 0.61, 95%CI: 0.33-1.11 for humans; OR = 0.05, 0.01-0.17 for animals), pooling method
(Peto fixed effects OR = 0.61, 95%CI: 0.34-1.11 for humans; OR = 0.07, 0.03-0.15 for
animals), and statistical model (fixed effects M-H RR = 0.72, 95%CI: 0.48-1.08 for
humans; RR = 0.24, 0.13-0.44 for animals) showed similar findings.
As shown in Supplemental Figure 1, we observed publication bias and found none
in the clinical trials, and little in the preclinical experiment studies. However, it
remains unclear because of the small number of included studies.

Bias risk of included RCT and non-RCT studies
By bias assessment, all the included RCT studies were regarded as low or middle-risk
overall, with 4 to 6 of 7 items listed by the Cochrane assessment standards for RCT
assessed as low risk (Supplemental Table 2). For non-RCT studies, all the clinical trials
among humans scored 5 or 6 (total score: 9), indicating a low or middle risk, while
those of pre-clinical experiments scored a little higher, with most scoring 7 or 8
(Supplemental Table 3).

DISCUSSION
Main findings and interpretations
By conducting a systematic review of 18 clinical trials and 12 preclinical experiment in
large animals, including a meta-analysis of selected studies, we suggest that the BAL
might reduce mortality from ALF in large animals, but not in humans [BAL vs control:
RR (95%CI), 0.27 (0.12-0.62) for animals and 0.72 (0.48-1.08) for humans], with no
heterogeneity observed between included studies. Compared with the preclinical
experiments, most of the clinical trials were conducted more than 10 years ago.
Moreover, the BAL used in large animals has undergone an obvious improvement
regarding the type, cell source, cell mass, and bioreactor. All the studies showed
improvements in liver and renal functions, hematologic and coagulative parameters,
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1.1 × 6 h

2.9 × 6 h

14

15

NR

NR

NR

11.7 h

72 (3-168) NR
h

11.7 h

13

7d

17

12 h

12

79 h

NR

79 h

11

NR

39.3 h

35 h

50.8 h
NR

16

27.3 h

35 h

8

10

50.8 h
18.9 h

6
7

1.7 × 6 h

52.6 h

5

9

21 h-8 d
46 h

1.7 × 6 h
1.9 × 6 h

4

40.8 h

38.6 h

1.8 × 6 h

3

24 h

1.6 × 6 h

1

100%

100%

100%

80%
100%

100%

100%

50% vs 6/7 vs
50%3 5/63
100% 0% vs
vs
0%3
100%3

2/9 vs
2/83
1/3 vs
1/43

75%

100%

NR

0%

NA1

NR

NR

NR

NA

NA
100%

14%

NA
NA

100%

NA

50%

NA

2/6

100%

NA2

NA2

3/8

83%

NA1

NA1

6/7

100%

100%

1/1

8/8

12/12 100%

1/1

5/5
6/7

4/11

3/3
100%
10/10 80%

14/15 100%

3/3

16/18 100%

7/7

0 vs 03

6 vs 53

3

5

NR

0

NA1

NR

NR

NR

NA

NA
1

1

NA
NA

1

NA

1

NA

Bridging OLT SR of SR of no Recovery
/total OLT OLT
without OLT

time

Treating
time

ID

Stable

Stable

Stable

NR

NR

NR

1m

NA

7d

1 yr

3 yr

NR

15 m

30 d
18 m

10 d

Stable

NR

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable
Stable

Stable

2 m-62 m Stable
24.5 m
Stable

2 m-62 m Stable

NR

NR

NR

NR
NR

Decreased: Ammonia

Decreased: Ammonia

Improved

Not improved

Improved

NR

NR

Improved

NR

NR

Improved
Improved

NR

Improved

Improved

Improved

NR

Not improved
NR

Improved

Decreased: Bilirubin; Ammonia; Transa- Not improved
minases;
Increased: Glucose
Decreased: Bilirubin; ALB
Decreased:
Platelets
Decreased: Lactate; BUN; creatinine
Improved
Decreased: Lactate; Ammonia;
Transaminases
Decreased: Bilirubin; Transaminase;
Ammonia; Lactate; Urea
Decreased: Bilirubin; Transaminase;
Ammonia
Decreased: Ammonia; Bilirubin; Transaminases; BUN; Creatinine

Improved

Not improved

Improved

Improved

Not improved
Improved
Decreased: Pla- Improved
telets; Fibrinogen
Improved
NR

Not improved

Not improved

Decreased:
Fibrinogen
Not improved

NR

Improved

Decreased: ICP
Increased: CLOCS

Improved

Improved

Not improved

Improved

Increased: CPP; CLOCS
NA

Decreased: ICP

Improved

Not improved
Improved

Improved

Not improved
Increased: GCS; CLOCS

Decreased: ICP;
Increased: CLOCS

Decreased: ICP
Increased: CPP
Decreased: ICP;
Increased: CPP; GCS;
CLOCS
Not improved

Hematologic and Encephalopathy Neurologic
coagulation
index

Decreased: Bilirubin; Ammonia; Lactate Not improved

Improved
Decreased: Bilirubin; Ammonia

Improved

Decreased: Ammonia; ALB;
transaminases; bilirubin; BUN; creatinine
Increased: Glucose
Decreased: Transaminases; bilirubin; ALB
Increased: Glucose
Decreased: Ammonia; bilirubin;
transaminases; ALB; BUN; creatinine;
Increased: Glucose
Not improved
Decreased: Bilirubin; transaminases

Decreased: Ammonia; transaminases

Follow-up Hemody Liver and renal function
time
namics

Table 2 Outcomes and adverse events after treating by bioartificial liver support system in clinical trials

NR

Negative
180 d
NR

NR

Negative
3 yr
NA

NA
Negative
18 m
Negative
12 m
NR

NA

Negative

Negative
5 yr

NR

NR

PERV test

Tachypnoeic; Tachy- NA
cardic; Pyrexial;Disseminated intravascular
coagulation

Coagulopathy pneu- Negative
monia, sepsis, and diseased progression

None

None

None

Decreased body
temperature
Decreased body
temperature
Hypoglycemia

None

Bleeding; Transitory
hypotension
Transitory
hypotension
None
Transitory hypotension
NR

None

Transient hypotension

None

Adverse events
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17.4 h

5 d vs 3
d3

45/85 89% vs 50% vs
80%3 38%3
49/863
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20 vs 143
30 d
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Decreased: Bilirubin

Not improved

NR

Not improved
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12 m
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2015 Pig

2016 Pig

24

25

6.5-7.0

25-30
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21 M

18 F

10-15

45

NR 10-13

2015 Canine

23

8

2014 Cynomolgus 15 M
monkey

22

13 F

32 NR 10-15

2013 Pig

2012 Canine

20

30 M

No Sex Weight
(kg)

21

2011 Pig

Species

Year Animal

19

ID

D-galactosamine

D-galactosamine

D-galactosamine

D-galactosamine

Hepaticartery
ligation

D-galactosamine

D-galactosamine

Inducer

5 × 1010 Fluidised-bed
bioreactor

FBBAL

SRBAL

HBAL

Alginate-chitosan encapsulated 5 × 109 Choanoid
fluidized bed
porcine hepatocytes
bioreactor

Co-cultured porcine
1 × 1010 Multi-layer ﬂatplate bioreactor
hepatocytes and bone marrow
+ anionic resin
mesenchymal cells
adsorption
column
Porcine hepatocytes spheroids 200 g Spheroid
reservoir

6h

24 h

6h

6h

7h

3h

Alginate-encapsulated
HepG2cell-spheroids

Outcomes

FBBAL 70.4 ± 11.5 h
Sham FBBAL
51.6 ± 7.9 h
Control 49.3 ± 6.6 h

Survival 90 h (%)
ST 0/6, 0%
ST + Non-cell 1/6,17%
ST + SRBAL 5/6, 83%
Survival time:

BAL 5/10
Control 0/5
1 year survival: 7/8

HBAL 7/8
BAL 5/8
NBAL 4/8
Control 3/8
Survival time:
BAL 10.5 ± 20.7 h
SBAL 8.6 ± 21.4 h
Survival time: 128 h

Survival time:
BAL 72.9 ± 4.72 h
Sham BAL
54.6 ± 4.09 h
Control 54.8 ± 3.98 h
7 day survival:

Treatment Survival
time

Co-cultured porcine
1x 1010 Multi-layer ﬂatplate bioreactor
hepatocytes and bone marrow
+ anionic resin
mesenchymal stem cells
adsorption
column

Bioreactor
6h

Mass

Alginate-chitosan encapsulated 5 × 109 Choanoid
fluidized bed
primary porcine hepatocytes
bioreactor

Cell

HBALSS Human hepatic CL-1 cells
4 × 109 Perfusion
bioreactor
grown in microgravity culture

NA

HBAL

FBBAL

Type

BAL system

Table 3 Characteristics of preclinical experiments on large animals in past 10 years

NR

Test for PERV

NR

NR

Decreased: PCs; LPCs; FAs;
SM;
Increased: CBAs

Decreased: Ammonia; ICP;
Brain water content

NR

NR

Decreased: Transaminases; PT; Negative 1 yr
Bilirubin; LDH; Ammonia;
Increased: ALB

Decreased: bilirubin; TBA;
BUN; Cr; ammonia; Fischer
indices
Increased: ALB

Decreased: ICP; Ammonia;
Increased: Bilirubin; Acidosis

Decreased: Transaminases;
Negative 7 d
LDH; Ammonia; Bilirubin; PT
Increased: ALB

Decreased: Lactate; Glucose

Other

Suitable liver was available for OLTx during that time;
Simultaneous HBAL 1/7 died; nonsimultaneous HBAL 2/5 died;
3
Intervention vs control. NA: Not applicable; NR: Not reported; SR: Survival rate; OLT: Orthotopic liver transplantation; ALB: Albumin; BUN: Blood urea nitroge; ICP: Intracranial pressure; CPP: Cerebral perfusion pressure;
GCS: Glasgow coma score; CLOCS: Comprehensive level of consciousness score; PERV: Porcine endogenous retrovirus.

1

18
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2017 Pig

2017 Pig

2018 Rhesus
monkey

2019 Pig

27

28

29

30

18 F

30 M

15 M

25 F

20-30

10-20

45-55

30-35

20 NR 15-25

85% hepatectomy

α-amanitin and
lipopolysaccharide

Complete
hepatic inflow
devascularization

Surgical ligation of
all blood flow to the
liver

D-galactosamine

SRBAL

SRBAL

NA

UCLBAL

HiHepBAL

3 × 109
Multi-layer
radial-ﬂow
bioreactor

Porcine hepatocyte
spheroids

Pig hepatocyte-HUVEC
organoids

Ca-alginate-immobilized
hepatocyte spheroids

Packed-bed
bioreactor

200 g

Spheroid
reservoir

2.6 × 1010 Spheroid
reservoir

2 × 1010

3-dimensional (3D) HepG2- 7.3 × 1010 Fuidised bed
bioreactor
cell spheroids

HiHeps

24 h

6h

12 h

6h

3h

Control 21 h (n = 5)
BAL 28.5 h (n = 5)
Cell-free BAL 21 h (n = 5)
Median survival time:
SRBAL 12 h 336 h (n = 6)
SRBAL 24 h 248 h (n = 6)
SRBAL 36 h 132 h (n = 6)
Sham no-cell SRBAL 12 h 90
h (n = 6)
Control 60.5 h (n = 6)
Survival rate at 90 h:
SMT 0/6
SMT plus no-cell SRBAL 0/6
SMT plus SRBAL (200 g) 5/6

Survival 7 d:
hiHep-BAL 7/8
Empty-BAL 1/6
No-BAL 0/6
Survival time: Control-BAL
7.04 ± 1.9 h, (n = 15)
Cell-BAL
8.21 ± 2.3 h, (n = 13)
Median survival time:
NR

NR

NR

Decreased: Ammonia; ICP; INR NR
Increased: Volume regeneration

Decreased: Ammonia; Bilirubin Negative 6 h
Increased: Albumin

Decreased: Ammonia;
Creatinine ICP; BP
Increased: Urine

Decreased: PT; INR; ICP;
Ammonia

Decreased: Transaminase
Ammonia; Bilirubin; PT

NA: Not applicable; NR: Not reported; BAL: Bioartificial liver; Sex: Male (M) and Female (F); ELAD: Extracorporeal liver assist device; AMC-BAL: Academic medical center bioartificial liver; MELS: Modular extracorporeal liver
support; BLSS: Novel bioartificial liver support system; RFB-BAL: Radial-flow bioreactor bioartificial liver; HBAL: Hybrid bioartificial liver; FBBAL: Fluidized bed BAL; HBALSS: Hybrid bioartificial liver support system; SRBAL:
Spheroid reservoir bioartificial liver; hiHep: Human-induced hepatocytes; CBAs: Conjugated bile acids; PCs: Phosphatidylcholines; LPCs: Lysophosphatidylcholines; FAs: Fatty acids; SM: Sphingomyelin; ICP: Intracranial
pressure; ALB: Albumin; PT: Prothrombin time; INR: International normalized ratio; PERV: Porcine endogenous retrovirus.

2016 Pig

26
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Figure 2

Figure 2 Effect of bioartificial liver support systems on mortality in acute liver failure humans and large animals. The randomized controlled trials for metaanalysis included 2 clinical trials and 6 preclinical experiments with death events (or survival rate) recorded between 90 h to 7d after application of bioartificial liver
support systems. M-H: Mantel-Hanszel; BAL: Bioartificial Liver; CI: Confidence interval.

encephalopathy index, and neurological indicators after the treatment with BAL, with
neither significant adverse events nor PERV infection.
At present, whether the BAL is able to reduce mortality in the ALF population
remains controversial. For example, a meta-analysis performed in 2011[8] indicated
that BAL appeared to affect mortality in patients with ALF, while another three metaanalyses of clinical controlled trials conducted by Liu et al[37], Kjaergard et al[3], and
Zheng et al[38] demonstrated that the use of the BAL was not associated with the
improvement of survival outcome among patients with ALF, which is consistent with
our study.
The quality of the BAL is the most important indicator that affects the outcome and
adverse events of BAL treatment for ALF, which might support the effect difference
between clinical trials and preclinical experiments. As reported in our study, cell
source, culture mode, cell mass, and the bioreactor of the BAL were different between
the two types of study.
There are currently four main sources of cells for the BAL and their pros and cons
are as follows: (1) Human primary hepatocytes are the most suitable cells but are
limited by low availability due to a shortage of donor organs[38]; (2) Immortalized
human hepatoblastoma cell lines (HepG2/C3A/hepatic CL-1) are sufficiently
expanded but are considered to have less metabolic functions than primary
hepatocytes[39]; (3) Human-induced hepatocytes (hiHep) were reported to have a
potential for metabolic detoxification[12], but it is difficult to meet the demands on a
clinical scale because of the cost and complexity of hiHep; and (4) Porcine hepatocytes
are the main cells used in the BAL and have similar function with human hepatocytes,
are readily available, and are low-cost. Although no PERV infection has been found in
42 patients with long-term immunosuppression and 13 healthcare workers after a
follow-up of 5-8 years by a new highly sensitive and specific quantitative real-time
polymerase chain reaction assay[40,41], xenozoonosis and the potential risks of PERV
infection after treatment remain a concern.
In addition, primary hepatocytes easily lose their function in vitro during long-term
monolayer culture[42]. In the preclinical experiments, to maintain and improve the
viability and metabolic functions of hepatocytes, cells were cultured in a threedimensional environment to simulate microgravity to form spheroids [30,32,36] or
organoids[10], and alginate-chitosan encapsulated spheroids[5,11,33]. Hepatocytes were
also co-cultured with bone marrow mesenchymal cells and human umbilical vein
endothelial cells to maintain the function of porcine hepatocytes by providing cell-tocell interactions[10,29,31,43]. In addition, to adapt to the changes of the cells, bioreactors
were modified as spheroid reservoirs and multi-layer radial-flow bioreactors to
provide a suitable environment for hepatocytes to survive and maintain their cell
functions.
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Adequate liver cell mass is another crucial indicator for evaluating the BAL, and
the innovation requires a higher number of hepatocytes and enhanced function
during long-term culture[44]. It has been widely suggested that approximately 30% of
the total liver volume is required for survival and that 10-40 billion liver cells without
loss of function would be required for BAL treatment [45,46] . Therefore, the low
functionality and availability of cells for the clinical scale mass of all the BAL might
explain the insignificant effect based on the meta-analysis of the two controlled
clinical trials in comparison with the preclinical experiments.
Furthermore, in the preclinical experiments, the subjects in each study were the
homogeneous ALF models, but in the clinical trials, the etiologies of ALF varied and
were complex, which might have led to different effects of the BAL. In comparison to
the patients with PNF, the patients with FHF showed a strikingly different effect of
the BAL treatment in a randomized multicenter controlled trial [6] and two noncontrolled clinical trials[14,15]. Only unremarkable metabolic effects were observed in
the patients with PNF, without amelioration of the neurological state and survival
benefit after BAL treatment, whereas an improvement in neurological state and
benefit were observed in the patients with FHF, even though one case report on PNF
showed a great improvement in neurological state with a change in coma stage from
IV to I after treatment with MELS[22].

Strengths and limitations
Our study has several strengths. First, by using a systematic searching strategy and
selection procedures, we included all the clinical trials of BAL for ALF and preclinical
experiments on large animals in the recent decade, which might represent a current
overview of research in this domain, making our study probably the first review to
provide evidence for future research. Second, we calculated the combined effect of
BAL for ALF by performing a meta-analysis of RCT studies stratified according to
clinical trial and preclinical experiment, making the effects comparable between the
two study types; meanwhile, the bias of all the included studies was assessed as low
to middle-risk and the publication bias was subtle. Finally, we created a detailed
checklist of all the potential information associated with the outcome of BAL. Two
independent reviewers conducted data extraction, ensuring quality data and allowing
for examination of the gap between preclinical experiments and clinical trials.
Our study has two main limitations. One is that the number of RCT clinical trials
included was limited to meta-analyses even if many studies have been conducted on
ALF and other liver diseases such as acute-on-chronic liver failure. Nevertheless, our
data could be usable. Thus, the overall effect of BAL for ALF in humans was desirable
but must be verified in the future. Another limitation is that it was not necessary or
proper for us to use a meta-regression for controlling covariates, because there existed
no heterogeneity between included studies and the limited number of included
studies did not meet the requirement of the precondition for regression. Thus, we
could not provide further evidence for future research and practice.

Suggestions for future research
Based on the results of our study, we suggest the following for future clinical trials,
preclinical experiments, and transformations. First, alternative cells or methods for
acquiring high-quality liver cells in vitro must be identified to achieve clinical-scale
goals. Second, the effects of the subgroups, patients with PNF or FHF, and patients
with different etiologies should be determined and examined in clinical trials in the
future. Finally, the advanced BAL, which proved to have a significant benefit on the
survival outcome of the large-animal ALF model, should undergo clinical
transformation as much as possible.

ARTICLE HIGHLIGHTS
Research background
Acute liver failure (ALF) has a high mortality varying from 80% to 85% with rapid progress in
multi-organ system failure. Bioartificial liver (BAL) support systems have a potential effect to
provide temporary support to bridge patients with acute liver failure to liver transplantation or
spontaneous recovery. In the past decades, several BAL support systems have been conducted in
clinical trials, but remained verified. More recently, concerns have been raised on the renovation
of high-quality cell sources and configuration of BAL support systems to provide more benefits
to ALF models in preclinical experiments.

Research motivation
A systematic review and meta-analysis of the existing literature on the use of BAL among
humans and large animals with ALF could help bridge the gap between preclinical experiments
and clinical trials regarding the effect of BAL for treating acute liver failure.
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Research objectives
To investigate the characteristics of studies about BAL for ALF, and to evaluate their effects on
mortality.

Research methods
Eligible clinical trials and preclinical experiments on large animals were identified on Cochrane
Library, PubMed, and EMbase up to March 6, 2019. Two reviewers independently extracted the
necessary information, including the key BAL indicators, survival and indicating outcomes, and
adverse events during treatment. Descriptive analysis was used to identify the characteristics of
the included studies, and a meta-analysis by including only RCT studies was performed to
combine the overall effect of BAL on mortality among humans and large animal, respectively.

Research results
Of 30 selected studies, 18 were clinical trials and 12 were preclinical experiments. The metaanalysis results suggested that BAL might reduce the mortality of ALF in large animals,
probably due to the recent improvement of BAL, including the type, cell source, cell mass, and
bioreactor, but seemed ineffective for humans. Liver and renal functions, hematologic and
coagulative parameters, encephalopathy index, and neurological indicators seemed to improve
after BAL, with neither meaningful adverse events nor porcine endogenous retrovirus infection.

Research conclusions
BAL may reduce the mortality of ALF by bridging the gap between preclinical experiments and
clinical trials. Clinical trials using improved BAL must be designed scientifically and conducted
in the future to provide evidence for transformation.

Research perspectives
Our study could provide some suggestions for future clinical trials, preclinical experiments, and
transformations. First, alternative cells or methods for acquiring high-quality liver cells in vitro
must be identified to achieve clinical-scale goals. Second, the effects of the subgroups, patients
with PNF or FHF, and patients with different etiologies should be determined and examined in
clinical trials in the future. Finally, the advanced BAL, which proved to have a significant benefit
on the survival outcome of the large-animal ALF model, should undergo clinical transformation
as much as possible.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) has been revealed as the second most common
cause of cancer-related deaths worldwide. The introduction of cell-based
immunotherapy, including dendritic cells (DCs) and cytokine-induced killer cells
(CIKs), has brought HCC patients an effective benefit. However, the efficacy and
necessity of cellular immunotherapy after different interventional therapy
remains to be further explored.
AIM
To investigate the efficacy of cellular immunotherapy, involving DCs and CIKs,
combined with different conventional treatments of HCC.
METHODS
We performed a literature search on PubMed and Web of Science up to February
15, 2019. Long-term efficacy (overall survival and recurrence) and short-term
adverse effects were investigated to assess the effectiveness of immunotherapy
with DCs and/or CIKs. Review Manager 5.3 was used to perform the analysis.
RESULTS
A total of 22 studies involving 3756 patients selected by eligibility inclusion
criteria were forwarded for meta-analysis. Combined with the conventional
clinical treatment, immunotherapy with DCs and/or CIKs was demonstrated to
significantly improve overall survival at 6 mo [risk ratio (RR) = 1.07; 95%
confidence interval (CI): 1.01-1.13, P = 0.02], 1 year (RR = 1.12; 95%CI: 1.07-1.17, P
< 0.00001), 3 years (RR = 1.23; 95%CI: 1.15-1.31, P < 0.00001) and 5 years (RR =
1.26; 95%CI: 1.15-1.37, P < 0.00001). Recurrence rate was significantly reduced by
cellular immunotherapy at 6 mo (RR = 0.50; 95%CI: 0.36-0.69, P < 0.0001) and 1
year (RR = 0.82; 95%CI: 0.75-0.89, P < 0.00001). Adverse effect assessment
addressed that immunotherapy with DCs and/or CIKs was accepted as a safe,
feasible treatment.
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CONCLUSION
Combination immunotherapy with DCs, CIKs and DC/CIK with various routine
treatments for HCC was evidently suggested to improve patients’ prognosis by
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Core tip: Hepatocellular carcinoma has been revealed as the second most common cause
of cancer-related deaths worldwide. Though several analyses have supported the
effective benefit of cellular immunotherapy when combined with specific hepatocellular
carcinoma treatment, the efficacy and necessity of cellular immunotherapy after different
interventional therapy remains to be interrogated. Our study suggested that the
combination of immunotherapy with dendritic cells, cytokine-induced killer cells and a
combination of the two with various routine hepatocellular carcinoma treatments could
evidently improve patients’ prognosis by increasing the overall survival and reduce the
recurrence of the malignancy.

Citation: Cao J, Kong FH, Liu X, Wang XB. Immunotherapy with dendritic cells and
cytokine-induced killer cells for hepatocellular carcinoma: A meta-analysis. World J
Gastroenterol 2019; 25(27): 3649-3663
URL: https://www.wjgnet.com/1007-9327/full/v25/i27/3649.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i27.3649

INTRODUCTION
Liver cancer, approximately 75% of which is ascribed to hepatocellular carcinoma
(HCC), has been revealed as the second most common cause of cancer-related deaths
worldwide with around 745000 deaths annually[1]. Both the incidence and mortality
are rising worldwide. Cirrhosis, hepatitis B virus and hepatitis C virus are commonly
regarded as the main risk factors for HCC.
Curative treatment is achieved by surgical resection, orthotopic liver transplantation, transarterial chemoembolization (TACE) and local percutaneous tumor
ablation. However, these curative approaches are only accessible to limited numbers
of patients, as most are diagnosed at advanced stages with unresectable tumors.
Although much progress has been made with promising phase II trial results, drug
development has been disappointing with many failures in phase III trials[2]; hence,
few drugs have been approved so far by the United States Food and Drug
Administra-tion. A multitarget tyrosine kinase inhibitor, sorafenib, the only approved
systemic therapy, achieves an increased survival of only up to 3 mo[3,4].
Immunotherapy was introduced into the field as the ability to escape from
immunological surveillance, which forms the basis for tumor progression. The
underlying mechanism comprises of defective antigen presentation, dysfunction of
effector T cells, cytokine disarray and alterations in immune checkpoints[5]. While
conventional chemotherapy exerts its effect by directly reducing tumor volume
morphologically, immunotherapy works in an indirect way and takes longer to
induce an effective immune response. However, it provides a more durable antitumor
effect. Immune-based approaches include cytokines, vaccines, adoptive cell therapy
[based on peripheral blood mononuclear cells or dendritic cells (DCs)][6-8], tumorantibody-based immunotherapy[9] and immune checkpoint inhibitors. Recombinant
interferon-α was the first immunotherapeutic agent introduced into the field,
although, even with its features of immunostimulation and antiangiogenesis, it failed
to show a significant effect in clinical trials of patients with HCC[10,11].
Vaccine strategies are carried out on different anti-cancer platforms, including
RNA-, peptide- and protein-based vaccines, whole-tumor-cell vaccine, and most
widely, DC-based vaccines. DC-based vaccines are adapted more for solid
malignancies, including melanoma, renal cancer and prostate cancer, as well as
HCC[12,13]. As mature DCs prime T cells and boost memory T cells, induction of DC
maturation by Toll-like receptor ligand or cytokines is often applied clinically. Cross-
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presentation, the process of DCs presenting captured antigen to CD8+ cells via major
histocompatibility complex class I, is regarded as a critical step in the efficient
induction of antitumor cytotoxic response [12] . An important subtype of DCs was
identified in 2010 on account of its high capability in cross-presentation with high
expression of CD141 and Toll-like receptor 3. These CD141 + DCs yielded high
amounts of type I interferon under stimulation with polyinsionic-polycytidylic acid,
which leads to a vigorous T helper 1 cell response; hence the effective anticancer
response[14]. Therefore, polyinsionic-polycytidylic acid and its derivatives are adopted
as adjuvants for DC-based vaccines.
Adoptive cell therapy is commonly performed with cytokine-induced killer cells
(CIKs), tumor-infiltrating lymphocytes and genetically modified T cells. Among these,
CIKs have been used in more clinical trials. CIKs, consisting of NKG2Dhigh T cells,
activated natural killer cells and natural killer T cells[15], are generated ex vivo from
peripheral blood mononuclear cells and stimulated with cytokines and antibodies
targeting CD3. CIKs harbor high capacity of proliferation and have a cytolytic effect
against cancer cells. Although several analyses have supported the beneficial effect of
cellular immunotherapy when combined with specific HCC treatment[16,17], the efficacy
and necessity of cellular immunotherapy after different interventional therapy
remains to be interrogated. In this study, a systematic review and meta-analysis was
performed to investigate the efficacy of cellular immunotherapy, involving DCs, CIKs
and DC/CIK combination therapy, combined with different treatments of HCC.

MATERIALS AND METHODS
Systematic literature search
We conducted a widespread literature search on PubMed and Web of Science Core
Collection. Articles up to February 15, 2019 were filtered out by key words including
hepatocellular OR liver AND cancer OR tumor OR tumour OR carcinoma OR
neoplasm AND immunotherapy OR immune checkpoint OR immunotherapeutic.
Study selection was conducted by two independent investigators. Discrepancies were
resolved by discussion and consensus. Full text was retrieved for further decision if
the abstract was insufficient to support the inclusion criteria. Three reviewers
independently evaluated studies for eligibility.

Inclusion and exclusion criteria
Randomized controlled trials (RCTs) and controlled trials were taken into consideration, but trials with only safety data, animal studies and in vitro studies were
excluded. Studies that met the following criteria were included: (1) Clinical trials on
immunotherapy for HCC patients with full text and available data in English; and (2)
Clinical trials providing survival data [disease-free survival, progression-free
survival, and overall survival (OS)] and adverse effects.

Data extraction and quality assessment
The following information was extracted for each article: last name of first author,
year of publication, phase of clinical trial, number of enrolled subjects, treatment
arms, number of patients in control and conventional groups, OS, recurrence rate and
adverse effects. The quality assessment was performed with Cochrane Collaboration’s
tool for RCT trails and MINORS[18] for non-RCT cohort studies.

Statistical analysis
We conducted all the analysis with Review Manager 5.3 (Cochrane Collaboration).
Risk ratio (RR) was calculated to assess the effect of interventions. Results were
presented with 95% confidence interval (CI). We performed Cochrane’s Q statistic (χ2)
to assess the heterogeneity of the trials and the I2 statistic for inconsistency. P < 0.05 or
I2 > 50% was considered an invalid assumption of homogeneity. A random-effects
model was applied for clinical trials of significant heterogeneity, otherwise a fixedeffects model was applied. Assessment of potential publication bias was evaluated by
funnel plot, where two-tailed P < 0.05 was considered statistically significant.

RESULTS
Description of included trials
A total of 2643 citations were identified from the primary literature search. Among
them, 2621 studies were excluded for the following reasons: overlapping studies,
reviews, no access to full-text in English, letters, and individual case studies.
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According to the inclusion criteria, 22 studies (Figure 1) including 3756 patients were
adopted in the meta-analysis. Five of the included studies involving 390 patients were
aligned for analyzing the effect of mono-immunotherapy with DC-based vaccines. A
total of 3211 patients involved in 13 trials were assigned for comparative analysis of
mono-immunotherapy with CIKs. The other four trials with 155 patients focused on
the effect of combined approach with DC vaccines and CIKs (Table 1). Most of those
trials evaluated the effect of immunotherapy based on interventions for primary
tumor ablation by surgical resection, radiofrequency ablation and cryoablation. Five
studies[19,20,24,26,27] were conducted with patients receiving TACE treatment. A few
studies assigned patients with chemotherapy[32] or only supportive treatment[21] as the
control group.

Efficacy and prognosis assessment
Compared with the patients in the control group, regardless of original treatment
arm, patients receiving monotherapy with DC-based vaccine had a higher 1-year OS
(RR = 1.16; 95%CI: 1.03-1.30, P = 0.01), although there was no significant improvement
in OS at 6 mo or 3 years. Monotherapy with CIKs demonstrated significant
improvement in OS at 6 mo (RR = 1.09; 95%CI: 1.03-1.16, P = 0.005), 1 year (RR = 1.11;
95%CI: 1.06-1.16, P < 0.00001), 3 years (RR = 1.23; 95%CI: 1.15-1.31, P < 0.00001) and 5
years (RR = 1.25; 95%CI: 1.14-1.36, P < 0.00001). Unsurprisingly, combined therapy
with DCs and CIKs also improved OS at 1 year (RR = 3.8; 95%CI: 1.29-11.22, P = 0.02)
and 5 years (RR = 1.45; 95%CI: 0.99-2.12, P = 0.05). Taken together, immunotherapy
based on DCs and/or CIKs significantly increased OS at 6 mo (RR = 1.07; 95%CI: 1.011.13, P = 0.02), 1 year (RR = 1.12; 95%CI: 1.07-1.17, P < 0.00001), 3 years (RR = 1.23;
95%CI: 1.15-1.31, P < 0.00001) and 5 years (RR = 1.26; 95%CI: 1.15-1.37, P < 0.00001)
(Figure 2).
Besides the improved OS of patients, reduced tumor recurrence rate was achieved
in most trials. DC-based vaccination alone addressed a declining shift in 1-year
recurrence (RR = 0.64; 95%CI: 0.44-1.93, P = 0.02). Immunotherapy with CIKs showed
similar effects on recurrence at 6 mo (RR = 0.45; 95%CI: 0.30-0.66, P < 0.0001), 1 year
(RR = 0.83; 95%CI: 0.76-0.91, P < 0.0001) and 1.5 years (RR = 0.39; 95%CI: 0.18-0.85, P =
0.02). The data on recurrence with DC/CIK combined therapy were unfortunately not
available. The retardation effect of recurrence was observed at 6 mo (RR = 0.50;
95%CI: 0.36-0.69, P < 0.0001) and 1 year (RR = 0.82; 95%CI: 0.75-0.89, P < 0.00001)
(Figure 3).

Adverse effect analysis
None of the studies reported immunotherapy-related hospital mortality. Only 23
patients in four studies[23,29,32,36] were reported with grade III or IV adverse events.
Fever was addressed as the most common event after immunotherapy. Other adverse
effects included shivering, vomiting, fatigue, abdominal pain and leukopenia. The
overall adverse event rate was higher in immunotherapy groups, but symptomatic
remissions were declared within 24 h. In brief, immunotherapy was accepted as a
safe, feasible treatment, though with an increased incidence of adverse events.

Quality assessment of trials
Seven studies included in this systematic review were RCTs, including two with DCbased vaccine, three with mono-immunotherapy with CIKs and two with
combination immunotherapies. Cochrane Collaboration’s tool was used to assess the
quality of the RCTs. All these RCTs were verified with high quality (Table 2), and 15
non-RCTs were validated as high quality by MINORS (Table 3).

Publication bias
Funnel plots and Egger’s regression test were applied to OS and recurrence rate in
order to guarantee the potency of this meta-analysis (Figure 4). Symmetrical
distribution of individual studies indicated no evident publication bias.

DISCUSSION
Although surgical resection, transplantation, local tumor ablation and TACE are well
accepted with proven survival benefit[41], these clinical treatments of HCC have their
limited scope of application according to the tumor progression of individual patients.
Besides, tumor recurrence can occur within five years even with curative interventions[42]. Unlike some other solid tumors, no effective neoadjuvant or adjuvant therapy
has been validated to reduce the recurrence risk so far [41] . The introduction of
immunotherapy, however, brought new hope in this regard. In this meta-analysis, we
found that immunotherapy could increase OS and decrease recurrence rate in HCC.
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Table 1 Clinical information and characteristics of included studies

Author
(year)

Country

Control

Immunotherapy
interventions

Patients

Child-Pugh score A/B/C

Control

Trial

Control

Trial

Immune cell
Course
regimens

Nakamoto
(2007)[19]

Japan

TACE

TACE + DC

11

10

4/7/0

8/2/0

5 × 106

1

Nakamoto
(2011)[20]

Japan

TACE

TACE + DC

22

13

NR

5/8/0

5 × 106

1

El Ansary
(2013)[21]

Egypt

Supportive
treatment

DC

15

15

0/14/1

0/15/0

20 × 106

1

Sun (2015)[22] China

Resection +
FOLFOX6

Resection +
DC

80

80

NR

NR

8.9 × 109

6

Lee (2017)[23] South Korea

Resection/RF Resection/RF 75
A/PEI
A/PEI + DC

69

NR

NR

3 × 107

6

Weng
(2007)[24]

China

TACE + RFA

TACE + RFA
+ CIK

40

45

33/7/0

36/9/0

1.0-1.5 × 1010

8/9

Dong
(2008)[25]

China

Resection

Resection +
CIK

43

84

34/9/0

68/16/0

1.0-2.0 × 1010

3/5

Hao
(2010)[26]

China

TACE

TACE + RFA
+ CIK

74

72

66/8/0

65/7/0

1.0-5.0 × 1010

4

Pan (2010)[27] China

TACE + RFA

TACE + RFA
+ CIK

39

42

NR

NR

1.0 × 1010

4

Pan (2013)[28] China

Resection

Resection +
CIK

206

204

206/0/0

204/0/0

1.0-1.5 × 1010

4

Lee (2015)[29] South Korea

Resection/RF Resection/RF 112
A/PEI
A/PEI + CIK

114

112/0/0

114/0/0

NR

16

Pan (2015)[30] China

Resection

Resection +
CIK

520

511

NR

NR

1.0-1.5 × 1010

4

Chen
(2016)[31]

China

Resection

Resection +
CIK

118

231

205/12/0

222/9/0

1.0-1.5 × 1010

4

Li (2016)[32]

China

Oxaliplatin +
Capecitabine

CIK

37

37

33(A +
B)/4(C)

27(A +
B)/10(C)

NR

NR

Chang
(2018)[33]

China

Resection

Resection +
CIK

145

145

145/0/0

145/0/0

NR

NR

Lee (2018)[34] South Korea

Resection/RF Resection/RF 112
A/PEI
A/PEI + CIK

114

112/0/0

114/0/0

6.4 × 109

16

Cui (2014)[35] China

RFA

RFA +
32
NK/γδT/CIK

30

14/18/0

18/12/0

1.2-2.0 × 109

8

Qian
(2016)[36]

RFA

RFA +
31
NK/γδT/CIK

73

NR

NR

1.0-2.0 × 109

8

Qiu (2011)[37] China

Resection

Resection +
DC/CIK

9

9

NR

NR

2.0-20.0 × 109

NR

Niu
(2013)[38]

China

Cryoablation

Cytotherapy
+ DC/CIK

12

21

NR

NR

6.0-10.0 × 109

NR

Shimizu
(2014)[39]

Japan

Resection

Resection +
DC/CIK

40

35

44/8/0

34/8/0

NR

NR

Yu (2015)[40]

China

Microwave
ablation

Microwave
ablation +
DC/CIK

15

14

15/0/0

13/1/0

NR

NR

China

TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; DC: Dendritic cell; CIK: Cytokineinduced killer cell; NK: Nature killer cell; NR: Not reported.

We comprehensively analyzed 22 individual studies with 3756 HCC patients in this
meta-analysis and illustrated a positive prognostic efficacy of immunotherapy with
DC-based vaccine and/or CIK-based adoptive therapy. Our results demonstrated that
an extended OS (6 mo, 1, 3 and 5 years) was achieved with the aforesaid immunotherapy based on different HCC interventional therapies. Similar benefits in OS were
described in another meta-analysis[43] of adjuvant adoptive immunotherapy, including
CIKs, lymphokine-activated killer cells and lymphocytes in HCC patients after
surgery. In that study, a significant reduction in mortality and recurrence was
observed at 1, 2 and 3 years but not 5 years[43]. However, compared to the slight
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Figure 1

Figure 1 Flow diagram of the literature screening process. DC: Dendritic cell; CIK: Cytokine-induced killer cell.

increase in OS in our study, another systematic review demonstrated a more dramatic
shift in OS in TACE-treated HCC patients [16] . The smaller increase in OS in our
analysis could have been ascribed to the heterogeneity of the patients included in the
controlled trials. Yet, a significant benefit in OS was confirmed regardless of subgroup
composition, and more intriguingly, our analysis indicated that short-term recurrence
was intensely reduced with immunotherapy independent of the heterogeneity. The
clinical benefit of the combined immunotherapy with DCs and CIKs has been
demonstrated in many clinical studies[17,44]. This combined approach was reported to
have greater antitumor activity in vitro than CIK treatment alone[45], while our analysis
failed to find sufficient clinical data to support it.
One RCT[22] and one non-RCT cohort study[32] included in this meta-analysis were
based on conventional chemotherapy as the control group. Cellular immunotherapy
also resulted in improved outcomes, implying a critical role for immunotherapy in
patients who have lost their chance for tumor ablation. The combination of
chemotherapy and immunotherapy has accumulated positive efficacy in a number of
unresectable malignancies[46-48].
Recently, the introduction of immune checkpoint inhibitors has led to a clinical
breakthrough in cancer treatment[49]. Six immune checkpoint inhibitors for HCC
treatment have been approved by the Food and Drug Administration, and even one
(nivolumab) has been introduced as a second-line treatment[50,51] due to its promising
effect on immune checkpoints inhibitors in HCC patients. Although some clinical data
have presented a good safety profile, disease control and time to progression[50-52],
clinical data concerning comparative trials with immune checkpoints in HCC patients
are still insufficient for analysis.
A bias could have been raised due to the low number of available trials and the low
number of included patients in the DC-based vaccine group and DC/CIK combination group, which comprised five trials with 390 patients and four trials with 155
patients, respectively. The quality of this meta-analysis was still assured as we have
shown no evidence of publication bias.
There were a few limitations to this systematic review and meta-analysis. First,
although we included 22 trials in the analysis, the DC and DC/CIK groups comprised
only five and four trials, respectively. Most of the trials were conducted in East Asian
countries (China, Japan and South Korea); hence, they had less-sufficient statistical
power due to the lack of multinational or multiracial clinical data. Second, heterogeneity was observed between the included studies. Factors, including stage of
malignancy, different surgical method, number of immunotherapy fusion cycles, and
duration of immunotherapy in different clinical centers could have contributed to the
heterogeneity.
In conclusion, we demonstrated that the application of immunotherapy with DCs,
CIKs and DCs/CIK in addition to various routine HCC treatments could evidently
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Figure 2 Comparison of 6-mo (A), 1- (B), 3- (C) and 5-yr (D) overall survival between immunotherapy groups and control groups. M-H: Mantel-Haenszel
estimates; CI: Confidence interval.

improve patients’ prognosis by increasing OS and reducing recurrence. The efficacy of
novel immune checkpoint inhibitors based on clinical trials should be assessed in
further studies when sufficient data are available. Due to the diverse mechanism
behind the immune evasion of tumor cells, approaches combining different
immunotherapies might lead to an appealing strategy to treat HCC.
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Table 2 Quality assessment of randomized controlled trials with Cochrane Collaboration’s tool
Selection

Performance

Detection

Attrition

Reporting

Other

Bias

Bias

Bias

Bias

Bias

Bias

El Ansary (2013)

Unclear

High

Unclear

Low

Low

Low

Sun (2015)

Unclear

High

Unclear

Low

Low

Low

Dong (2008)

Unclear

High

Unclear

Low

Low

Low

Lee (2015)

Unclear

High

Unclear

Low

Low

Low

Lee (2018)

Unclear

High

Unclear

Low

Low

Low

Qiu (2011)

Unclear

High

Unclear

Low

Low

Low

Yu (2015)

Unclear

High

Unclear

Low

Low

Low

Author (year)

Table 3 Quality assessment of non-randomized controlled trials with MINORS
Author (year)

1

2

3

4

5

6

7

8

9

10

11

12

Nakamoto (2007)

2

2

2

0

0

1

2

0

2

2

2

2

Nakamoto (2011)

2

2

2

2

0

1

2

0

2

2

2

2

Lee (2017)

2

2

2

2

0

2

0

2

2

2

2

2

Weng (2007)

2

2

2

2

0

2

2

0

2

2

2

2

Hao (2010)

2

2

2

2

0

2

2

2

2

2

2

2

Pan (2010)

2

2

2

2

0

1

2

0

2

2

2

2

Pan (2013)

2

2

2

2

0

1

2

0

2

2

2

2

Pan (2015)

2

2

2

2

0

2

2

0

2

2

2

2

Chen (2016)

2

2

2

2

0

2

2

0

2

2

2

2

Li (2016)

2

2

2

2

0

1

2

2

2

2

2

2

Chang (2018)

2

2

2

2

0

2

2

2

2

2

2

2

Cui (2014)

2

2

2

0

0

1

2

0

2

2

2

2

Qian (2016)

2

2

2

1

0

2

0

0

2

2

2

2

Niu (2013)

2

2

2

0

0

2

2

0

2

2

2

2

Shimizu (2014)

2

2

2

0

0

2

2

2

2

2

2

2
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Figure 3 Comparison of 6-mo (A), 1- (B) and 1.5-yr (C) recurrence between immunotherapy groups and control groups. M-H: Mantel-Haenszel estimates; CI:
Confidence interval.
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Figure 4

Figure 4 Funnel plots to detect publication bias. DC: Dendritic cell; CIK: Cytokine-induced killer cell.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) has been revealed as the second most common cause of cancerrelated deaths worldwide. The introduction of cell-based immunotherapy, including dendritic
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cells (DCs) and cytokine-induced killer cells (CIKs), has brought HCC patients an effective
benefit. However, the efficacy and necessity of cellular immunotherapy after different
interventional therapy remain to be further explored.

Research motivation
Only patients with early to intermediate stage of HCC can benefit from curable interventions.
Unfortunately, tumor recurrence within 5 years occurs even with curable treatment. As the
introduction of immunotherapy has brought beneficial effects to HCC treatment, better strategies
with combined interventions would help to improve the outcomes of HCC patients.

Research objectives
A systematic review and meta-analysis were performed in this study to investigate the efficacy
of cellular immunotherapy, involving DCs, CIKs and DC/CIK combination therapy combined
with different treatments of HCC.

Research methods
A literature search was performed on PubMed and Web of Science up to February 15, 2019.
Long-term efficacy (overall survival and recurrence) and short-term adverse effects were
investigated to assess the effectiveness of immunotherapy with DCs and/or CIKs. Review
Manager 5.3 was used to perform the analysis.

Research results
A total of 22 studies involving 3756 patients selected by eligibility inclusion criteria were
forwarded for meta-analysis. Combined with the conventional clinical treatment,
immunotherapy with DCs and/or CIKs was demonstrated to significantly improve overall
survival at 6 mo, 1 year, 3 years and 5 years. Recurrence rate was significantly reduced by
cellular immunotherapy at 6 mo and 1 year. Adverse effect assessment addressed that
immunotherapy with DCs and/or CIKs was accepted as a safe, feasible treatment.

Research conclusions
Combination immunotherapy with DCs, CIKs and DC/CIK with various routine treatments for
HCC was evidently suggested to improve patients’ prognosis by increasing overall survival and
reducing cancer recurrence.

Research perspectives
This meta-analysis indicated that the combination of conventional therapy and the intervention
of immunotherapy with DCs, CIK and DC/CIK could pave the way for a promising approach
for HCC treatment. Further assessment of the efficacy of novel immune checkpoint inhibitors
based on clinical trials will help us to better identify immunotherapy strategies to treat HCC.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most prevalent cause of chronic
liver disease worldwide. NAFLD is considerably more frequent in patients with
type 2 diabetes mellitus (T2DM) than in the general population and is also more
severe histologically in this group. Sodium-glucose co-transporter-2 (SGLT2)
inhibitors, the newest class of antidiabetic agents, appear to represent a
promising option for the management of NAFLD in patients with T2DM. In a
number of studies, treatment with SGLT2 inhibitors resulted in a reduction in
hepatic steatosis and in transaminase levels. However, existing studies are small,
their follow-up period was short and none evaluated the effects of SGLT2
inhibitors on liver histology. Accordingly, larger studies are needed to verify
these preliminary results and define the role of SGLT2 inhibitors in the treatment
of NAFLD in patients with T2DM.

Manuscript source: Invited
manuscript

Received: March 18, 2019
Peer-review started: March 18, 2019
First decision: May 9, 2019
Revised: May 20, 2019
Accepted: June 25, 2019
Article in press: June 26, 2019
Published online: July 28, 2019
P-Reviewer: Enomoto H, Miyoshi
E, Tarantino G, Trovato GM, Xu CF
S-Editor: Yan JP
L-Editor: A
E-Editor: Zhang YL

WJG

Key words: Nonalcoholic fatty liver disease; Type 2 diabetes mellitus; Sodium-glucose
co-transporter-2 inhibitors; Steatosis; Fibrosis; Transaminases
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nonalcoholic fatty liver disease (NAFLD) is more frequent and more severe in
patients with type 2 diabetes mellitus (T2DM) than in the general population. Sodiumglucose co-transporter-2 (SGLT2) inhibitors appear to represent a promising option for
the management of NAFLD in patients with T2DM. However, existing studies are small,
their follow-up period was short and none evaluated the effects of SGLT2 inhibitors on
liver histology. Accordingly, larger studies are needed to verify these preliminary results
and define the role of SGLT2 inhibitors in the treatment of NAFLD in patients with
T2DM.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most prevalent cause of chronic liver
disease worldwide and is defined as increased intrahepatic fat accumulation, in the
absence of a history of alcohol abuse, intake of steatogenic medications and other
causes of chronic liver disease[1]. NAFLD covers a wide range of histological and
clinical disorders, from nonalcoholic fatty liver, which refers to isolated steatosis
affecting hepatocytes, to nonalcoholic steatohepatitis (NASH), where inflammation
and fibrosis coexist with steatosis and might progress to cirrhosis and hepatocellular
carcinoma (HCC) [2-4] . The current prevalence of NAFLD is proportional to the
increasing rates of obesity and is estimated to affect 24%-46% of the general
population[4,5]. On the other hand, the prevalence of NAFLD is considerably higher in
patients with type 2 diabetes mellitus (T2DM) than in the general population, ranging
between 50%-75%[4,6,7]. Moreover, NAFLD appears to be more severe histologically in
patients with T2DM[4,6,7]. Importantly, T2DM is a risk factor not only for NASH but
also for the development of cirrhosis and HCC[8,9]. Indeed, NAFLD is considered as
the hepatic phenotype of metabolic syndrome, a prediabetic disorder related to
insulin resistance and abdominal obesity[10]. The pathogenesis of NAFLD also involves
the increased efflux of free fatty acids to the liver as well as with oxidative stress,
inflammation, mitochondrial dysfunction and hepatocellular apoptosis[11]. Notably,
both T2DM and NAFLD are associated with increased risk for cardiovascular disease,
which represents the leading cause of death in both diseases[12,13]. Currently, there are
no approved pharmacological treatments for NAFLD and the mainstay of
management is lifestyle changes, including diet and exercise[1]. Among antidiabetic
agents, limited data suggest that glucagon-like peptide-1 receptor agonists might
exert a beneficial effect on NAFLD whereas other classes do not appear to be
effective [1] . Given the frequent coexistence of NAFLD and T2DM as well as the
increased liver- and cardiovascular-related morbidity associated with their
coexistence, there is a pressing need to develop effective therapeutic interventions for
patients with T2DM-associated NAFLD.

ACTIONS OF SODIUM-GLUCOSE CO-TRANSPORTER 2
INHIBITORS
In this context, emerging evidence suggests that sodium-glucose co-transporter 2
(SGLT2) inhibitors might represent a useful tool for the management of these patients.
SGLT2 inhibitors are the newest class of oral hypoglycemic agents and reduce blood
glucose levels by inhibiting renal tubular glucose reabsorption[14]. This results in
increased urinary glucose excretion without stimulating insulin release and hence
without a risk of hypoglycemia. In addition to their hypoglycemic action, SGLT2
inhibitors induce weight loss by inducing urinary glucose excretion and osmotic
diuresis [14] . They also reduce blood pressure by stimulating urinary sodium
excretion[15]. Notably, recent large randomized controlled trials showed that SGLT-2
inhibitors reduce cardiovascular morbidity in patients with T2DM[16,17].

EFFECTS OF SGLT2 INHBITORS ON NAFLD
Regarding the effects of SGLT2 inhibitors on NAFLD in patients with T2DM, a
number of small studies (n = 16-84) with a relatively short follow-up (12-24 wk)
yielded encouraging results [18-23] . Indeed, a reduction in hepatic fat content was
observed as evaluated with magnetic resonance imaging or computed tomography[18-21,23]. A decrease in transaminase levels was also recorded in most studies[18-22].
Moreover, a reduction in markers of hepatocellular apoptosis (cytokeratin 18-M30 and
18-M65) was observed [18] . A small study (n = 16) reported a decrease in type IV
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collagen 7S levels, a marker of hepatic fibrosis, after treatment with dapagliflozin for
24 weeks[22] but another study (n = 40) reported no change in type IV collagen 7S levels
or in other markers of fibrosis (Fibrosis-4 index and NAFLD fibrosis score) after
treatment with luseogliflozin for 24 wk[21]. Weight loss, a reduction in blood pressure,
a decrease inHbA1c and fasting glucose levels as well as an improvement of the lipid
profile were also recorded[18-23]. Treatment with SGLT2 inhibitors was generally welltolerated, apart from an increased incidence of genitourinary tract infections[18-23].
Interestingly, in a comparative study, ipragliflozin was as effective as pioglitazone in
the reduction of hepatic steatosis [19] . Moreover, in another comparative study,
luseogliflozin was more effective than metformin in reducing hepatic steatosis[23].
Several mechanisms appear to be implicated in the beneficial effects of SGLT-2
inhibitors on T2DM-associated NAFLD (Figure 1). Weight loss is an important
mediator of the improvement in hepatic steatosis [18-21,23] . Furthermore, a relative
increase in fatty acid oxidation instead of carbohydrate oxidation could also play a
role in the reduction of hepatic fat accumulation and might also suppress hepatic
inflammation[14]. Moreover, data from animal models support a direct positive effect
of SGLT-2 inhibitors on insulin resistance and an inhibitory effect on liver injury and
lipotoxicity[24,25]. Importantly, a recent preclinical study also showed that canagliflozin
reduces the risk for hepatocellular cancer in an animal model of NASH[26].

CONCLUSION
SGLT2 inhibitors appear to represent a promising option for the management of
NAFLD in patients with T2DM. However, existing studies are small, their follow-up
period was short and none evaluated the effects of SGLT2 inhibitors on liver
histology. Moreover, these agents induce a notable increase in non-serious adverse
events, particularly urinary and genital tract infections, and their glucose-lowering
benefit might have been overestimated [27] . In addition, even though the pharmacokinetics of SGLT2 inhibitors are unlikely to be affected by the presence of hepatic
impairment, there are limited data regarding the safety of these agents in patients
with severe liver dysfunction (e.g., Child-Pugh grade C) [28-30] . Therefore, close
monitoring is required during the administration of SGLT2 inhibitors in patients with
advanced cirrhosis, particularly in patients with ascites who are receiving diuretics.
Overall, larger studies are needed to verify the preliminary findings suggesting a
benefit of SGLT2 inhibitors in NAFLD and to define their role in the treatment of this
common comorbidity in patients with T2DM.
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Figure 1

Figure 1 Mechanisms implicated in the beneficial effects of sodium-glucose co-transporter-2 inhibitors on type 2 diabetes mellitus-associated
nonalcoholic fatty liver disease.
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Abstract
The mechanisms of fatigue in the group of people with non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis are protean. The liver is central in the
pathogenesis of fatigue because it uniquely regulates much of the storage, release
and production of substrate for energy generation. It is exquisitely sensitive to the
feedback controlling the uptake and release of these energy generation substrates.
Metabolic contributors to fatigue, beginning with the uptake of substrate from
the gut, the passage through the portal system to hepatic storage and release of
energy to target organs (muscle and brain) are central to understanding fatigue in
patients with chronic liver disease. Inflammation either causing or resulting from
chronic liver disease contributes to fatigue, although inflammation has not been
demonstrated to be causal. It is this unique combination of factors, the nexus of
metabolic abnormality and the inflammatory burden of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis that creates pathways to different types
of fatigue. Many use the terms central and peripheral fatigue. Central fatigue is
characterized by a lack of self-motivation and can manifest both in physical and
mental activities. Peripheral fatigue is classically manifested by neuromuscular
dysfunction and muscle weakness. Therefore, the distinction is often seen as a
difference between intention (central fatigue) versus ability (peripheral fatigue).
New approaches to measuring fatigue include the use of objective measures as
well as patient reported outcomes. These measures have improved the precision
with which we are able to describe fatigue. The measures of fatigue severity and
its impact on usual daily routines in this population have also been improved,
and they are more generally accepted as reliable and sensitive. Several
approaches to evaluating fatigue and developing endpoints for treatment have
relied of biosignatures associated with fatigue. These have been used singly or in
combination and include: physical performance measures, cognitive performance
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measures, mood/behavioral measures, brain imaging and serological measures.
Treatment with non-pharmacological agents have been shown to be effective in
symptom reduction, whereas pharmacological agents have not been shown
effective.
Key words: Fatigue; Chronic liver disease; Non-alcoholic fatty liver diseases; Nonalcoholic steatohepatitis; Measurement; Patient-reported outcomes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Fatigue is prevalent, persistent and complex in people with non-alcoholic fatty
liver disease/non-alcoholic steatohepatitis. Fatigue can be analyzed in terms of peripheral
and central fatigue, increasing precision of evaluation while elucidating causes and
improving treatment. The liver is central to the pathogenesis of fatigue, which in our
view, is dependent upon energy regulation. Biosignatures for fatigue are being tested that
reflect metabolic and inflammatory pathways of relevance. Non-pharmacological
treatments including weight loss, aerobic and resistance exercise are effective in treating
fatigue in non-alcoholic fatty liver disease/non-alcoholic steatohepatitis.
Pharmacological agents to date have not been shown to have a significant/reliable effect
in reducing fatigue.

Citation: Gerber LH, Weinstein AA, Mehta R, Younossi ZM. Importance of fatigue and its
measurement in chronic liver disease. World J Gastroenterol 2019; 25(28): 3669-3683
URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3669.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3669

INTRODUCTION
Fatigue is a critical component of chronic liver disease (CLD) [1] . It is common,
complex, confusing and challenging to treat. It is thought to be the hallmark of certain
diseases, including autoimmune diseases and chronic congestive heart failure, and is
known to accompany many chronic illnesses including cancer, primary biliary
cholangitis, sclerosing cholangitis and other cholestatic types of CLD. Relatively
recently, investigators have identified that fatigue may also associate with nonalcoholic fatty liver diseases (NAFLD) and non-alcoholic steatohepatitis (NASH)[2].
This lag in recognition of an association with NAFLD/NASH is, in the opinion of the
authors, in part because NAFLD/NASH have only recently been described as a
clinical entity, and it is considered a “silent” disease with low symptom burden.
Additionally, the role of the liver in the pathogenesis of fatigue has not been well
understood, and it has been attributed to other causes such as autonomic dysfunction,
sedentary behavior and sickness behavior/hypothalamic-pituitary axis dysfunction[2,3].
Our point of view, based on our and others’ research with patients with chronic
hepatitis C (CHC) and NAFLD/NASH, leads us to a somewhat different perspective.
That is, that while the mechanisms of fatigue are protean in the group of people with
NAFLD/NASH and CHC, the liver is central in its pathogenesis. It uniquely regulates
much of the storage, release and production of substrate for energy generation. It is
exquisitely sensitive to the feedback controlling the uptake and release of these energy
generation substrates. Metabolic contributors to fatigue, beginning with the uptake of
substrate from the gut, the passage through the portal system to hepatic storage and
release of energy to target organs (muscle and brain) are central to understanding
fatigue in patients with CLD and possibly others.
In addition to energy needs for normal function, the level of inflammation either
causing or resulting from CLD contributes to fatigue, although inflammation has not
been demonstrated to be causal. It is this unique combination of factors, the nexus of
metabolic abnormality and the inflammatory burden of NAFLD/NASH and CHC
that creates pathways to different types of fatigue (i.e., central and peripheral fatigue
which will be discussed below). These pathways, in our opinion, create guidance for
assessment, endpoints for treatments and possible interventions.
Primary fatigue, which is fatigue not associated with an accepted underlying
fatigue-causing disease mechanism such as tumor, heart failure, anemia, thyroid
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dysfunction or medications, is especially difficult to treat. Frequently, depressive
symptoms accompany fatigue, and people with CLD are treated for depression or are
treated for insomnia. These may be effective in treating primary depression or
insomnia but are not shown to be effective for treating fatigue. These observations
lead us to support the view that exercise is among the highly specific and effective
treatments for fatigue associated with NAFLD/NASH and CHC.
Why are we writing this opinion piece? We are attempting to provide a context in
which fatigue is understood and can be clinically evaluated so that it can be
distinguished from somnolence, mood disturbance or other co-morbidities often
associated with fatigue. New approaches on how to measure fatigue include use of
objective measures and patient reported outcomes (PROs). These measures have
improved the precision with which we are able to describe fatigue. The measures of
fatigue severity and its impact on usual daily routines in this population have also
been improved and more generally accepted as reliable and sensitive.
This paper will discuss fatigue in CLD and possible mechanisms, review which
treatment approaches may be effective in controlling symptoms and will discuss
future opportunities for research that may lead to biosignatures such as performance
and serological measures to assess fatigue.

FATIGUE AS A CONSTRUCT
Fatigue is common and experienced by virtually everyone during the course of their
lives[4]. However, fatigue is difficult to characterize and define because it encompasses
a complex interaction between biological, psychosocial and behavioral processes[5].
Therefore, it is important to differentiate it from other related constructs, such as
sleepiness, while still creating clear definitions for fatigue[6]. To follow along with this
example, sleepiness is simply the propensity to fall asleep, while fatigue can be overall
tiredness that is not corrected by sleep. Clear distinctions can be drawn when exact
definitions and terminology are utilized. Fatigue needs to be differentiated from
symptoms of somnolence (i.e., the quality or state of being drowsy), dyspnea (i.e.,
difficult or labored respiration), boredom and weakness.
The most common types of fatigue that are used in the literature are central and
peripheral[7]. However, it is important to be aware that these types of fatigue are
defined differently across disciplines [8] . Again, clear and exact terminology is
important when types of fatigue are discussed. In our research, we have been able to
demonstrate clear distinctions between mental (central) and physical (peripheral)
fatigue[9]. Central fatigue is characterized by a lack of self-motivation and can manifest
both in physical and mental activities. Peripheral fatigue has been classically
manifested by neuromuscular dysfunction and muscle weakness[7]. Therefore, the
distinction has been about intention (central) versus ability (peripheral). It is important
to also consider the types of activities. Fatigue can be experienced differently when
performing a physical task versus performing a mental task[10].
For those with CLD, both dimensions of fatigue have been shown to be present[11].
However, this one categorization may not be sufficient to provide sensitive
assessment of fatigue. In our qualitative work, we were able to show additional
dimensions of fatigue that might be useful for treatment and research purposes[12].
Capacity across both the central and peripheral domains was an important distinction
for patients. Fatigue and energy level were intricately linked and therefore capacity
became a way for patients to describe their access to energy (access), their rapid
depletion of energy (depletion) and their ability to restore energy once it was used
(restoration). We believe that the inclusion of these concepts (access, depletion and
restoration) would help to add depth to our understanding of fatigue across the
central and peripheral domains. Recently, there have been many reviews of fatigue in
the context of liver disease (see Table 1 for a summary of recent reviews). Fatigue has
a profound effect on patients’ quality of life[2]. There is a need to increase the depth of
our understanding of fatigue in order to be able to better treat it.

FATIGUE IN LIVER DISEASE
Prevalence
Estimates of the prevalence of fatigue differ across different studies. However, in the
general population it ranges from 5%-7% [13] . For patients within a primary care
practice, the prevalence increases to between 10%-25%[13], and in individuals with
chronic illness the prevalence ranges widely depending on the illness (from 20%60%)[14]. In CLD, the prevalence ranges between 50%-85%[11]. Fatigue is the most
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Table 1 Summary of recently published reviews specifically on fatigue in liver disease
Article title
Fatigue in chronic liver disease: New insights and therapeutic approaches[3]
Fatigue complicating chronic liver disease[95]
Depression, fatigue and neurocognitive deficits in chronic hepatitis C[96]
Patient-Reported outcomes and fatigue in patients with chronic hepatitis C infection[21]
Future directions for investigation of fatigue in chronic hepatitis C viral infection[97]
Fatigue, depression and chronic hepatitis C infection[98]
Fatigue in cholestatic liver disease-a perplexing symptom[99]
Fatigue in liver disease: Pathophysiology and clinical management[11]
Understanding and treating fatigue in primary biliary cirrhosis (cholangitis) and primary sclerosing cholangitis[19]
Liver-brain interactions in inflammatory liver diseases: implications for fatigue and mood disorders[30]
Fatigue in primary biliary cirrhosis (cholangitis)[100]
Complications, symptoms, quality of life and pregnancy in cholestatic liver disease[101]
Fatigue in primary biliary cirrhosis (cholangitis)[102]

commonly reported symptom in CLD, and it is also the symptom that most often gets
individuals to visit their doctors[15]. In addition, the severity of fatigue does not seem
to be associated with biochemical or histological parameters of liver disease severity,
although the data are mixed on this point[16].

Measurement
Although there is a proliferation of measurement tools to assess fatigue, there is no
instrument that can provide both specificity and sensitivity for measuring fatigue. The
lack of a tool is part of the problem that leads to under diagnosis, under recognition,
and under treatment of fatigue in CLD patients. Part of the issue is that the tools that
are currently used do not adequately capture the complexity and dimensionality of
fatigue[17]. None of the commonly used tools address all aspects of fatigue. Commonly
assessed areas include: Descriptions or characterizations of fatigue, feelings of distress
associated with fatigue, presumed causes of fatigue and consequences of fatigue[18]. It
is important to recognize what components of fatigue are being assessed and what
components of fatigue should be assessed. Because there are no tools that address all
of these components, it is important for researchers to consider what it is about
fatigue that is relevant to the current research or patient and use that to drive the
selection of a specific measure[17]. Please see Table 2 for a summary of instruments.

SYMPTOMS OF FATIGUE
Fatigue in liver disease is a well-described syndrome and is recognized as prevalent,
persistent and problematic. It is the hallmark of primary biliary cholangitis[19], other
forms of cirrhosis[20] and has been associated with CHC[21]. In fact, suggestions have
been made that clinically significant fatigue should be an indication for anti-viral
therapy[22]. Unlike cancer and myalgic encephalomyelitis/chronic fatigue syndrome
(MECFS), there are no specific criteria for a “liver related fatigue” syndrome.
However, much of the fatigue literature in hepatology does derive from the excellent
work done by the National Cancer Consortium Network in an effort to raise
awareness of cancer-related fatigue and to define it [23] . The field has also been
influenced by the Centers for Disease Control and Prevention, who has championed
the cause of devising criteria for diagnosis of MECFS and the National Institutes of
Health, who has spearheaded the need for using common data elements in
developing a standard approach to evaluation and performing research into
MECFS[24]. These efforts have led to consensus that chronic fatigue is a persistent
perception of tiredness that interferes with function, needed and desired activities and
is often distressing and difficult to treat[25,26].
One important observation from one of our studies [27] is that the descriptive
variables (PRO profiles as well as the serum analytes) differed between people with
central fatigue compared with peripheral fatigue. These differences may help in
planning treatment.
Chronic fatigue implies fatigue most days for at least a duration of 3 mo.
Additionally, it is a multi-dimensional symptom and may be experienced as tiredness
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Table 2 Commonly used measures of fatigue
Type of assessment

Domain(s) assessed

Length

Used in liver disease?

Fatigue assessment scale[103] 5-point Likert scale

Severity

10 items

Rarely

Fatigue severity scale[104]

7-point Likert scale

Severity, Impact

9 items

Often

Fatigue impact scale[105]

5-point Likert scale

Physical, Cognitive,
Psychosocial

40 items

Sometimes

Fatigue scale[106]

4-point Likert scale

Physical, Mental

11 items

Rarely

Multidimensional
Assessment of Fatigue[107]

Visual analog scale

Severity, Distress, Impact on
Activities

14 items

Rarely

Multidimensional fatigue
inventory[108]

5-point Likert scale

General, Physical, Activity,
Motivation, Mental

20 items

Sometimes

Visual analog fatigue
scale[109]

Visual analog scale

Energy, Fatigue

18 items

Rarely

Functional assessment of
chronic illness therapy
fatigue scale[110]

5-point Likert scale

Severity, Impact

13 items

Often

Sf-36 vitality scale[111]

5-point Likert scale

Energy

4 items

Often

Chronic liver disease
questionnaire fatigue
scale[112]

7-point Likert scale

Energy

5 items

Often

PROMIS®-fatigue[113]

5-point Likert scale

Severity

Variable1

Rarely

1

PROMIS® is a computer adaptive test where the specific questions and number of questions is tailored to the individual using item response theory
techniques. Usually the number of items will range between 4-12.

in the musculoskeletal system, cognitive decline or fuzzy thinking , muscle fatigue,
poor recovery from exercise and decreased motivation for usual activities. See Table 3,
which was taken from the International Classification of Disease 10th edition for
diagnosis of cancer related fatigue.
The experiential aspects of fatigue may be influenced by age, culture, comorbidities, pain, mood, sleep and affect[28]. In fact, there is a significant interest in the
possibility of symptom clusters, such as pain, fatigue, anxiety, depression and
insomnia having a common etiology or genetic basis[29]. This is understandable given
the overlapping nature of many of the symptoms. This presents a diagnostic and
therapeutic dilemma because of the overlap between depressive symptoms and
fatigue[30]. In fact, it is believed by some investigators that the word “fatigue” may be
used interchangeably or may be a residual sign of depression[31,32].
The relationship between depression and/or depressive symptoms and fatigue
suggests additional overlap because of the reported findings of changes in serotonin
levels and abnormalities with tryptophan pathway regulation that is common in the
depression and fatigue literatures [27,33-37] . Not only does this create diagnostic
confusion, but it often leads to treatments for depression, which may not be helpful
for reducing fatigue.
Additionally, we rely upon patients and research participants to “fit” their
symptoms into standardized evaluations that have specific descriptors about level of
intensity. Responses are stereotyped and not personalized, and as a result we get a
limited amount of information about what individuals are truly experiencing. Our
research group attempted to learn about how people with liver disease are likely to
express their symptoms of fatigue (as discussed above)[12]. In this study we provided
groups with CHC infection an opportunity to describe their fatigue using any
adjective or metaphors they chose. They spoke of the dimensions of the fatigue in
terms of intensity, frequency and duration. There were references to having limited
capacity to do the things they wished to do. Further, that their energy stores often
depleted rapidly without having the restorative power to recharge. Or they were
unable to access the energy in order to do things they wished or needed to do. The
presentation of their perceptions of fatigue and its impact helped us understand what
they were experiencing and how central fatigue influences their functioning and wellbeing. Other investigators have made similar points about how important fatigue is to
an individual[38].
Despite the fact that there is no unique signature describing fatigue associated with
liver disease, many of the symptoms patients report are consistent with fatigue
syndromes previously reported by investigators assessing cancer and MECFS.
Interestingly, as in these other diagnoses, fatigue may associate with other symptoms
in clusters of pain, anxiety, depression and insomnia. But with recent advances, there
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Table 3 Fatigue symptoms for diagnosing pathological fatigue
The symptoms must have been present every (or nearly every) day over a 2-wk period during the past month
Necessary

Significant fatigue
Diminished energy
Increased need to rest disproportionate to level of activity

At least five of these symptoms must be present

Experience of limb heaviness of generalized weakness
Diminished concentration or attention
Decreased motivation or interest to engage in usual activities
Insomnia or hypersomnia
Experience sleep as unrefreshing or non-restorative
Perceived need to struggle to overcome inactivity
Marked emotional reactivity to feeling fatigued
Perceived problems with short term memory
Post-exertional malaise for several hours

are published data supporting the constructs of central and peripheral fatigue, whose
symptoms and impact are very different. Data are also pointing to serological
measures (pro- and anti-inflammatory cytokines and growth factors) that are linked to
symptoms of fatigue that can be distinguished using self-reports[9]. A summary of
associated symptoms is provided in Table 4.

MECHANISMS OF FATIGUE
Fatigue may be attributed to a mechanism such as neuromotor dysfunction associated
with muscle weakness, an organ specific explanation such as hypothyroid state or
congestive heart failure. More often, fatigue is used as a non-specific term by patients,
and many health care professionals treat it as such without producing a differential
diagnosis or seeking a cause for it. Therefore, making the investigation of potential
underlying mechanisms of fatigue is an important area.
Central and peripheral fatigue are experienced and measured differently and may
be indicators of how the underlying mechanisms of fatigue differ as well. Central
fatigue, is mediated by the central nervous system and is characterized by a failure to
transmit motor impulses or perform voluntary activities[39], or the inability or reduced
ability to perform attentional tasks. Peripheral fatigue, in comparison is a reduction in
the ability to exert muscular force after exercise[40] and maintain a maximal force
because of muscular limitations [8] . This implies that the source of the fatigue is
independent of the muscular apparatus and originates above the neuromuscular
junction[41]. A theoretical case can be made for a role for the autonomic nervous system
as well[42]. Nonetheless, fatigue has been linked to many specific conditions including:
anemia, cancer, cardiac, pulmonary, renal, liver disease, hypothyroid states,
nutritional status and medication (Table 4). The assumption is that a deficit or
disorder is the cause of the fatigue and correcting the deficit or disorder is likely to
reverse the fatigue. When evaluating patients with chronic or “pathological” fatigue,
it is advantageous to obtain a full work up to identify possible causative factors of
fatigue and/or comorbidities that may contribute to its persistence.
However, there are many possible contributions the liver specifically makes in the
pathophysiology of chronic fatigue. One recent review discussed the central role of
the liver in metabolism and generation of energy [43] . It creates substrates for the
production of ATP responsive to two conditions: (1) When eating and carbohydrate is
available, the liver metabolizes glucose into glycogen and fatty acid; and (2) In the
fasting state, when it produces energy by metabolizing glycogen via glycogenolysis or
via gluconeogenesis. The liver can also metabolize fatty acid into ketone bodies for
energy, but this is less efficient and occurs when glycogen is depleted from the liver[44].
The data supporting the central role of glucose to fatigue has been the result of
studies in people with diabetes. This group of patients were studied to assess the
relationship between blood glucose level and fatigue as well as the fluctuation in
blood sugar levels over time[45,46]. This is an important observation because it supports
the view that metabolic homeostasis is likely to be important for sustained physical
and cognitive activity and because of the highly correlated conditions of type 2
diabetes and CLD (NAFLD/NASH).
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Table 4 Established associations among physical findings, diagnoses and fatigue
Adrenal insufficiency
Anemia
Auto-immune diseases
Cancer

Especially in breast, pancreatic, pulmonary

Cardiac failure
Deconditioning
Electrolyte imbalance
Hypo/hyperthyroidism
Infection
Malnutrition
Medication

Anti-emetics, anti-histamines, anxiolytics, chemotherapy, opioids, radiation, sedatives

Pulmonary

Chronic obstructive pulmonary disease, cystic fibrosis

Renal failure
Sarcopenia
Stress

Physiological, hypercortisolism

Symptoms Contributing

Depressive symptoms, insomnia, pain

Syndromes of unknown etiology

Lyme disease, chronic fatigue syndrome

Vitamin deficiency

Especially B complex

The liver is closely connected to extra-hepatic tissues in order to signal energy
needs (skeletal muscle, brain), storage (adipose tissue) and substrate (gut). These
responses are regulated through hormonal and neuronal networks. The hormonal
signaling results from insulin, which stimulates glycolysis and lipogenesis. It
suppresses gluconeogenesis and glucagon inhibits the effects of insulin. With respect
to the nervous system, both the sympathetic and parasympathetic nervous system are
important. The former stimulates and the latter inhibits gluconeogenesis.
In addition, control of liver metabolic processes depends upon several key
transcription factors (FOXO1, PGC-1a and others) that control enzyme expression,
which in turn controls hepatic metabolic processes [43] . The disruption of energy
production and utilization has a profound impact on insulin sensitivity, development
of type 2 diabetes and fatty liver. These changes in metabolic status are likely to be
related to fatigue.
As mentioned above, the liver is in continual communication with extra-hepatic
tissue, and with respect to fatigue it communicates through neuronal and hormonal
networks. There are important gastrointestinal hormones that influence hepatic
glucose production. Glucagon-like peptide is one that stimulates insulin secretion,
and serotonin found in the gut stimulates gluconeogenesis in hepatocytes in the
fasting state. Absorption of food and possibly microbiota release substrate through
the gastrointestinal tract that send signals to the central nervous system (CNS) via the
vagus nerve[47-49]. The sympathetic nervous system and parasympathetic nervous
system both work through the CNS (hypothalamus) to regulate hepatic glucose
production. Sympathetic nervous system activity increases glucose production and
mobilizes substrate to extra-hepatic tissue (e.g., muscle, brain) and parasympathetic
nervous system inhibits it[50]. Insulin signaling has an effect on the hypothalamus to
stimulate interleukin (IL)-6 production, which suppresses gluconeogenesis[51]. The role
of this pro-inflammatory cytokine is also thought to contribute to the progression of
steatosis to steatohepatitis[52]. IL-6 is involved in inflammatory and metabolic changes
that may stimulate synthesis of other cytokines that induce cell migration and initiate
healing processes, including fibrosis development of steatohepatitis[53]. Skeletal muscle
has endocrine properties and has been shown to be able to secrete myokines, which
are inflammatory peptides. Myokines are involved in the inflammatory response, and
physical activity plays a key role in down-regulating their release[54].
Many peripheral factors at the gut, liver and skeletal muscle level, central factors
involving a variety of hormones including leptin and growth hormone regulate
gluconeogenesis and insulin resistance. The latter is critical to the development of
NAFLD and/or type 2 diabetes. Both conditions are associated with metabolic
imbalances, metabolic stress and energy production inefficiencies (all of which
promote insulin resistance in the liver)[55]. The CNS plays a key role in the perception
of fatigue. It is likely that changes in neuronal signaling within the brain gives rise to
changes in perceptions of fatigue and influences behavior. Swain et al[3] suggested in a
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recent review that there are several possible peripheral pathways by which liver
inflammation can relay information to the brain that enhances fatigue perception.
Signals include inflammation of: (1) The neural pathways via vagal nerve afferents; (2)
Direct effect via transport through the circulation of pro-inflammatory cytokines; and
(3) Via immune cells in the liver (Kupffer cells, stellate cells, natural killer cells) and
recruited neutrophils, monocytes and macrophages[56]. They further suggested that
there is evidence linking the basal ganglia to central fatigue[3]. Others identify a critical
role for the hypothalamic pituitary adrenal axis (HPA axis). A recent review of its
potential mechanisms that contribute to fatigue in cholestasis is available[57].
Because the HPA axis controls many functions of the liver through neuroendocrine
pathways as well as mediating inflammation, it is thought to influence cellular and
molecular processes in the liver. Fatigue, asthenia and muscular weakness, which can
get worse during stress and infection[58], have been correlated with an impaired stress
response due to HPA axis dysfunction. Interactions of the HPA axis with the liver also
stimulate release of pro-inflammatory cytokines that stimulate release of glucocorticoids by the adrenals and block bile acid efflux impairing glucocorticoid
metabolism[59]. In chronic inflammation, the HPA axis function is suppressed. Some
investigators suggest that the common symptoms reported by people with CLD, such
as fatigue, asthenia, lack of motivation and depressive symptoms are similar to
symptoms associated with chronic fatigue syndrome and are suggestive of
suppressed HPA axis[60].
Recent data[33] suggest that the monoamine transmitters are elevated in patients
with CHC and persistent fatigue. Specifically, in patients taking direct acting antiviral agents, serotonin levels were significantly decreased at post treatment week 4
compared with baseline. Compared with baseline, there were significant decreases in
IL-10 levels at end of treatment and 4 wk post-treatment. Changes in dopamine and
tryptophan levels at the end of treatment correlated with increasing emotional health
scores. Changes in monocyte chemoattractant protein-1 at end of treatment and IL-8
at 4 wk post-treatment correlated with increasing mental health scores. These data
support the view that cytokines are involved in the well-being of patients with CHC.
Others have reported significant roles for neurotransmitters, including the tryptophan
pathway[34,61].
Borrowing from the literature[25,26] and using our own patient base with CHC and
NAFLD/NASH, we have observed that patients display some similar symptoms.
These include post-exertional malaise and an aversion to physical exercise/activity.
They experience mental fatigue, sleep disruption, mood changes consistent with
anxiety, depressive symptoms and decreased quality of life[62,63]. Some have difficulty
concentrating and processing information. Most of this resolves with viral eradication
shortly after completion of anti-viral therapy[11,27]. However, these symptoms persist in
23%-26% of those who achieve sustained viral eradication (SVR)[27]. When evaluating
who within the group with CHC continued to have fatigue after achieving SVR, it was
the group that had higher baseline depressive and other affective symptoms[27] and
who had a higher number of comorbidities. Additionally, the change in cytokine
profile after achieving SVR may be clinically meaningful. High baseline serum levels
of interferon-g were associated with fatigue. Reductions in levels of chemokine (C-C
motif) ligand 2 were associated with persistent fatigue after 12 wks of SVR. With
respect to predictors of fatigue, there are no predictors of central fatigue at baseline if
one controls for the diagnosis of depression. However, with respect to peripheral
fatigue the best predictors at baseline for peripheral fatigue are IL-10, IL-8 and TNFα.
TNFα continues to remain a strong predictor of persistent moderate/severe
peripheral fatigue after treatment[27]. The contribution of tryptophan pathways and
serotonin to fatigue[27,35] and recently to cognitive deficits[64] demonstrate that there are
dynamic changes in the central nervous system within the hypothalamushippocampal circuit that cause central fatigue. These changes are associated with
increased tryptophan-kynurenic acid pathway activity that causes reduced cognitive
function, impaired spatial cognitive memory accuracy and increased hyperactivity
and impulsivity[64].

POSSIBLE FATIGUE BIOMARKERS/BIOMARKER
SIGNATURES
Current clinical and translational research has led to discussions about possible
endpoints for treatment trials and clinical outcomes in managing fatigue. There is
interest in the research community to develop objective measures, biomarkers or
biomarker signatures for self-reports. According to the National Institutes of Health,
“a biomarker is a defined characteristic that is measured as an indicator of normal
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biological processes, pathogenic processes or responses to an exposure or intervention, including therapeutic interventions. A biomarker signature is a
combination of multiple variables to yield a patient-specific indicator of normal
biological processes or responses to an exposure or intervention including therapeutic
interventions. Biomarker modalities are diverse, and can include genetic, protein,
cellular, metabolomics, imaging, behavioral, and physiologic endpoints”[65].
Fatigue is a symptom or state that is multi-dimensional. Hence measures of and
outcomes for treating fatigue would benefit from the use of a multidimensional
construct, such as the World Health Organization’s International Classification of
Functioning, Disability and Health (https://www.who.int/classifications/icf/en/).
This provides a framework where one can identify potential contributors to fatigue.
For example, anatomic/physiological abnormalities, function, activity and
participation in life activities may need to be assessed to thoroughly evaluate fatigue.
Potential biomarkers or biomarker signatures for fatigue have emerged with a better
understanding of the (1) Fatigue construct; (2) Distinction of central and peripheral
fatigue; (3) Potential mechanisms underlying peripheral and central fatigue; and (4)
Significant improvement in use of PROs for measuring function and patient
experience.
Potential biomarkers/biosignatures for fatigue include: (1) Physical performance:
measures such as 6-minute walk times for ambulatory tolerance, up-and-go test for
physical mobility, measures of exercise tolerance including gas exchange and strength
and local muscle endurance testing; (2) Cognitive performance: measures offer an
objective measure of memory, recall, executive functioning and visuospatial
processing; (3) Mood/behavioral: measures for depressive symptoms, anxiety, pain
and insomnia; and (4) Brain imaging: imaging studies have provided some new
insights into brain metabolic activity, but there is no consensus about its meaning
with respect to function. Some suggest that functional magnetic resonance imaging is
useful in measuring cognitive fatigue[6,40]. These data provide direct support for the
Chaudhuri and Behan model of “central” fatigue that suggests these are non-motor
functions of the basal ganglia. Some claim there are no associations between fatigue
and attention, cognitive performance and brain structure [66] . Others have shown
correlations between brain volume[67] and brain health[68]. Despite these differences,
imaging is very likely to serve as a biomarker for brain health and possible cognitive
function and fatigue in the future[6].
Evidence exists for the role of pro-inflammatory cytokines in CLD. TNFα, IL-1β and
IL-6 are elevated during the viremic phase of CHC and decrease after achieving SVR.
This observation is temporally related to improved fatigue symptoms [27] . The
literature on IL-1 is noteworthy, despite lack of data specifically for NAFLD/NASH
and CHC. There are data for type 2 diabetes and because people with NAFLD are
often diabetic, the findings may have significant relevance. Cavelti-Weder et al[69]
assessed the efficacy of a monoclonal anti-IL-1β antibody compared to placebo in 30
type 2 diabetes patients. Fatigue was reported by 53% of patients and significantly
correlated to diabetes duration but not to age. After treatment for 1 mo, fatigue
decreased in the groups treated with moderate- and high-dose anti-IL-1β but not in
the placebo group.
It is likely that a combination of these measures will need to be configured in order
to identify endpoints for clinical trials of fatigue and may serve as treatment targets to
better manage the symptom.

FATIGUE SPECIFIC TREATMENTS
Non-pharmacological approaches
A significant amount of literature has been written about the treatment of fatigue in
MECFS and cancer related fatigue [70-72] . These reviews discuss a variety of nonpharmacological approaches to fatigue management including weight loss, exercise,
dietary supplements, acupuncture, insomnia treatment and cognitive and behavioral
interventions. These have helped guide treatment for fatigue in CLD.
With respect to CLD however, there are far fewer disease specific interventions that
have been tested and shown to be promising. Starting with an approach to this
problem is the TrACE model discussed by Swain[3]. This useful approach includes
treating the treatable causes of fatigue (i.e., anemia, other comorbidities), ameliorating
the modifiable symptoms (i.e., reduce symptom burden of sleepiness, depressive
symptoms), coping and empathizing.
There is very little doubt on the effectiveness of exercise and diet/weight loss alone
or in combination for treatment of CLD related fatigue[73-77]; and experts have indicated
that this type of intervention is worth the effort[78]. Exercise and dietary interventions
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appear to be effective by mobilizing fat from the liver, increasing insulin sensitivity,
improving endothelial function, reducing oxidative stress and decreasing
inflammation[54].
Several mechanisms have been postulated. One is that training increases peroxisome proliferator-activated receptor gamma coactivator 1-alpha expression,
improves mitochondrial function and leads to reduced hepatic steatosis and
inflammation[79]. An excellent review of mechanisms of action of exercise in NAFLD is
available[79]. Further, exercise and to some degree increased activity improve all-cause
and cardiovascular mortality [80-83] . There is ongoing research to determine the
comparative effectiveness of aerobic training versus anaerobic training (e.g., resistance
training) in NAFLD/NASH. As of now, both are recommended[84].
The mechanisms by which exercise works is beginning to emerge and includes
direct effects on metabolic regulation and increased cardiovascular resilience.
Recently, the effects of exercise on the tryptophan clearance by activation of
kynurenine pathway of tryptophan metabolism (Figure 1), which has been shown to
mitigate fatigue [85] were reported. Tryptophan is the substrate for kynurenine
(kynurenine pathway) as well as serotonin (serotonin pathway). Kynurenine and
serotonin can cross the blood brain barrier and influence mood, cognition and
fatigue[86]. Thus, peripheral tissues have a large impact on metabolism of kynurenine
and serotonin and their availability to the CNS. Exercise stimulates not only the
catabolism of tryptophan but also the clearance of kynurenine as kynurenic acid
thereby reducing availability of kynurenine for transport across the blood brain
barrier[87]. There is also a general improvement in insomnia, hypertension and mood.
In our experience, people who are sedentary, overweight, working, managing
families and often feeling overwhelmed find it hard to commit to an active lifestyle
and/or a specific exercise regimen. Self-efficacy and illness understanding are major
determinants of lifestyle-modification among NAFLD patients. This information can
assist clinicians in improving compliance with lifestyle changes among these
patients[88].
Frith et al[89] reported that patients with NAFLD have significant fear of failing to
meet expectations and lack confidence to proceed with an exercise program, which
are factors that are modifiable. A recent study suggested that patients with NAFLD,
supported by a Web-based approach, can increase the VO2peak to a similar extent as inperson interventions[90]. They noted that patients with low body fat and low VO2peak
benefited the most.
The published literature on predictors for or factors promoting adherence to longterm exercise does not lead to a consensus of how to achieve this. A very good
review[91] identified many factors and cited conflicting findings including: poorer
health (trending towards increased adherence), depression (trending toward
decreased adherence) and life stresses (trending toward decreased adherence). One
fairly consistent factor influencing adherence included enabling patients to self-select
their exercise programs and have flexibility in the types, duration and locations in
which they are implemented[91]. Most of the published literature comes from the
cardiovascular, cancer and geriatric populations.

Pharmacological agents
Much of the literature on the pharmacological treatment of fatigue in NAFLD is
preclinical and is based on metabolism of tryptophan[92]. In the clinical setting, altered
serotonergic neurotransmission has been reported in hepatitis C patients with fatigue,
and treatment with serotonin receptor antagonists have been linked with improvements in fatigue as documented in patients with hepatitis C that were treated
with ondansetron, a 5-HT3 receptor antagonist[93]. Additionally, s-adenosylmethionine
(a methyl donor) is thought to work through the dopamine pathway and has been
shown to mitigate symptoms of depression. Clinically, the level of evidence of
effectiveness is low, although some therapeutic benefits have been reported in terms
of fatigue reduction in people with intrahepatic cholestasis[3,94].

CONCLUSION
Fatigue is prevalent and persistent in people with NAFLD/NASH. Fatigue is a multidomain construct whose deconstruction into central and peripheral fatigue enables us
to better evaluate the condition and identify potential causes and/or correlates. Liver
is central to the pathogenesis of peripheral and central fatigue, which in our view is
dependent upon energy regulation and crosstalk between the gut, liver, muscle and
brain. Measurement of fatigue has improved such that performance (objective) and
PROs can effectively be used to identify potential causal factors, treatments and
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Figure 1

Figure 1 Tryptophan metabolism and the physiological role of its metabolites.

endpoints for treatment. Although further work is needed to provide even more
specificity to the fatigue construct and its measurement. Biosignatures for fatigue are
being tested and validated that reflect metabolic and inflammatory pathways of
relevance. Non-pharmacological treatments have been explored and shown to be
effective in NAFLD, NASH, and CHC. These include weight loss and aerobic and
resistance exercise. Pharmacological agents to date have not been shown to have a
significant, reliable effect in reducing fatigue.
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Abstract
Acute kidney injury (AKI) is a common complication of liver cirrhosis and is of
the utmost clinical and prognostic relevance. Patients with cirrhosis, especially
decompensated cirrhosis, are more prone to develop AKI than those without
cirrhosis. The hepatorenal syndrome type of AKI (HRS–AKI), a spectrum of
disorders in prerenal chronic liver disease, and acute tubular necrosis (ATN) are
the two most common causes of AKI in patients with chronic liver disease and
cirrhosis. Differentiating these conditions is essential due to the differences in
treatment. Prerenal AKI, a more benign disorder, responds well to plasma
volume expansion, while ATN requires more specific renal support and is
associated with substantial mortality. HRS–AKI is a facet of these two conditions,
which are characterized by a dysregulation of the immune response. Recently,
there has been progress in better defining this clinical entity, and studies have
begun to address optimal care. The present review synopsizes the current
diagnostic criteria, pathophysiology, and treatment modalities of HRS–AKI and
as well as AKI in other chronic liver diseases (non-HRS–AKI) so that early
recognition of HRS–AKI and the appropriate management can be established.
Key words: Acute kidney injury; Acute-on-chronic liver failure; Chronic liver disease;
Hepatorenal syndrome; Plasma perfusion and bilirubin adsorption and double plasma
molecular absorption system; Fractionated plasma separation and adsorption; Molecular
adsorbent recycling system; Single-pass albumin dialysis
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Core tip: Acute kidney injury following advanced liver disease is a very common
syndrome in clinical practice. Recent evidence from both basic research on
pathophysiology and clinical studies has revealed a complex association between the
liver and kidney through the vascular microenvironment and related immune mediators.
These connections may play roles in promising new treatments of acute kidney injury on
top of chronic liver disease. Furthermore, non-cell-based liver support systems have
yielded promising preliminary data on the attenuation of the mortality rate of these
conditions of dual organ failure.
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INTRODUCTION
Acute kidney injury (AKI) superimposed on chronic liver disease and cirrhosis is
common and consists of varying phenotypes. Prerenal renal dysfunction caused by
severe hypoalbuminemia is the most common clinical syndrome in patients with
advanced liver disease. Although prerenal azotemia seems to be the first phase of
AKI, it is difficult to differentiate from hepatorenal syndrome (HRS) and acute tubular
necrosis (ATN). Once the onset of AKI occurs in chronic liver disease, a consequence
of its complications is an increased morbidity and mortality rate. Accordingly, the
characteristics of renal dysfunctions in both noncirrhotic and chronic liver diseases,
such as prerenal HRS-ATN, require not only earlier recognition but also precise
diagnosis with optimal management. Recently, there have been great advances,
including in classification, nomenclature, and pathophysiology, in identifying the
connection between chronic liver disease and acute renal dysfunction in patients with
cirrhosis. Indeed, acute-on-chronic liver failure (ACLF) was first recognized in the
early 2000s as a new classification that represents the distinct characteristics of chronic
liver failure (or decompensated cirrhosis) with rapid deterioration leading to hepatic
and extrahepatic multiorgan failure[1,2]. Since then, many efforts in natural history and
pathophysiology have been made[3]. Substantial advancements have been made not
only in the field of hepatology but also in the understanding of the significance of
renal dysfunction in chronic liver disease, as suggested by the international guideline
that all acute renal dysfunction in patients with cirrhosis requires the same clinician
attention as AKI[4].
Since the first description by Hecker and Sherlock in the 1960s, renal dysfunction in
patients with ascites and advanced cirrhosis has typically been called HRS[2], which
refers to a syndrome of decreased renal function mainly resulting from the systemic
hemodynamic effects of advanced portal hypertension. However, advanced chronic
liver disease can impact renal function with a wide range of complications, including
bile acid nephropathy, coagulopathy-induced bleeding from ischemic ATN, related
glomerular diseases (e.g., immunoglobulin, a nephropathy, hepatitis B-related
glomerulonephritis, hepatitis C-related glomerulonephritis, cryoglobulinemia,
membranoproliferative glomerulonephritis), and other comorbid diseases such as
inherited cystic diseases. Herein, we review the updated information, including the
etiology, pathophysiology, and therapeutic aspects, of renal dysfunction in advanced
chronic liver disease.

NOMENCLATURE AND CLASSIFICATION OF ADVANCED
LIVER DISEASES
The clinical spectrum of advanced liver disease is currently recognized as follows:

Chronic liver disease
Chronic liver disease is a progressive process of destruction and regeneration of liver
parenchyma resulting in fibrosis and cirrhosis over a period of 24 wk (Figure 1)
caused by inflammation, infection, abnormal metabolism, or malignancy. The
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functional classification of chronic liver disease can be divided into compensated and
decompensated liver disease.

Acute-on-chronic liver failure
ACLF is liver failure with one or more extrahepatic organ failures, leading to an
increased 28-d mortality rate within 3 mo of disease onset[5]. However, there are
currently at least 4 different definitions for ACLF in clinical practice: (1) The Asian
Pacific Association for the Study of Liver (APASL); (2) The American Association for
the Study of Liver Diseases (AASLD); (3) The European Association for the Study of
the Liver (EASL) or AASLD-EASL; and (4) The World Gastroenterology Organization
(WGO) definition (Table 1).
The first ACLF definition, given by the APASL in 2009, was “acute hepatic insult
manifesting as jaundice, and coagulopathy complicated within 4 wk by ascites and/or
encephalopathy in a patient with previously diagnosed or undiagnosed chronic liver
disease”[6]. Then, in 2014, the revised ACLF definition included the presentation of a
high mortality rate within 28 d of disease onset (short-term mortality)[7]. Later, the
AASLD-EASL workgroup defined ACLF as “acute deterioration of preexisting
chronic liver disease usually related to a precipitating event and associated with
increased mortality at 3 mo due to multisystem organ failure”, based on the data from
large prospective multicenter studies[8,9]. After that, the WGO workgroup announced
an improved ACLF definition: “a syndrome in patients with chronic liver disease with
or without previously diagnosed cirrhosis which is characterized by acute hepatic
decompensation resulting in liver failure (jaundice and prolonged international
normalized ratio) and one or more extrahepatic organ failure that is associated with
increased mortality within a period of 28 d and up to 3 mo from onset” [ 5 ] .
Interestingly, while the timeframe between the onset of acute liver injury and liver
failure development (4 wk) is clear in the APASL definition, time intervals are not
mentioned in the AASLD-EASL or the WGO definition.
In addition, there are some differences in ACLF definition regarding the underlying
liver conditions of the patients. Patients with cirrhosis and non-cirrhosis (i.e., precirrhotic) are included in the APASL and WGO but not in the AASLD-EASL
definition. Patients with hepatic decompensation (previously or currently) are not
included in the APASL definition, while they are included in the AASLD-EASL
definition (which does not include noncirrhotic chronic liver disease). In parallel, the
WGO definition includes both cirrhosis (compensated and decompensated) and
noncirrhotic chronic liver disease.
Because ACLF can develop from: (1) Noncirrhotic liver disease (e.g., hepatitis B,
alcohol-related chronic liver disease, and nonalcoholic fatty liver disease (NAFLD); (2)
Compensated cirrhosis with precipitating factors; and (3) Decompensated cirrhosis,
the WGO suggested that all patients with chronic liver disease (no cirrhosis,
compensated cirrhosis, or decompensated cirrhosis) should be included in the ACLF
definition and divided into types A (noncirrhotic chronic kidney disease), B
(compensated cirrhosis), and C (decompensated cirrhosis)[5] (Figure 1).

THE PARADIGM SHIFTS IN THE DEFINITION AND
PATHOPHYSIOLOGY OF RENAL DYSFUNCTION IN LIVER
DISEASE
The diagnostic criteria of AKI in patients with cirrhosis: an updated definition
Historically, AKI in patients with cirrhosis was often defined as HRS type 1 and type
2. HRS type 1 referred to AKI in cirrhosis with a relatively rapid progressive
deterioration of renal function with serum creatinine (SCr) higher than 2.5 mg/dL for
more than 2 wk, and HRS type 2 referred to AKI with slowly progressing renal
function deterioration in cirrhosis with refractory ascites (SCr level of 1.5-2.5
mg/dL) [ 1 0 ] . Because SCr is a less sensitive biomarker of AKI, with several
pathophysiological limitations due to sarcopenia caused by hepatic injury (discussed
later), the International Club of Ascites (ICA) recently proposed a new diagnostic
criterion for HRS in 2015[4]. Accordingly, the SCr > 2.5 mg/dL criterion was removed
along with recommending HRS as another kind of AKI, called HRS–AKI. In addition,
the 2-wk threshold for the diagnosis of HRS and its subtypes was removed. The
ultimate changes to the diagnostic criteria from HRS to HRS-AKI are now in the
context of “cirrhotic patients who develop AKI by detecting a change in absolute SCr
level of ≥ 0.3 mg/dL or by an increase in SCr ≥ 50% from baseline within 48 h with a
lack of volume expansion response without evidence of shock, recent exposure to
nephrotoxic agents or preexisting structural renal disease”[4] (Table 2).
In 2007, the Acute Kidney Injury Network (AKIN) proposed the guidelines for
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Figure 1

Figure 1 Definition of liver disease terminology according to timing and characteristics. ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HRS:
Hepatorenal syndrome.

AKI-defining criteria[11], which were integrated into the ICA and the Acute Dialysis
Quality Initiative (ADQI) in 2011[12] (Table 3), because several validation studies on the
AKIN criteria show the independent mortality association depending on the stage of
renal injury[13-16]. The most recently proposed guideline from Huelin et al[17] suggests
that stage 1 AKI should be divided into 2 phases, stage 1A (SCr < 1.5 mg/dL) and
stage 1B (SCr > 1.5 mg/dL), because stage 1 AKI with SCr > 1.5 mg/dL shows a
similar mortality rate as stage 2 AKI. However, further validation study is needed due
to the unclear differences in baseline characteristics between stage 1A and stage 1B
AKI, where the more severe liver dysfunction is shown in the latter group.

Hepatorenal syndrome–acute kidney injury: A changing of pathophysiologic
definitions
The new definitions of advanced liver disease and AKI improve the understanding of
the underlying pathophysiologic mechanisms in the liver and kidneys. HRS is
currently not the only form of AKI in chronic liver disease. Indeed, a vast majority of
AKI in chronic liver disease is not characterized as HRS, particularly in ACLF (Table
4).

Splanchnic vasodilatation
The progression of advanced chronic liver disease into liver cirrhosis (liver
architecture disruption) results from splanchnic vasodilatation in response to
increased intrahepatic resistance (portal hypertension) caused by several mediators,
including nitric oxides, prostacyclin, carbon monoxide, epoxyeicosatrienoic acids,
glucagon, endogenous cannabinoids, and adrenomedullin[18-24]. In advanced cirrhosis,
the loss of liver compensation that slows disease progression in the liver is due to
progressive splanchnic vasodilatation (loss of the counteract vasoconstriction),
leading to a decrease in the effective circulatory volume, reduced renal blood flow
and AKI. This phenomenon simulates the renin-angiotensin-aldosterone system
(RAAS) and vasopressin, which in turn cause more severe renal vasoconstriction and
worsening renal hypoperfusion[25]. Evidence of their functional nature was illustrated
by measuring copeptin, a 39-amino-acid glycopeptide released from the neurohypophysis, and arginine vasopressin (AVP). The higher copeptin level is, the
greater the risk of AKI and the worse the outcomes of decompensated cirrhosis[26]. In
addition, the deterioration of renal perfusion is caused by the alteration of renal blood
flow autoregulation[27,28]. Together, the current treatment concepts of HRS-AKI are
reversing the physiological responses by improving the hemodynamic vascular bed
using volume expansion (such as with albumin) together with splanchnic vaso-
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Table 1 Comparison of the definitions of acute-on-chronic liver failure from the Asian Pacific Association for the Study of Liver,
American Association for the Study of Liver Diseases-European Association for the Study of the Liver, and World Gastroenterology
Organization
Criteria

APSAL

AASLD-EASL

WGO

Preexisting or underlying chronic
liver disease

Noncirrhotic chronic liver disease,
compensated cirrhosis

Cirrhotic chronic liver disease,
cirrhosis with prior decompensation

Noncirrhotic chronic liver disease,
compensated cirrhosis,
decompensated cirrhosis

Precipitating causes

Alcohol, drugs, hepatotropic viruses, Alcohol, drugs, hepatotropic viruses, Alcohol, drugs, hepatotropic viruses,
surgery, trauma
surgery, trauma, variceal bleeding,
surgery, trauma, variceal bleeding,
infection/sepsis
infection/sepsis

Duration between acute liver injury
and ACLF

4 wk

NA

NA

Organ failure

Hepatic failure

Extrahepatic organ failure

Hepatic failure, extrahepatic organ
failure

APSAL: Asian Pacific Association for the Study of Liver; AASLD-EASL: American Association for the Study of Liver Diseases-European Association for the
Study of the Liver; WGO: World Gastroenterology Organization; NA: Not available.

constrictors.

Role of inflammation
Systemic inflammation is one of the mechanisms responsible for decompensated
cirrhosis because increased inflammatory cytokines are demonstrated in HRS-AKI
(the late stage of cirrhosis). Advanced liver disease with spontaneous bacterial
peritonitis (SBP) and renal insufficiency is characterized by high tumor necrosis factor
(TNF)-α and interleukin (IL)-6 compared with advanced liver disease with normal
renal function[29]. Furthermore, patients with acute decompensated cirrhosis and
difficult-to-treat HRS-AKI (persistent AKI) demonstrate higher interferon-inducible
protein-10 and vascular cell adhesion molecule-1 compared to patients with
treatment-responsive HRS-AKI[30]. In addition, the growing evidence afforded by
systems biology analysis has demonstrated a similar nature of inflammation in HRSAKI in comparison with AKI in chronic non-hepatic conditions, such as lupus
nephritis[30].

Adrenal insufficiency
Relative adrenal insufficiency is found in over 25%-30% of decompensated cirrhosis
patients. Of note, adrenal insufficiency contributes to cardiomyopathy in cirrhosis
patients via the downregulation of β-adrenergic receptors as well as the alteration of
catecholamines’ effects on the systemic vascular tone[31]. Furthermore, the presence of
adrenal insufficiency in patients with stable decompensated cirrhosis is associated
with poorer clinical characteristics, such as circulatory dysfunction, previous history
of SBP, and worse survival rate[32].

Cardiac dysfunction
The impacts of advanced chronic liver disease on cardiac function and the systemic
circulatory system are well known. Cirrhotic cardiomyopathy is a diminished cardiac
contractile function with electrophysiological abnormalities in response to stress
stimuli without preexisting cardiac disease[33]. The emerging data reflect a liver-heartkidney interaction. Cirrhotic cardiomyopathy arises from sustained portal
hypertension, which increases the risk of bacterial translocation and portosystemic
shunt. Bacterial translocation stimulates the production of systemic inflammatory
cytokines and eventually causes endothelial dysfunction [34] , while an increased
portosystemic shunt decreases systemic vascular resistance by increasing nitric oxide,
adenosine, bradykinin, and endocannabinoids[35]. In addition, portal hypertension and
splanchnic dilation activate the sympathetic nervous system and several
neurohormones, including AVP, renin, and angiotensin, which affect heart function
by increasing afterload and left ventricular end-diastolic pressure [36] . Decreased
cardiac output and increased right atrial pressure cause renal tissue hypoxia and
venous congestion, respectively, leading to kidney injury and lower glomerular
filtration rate[37]. Accordingly, cardiac dysfunction in advanced chronic liver disease
deteriorates renal function in HRS through a liver–heart–kidney connection, which is
possibly related to a new model of therapeutic approaches to HRS[38].

Pathophysiology involved in AKI in other chronic liver diseases (non-HRS-AKI): An
update of evidences
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Table 2 The International Club of Ascites diagnostic criteria for hepatorenal syndrome
International Club of Ascites diagnostic criteria for hepatorenal syndrome
Diagnosis of cirrhosis and ascites
Diagnosis of acute kidney injury (AKI) according to ICA-AKI criteria (Table 3)
No response after 2 consecutive days of diuretic withdrawal and plasma volume expansion administration with albumin at 1 g/kg of body weight
Absence of shock
No current or recent use of nephrotoxic agents
No signs of structural kidney injuries, defined as the following:
Absence of proteinuria (> 500 mg/day or equivalent)
Absence of microscopic hematuria (> 50 red blood cells per high-power field)
Normal findings on renal ultrasonography

AKI: Acute kidney injury; ICA: Ascites diagnostic criteria.

Role of inflammation, apoptosis, and cell death: Hepatic inflammation is a novel
major component for the initiation and progression of liver injury[39]. In chronic liver
disease, hepatic inflammation is activated by several risk factors (i.e., systemic
infection, gastrointestinal bleeding, alcohol, viral infection, etc.) resulting in (Figure 1):
(1) Hepatocyte damage that delivering several damage-associated molecular patterns
(DAMPs) from liver cells; and (2) Gut immunity impairment that enhancing the
translocation of pathogen-associated molecular pattern (PAMPs) from gut
organisms[40]. Subsequently, both DAMPs and PAMPs enhance the more severe liver
damage (ALF, ACLF, and liver cirrhosis). Several liver associated DAMPs including
IL-1, IL-33, high-mobility group box-1, and bile acid[41] are recognized by several
receptors [e.g., toll-like receptors (TLR)-4, TLR-9 and the receptor for advanced
glycation end-products] on Kupffer cells (liver macrophages)[42] resulting in the more
enhanced hepatic damages (Figure 2).
In addition, the imbalance of inflammatory response in ACLF (a local inflammatory
response) contributes to the systemic inflammatory response syndrome (SIRS) in
different severity and subsequently turns into the compensatory anti-inflammatory
response syndrome (CARS)[43]. While SIRS relates to the excessive liver inflammation
and extrahepatic organ dysfunction, CARS is a counter regulatory mechanism against
the inappropriate hyper-inflammatory process. Overwhelming of activated monocyte
function may contribute to AKI, compatible with those in septic AKI[44]. In addition,
Because macrophage polarization is related to pro- versus anti- inflammation, SIRS
and CARS in ACLF might be associated with M1 and M2 macrophage polarization,
respectively, of Kupffer cells in liver[45]. Moreover, bone marrow-derived macrophage
that was recruited into liver by the inflammatory-induced CCL2 and CCR5
chemokine expression might also be important in liver injury [45] . Macrophage
polarization and macrophage origin may be beneficial to the understanding in the
inflammatory phase of liver injury (i.e., initiation, propagation and resolution)[46]. The
inhibition of Kupffer cells, the prevention of monocyte recruitment into liver, and the
promotion of proper macrophage polarization might be the novel strategies for liver
injury attenuation[47].
Systemic oxidative stress and several inflammatory cytokines (human nonmercaptalbumin 2, IL-6, and IL-8) are also higher in patients with ACLF compared to
non-ACLF conditions[48]. Similarly, the severity of ACLF is associated with apoptosis
as determined by the apoptosis index [plasma caspase-cleaved keratin 18 (cK18; an
apoptosis biomarker)/keratin 18 (K18; an indicator of total cell death)][49], implying
the influence of systemic inflammation and apoptosis in ACLF. Indeed, persistent
infection (inflammatory activation) is an important risk factor in cirrhotic patients on
the basis of the score of chronic liver failure-organ failure. Therefore, AKI
superimposed in ACLF is associated with a 20% increase in mortality depending on
AKI severity (more severe with SCr > 1.5 mg/dL)[9].
Role of bile acid: The limited responsiveness of terlipressin plus albumin treatment in
HRS type 1 with high serum bilirubin (≥ 10 mg/dL) suggests the influence of bile acid
in chronic liver disease[50]. Indeed, the markedly elevated serum bilirubin in chronic
liver disease induces bile cast nephropathy, a common renal pathology of AKI with
severe liver dysfunction diagnosed from the presentation of intratubular bile casts by
Hall histochemical staining, which are associated with irreversible AKI in chronic
liver disease[51-53]. In the less severe form of renal injury, bile acid accumulation in
cirrhosis induces proximal tubulopathy mimicking Fanconi syndrome (low uric acid,
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Table 3 The proposed classification system of renal dysfunction in patients with cirrhosis proposed by the Acute Dialysis Quality
Initiative and the International Club of Ascites work group[12]
Diagnosis

Definition

Acute kidney injury (AKI)

Rise in serum creatinine (SCr) of ≥ 50% from baseline or a rise in SCr by ≥ 0.3
mg/dL (26.5 μmol/L) in < 48 h. Hepatorenal syndrome (HRS) type 1 is a
specific form of AKI
Stage 1: Increase in serum creatinine (SCr) ≥ 0.3 mg/dL (26.5 μmol/L) or
an increase in SCr 1.5-fold to 2-fold from baseline
Stage 2: Increase in SCr > 2-fold to 3-fold from baseline
Stage 3: Increase in SCr > 3-fold from baseline or an increase in SCr ≥ 4.0
mg/dL (353.6 μmol/L) with an acute increase ≥ 0.3 mg/dL (26.5 μmol/L) or
initiation of renal replacement therapy

Chronic kidney disease (CKD)

Glomerular filtration rate (GFR) of < 60 mL/min for > 3 mo, calculated using
the MDRD6 formula. HRS type 2 is a specific form of CKD

Acute-on-chronic kidney disease

Rise in SCr of ≥ 50% from baseline or a rise of SCr by ≥ 0.3 mg/dL (26.5
μmol/L) in < 48 h in a patient with cirrhosis whose GFR is < 60 mL/min for
> 3 mo, calculated using the MDRD6 formula

MDRD: Modification in diet of renal disease; GFR: Glomerular filtration rate; CKD: Chronic kidney disease; AKI: Acute kidney injury; SCr: Serum
creatinine.

low phosphate but high bile acid in serum) without bile cast nephropathy [51-53] .
Although serum bilirubin is an independent predictor of the therapeutic response of
HRS, the precise role of bile cast nephropathy is still unclear.
Worsening portal hypertension: Markedly increased intrahepatic resistance is
common in progressive ACLF patients and usually results in increased portal
hypertension[54]. This, in turn, may potentiate hepatorenal reflex disturbance, causing
progressive AKI[27].
Worsening cardiac output: ACLF worsens cardiac functions through arterial vasodilation in the splanchnic area and peripheral circulation, which can be
demonstrated in all stages of liver injury, from the early compensated stage to
progressive liver decompensation to the late stage of HRS. The low cardiac output
due to excessive vascular dilatation is counteracted by: (1) Several vasoconstriction
mediators (including the RAAS, vasopressin, and the sympathetic nervous system);
and (2) Vigorous salt and water balancing from renal homeostasis[55]. Once cardiac
function fails to compensate for arterial vasodilation, as determined by the low
cardiac output and reduced systolic function, the more severe liver injury condition
(late HRS) will develop due to the decreased effective circulating volume[56].

TREATMENT
General management
As discussed above, the points on the continuum of AKI disease in liver cirrhosis, i.e.,
prerenal azotemia-HRS-ATN (prerenal-HRS-ATN), are difficult to differentiate
clearly. AKI management in a certain setting should focus on early recognition with
an understanding of the individual patient’s clinical course (Figure 3). The
disturbance of hemodynamics in cirrhosis patients is the principal cause of AKI that is
precipitated by infection, abrupt onset of severe hyperbilirubinemia, gastrointestinal
bleeding, over-diuresis, or nephrotoxic agents. All of these factors must be
immediately identified and corrected in patients with advanced cirrhosis to prevent
subsequent renal complications. An intravascular volume status assessment is an
initial step for any AKI etiologies. Volume status assessment is challenging,
particularly in cirrhosis, because the patients usually also have hyperdynamic
circulation between a total-body hypervolemic state and a low effective circulatory
volume status. Unfortunately, there is no effective monitoring tool for these patients.
Central venous pressure monitoring not only has a poor correlation with the
intravascular volume due to confounding effects from ascites but also is too invasive
for the coagulopathy that is commonly found in chronic liver disease.
Echocardiography for intravascular volume assessment depends solely on the
determination of inferior vena cava size and variability, which relies mostly on
operator expertise[57].
Although there is no advantage in mortality attenuation or AKI incidence when
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Table 4 Comparison between the main mechanisms of the pathophysiology of hepatorenal
syndrome–acute kidney injury and non-hepatorenal syndrome-acute kidney injury
Hepatorenal syndrome

Non-hepatorenal syndrome

Splanchnic vasodilatation

Acute-on-chronic liver failure

Inflammation

Inflammation

Adrenal insufficiency

Bacterial translocation

Cardiac dysfunction

Bile acid
Worsening portal hypertension
Worsening cardiac output

comparing albumin and crystalloids[58], albumin is usually the recommended volume
expander in chronic liver disease due to albumin’s pleiotropic effects (antiinflammatory and antioxidant properties)[59,60]. Hydroxyethyl starch is contraindicated
due to its associations with increased AKI and mortality rates [61] . In addition,
intravenous albumin administration at 1-1.5 and 1 g/kg on days 1 and 3, respectively,
with antibiotics attenuates the mortality of SBP and the AKI incidence[62]. In parallel,
SBP prophylaxis with oral quinolones (norfloxacin 400 mg twice a day for 7 d) is
recommended in the high-risk group (low protein in ascites fluid and previous
history of SBP)[63], while intravenous ceftriaxone (1 g/d for 7 d) is more proper than
oral quinolones in patients with active gastrointestinal bleeding[64]. Further, patients
with high serum bilirubin (> 20 mg/dL) (with an abrupt onset or long duration) may
develop nephropathy due to jaundice or bile cast induction[52,65], and selective bilirubin
removal might be beneficial[66].
Intravascular volume depletion due to excessive diuretic treatment (diureticinduced AKI) is common. Furthermore, electrolyte disturbance, such as hyperkalemia
from aldosterone antagonists or other potassium-sparing diuretics, may necessitate
urgent renal replacement therapy, particularly in those with renal impairment.
Hypokalemia, a precipitating factor of hepatic encephalopathy, is a frequent diuretic
complication. Accordingly, diuretic administration should be reserved for patients
with a hypervolemic state or marked ascites and should be avoided in those
vulnerable to intravascular volume depletion. All nephrotoxic agents, such as
radiological contrasts, need to be prescribed with caution. Sepsis is also a common
condition that is found with decompensated cirrhosis[67]. Organ failures such as AKI
and acute respiratory distress syndrome may be a result of a high production of
sepsis-induced proinflammatory cytokine production[67]. Cirrhosis patients with AKI
should undergo a full septic workup and be treated with empirical antibiotics.
Measuring the appropriate markers for early sepsis might be beneficial, as mentioned
in the setting of resuscitation guided by serum lactate[68,69]. However, this approach
remains controversial in advanced liver disease because of: (1) The poor lactic acid
metabolism in liver diseases; and (2) The weak association between hyperlactatemia
and tissue hypoperfusion[70].

Managements of HRS
If renal function does not improve after adequate volume expansion, HRS-AKI and
non-HRS-AKI must be in line with the differential diagnosis and be further assessed
with simultaneous treatment. The goal of HRS–AKI treatment is to optimize the
cardiac output and mean arterial blood pressure (MAP). Although there was no
significant difference in outcomes between targeting the higher MAPs (80-85 mmHg)
compared with the lower MAPs (65-75 mmHg) in septic AKI[71], the most recent study
revealed that AKI incidence was lowest among those whose postresuscitation MAP
was closest to or higher than their preadmission MAP[72]. Perhaps an individualized
target MAP acts as a key marker for HRS-AKI. To increase the MAP and cardiac
output, intravenous albumin administration along with systemic vasoconstrictors has
shown promising outcomes. A number of systemic vasoconstrictors are used to
counter splanchnic vasodilation, including a vasopressin analog (terlipressin)[73,74], an
α-adrenergic agonist (norepinephrine)[75,76], and a combination of α-adrenergic agonist
(midodrine) and somatostatin analog (octreotide)[77]. The most recent meta-analysis
demonstrates that: (1) The treatment of HRS type 1 with terlipressin plus albumin
attenuates the short-term mortality; and (2) Terlipressin plus albumin or
noradrenaline plus albumin is superior to triple therapy with midodrine, octreotide
and albumin[78]. Regarding AKI outcome, terlipressin infusion gives an earlier and
stronger response than noradrenaline, with a higher reversal rate of HRS (40% vs 17%)
and a lower rate of renal support requirement (57% vs 80%)[79]. Interestingly, the
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Figure 2 Role of monocytes and macrophages in the immunological aspects of acute-on-chronic liver failure and acute kidney injury. Several risk factors
addition to pre-existing chronic liver disease initiate hepatic inflammation which release various types of damage-associated molecular patterns, pathogen-associated
molecular pattern, chemokines and inflammasomes. These mediators affect to the inflammatory cascade through monocyte and Kupffer cell activation which
subsequently turn on either liver or systemic immunity. While, in the liver, Kupffer cells signal to bone marrow-derived monocytes for recruiting them to the liver,
systemic (peripheral) monocytes also become activated monocytes which expanding the pro-inflammatory responses or systemic inflammatory response syndrome
(SIRS). Overwhelming of pro-inflammatory cascade is supposed to be the background of acute kidney injury (AKI), similarly septic AKI (inflammation-related AKI).
However, the functional reprogramming of both activated macrophages and activated monocytes could attenuate SIRS by differentiating to pro-restorative phenotypes
that favors liver tissue resolution and healing. DAMP: Damage-associated molecular pattern; IL: Interleukin; PAMPs: Pathogens-associated molecular patterns; SIRS:
Systemic inflammatory response syndrome; TNF-α: Tumor necrosis factor-alpha; AKI: Acute kidney injury.

effectiveness of albumin depends on the cumulative administration dose, as a 100 g
increase in cumulative albumin (max dose of 600 g albumin) increases the survival
rate with a hazard ratio of 1.15 and a 95% confidence interval of 1.02-1.31[80]. Because
most HRS-AKI develops in an ACLF setting and is associated with inflammatory
mediators, therapeutic strategies not only for hemodynamic restoration but also for
the attenuation of systemic inflammation might represent a paradigm shift in the
treatment, as demonstrated by the balancing of monocyte function [81] . Recently,
simvastatin, a well-known lipid-lowering agent, has demonstrated beneficial effects in
an ACLF rat model with advanced chronic liver disease through the improvement of
hepatic hemodynamics, microvascular dysfunction, and endotoxemia[82].

Roles of extracorporeal support systems
Compared with noncomplicated HRS-AKI, non-HRS-AKI and HRS-AKI in advanced
ACLF have more morbidity and mortality because of their poor response to
terlipressin and albumin. ACLF with ≥ 2 organ failures (ACLF grade 2-3) is associated
with a 60%-75% rate of 28-d mortality[9], and therapies such as plasmapheresis that
potentially ameliorate the ACLF severity by modulating the immune system may be
an option. Currently, both renal and liver support in clinical studies have failed to
have any survival advantage[83,84]. Regarding the mode of hemodialysis, continuous
renal replacement therapy (CRRT) does not improve mortality in comparison with
intermittent hemodialysis; however, CRRT might be well tolerated in patients with
unstable conditions, including fulminant hepatic failure, as it does not raise
intracranial pressure[85]. Indeed, the ADQI group recommends renal support only in
cases with acute reversible components. Otherwise, renal support is not recommended in AKI-superimposed chronic liver disease, which is similar to the
recommendation of limited utilization of liver support in liver transplantation[85].
However, extracorporeal albumin dialysis may improve outcomes based on the
clearance of excess bilirubin, bile acid, inflammatory cytokines, and endotoxins in
systemic circulation[84]. The extracorporeal liver support is currently divided into 2
kinds of systems.
Cell-based liver support systems (bioartificial liver support systems): The data on
bioartificial liver support systems benefit in patients with ACLF are still limited and
from uncontrolled studies with limited numbers of patients.
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Figure 3 Summarized algorithm for the management of acute kidney injury according to the International Club of Ascites-acute kidney injury
classification, which combines Kidney Disease Improving Global Outcomes criteria and conventional criteria in patients with cirrhosis and ascites.
NSAIDs: Nonsteroidal anti-inflammatory drugs; SCr: Serum creatinine; RRT: Renal replacement therapy; AKI: Acute kidney injury.

Non-cell-based liver support systems: There are two major modalities regarding to
the non-cell-based liver support systems-plasma therapy and albumin dialysis.
Plasma therapy comprises 4 subtypes of techniques: (1) Standard plasma exchange is
a simple circuit (Figure 4) that enhances the elimination of inflammatory cytokines
and endotoxins by using 1.2 L of plasma as fluid replacement. However, it has so far
failed to show a confirmed survival advantage; (2) High-volume plasma exchange
(HVP). Unlike standard plasma exchange, the HVP procedure uses a large amount of
fresh-frozen plasma (approximately > 10 L of fresh-frozen plasma or 15%-20% of ideal
body weight) as replacement fluid. The established technique was first used for
immunologically driven disorders in the early 1990s [ 8 6 ] . HVP decreases the
vasopressor dose requirement in resuscitation and improves hepatic encephalopathy
symptoms by decreasing blood ammonia and urea [87] . A recent prospective,
randomized study was conducted in 183 patients with acute liver failure, with
approximately 2.4 treatments per patient and 9 h per treatment, and it demonstrated a
slightly improved survival by an intention-to-treat analysis (59% vs 48%) and reduced
circulating proinflammatory mediators [IL-6, TNF-α, DAMPs [88] and soluble B7
(CD80/CD89)[89]]. Unfortunately, there is no evidence on using HPV in ACLF so far.
Further prospective studies are required to confirm these results in patients with
acute liver failure and might be extended to patients with ACLF in the near future; (3)
Plasma perfusion and bilirubin adsorption system and double plasma molecular
absorption system, as shown in Figure 5. The fundamental mechanism in the plasma
perfusion and bilirubin adsorption system is the separation of plasma that passes
through an anion-exchange column (adsorbent), which has an adsorption effect on
specific molecules (such as bilirubin, bile acid, and related similar molecular
structures). Data from several studies showed a safe decrease in the plasma bilirubin
concentration of approximately 18%-50% from baseline after one session[90,91]. The
double plasma molecular absorption system is more sophisticated than plasma
perfusion and bilirubin adsorption, combining both with an adsorbent for the
reduction in inflammatory mediators, drugs or toxins (Figure 5). Although the
rationale for using these systems seems to be that they will improve our
understanding of ACLF pathophysiology, most studies on the double plasma
molecular absorption system are in patients with hepatitis B-related liver failure[92-94].
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In our experience, the double plasma molecular absorption system decreased
bilirubin and ammonia 25%-30% from baseline after one treatment session in patients
with ACLF and cancer (unpublished data). The reduction in hyperbilirubinemia in
patients with sepsis-related ACLF was also demonstrated in our case series
(unpublished data); (4) Fractionated plasma separation and adsorption (FPSA)
(Prometheus®). FPSA, first introduced in 1999, is fractionated through an albuminpermeable filter with a cutoff of 250 kDa. Albumin and other plasma proteins cross
the membrane and pass across 2 columns in a series-an anion-exchange column and a
neutral resin adsorber. The cleansed albumin/plasma is returned to the standard
blood pool circuit, where it is then treated by conventional high-flux hemodialysis
(Figure 6). Clinical studies have evaluated the effect of FPSA in ACLF patients, with
favorable outcomes, indicating that the use of FPSA is well tolerated and decreases
the circulating levels of serum bilirubin, bile acids, and ammonia[95-100]. However, the
improvement of neurological status and hemodynamics following FPSA treatment is
controversial [96,98] . A prospective, randomized clinical trial (HELIOS study) [100]
conducted in 145 ACLF patients demonstrated that FPSA decreased serum bilirubin
with nondifferent 28-d survival rates (66% vs 63%). The secondary endpoint showed a
significant improvement in survival in ACLF patients using the cutoff of Model for
End-Stage Liver Disease (MELD) score > 30. It should be emphasized that there is no
further confirmatory study or any study in an acute liver failure setting so far.
Albumin dialysis has been classified as molecular adsorbent recycling system
(MARS) and single plasma albumin dialysis (SPAD). Technically, MARS consists of 3
main circuits of the blood delivery system, albumin flow, and routine hemodialysis
system (Figure 7). In the MARS circuit, blood is dialyzed through an albuminsaturated high-flux dialyzer with 20% human albumin (600 mL) and is used as the
dialysate for carrying the albumin-bound toxins into the dialysate, where the watersoluble and albumin-bound toxins will be removed from albumin through 2
sequential adsorbent columns containing activated charcoal and anion-exchange
resin. Then, the toxin-free albumin will be circulated in the circuit. The highmolecular-weight toxins (> 50 kDa) are not removed by MARS due to the dialyzer
pore size limitation. The RELIEF study is the largest randomized trial using MARS in
ACLF, with 189 patients from 19 European centers, and it demonstrated that
undergoing up to ten 6-h to 8-h sessions of MARS was associated with the
improvement of hepatic encephalopathy (from grade 2-4 to grade 0-1; 63% vs 38%,
respectively; P = 0.07) without a 28-d survival benefit[101]. Similarly, the FULMAR trial
was a randomized controlled study using MARS in 102 patients with acute liver
failure fulfilling transplant criteria and demonstrated no significant differences in 6month survival between the MARS (85%) and standard medical treatment (76%)
groups (P = 0.28)[102]. However, the major confounder in the study was the short
transplant waiting time [median 16.2 h, mostly within 24 h (75%)], which might be too
short to see the benefit of liver support. Interestingly, neither MARS nor FPSA
showed significant decreases in inflammatory markers (IL-6, IL-8, IL-10, and TNF-α)
after the treatment session in a small study[103].
In contrast to MARS, SPAD uses a standard CRRT system without any additional
columns (Figure 8). After a SPAD cycle is run, water-soluble toxins (ammonia,
creatinine, urea, uric acid) are removed almost completely. Blood is dialyzed against a
standard dialysis solution with the addition of albumin to the dialysate. The most
effective albumin concentration was 3%. A further increase in the albumin
concentration to 4% did not lead to a significant increase in the detoxification[104].
However, SPAD increased the detoxification efficiency of albumin-bound substances
from 350 mL/h to 700 mL/h (for bilirubin) or 1000 mL/h (for bile acids) of the
dialysate flow in SPAD for the first time[104]. Unfortunately, SPAD has been evaluated
in a case-control fashion mostly in drug overdose-related liver failure, with
controversial outcomes[105-107].

Roles of liver transplantation
So far, liver transplantation is the only treatment modality for the reversal of either
HRS-AKI or non-HRS-AKI in an ACLF setting. Recently, a large retrospective study of
liver transplantation in patients with either HRS-AKI or non-HRS-AKI in ACLF
demonstrated that 1-year and 5-year survival rates were 91% and 77%, respectively.
However, those with a renal injury background of either diabetes or hypertension
showed a lower survival rate (1-year and 5-year survival at 87% and 71%,
respectively)[108]. Pretransplant AKI severity contributed as an important factor for
renal function recovery at 4-6 wk posttransplantation. Thus, simultaneous liverkidney transplantation should be considered in those with predicted renal recovery
longer than 6 wk[85].

Roles of the novel monocytes and macrophage modulators
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Figure 4

Figure 4 Plasma exchange circuit.

Regarding the high rate of mortality and limited treatment options for ACLF and AKI
following ACLF; novel, robust therapies are needed.
Targeting liver macrophage: So far, unfortunately, none of proven macrophagedirected therapies has been recommended in ACLF although a number of
immunomodulators including N-acetylcysteine, albumin and glucocorticoids are
approved for other immune-related liver diseases[46]. The limitation of knowledge is
probably due to the limitation in retrieving human liver tissue and the differentiation
process for liver macrophage in human[46].
Targeting inhibition of Kupffer cell activation: Inhibition of progression of the early
phase of SIRS in ACLF could be attenuate the signal induction for Kupffer cell
activation especially targeting to inhibit released DAMPs. Recent study demonstrated
potential beneficial of HMGB-1 blockade treatment in rat with ACLF model through
alleviating inflammation in SIRS[109]. Likewise, the blocking responses against of
histones (a DAMP) attenuated cytokine production and reduced liver injury
severity[110]. In addition, the prevention and treatment of bacterial translocation by
appropriate antibiotics is the most effective attenuation of initial innate immune
activation leading to the subsequently Kupffer cell inhibition[111].
Targeting inhibition of monocyte recruitment into the liver: The recruitment of
monocytes into liver is mediated mainly through chemokine system including; CCL2CCR2 and CCL5-CCR5 for the recruitment of monocyte and lymphocyte,
respectively[112]. As such, Cenicriviroc, an CCR2/CCR5 inhibitor, in a randomized,
double-blind study in 289 patients with NAFLD and hepatic fibrosis demonstrated a
reduction on fibrosis in treatment group (n = 145) compares with placebo (n = 144)
(20% vs 10%) without the reduction of the primary endpoint (NAFLD activity
score)[113] supporting the animal model data[112].
Targeting promotion of macrophage differentiation: An early promotion of
macrophage differentiation from activated macrophages phenotype into a prorestorative phenotype (such as by corticosteroids) might enhance the resolution of
liver injury[111]. However, the data on macrophage differentiation treatment in ACLF is
still too less. Corticosteroids might provides some advantages in the early phase of
ACLF but possibly augment infectious complications in the late phase[114].

Roles of the novel granulocyte colony-stimulating factor therapy
ACLF is mainly mediated through immune dysfunction and is also susceptible to the
serious infections. Accordingly, treatment by hematopoietic growth factor to induce
immune cells seems reasonable to restore immune homeostasis through improving
impaired phagocytosis[115] and mobilization of CD34+ progenitor cells into liver[116].
The first randomized placebo-controlled study in 2012 using granulocyte colonystimulating factor (G-CSF) in patients with ACLF demonstrated an improved 60-d
survival rate and a reduction in multiorgan injury on the basis of clinical scores,
including those of the MELD and Sequential Organ Failure Assessment (66% vs
26%) [117] . Likewise, G-CSF improved the 90-d mortality rate (78% vs 30%) in a
randomized trial on 46 patients with ACLF[118]. The largest study, on 55 patients with
hepatitis B-related ACLF randomized to receive standard medical treatment or G-CSF
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Figure 5

Figure 5 Plasma perfusion and bilirubin adsorption system and double plasma molecular absorption system circuit. DPMAS: Double plasma molecular
absorption system.

in addition to standard medical treatment, again showed a significant benefit in the
90-d survival rate in the G-CSF-treated group (48% vs 28%)[119]. Interestingly, the most
recent randomized study in 32 patients with hepatitis B virus-ACLF showed that 5
μg/kg/day of G-CSF for six consecutive days in addition to the standard treatment,
improves survival, facilitates clinical recovery, prevents renal failure and protects
from hyponatremia[120].

CONCLUSION
AKI following advanced liver cirrhosis is a critical condition. The early recognition
and rapid diagnosis of AKI in these patients may improve therapeutic outcomes.
However, the understanding of the pathogenesis and the quality of the diagnostic
tools for the simultaneous injury of the kidney and liver are still limited. A distinct
diagnostic criterion for differentiating the points on the prerenal-HRS-ATN spectrum
needs robust validation as well as an accurate distinction between HRS-AKI and nonHRS-AKI in ACLF. Inflammation is increasingly recognized as an important driver of
AKI, particularly in patients with infection and multiorgan failure. As AKI in chronic
liver disease is persistent and rapidly becomes irreversible by medical treatment as
the condition prolongs, novel therapies and new approaches for either liver or renal
support are required.
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Figure 6

Figure 6 Fractionated plasma separation and adsorption (Prometheus®) circuit.
Figure 7

Figure 7 Molecular adsorbent recycling system circuit. MARS: Molecular adsorbent recycling system.
Figure 8

Figure 8 Single-pass albumin dialysis circuit.
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Abstract
Hepatocellular carcinoma (HCC) is the most common liver malignancy
worldwide and a major cause of cancer-related mortality for which liver resection
is an important curative-intent treatment option. However, many patients
present with advanced disease and with underlying chronic liver disease and/or
cirrhosis, limiting the proportion of patients who are surgical candidates. In
addition, the development of recurrent or de novo cancers following surgical
resection is common. These issues have led investigators to evaluate the benefit of
neoadjuvant and adjuvant treatment strategies aimed at improving resectability
rates and decreasing recurrence rates. While high-level evidence to guide
treatment decision making is lacking, recent advances in locoregional and
systemic therapies, including antiviral treatment and immunotherapy, raise the
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prospect of novel approaches that may improve the outcomes of patients with
HCC. In this review, we evaluate the evidence for various neoadjuvant and
adjuvant therapies and discuss opportunities for future clinical and translational
research.
Key words: Hepatocellular carcinoma; Neoadjuvant therapy; Adjuvant therapy; Neoplasm
recurrence; Hepatectomy; Liver cirrhosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Liver resection is an important curative-intent treatment option for patients with
hepatocellular carcinoma (HCC). However, advanced disease, underlying chronic liver
disease and/or cirrhosis, limits the proportion of patients who are surgical candidates.
Recurrent disease is unfortunately common even after undergoing resection. As such, the
benefits of neoadjuvant and adjuvant treatment strategies aimed at improving
resectability and decreasing recurrence rates are of great interest. While high-level
evidence to guide treatment decision making is lacking, recent advances in locoregional
and systemic therapies, including antiviral treatment and immunotherapy, raise the
prospect of novel approaches that may improve the outcomes of patients with HCC.

Citation: Akateh C, Black SM, Conteh L, Miller ED, Noonan A, Elliott E, Pawlik TM, Tsung
A, Cloyd JM. Neoadjuvant and adjuvant treatment strategies for hepatocellular carcinoma.
World J Gastroenterol 2019; 25(28): 3704-3721
URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3704.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3704

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause of cancer-related mortality
worldwide, representing the third most common malignancy in men and seventh in
women[1,2]. In the United States, there was an estimated 42220 new cases of HCC and
an estimated 30200 HCC-related deaths in 2018[3]. Unfortunately, the incidence of
HCC is rising and, unlike most other cancers, this increased incidence affects all major
demographic groups and populations[4,5]. This increase is particularly higher in men,
who have a four-fold increased risk of developing HCC[6,7]. The vast majority of HCC
occurs in the setting of chronic liver disease (CLD) with or without cirrhosis most
often secondary to chronic hepatitis B (HBV) and hepatitis C (HCV) infections,
although there is also a rising incidence of non-alcoholic steatohepatitis (NASH) and
non-alcoholic fatty liver disease (NAFLD) related cirrhosis[8-11]. Other major causes
include alcoholic cirrhosis, as well as diabetes, hemochromatosis, Alpha 1-antitrypsin
deficiency, Wilson’s disease, hemophilia, and Aflatoxin[12-15]. Thus, patients with HCC
have two simultaneous challenges: the malignancy itself and the underlying liver
disease which can both complicate treatment and predispose to the development of
recurrent or de novo cancers.
While numerous systemic and locoregional treatments exist for patients with HCC,
curative-intent options mainly include liver transplantation (LT), surgical resection,
and ablative therapies. Although LT is appealing in that it treats both the cancer and
the underlying CLD, a major challenge is the deficiency of available organs in the
United States and around the world. Furthermore, many patients with relatively
preserved liver function (e.g., chronic HBV) or those outside Milan criteria (e.g., large
solitary tumor or macrovascular invasion) are not eligible for LT. Ablation is a
reasonable treatment option, but its outcomes are optimized in patients with small
tumors[16]. Therefore, surgical resection remains an important primary treatment
option for HCC which, in appropriately selected patients and when performed by
experienced surgical teams, is associated with excellent results. Unfortunately, a
minority of patients are surgical candidates due to either advanced disease or
inadequate liver function to safely undergo hepatectomy. Furthermore, recurrence
rates among those patients who are able to undergo surgical resection is relatively
common[17].
The last few decades have led to significant advances in both the treatment of viral
hepatitis as well as systemic and locoregional treatment options for HCC. Whether
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these strategies can be used prior to or following surgical resection in order to
increase the number of patients who are surgical candidates or to reduce the risk of
tumor recurrence following resection remains poorly understood. Indeed, relatively
little research has been conducted on the optimal multimodality therapy for patients
with surgically resected HCC. In this review paper, we sought to evaluate the
available literature on neoadjuvant and adjuvant treatment strategies for patients with
resectable HCC.

NEOADJUVANT STRATEGIES FOR HCC
While neoadjuvant therapies are commonly used for patients with other solid-organ
malignancies in order to downstage advanced disease, ensure appropriate patient
selection, and assess tumor response to treatment prior to resection, the role of
neoadjuvant therapies in the management of HCC is less well defined. Indeed,
relatively little research exists to support the concept of neoadjuvant therapy, and
current guidelines do not recommend this strategy for patients with otherwise
potentially resectable cancers. On the other hand, the unique characteristics of HCC,
including its relatively aggressive biology, frequent diagnosis at late stages, and the
need to preserve normal liver function at the time of surgery given underlying CLD,
suggest a neoadjuvant approach may be appropriate.

Transarterial chemoembolization
Transarterial chemoembolization (TACE) combines transarterial embolization (TAE)
with chemotherapy infusion. Unlike normal liver tissue, which derives most of its
blood supply from the portal venous system, HCCs derive most of their blood supply
from the hepatic artery system. As such, embolization of the arterial system results in
ischemia and tissue necrosis [18] while allowing for the concentrated delivery of
chemotherapy agents. Embolization also prevents the chemotherapeutic agent from
being washed out, allowing for a longer duration of action.
TACE was originally developed for management of advanced unresectable disease,
but its role in the neoadjuvant treatment of potentially resectable disease has also been
explored. One of the earliest experiences with neoadjuvant TACE was reported by
Monden et al[19]. The investigators compared 71 patients treated preoperatively with
TACE to 21 patients resected without TACE. Although they did not find any
differences in survival, histopathologic review demonstrated that tumors from most
of the patients who underwent TACE procedure were necrotized. In 2000, Zhang et
al [20] conducted a retrospective review of 1457 patients who underwent hepatic
resection for HCC at their hospital, including 120 patients treated preoperatively with
TACE. Compared to those resected without TACE, patients who underwent
preoperative TACE had significantly improved 5year diseasefree survival (DFS). In
addition, patients who had more than two preoperative TACE treatments had longer
recurrence-free survival (RFS) compared to patients who only had one session.
However, a different institutional study from China comparing 183 neoadjuvant
TACE to 405 resection-only cases found no difference in 1-, 3-, and 5-year overall
survival (OS). Instead, repeated TACE use was associated with significantly higher
hospital cost[21]. However, results from a meta-analysis by Qi et al[22] provided some
insight into the discordant results. In their analysis of 32 randomized and nonrandomized studies evaluating preoperative TACE to resection-only, they found that
preoperative TACE did not improve DFS or OS. However, a subgroup analysis of the
results suggested that the outcomes of neoadjuvant TACE followed by resection were
influenced by the response to TACE. When patients had complete tumor necrosis
following TACE, preoperative TACE had significantly better DFS and OS compared
to resection alone. However, when patients had incomplete or no tumor necrosis, the
OS did not differ between the two groups.
In addition to its prognostic impact, investigators have shown interest in the ability
to downstage previously unresectable patients with neoadjuvant TACE[23-25]. Zhang et
al[26] reviewed the results from 831 patients over 10 years treated with TACE. Of these,
82 patients were successfully downstaged, and 43 underwent salvage surgery.
Compared to those who refused a salvage resection, those who underwent resection
had a longer median OS (49 mo vs 31 mo, P = 0.027). However, there was no
difference in survival based on the receipt of surgery among patients who
experienced a complete response (50 mo vs 54 mo, P = 0.699) compared to patients
with only a partial response (49 mo vs 24 mo, P < 0.001). These findings suggest a
critical role for resection following downstaging with TACE in patients with a partial
response.
Preoperative TACE has also been investigated in the management of recurrent but
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resectable disease. Tao et al[27] showed that for patients with recurrent but resectable
disease, preoperative TACE did not improve survival. On the other hand, it was
associated with increased preoperative time and increased blood loss. For patients
undergoing extended resections who require preoperative portal vein embolization
(PVE) to stimulate compensatory hypertrophy of the future liver remnant [28] ,
preoperative TACE has been investigated as a means of controlling tumor growth.
Some speculate that, in the absence of TACE, PVE can result in increased ipsilateral
hepatic artery flow, and as such, increased tumor growth. Indeed, some studies have
demonstrated improved RFS and OS among patients undergoing TACE+PVE
compared to PVE alone[29,30].
In conclusion, the role of TACE in neoadjuvant therapy continues to evolve. While
some studies suggest an opportunity to downstage some patients to resection as well
as improved long-term outcomes among patients who develop a radiographic
response, these therapies currently apply to a minority of patients with HCC, and
there is insufficient evidence to predict which patients will respond. Therefore, while
TACE is commonly used as a bridging therapy prior to LT [31] , its role in the
neoadjuvant setting prior to resection remains unclear and is not routinely recommended.

Transarterial radioembolization
Transarterial radioembolization (TARE) is increasingly being performed as an
alternative to TACE for patients with HCC. TARE uses 90 Yttrium (Y-90) loaded
microspheres and delivers these radioactive microspheres via arterial cannulation of
the feeding vessel[32]. While there is no overwhelming evidence to suggest superiority
over TACE, TARE offers several advantages, including a lower side effect profile (i.e.,
less post-embolization syndrome)[33]. In addition, for potentially resectable patients,
TARE leads to hypertrophy of the contralateral future liver remnant (FLR) in addition
to its cytotoxic effects on the tumor[34-36]. This characteristic of TARE has given rise to
the concept of radiation lobectomy (RL), a technique which induces hypertrophy to
equal or higher levels than PVE[34]. In 2013, Vouche et al[35] reported on 67 patients with
HCC subjected to Y-90 radioembolization. 37% of the patients had a greater than 35%
increase in the FLR, of whom 3 patients went on to have a successful right hepatectomy, and 6 were transplanted. In 2016, they reported on another group of 10
patients with HCC and insufficient or borderline FLR who underwent Y-90 RL prior
to resection. Following RL, the median FLR increased from about 33% (pre-RL) to
about 43% (post-RL). Additionally, they reported > 50% necrosis in greater than 92%
of the resected tumors[37]. TARE has also been combined with PVE to successfully
downstage patients for resection when additional FLR hypertrophy is required[38].
Another advantage of TARE is its application in patients with portal vein
thrombosis. Patients with malignant lobar portal vein thrombosis are typically not
considered candidates for TACE. Therefore, TARE offers an alternate and preferable
approach in the neoadjuvant management of such patients. In a previously reported
non-randomized trial comparing TARE to TACE, TARE resulted in a better response
than TACE (61% vs 37% partial response) and resulted in more patients being
downstaged from UNOS T3 to T2, which could be critical for patients awaiting
transplantation[39]. So, while most guidelines do not recommend one modality over the
other for downstaging[40-43], an expert consensus group recommend TARE over TACE
as a bridging/downstaging therapy for patients with portal venous thrombosis[44].
Therefore, while further research is needed, including prospective clinical trials,
neoadjuvant TARE with Y-90 may be appropriate for patients with advanced HCC
who require downstaging for resection.

Systemic therapy
Until recently, there have been few effective systemic therapy options for patients
with HCC. In 2007, the tyrosine kinase inhibitor (TKI) Sorafenib was approved for use
in patients with Childs A cirrhosis and unresectable or metastatic HCC[45-47]. Sorafenib
has activity against several tyrosine kinases including Raf, as well as vascular
endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF)[48,49].
Despite its poor side effect profile and OS improvement of < 3 mo, it quickly gained
favor given the lack of other systemic therapy options available until 2017. While
interest in Sorafenib as a bridging therapy to transplant was abundant[50,51], it was not
felt to be an effective downstaging agent to facilitate surgical resection given the
minimal response rate observed. Nevertheless, interest in the use of Sorafenib as a
neoadjuvant chemotherapeutic agent remained[52,53] but its use has largely been limited
by toxicity[54-57].
Over the past several years, there has been an explosion of newer agents approved
for use or currently in clinical trials for advanced or metastatic HCC. For example,
other TKIs and VEGF inhibitors including Lenvatinib [ 5 8 ] , cabozantinib [ 5 9 ] ,
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regorafenib[60], and ramucirumab[61] have all demonstrated efficacy against HCC.
However, none have been investigated in the neoadjuvant setting. Some of the most
exciting progress has been made in immunotherapy. Nivolumab [ 6 2 , 6 3 ] , pembrolizumab[64], tremelimumab[65], atezolizumab[66] and chimeric antigen receptor (CAR)
T cells[67] have all been investigated or are under investigation for management of
advanced HCC. Investigations of these immunotherapeutic agents in the neoadjuvant
setting are ongoing at this time[68-70].

Anti-viral therapy
Among patients with HBV or HCV related HCC, a primary contributor to late
recurrence is the de novo formation of new tumors related to underlying chronic viral
hepatitis [71,72] . Therefore, antiviral therapy prior to resection of HCC should be
considered as part of the multidisciplinary treatment of these patients. Indeed,
preoperative antiviral therapy has been associated with lower vascular invasion,
decreased recurrence, decreased morbidity and faster recovery of liver function in
HBV-related HCC[73,74]. On the other hand, antiviral therapy has been more commonly
used in the adjuvant setting, which will be described later in this review.

ADJUVANT STRATEGIES FOR HCC
While neoadjuvant strategies are often employed to facilitate downstaging of
unresectable patients to potentially resectable candidates, immediate surgical
resection remains the recommended treatment for patients with resectable tumors and
appropriate liver function. However, recurrence is relatively common even among
patients who undergo surgical resection. The purpose of adjuvant therapy, therefore,
is to help decrease the incidence of HCC recurrence among those who undergo
surgical resection. In general, recurrences following resection of HCC occur in two
patterns: early and late. Early recurrences are typically thought to be related to
negative prognostic factors (e.g., margin positivity, vascular invasion, etc.) associated
with the primary tumor while late recurrences are more likely related to underlying
CLD and the development of de novo tumors. Adjuvant strategies that address both of
these factors may be most effective.

Antiviral therapy
It has been long known that antiviral therapy following resection of HBV or HCV
related HCC may improve outcomes[75-77]. In a 2013 matched control study by Hsu et
al[78], researchers compared patients treated with pegylated interferon (PEG-IFN) plus
ribavirin to a matched anti-viral naïve cohort and found significantly lower rates of
HCC recurrence at 5 years in patients treated with interferon (52.1% vs 63.9%, P =
0.001). Lee et al[79], also, reported on a prospective trial of PEG-IFN following surgical
resection, which included 93 patients (31 treated and 62 controls). They reported
significantly lower recurrence rates at 1 and 2 years treated with interferon (7% vs 24%
and 14% vs 34% respectively, P=0.029). These findings were confirmed in a recent
meta-analysis by Wu et al[80]. They reviewed 1 RCT and 4 cohort studies, totaling 1356
patients (345 PEG-IFN and 1011 control group) and reported a significant reduction in
3-year and 5-year recurrence rates with PEG-IFN treatment.
The development of direct-acting antiviral drugs (DAA) against HCV has increased
the emphasis on adjuvant anti-viral therapy[81]. These interferon-free antivirals directly
target the specific nonstructural proteins of the viral replication cycle, limiting
replication and infectivity. The current classes include nonstructural proteins 3/4A
(NS3/4A) protease inhibitors (PIs), NS5A complex inhibitors, NS5B nucleotide
polymerase inhibitors (NPIs), and NS5B non-nucleotide polymerase inhibitors
(NNPIs). Combining two or more of these agents has been associated with up to 90%
HCV clearance[82]. While adequate surgical resection is necessary for disease control
and to improve long-term survival, postoperative control of the chronic viral
infection, and maintenance of a sustained virologic response remain critical in
preventing recurrence and in ensuring a favorable outcome[83]. While an initial report
by Reig et al[84] initially suggested an increase in recurrence rates among patients
treated with DAA drugs, this findings was refuted by a large multicenter by Singal et
al[85]. In this large retrospective analysis of 783 patients, 304 (38.3%) of whom received
DAA agents, there was no significant difference in overall or early HCC recurrence.
Indeed, there might be evidence to the contrary. Using propensity-score matching,
Cabibbo et al[86] compared 102 patients with BCLC stage O or A HCC treated with
DAA agents following curative resection or ablation to 102 matched controls. The
researchers reported a significantly higher OS in the DAA group compared to the
non-DAA group (HR = 0.39 P = 0.03). In addition, patients in the DAA group who
achieved a sustained virologic response had a better OS, lower HCC recurrence rate
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and decreased incidence of hepatic decompensation. However, there was no
difference in HCC recurrence between the DAA and non-DAA groups. As noted by
Nault et al[87], despite these encouraging findings, more studies are needed to resolve
this controversy.
The use of nucleoside analogs for adjuvant HBV treatment in HBV related HCC has
also shown promise (Table 1). Indeed, multiple studies have demonstrated the
efficacy of adjuvant antiviral therapy both for decreasing recurrence and for
improving outcomes[72,88-91]. Huang et al[72] evaluated the role of nucleoside analogs on
HCC recurrence in two separate RCTs. In 2015, the investigators randomized 200
patients with chronic HBV and no previous antiviral therapy, who had undergone an
R0 resection of HCC to either postoperative antiviral therapy or no treatment. These
authors reported a significant improvement in both OS and RFS. However, all
patients in the study had high preoperative HBV-DNA levels (> 2000 IU/mL). More
recently, they reported on a separate cohort, all with low (< 2000 IU/mL) preoperative
viral levels. Following resection, patients were randomized to receive telbivudine
daily or no treatment. The patients in the adjuvant antiviral treatment group had a
significantly better 5-year OS (64% vs 44%) and RFS (52% vs 32%). Additionally, the
treated patients had lower HBV reactivation rates[92]. Based on these studies, it may be
appropriate to treat all patients with chronic HBV or HCV with antiviral therapy
following resection, regardless of viral load. Current NCCN guidelines recommend
consideration of such an approach[43,94].

Systemic therapy
Although systemic chemotherapy with is commonly used for patients with advanced
and metastatic HCC, its use following curative resection is controversial. While early
studies suggested that adjuvant systemic chemotherapy might be associated with
decreased recurrence and prolonged RFS, other studies have found no benefit[95-97]. In
contrast, some studies have shown that adjuvant chemotherapy may be associated
with worse outcomes[96,98], which suggest that outcomes may be largely driven by the
specific chemotherapeutic regimen and patient population. The STORM trial was a
randomized phase 3, double-blind, placebo-controlled trial designed to evaluate the
efficacy of sorafenib as adjuvant therapy in patients with resected HCC (although it
included some patients with local ablation only). It included about 900 patients (450 in
each arm) across 202 sites and in 28 countries who had undergone curative resection
with evidence complete disease removal on radiography. After a median duration of
about 12.5 months of treatment, there was no difference in RFS between the two
groups. Instead, sorafenib treatment was associated with increased adverse effects,
including four deaths[99].
The advent of immunotherapy and promising results of immunotherapeutic agents
in advanced HCC has renewed interest in adjuvant systemic therapy following
resection of HCC. One of the earliest uses of immunotherapy in the adjuvant setting
was by Takayama et al[100]. From 1992-1995, the researchers randomized 150 patients to
either lymphocyte infusions (termed adoptive immunotherapy) or no adjuvant
treatment. Patients in the adoptive immunotherapy arm had a 41% decreased risk of
recurrence and significantly longer RFS; however, OS was not different. Tumordirected vaccines also showed moderate success as adjuvant therapy, decreasing
tumor recurrence rates and increasing recurrence-free and OS[101,102]. In 2009, Hui et
al[103] published on the results of adjuvant immunotherapy with cytokine-induced
killer cells following HCC resection. While there was no difference in survival,
patients in the immunotherapy group experienced a decrease in the rate of metastasis
formation. However, in a 2015 study by Lee et al[104] using autologous cytokine induce
killer T-cells and NK cells, the researchers reported increased RFS and OS in the
immunotherapy group compared to no adjuvant therapy, though a minority of
patients underwent surgery in the study.
The recent discovery of PD-1 and PD-L1 upregulation in tumor infiltrating
lymphocytes in HCC and HCC-associated Kupffer cells[105-107], as well as promising
results in patients with advanced HCC, has renewed interest in the use of these
checkpoint inhibitors as adjuvant therapy following resection[62,65,108]. Unfortunately,
there are no published randomized trials evaluating this approach and most of the
current trials are evaluating the outcomes of patients with advanced disease[68-70,109].
However, the CheckMate 9DX is an ongoing trial evaluating the use of adjuvant
Nivolumab in patients with HCC who are at high risk of recurrence after curative
resection or ablation[110,111]. The findings of this trial are greatly anticipated.

Hepatic artery infusion pump
While hepatic arterial infusion (HAI) therapy is more commonly used in the
management of colorectal liver metastases[112], its role in HCC remains limited[113].
Nevertheless, at least one study has evaluated the role of HAI as adjuvant therapy
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Table 1 Selected studies on the use of adjuvant antiviral therapy
Ref.

Arms and
Intervention

Study type

Number of patients

Main outcomes

Comments

Outcomes of adjuvant interferon-based therapy for HCV-related hepatocellular carcinoma.
Ikeda et al (2000)[167]

RCT

36 mo of Interferon
(IFN) with 2-yr followup

20 (8 per arm)

IFN treatment decreased Included 4 patients
tumor recurrence.
treated with PEI.

Kubo et al (2001,[75]
2002,[77] 2005[76])

RCT

88 weeks of IFN versus
no therapy. Median
follow up of 1087 days.

30 (15 per arm)

IFN decreased the
recurrence and survival
after resection

Hsu et al (2013)[78]

Retrospective Cohort

PEG-IFN + Ribavirin for 1065 (213 treatment and PEG-IFN + Ribavirin
> 16 weeks versus no
852 controls)
associated with decrease
therapy.
1, 3 and 5yr recurrence
rate of HCC and 1, 3 and
5yr mortality.

The NNT for one fewer
recurrent HCC at 5 yr =
8. Risk attenuation
higher in younger
patients.

Lee et al (2013)[79]

Prospective Cohort

PEG-IFN for 12 mo
versus no therapy.
Median follow up of 24
mo.

93 (31 treatment and 62
controls)

All patients had MTA1
positive HCC and high
viral levels.

Wu et al (2018)[80]

Meta-analysis

PEG-IFN versus no
therapy

4 cohort studies, 1280
PEG-IFN improved the Included data from Hsu
patients. 3 studies had 5- 3- and 5-yr RFS and 5-yr et al, and Lee et al
year survival data with OS.
276 PEG-IFN and 911
control total.

PEG-IFN associated
with decrease 1and 2
year recurrence and
higher 1 and 2year
survival.

All male patients with
high viral loads.

Outcomes of nucleoside analog treatment for HBV related HCC
Wu et al (2012)[90]

Retrospective Cohort

Nucleoside analog for at 4569 (518 treated and
least 90 days vs no
4051 controls)
therapy

Yang et al (2012)[91]

Prospective Cohort

Antiviral therapy vs no
treatment.

Yin et al (2013)[88]

Two-stage longitudinal
clinical study (RCT and
non-RCT)

Nucleoside analog (NA) 617 in non-RCT (215
vs no therapy.
treatment and 402
controls)

Nucleoside analog
treatment was
associated with a lower
risk of HCC recurrence.

330 patients (142 treated Antiviral therapy was
vs 188 untreated). All
associated with RFS and
high viral loads.
OS. High associated
with poor OS and RFS

163 in RCT (81
treatment and 82
controls)

Nucleoside analogues
included lamivudine,
entecavir, and
telbivudine
High viral load (≥ 10000
copies/mL) and low
viral load (< 10000
copies/mL). Antiviral
included lamivudine,
adefovir dipivoxil, or
entecavir.

NA treatment improved Lamivudine, adefovir
postop liver function,
dipivoxil, or entecavir.
decreased HCC
recurrence, and
improved postoperative
survival

Chong et al (2015)[168]

Retrospective cohort

Antiviral therapy vs no
therapy

404 (254 antiviral and
150 controls)

Antiviral therapy
improves longterm
survival post
hepatectomy. No
difference in early or
late recurrence.

Zhang et al (2015)[74]

Retrospective cohort

Entecavir antiviral
therapy vs no therapy

112 (72 antiviral and 40
controls)

Antiviral treatment
improves morbidity and
improved postoperative
liver function.

Patients with preop
HBV DNA > 104
copies/mL received
antiviral therapy as
well.

Huang et al (2015)[72]

RCT

adefovir antiviral
therapy vs no therapy

200 (100 antiviral and
100 controls)

adefovir antiviral
therapy reduced late
HCC recurrence and
improved OS

Patients had high
preoperative HBV DNA
(> 2000 IU/mL)

Huang et al (2018)[92]

RCT

Telbivudine antiviral
therapy vs no therapy

200 (100 antiviral and
100 controls)

Telbivudine HCC
Patient with low (< 2000
resulted in better 5-year IU/mL) HBV DNA titer.
OS and RFS, as well as a
lower rate of HBV
reactivation

HCV: Hepatitis C virus; RCT: Randomized controlled trial; IFN: Interferon; PEI: Percutaneous ethanol injection; PEG-IFN: Pegylated interferon; HCC:
Hepatocellular carcinoma; NNT: Number needed to treat; OS: Overall survival; RFS: Recurrence-free survival; NA: Nucleos(t)ide analog; HBV: Hepatitis B
virus.

following HCC resection. In this retrospective study (42 patients in each group), the
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investigators compared patients who received HAI chemotherapy to those who
received no adjuvant treatment following curative resection for HCC and reported
decreased intrahepatic recurrence, decreased RFS and OS at 5 years in patients who
received HAI pump chemotherapy. The chemotherapeutic regimen: 5-fluorouracil
(1000 mg/m2), oxaliplatin (85 mg/m2), and mitomycin-C (6 mg/m2) was used in this
trial, and started within 3 wk of surgery[114]. As noted above, this treatment option is
rarely used in clinical practice for HCC management.

TACE
While TACE is primarily used in the neoadjuvant setting and for patients with
unresectable disease, it has also been evaluated as an adjuvant regimen following
resection, though with mixed results. Wang et al reported a phase III RCT of 280 highrisk patients with HBV-related HCC who were randomized to TACE or surveillance
following curative hepatectomy. Patients in the TACE arm had significantly less
recurrence and longer RFS and OS[115]. However, another trial involving low-risk
patients was unable to reproduce these findings [116]. Multiple large single-institution
studies have also found a benefit for TACE in patients with risk factors for
recurrence [117-119] . Additionally, data from various meta-analyses and systematic
reviews of the randomized studies in adjuvant TACE treatment suggest that this
regimen may be of benefit in high-risk patients (tumor > 5 cm or vascular invasion).
However, there does not appear to be any benefit in low-risk patients (see table
below)[22,120-123]. While randomized controlled trials are rare, the findings from the
current studies suggest adjuvant TACE treatment might be of benefit in resected
patients at high risk for recurrence (Table 2).

Radiolabeled lipiodol
Lipiodol, derived from poppy seed, has been used as a radiotracer and contrast dye
since the 1920s, including in the imaging of hepatic cancers[124]. In 1979, Nakakuma et
al[125] reported on the ability of lipiodol to accumulate in HCC relative to normal liver.
Injection of the molecule into the hepatic artery resulted in tumor necrosis, and
therefore it was investigated as a treatment for HCC with promising results[126,127].
Further use of radiolabeled lipiodol has also been investigated in the adjuvant setting.
In 2000, Partensky et al[128] conducted a phase 2 study evaluating the role of lipiodol in
the adjuvant setting, confirming its safety and potential benefits. A prospective
randomized trial by Lau et al[129,130] found that adjuvant radiolabeled lipiodol (131ILipiodol) following resection of HCC was associated with improved DFS and OS.
These findings have been replicated in other retrospective studies and metaanalyses [131-133] . Overall, the current data strongly favor the use of intra-arterial
radiolabeled lipiodol as adjuvant therapy for HCC. However, this approach is not
routinely used in clinical practice and requires further validation from large RCTs in
order to be incorporated into practice.

Ablation
Tumor ablation is a form of local-regional directed therapy in patients with nonmetastatic disease. Local ablation can include radiofrequency ablation (RFA)[134,135],
percutaneous ethanol injection (PEI)[136-139], microwave ablation[140-142] or irreversible
electroporation [143-145] . There is insufficient evidence supporting the use of one
approach over the other[140,146], and as such the choice of local ablation therapy is
primarily driven by institutional expertise. Ablation is typically used as either
definitive therapy or as a bridging therapy to LT, enabling patients to either remain
within the Milan criteria[16,147-149] or be downstaged to meet criteria[150,151]. As an adjuvant
regimen, it can allow for the extension of the resection margin following tumor
resection or debulking[152-155]. In some cases, it can be combined with resection, where
the majority of the tumor is resected, and satellite nodules are ablated[156,157]. This
combination has been associated with decreased recurrence and improved long-term
survival.

Radiation therapy
While radiation therapy (RT) had traditionally been avoided in the liver due to the
risk of radiation-induced liver disease and limited response, advances in technology
and understanding of dose-volume effects has allowed for the use stereotactic body
radiation (SBRT) in the management of HCC, primarily in patients with no other
standard options but also as an adjunct to other therapeutic therapies[158-160]. While
there is limited data on its use as a neoadjuvant or adjuvant therapy to surgical
resection, it might be of benefit in patients where adequate margins are not
attainable[161]. Some studies have suggested that adjuvant RT might be better than
TACE with respect to RFS and OS[162]. However, a recent retrospective analysis of the
SEER database showed preoperative radiation therapy had better outcomes (OS)
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Table 2 Selected studies on the use of adjuvant transarterial chemotherapy
Ref.

Study type

Arms and
intervention

Peng et al (2009)[169]

Retrospective cohort

Liu et al (2016)[118]

Number of patients

Main outcomes

Comments

LR vs LR+TACE

53 control vs 51
treatment (TACE)

Improved 1-, 3- and 5-yr HCC< 3 cm + portal
survival with TACE
vein thrombosis

Retrospective cohort

LR vs LR+TACE

55 Control vs 62
Treatment

Overall: Improved 1year OS with TACE, but
no difference in 2- and
3-yr DFS rates.

For tumor size > 5 cm:
improve 1-, 2- and 3-yr
DFS. For tumor size ≤ 5
cm: no difference in 1-,
2- and 3-yr DFS

Li et al (2017)[117]

Retrospective cohort

LR vs LR+TACE

459 control vs 295
treatment

LR + TACE improved
postoperative
recurrence and longterm survival.

Patients with HCC
beyond Milan Criteria.

Ye et al (2017)[170]

Retrospective cohort

LR vs LR+TACE

260 microvascular
invasion (86 in LR
+TACE) resection; 259
w/o microvascular
invasion (72 in
LR+TACE) arm

LR + TACE improved
All patients had BCLC
OS and DFS in patients Stage A or B
with microvascular
invasion but not in
patients without
microvascular invasion.

Qi et al (2018)[171]

Retrospective cohort

LR vs LR+TACE

200 patients with
microvascular invasion
(91 LR +TACE vs 109 LR
only)

Similar 1-, 2- and 3-yr
DFS between groups.
Subgroup with tumor
size > 5 cm had better
DFS and OS with
LR+TACE.

All patients had
microvascular invasion
and were BCLC A or B
stage.

Liao et al (2017)[123]

Meta-analysis

LR vs LR+TACE

8 RCTs and 12
retrospective studies,
totaling 3191 patients
(1193 treatment vs 1952
control).

Significantly higher RFS
and OS benefit with
postoperative adjuvant
TACE compared to
surgery alone

Good consistency in
findings between RCTs
and non-RCTs,
however, chemotherapy
regimens differed
between centers/trials.

LR: Liver resection; LR+TACE: Liver resection plus adjuvant transarterial chemoembolization; HCC: Hepatocellular carcinoma; DFS: Disease-free survival;
OS: Overall survival; BCLC: Barcelona Clinic Liver Cancer; RCT: Randomized controlled trial; RFS: Recurrence-free survival.

compared to adjuvant RT[163]. Overall, while there is great interest in the use of SBRT
as a bridge to transplantation[164-166], its use as an adjunct to surgical resection remains
underexplored.

CONCLUSION
HCC remains a challenging disease, with an increasing global incidence and high
associated mortality. Resection remains an important curative-intent treatment that
should be pursued for patients with resectable disease and appropriate liver function.
Multimodality therapy is increasingly being explored in order to increase the number
of patients who are surgical candidates as well as decrease the incidence of disease
recurrence. Unfortunately, due to the paucity of conclusive literature on the subject,
current NCCN guidelines do not recommend for or against the routine use of
(neo)adjuvant strategies in HCC resection.
While more commonly used as a bridging therapy prior to LT[94], neoadjuvant
transarterial therapies can successfully downstage some patients with advanced
tumors to resection. There is insufficient evidence to directly compare preoperative
TACE versus TARE though radioembolization with Y-90 has the advantage of
stimulating contralateral hypertrophy of the FLR without the need for PVE. Longterm outcomes are improved among those patients who experience a response to
neoadjuvant therapy. A major challenge in performing research on neoadjuvant
treatments is defining the intent of therapy (e.g., definitive, downstaging, or bridge to
transplantation) a priori. Future research would benefit from well-designed
prospective studies that clearly define goals of treatment and carefully measure shortand long-term outcomes. Following resection, based on a large phase III RCT,
adjuvant Sorafenib is not recommended, but there is insufficient evidence to support
the use of other adjuvant therapies. For those patients with HCC in the setting of viral
hepatitis, aggressive treatment with antivirals, before or after resection, improves
outcomes and should be pursued. The outcomes of these therapies reflect the different
mechanisms of HCC recurrence following surgical resection: multicentric car-
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cinogenesis vs intrahepatic metastasis. While antiviral therapies are effective in
decreasing neocarcinogenesis, they have less impact on intrahepatic metastases.
Cytotoxic therapies aim to decrease recurrence from intrahepatic metastases, but to
date have demonstrated limited effectiveness.. The development of more effective
targeted and immune-based therapies will hopefully lead to significant advances in
recurrence rates.
In conclusion, the optimal multidisciplinary management of HCC continues to
rapidly evolve. While surgical resection remains an important treatment option for
patients with HCC, the addition of neoadjuvant and/or adjuvant treatment strategies
may increase the proportion of patients who are surgical candidates and improve the
long-term outcomes of those who undergo surgery. With exciting advances in
locoregional and systemic therapies, including developments in immunotherapy,
future research will be needed to identify the optimal components of multimodality
therapy.
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Abstract
Postoperative pancreatic fistula (POPF) is one of the most severe complications
after pancreatic surgeries. POPF develops as a consequence of pancreatic juice
leakage from a surgically exfoliated surface and/or anastomotic stump, which
sometimes cause intraperitoneal abscesses and subsequent lethal hemorrhage. In
recent years, various surgical and perioperative attempts have been examined to
reduce the incidence of POPF. We reviewed several well-designed studies
addressing POPF-related factors, such as reconstruction methods, anastomotic
techniques, stent usage, prophylactic intra-abdominal drainage, and somatostatin
analogs, after pancreaticoduodenectomy and distal pancreatectomy, and we
assessed the current status of POPF. In addition, we also discussed the current
status of POPF in minimally invasive surgeries, laparoscopic surgeries, and
robotic surgeries.
Key words: Postoperative pancreatic fistula; Pancreaticoduodenectomy;
Pancreatojejunostomy; Pancreatogastrostomy; Distal pancreatectomy; Prophylactic
drainage; Somatostatin analogs
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We reviewed recent reports concerning postoperative pancreatic fistula (POPF)related factors, such as reconstruction methods, anastomotic techniques, stent usage,
prophylactic intra-abdominal drainage, and somatostatin analogs, after
pancreaticoduodenectomy and distal pancreatectomy, and we assessed the current status
of POPF.
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INTRODUCTION
The incidence of pancreatic cancer has increased in both Asian and Western countries.
Surgical resection is the cornerstone of treatment for this aggressive disease. With
advances in surgical techniques and perioperative management, the operative
mortality of pancreaticoduodenectomy (PD) in high-volume centers has decreased to
less than 3% [1-3] . Postoperative pancreatic fistula (POPF), however, develops
frequently, and previous prospective studies have reported an incidence of more than
10%[4-7]; therefore, POPF is the most frequent lethal complication after pancreatectomy,
regardless of the type of procedure.
POPF is believed to be primarily caused by the leakage of pancreatic juice into the
abdomen; it can lead to intraperitoneal abscesses and also occasional hemorrhage,
which cause life-threatening conditions with mortality rates of up to 40%[4,6,7-11]. In
clinical practice, various ingenuities have been attempted to prevent the development
of POPF, and some randomized controlled trials (RCTs) have been conducted to
compare different optional procedures.
In this review, we aimed to summarize the current status of POPF in pancreatic
surgery and to present the recent findings of the reconstruction methods of PD, stump
closure methods of distal pancreatectomy (DP) and evidence for the risk factors and
preventive treatment for the development of POPF.

DEFINITION AND INCIDENCE
Pancreatic fistula was defined by the International Study Group on Pancreatic Fistula
(ISGPF) in 2005[12] and was revised in 2016[4]. The ISGPF’s definition divides pancreatic
fistula into biochemical fistula and clinically significant POPF.
A grade A POPF is called a biochemical fistula and is defined as measurable fluid
output on or after postoperative day 3, with an amylase content higher than three
times the upper normal serum level; a grade A POPF has no clinical impact on the
normal postoperative pathway. Clinically significant POPFs are classified as grades B
and C. A grade B POPF requires one of the following conditions: an endoscopic or
radiological intervention, a drain in situ for > 3 wk, clinical symptoms without organ
failure, or clinically relevant change in POPF management. Whenever a major change
in clinical management or deviation from the normal clinical pathway is required or
organ failure occurs, the fistula shifts to a grade C POPF[4,6].
Following this definition, the incidence of clinically significant POPF has been
reported to vary from approximately 1% to 36%[4,6,7,12-17]. There are different causes
related to the development of POPF in the PD and distal pancreatectomy (DP)[18]
procedures, and the incidence is generally recognized to be relatively higher in DP
than in PD. Therefore, we discuss recent findings and evidence of POPF in PD and DP
separately as described later in this review.

PANCREATICODUODENECTOMY
PD remains the only curative treatment option for malignant and some borderline/benign tumors of the pancreatic head and periampullary region even though
the excessive invasive procedure is associated with high morbidity and mortality
rates. One of the most important factors of morbidity and mortality following PD is
the incidence of POPF. Many previous studies have reported several risk factors in
PD, such as gender (male)[19], BMI > 25 kg/m2[20], anastomotic method[6,21], external
stent[22], fasting blood glucose level < 108.0 mg/dL[23], etc. However, the most reliable
consensus risk factors for POPF after PD are small pancreatic duct (≤ 3 mm) and soft
pancreas [6,21,23-28] , which reflect the possibility that adequate anastomosis of the
pancreatic duct and active exocrine function are deeply involved in the development
of POPF. Therefore, various surgical techniques have been attempted to prevent
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POPF.

Reconstruction methods
Identifying the best anastomosis technique for pancreatic surgery has remained
controversial thus far. Of the several available techniques, pancreaticogastrostomy
(PG) and pancreatojejunostomy (PJ) are the most commonly performed. Some
RCTs[28-35] and meta-analyses[36-44] have compared PG and PJ. Topal et al[32] reported
comparative results of the occurrences of POPFs (grade B or C) in an RCT with 329
patients. They stratified the randomization according to the pancreatic duct diameter,
and the results clearly demonstrated that the occurrence of POPF was significantly
lower after PG than after PJ (OR = 2.86; 95%CI: 1.38-6.17; P = 0.02). Conversely, a
recent German multicenter RCT [35] demonstrated that there was no significant
difference in the rate of grade B/C fistulas after PG vs PJ (20% vs 22%, respectively, P
= 0.617). Each RCT has variable eligibility criteria for patients with diseases and
suture methods for reconstruction; therefore, their conclusions should be interpreted
with caution.
Several meta-analysis results on this issue have been reported and demonstrated
the apparent superiority of PG in the risk for POPF despite the slight difference in the
included studies [36-44] . However, PJ was found to have physiological advantages
compared to PG although the follow-up periods were relatively short[34,45-48].
In recent retrospective studies, a significantly higher postoperative atrophic change
of the pancreatic parenchyma and frequent severe steatorrhea were reported in the
PG group during long-term follow-up periods[45-48]. Additionally, a higher frequency
of impaired glucose tolerance after PG has been reported compared to PJ during the
follow-up period. Considering the function of the remnant pancreas, the use of only
short-term results is not sufficient for comparison[34,49].
Reconstruction after pancreatic surgery remains under debate, and it is impossible
to confidently conclude which method is better after PD. Therefore, the reconstruction
method should be determined based on the patient and tumor characteristics, such as
pancreatic duct diameter, consistency of pancreas, and oncological prognosis (Table
1).

Anastomotic techniques
In recent years, several simple and facilitating surgical anastomotic techniques have
been reported.
A transpancreatic U-suture technique was devised by Blumgart et al[50], and the
ratio of clinically relevant PFs was reported to be only 6.9% in the original report.
Other researchers have conducted confirmatory studies and reported that the
occurrence rates of POPFs were less than 5%[51,52]. Furthermore, favorable short-term
outcomes have been achieved by some modifications of the novel technique. Fujii et
al [53] reported on the modified Blumgart’s method. The differences between the
original and modified method are described below. The original Blumgart’s method
used four to six transpancreatic jejunal seromuscular U-shaped sutures to
approximate the pancreas and the jejunum [50] , whereas the modified Blumgart’s
method used only one to three sutures. In the original method, the sutures were tied
at the pancreatic wall, whereas the sutures were tied at the ventral wall of the jejunum
in the modified method. The results showed that the ratio of clinically relevant POPFs
was significantly lower after the modified Blumgart’s method than after Kakita’s
method (2.5% vs 36%, respectively)[53]. However, other studies did not confirm the
superiority of the Blumgart or modified Blumgart’s methods in preventing POPFs
compared to Kakita's method or conventional interrupted sutures[54,55].
The most beneficial feature of duct-to-mucosa PJ is the secure drainage of
pancreatic juice into the intestinal lumen. The anastomotic procedure, however, is not
always easy, particularly with narrow pancreatic ducts. An invagination method in
which the cross-sectional surface was inserted into the intestinal lumen might be a
substitutive option of duct-to-mucosa PJ as an easier reconstruction method.
Nearly a decade ago, two types of invagination methods were examined to reduce
POPF after PD in large-scale RCTs[56-62] (Table 2). Peng et al[56] performed binding PJ, in
which the stump of the jejunum was everted and the remnant of the pancreas and the
everted jejunum were anastomosed in a circular fashion; finally, the everted jejunum
was restored to wrap over the pancreatic stump. Conversely, Berger et al[57] performed
invagination PJ in endo-to-side anastomosis. Both RCTs clearly revealed significantly
decreases in POPF rates in invagination PJ compared to conventional duct-to-mucosa
PJ; likewise, the tendency was more remarkable in soft pancreases compared to hard
pancreases. Recently, however, several RCTs were unable to confirm the superiority
in POPF rates with invagination PJ. Although RCTs are recognized to provide the
most reliable results suggesting future evidence-based medicine, the results could be
affected by many factors, including patient-related, tumor-related, and surgeon-
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Table 1 Characteristics and intraoperative data of 7 randomized controlled trials included studies comparing pancreatogastrostomy vs
pancreatojejunostomy
Sample

Pancreatic parenchyma
(soft/hard)

Technique

First author

Country

Pubrication
year

Setting

n (PG/PJ)

PG group

PJ group

PG group

PJ group

FernandezCruz et al[30]

Spain

2008

Single center

108 (53/55)

24/29

25/30

Double layer
with stent

Double layer
with stent

Wellner et
al[31]

Germany

2012

Single center

116 (59/57)

36/23

29/28

Invagination

Double layer
with stent

Topal et al[32]

Belgium

2013

Multiple
canters

329 (162/167)

N/A

N/A

Double or
single layer

Double or
single layer

Figueras et
al[33]

Spain

2013

Multiple
canters

123 (65/58)

34/31

33/58

Double or
single layer

Double layer
with stent

El Nakeeb et
al[34]

Egypt

2014

Single center

90 (45/45)

26/19

22/23

Double layer

Double layer
without stent

Grendar et
al[35]

Canada

2015

Single center

98 (48/50)

25/23

18/32

Double layer

Double layer
with or without
stent

Keck et al[5]

Germany

2016

Multiple
canters

320 (171/149)

95/66

83/62

Invagination

Duct-to-mucosa

PG: Pancreatogastrostomy; PJ: Pancreatojejunostomy; N/A: Not applicable.

related factors. In fact, for patient-related factors, Senda et al [57] indicated the
possibility of reducing POPFs in invagination PJ for high risk patients with a soft
pancreas although they revealed the non-superiority of invagination over duct-tomucosa PJ with the risk of POPF as their primary endpoint. To overcome surgeonrelated factors, Bai et al[59] conducted a similar RCT in which all procedures were
performed by the same surgeon. They demonstrated that the overall POPF and
morbidity rates were similar between invagination and duct-to-mucosa PJ; however,
clinically relevant POPFs and severe complications were more frequent in the
invagination PJ group.
Some meta-analyses were conducted concerning the superiority of invagination PJ
on the rate of POPFs and demonstrated that invagination PJ did not reduce POPF
rates and other adverse events compared to duct-to-mucosa PJ[63,64]; however, many of
the analyzed studies were heterogeneous in several respects. The duct-to-mucosa PJ
was performed by the conventional anastomotic technique, and therefore,
invagination PJ does not appear significantly better than the current duct-to-mucosa
PJ with respect to the incidence of POPF for low risk patients at least.

Stent or no-stent
Another concern is the necessity of stent placement for PJ anastomosis, whether a
stent should be used, and whether the stent should be external or internal stent. Nonstent PJ anastomosis is the ideal and physiologically favorable procedure because
stenting is sometimes associated with tube-related complications, digestive fluid loss,
and subsequently impaired digestive and absorptive functions with external stents.
Several previous studies, however, have reported that draining the pancreatic juice
from the pancreaticojejunal anastomosis with a stent placed in the main pancreatic
duct is an effective method to promote the healing of the anastomotic site by
preventing pancreatic trypsin from corroding the anastomotic site during the early
period after surgery, thereby reducing the rate of POPFs after PD[65,66].
Several RCTs have been conducted to examine the short-term outcomes of patients
with external or internal stents compared to those without stents after PJ [65-69] .
However, there were no differences in the incidence of POPFs or other morbidities
between the stent (external or internal) and the no-stent groups. One meta-analysis
reported that an external stent for PJ decreased the rates of POPFs [70] ; however,
another recent comprehensive systematic review with a meta-analysis reported that
there was no significant difference in the rates of POPFs, in-hospital mortality, reoperation, delayed gastric emptying, wound infection, and intra-abdominal abscesses
between the stent and no-stent groups. They only found that the postoperative overall
morbidity was lower and the total hospital stay was shorter in the external stent
group compared to the no-stent group[71].
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Table 2 Characteristics and intraoperative data of 7 randomized controlled trials included studies comparing invagination vs duct-tomucosa
PubricatSample
ion
First
author

Pancreatic
parenchyma (soft/
hard)

stents

Use of smatostatin
analogs

Country

year

D to M

Inv

D to M

Inv

D to M

Inv

D to M

Inv

Result

Peng et
al[56]

China

2007

111

106

39/72

37/69

NA

No

No

No

Invagination
significantly reduced
POPF

Berger et
al[57]

United
States

2008

97

100

50/47

51/49

Intraoperative
temporary

No

No

No

Invagination
significantly reduced
POPF

Senda et
al[58]

Japan

2018

61

59

31/30

30/29

Yes

Yes

NA

NA

NS

Bai et al[59] China

2016

64

68

36/28

44/24

47 used

52 used

2 used

12 used

D to M
significantly reduced
POPF

El Nakeeb Egypt
et al[60]

2018

53

54

25/28

27/27

Intraoperative
temporary

Intraoperative
temporary

NA

NA

NS

Singh et
al[61]

India

2017

97

96

42/55

48/48

15 used

26 used

38 used

31 used

NS

Maggiori
et al[62]

France

2010

25

22

11/14

10/12

NA

NA

11 used

10 used

NS

D to M: Duct to mucosa; Inv: Invagination; NA: Not available; NS: Not significant.

Other studies have reported comparable results in POPFs between external and
internal stents for PJ anastomosis. Compared to an internal stent, an external stent has
the advantage of more complete diversion of pancreatic juice from the PJ anastomosis
and the prevention of activation of pancreatic enzymes by bile juice[66]. However, there
are shortcomings of more surgical procedures, liquid loss, and the risk of local
peritonitis after removal of the stent tube[72]. Moreover, an external stent may develop
tube-related complications, kinks, and obstructions[73]. Wang et al[74] reported that the
length of pancreas juice in the stent tube was the predicting factor for clinical POPF.
Internal drainage with a stent is considered one of the optimal methods to avoid
exposing pancreatic juice to the PJ anastomosis without digestive fluid loss and
impaired digestive and absorptive function[72,73,75]. However, the real-time drainage
status of pancreatic juice cannot be monitored, and the stent rarely migrates into the
bile duct with internal stents. Several RCTs have reported that internal stents tend to
reduce the POPF ratio compared to external stents; however, no difference was
observed in the incidence of POPF between the two stent methods[76-78]. This is also
reported in past RCTs that internal stents did not reduce the POPF ratio compared to
non-stents[79,80].
Almost all of the previous studies were conducted in single centers. Therefore,
additional multicenter RCTs comparing the efficacy of external pancreatic duct
stenting versus internal pancreatic duct stenting versus non-stenting must be
performed, particularly for cases with a soft pancreas.

The use of surgical tissue adhesives
Several studies evaluated the effect of topical application of fibrin glue applied to the
pancreatic anastomosis [81-85] . When a pancreatic tissue tearing occurred, it was
expected to be covered by the fibrin sealant. Although there was also a report that
evaluated the effect[81], most reports concluded that fibrin sealants might have no
effect on POPF in patients undergoing pancreaticoduodenectomy[82-85].
Also, omental wrapping was expected to reduce the incidence of the POPF and
intra-abdominal hemorrhage[86,87]. Although there have been reports of reduced intraabdominal complications, this method did not significantly reduce POPF[86-89].
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DISTAL PANCREATECTOMY
The primary indications for DP include both benign and malignant tumors of the
pancreatic body and tail. Although the mortality associated with DP has decreased in
recent decades because of improvements in operative techniques and perioperative
managements, morbidity remains high. The most ominous complication is POPF,
which may cause life-threatening conditions. The incidence of clinical POPF (Grade B
or C) after DP ranged from 5% to 40%[20,21,90-96]; this rate is higher than that after PD.
However, POPFs that occur after DP are usually clinically less severe compared to
those that occur after PD[97,98]. Various surgical techniques that involve transecting the
pancreatic parenchyma have been attempted to reduce the incidence of POPF after
DP. In recent years, these techniques include hand-sewn closure and stapler closure.
Numerous risk factors for POPF after DP have been previously reported,
particularly pancreatic thickness[21,91-93,98], age[90,93], and BMI[90,94,96,99]. In patients with a
thick pancreas, the stapler method may crush the pancreas parenchyma, which leads
to the breakage of small pancreatic ducts and causes the development of POPF[99]. BMI
may influence the physiological condition of the pancreas because fibrosis or fatty
changes may occur [92]. In any case, the most important factor to reduce the incidence
of POPF is to close the stump of the remnant pancreas completely at the time of
surgery.

Stump closure methods
Recently, the most commonly used techniques for stump closure are hand-sewn
closure or stapler closure. Hand-sewn closure is a common technique that involves
suturing the pancreatic stump in a fish-mouth fashion after ligating the main
pancreatic duct. Conversely, the stapler method has become a widely used technique
for pancreatic stump closure in recent years because of its convenience. Zhou et al[100]
performed a meta-analysis comparing stapler versus hand-sewn closure of the
pancreatic stump; they described that indicate the superiority of the stapler method
(22.1% vs 31.2%) although it did not reach statistical significance. However, in a
multicenter randomized DISPACT trial that was conducted among 21 centers in
Europe in 450 randomized patients (of whom 296 were analyzed), the stapler closure
method did not reduce the incidence of POPF compared to hand-sewn closure for DP
(stapler closure, 32% vs hand-sewn closure, 28%)[101]. Although the occluded areas of
the stapler develop local necrotizing pancreatitis and may cause POPF[99], the stapler
method is used as the standard technique. However, this technique experiences
difficulties when the cutting line of the pancreas is on the right side of the portal vein.
To reinforce the staple line, RCTs assessing the use of several different materials
have been reported. Three RCTs and one meta-analysis attempted to demonstrate the
effect of reinforcement with an absorbable fibrin sealant patch (TachoSil®) over the
pancreatic stump[102-106]. This technique was unable to reduce POPFs compared to
conventional methods of the stapler only. However, Montorsi et al. reported that the
amylase level of the drainage fluid was significantly lower in the TachoSil® group on
day 1[104]. This result suggests that TachoSil® may be useful in sealing the cutting line
of the pancreas. However, many reports described that fibrin sealants might lead no
difference in POPF[82].
The DISCOVER trial was conducted to investigate the technique of remnant
pancreatic reinforcement by use of a teres ligament patch to prevent POPF. Although
this clinical trial was unable to significantly reduce the rate of POPFs (P = 0.1468), the
rates of clinically relevant POPFs with coverage and without coverage were 22.4%
and 32.9%, respectively, resulting in a 10% reduction in clinical POPF[106].
A reinforced stapler (REINF) with bioabsorbable materials is used with the
expectation of further effects. Kawai et al[107] clarified the safety of the REINF for
pancreatic stump closure during DP. A 2013 meta-analysis including five
retrospective and five prospective studies compared staplers without reinforcement
(STPL) vs REINF. Although the incidence of POPF was 24% and 17%, respectively,
and tended to be lower in REINF, the superiority of reinforcement was not proven[108].
Additionally, a recent RCT reported that REINF significantly reduced POPF to a
clinically relevant degree compared to STPL (11.4%, and 28.3%, respectively)[109].
Conversely, Kondo et al. reported that REINF for pancreatic stump closure during DP
does not reduce the incidence of clinically relevant PF compared to STPL. However, in
patients with a pancreatic transection line thickness of less than 14 mm, a significant
difference was shown in the incidence of clinically POPF (4.5% vs 21.0% in the
reinforced stapler vs. bare stapler groups, respectively, P =0.01)[110]. Jensen et al[108]
reported that polyglycolic acid mesh induces an inflammatory reaction immediately
after insertion, and this may promote adhesion and prevent leakage of pancreatic
juice from the cutting line of the remnant pancreas. As described above, although the
efficacy of REINF has not been sufficiently proven, the incidence of POPF tends to

WJG

https://www.wjgnet.com

3727

July 28, 2019

Volume 25

Issue 28

Kawaida H et al. Surgical techniques and postoperative management to prevent POPF

decrease compared to previous techniques.

Pancreatoenteral anastomosis
Three retrospective studies have demonstrated that pancreatoenteral anastomosis
(PE) of the pancreatic stump significantly reduced POPFs compared to stump closure
only[111-113]. In these reports, the main pancreatic duct was ligated in both groups, and
the anastomosis of the PE was performed by the invagination method. Octreotide was
administered in two of these studies[107,109], and in the other study, PJ and PG were
both performed in the PE group and hand-sewn closure and stapler closure were both
performed in the stump closure group[112]. Additionally, the rate of postoperative
hemorrhage was high in all reports. However, the statistical power of these studies
was limited because of the small sample size of patients.
Two recent RCTs have been reported. Kawai et al[114] compared PJ of the pancreatic
stump with the stapler without reinforcement method. In this study, anastomosis was
performed in a non-stented duct-to-mucosa fashion using a single layer of interrupted
absorbable suture and the addition of a seromuscular-parenchymal anastomosis.
However, the ratio of POPFs in PJ tends to be lower than that in stapler closure, but
the difference is not significant. Furthermore, Uemura et al. investigated whether PG
of the pancreatic stump reduced clinical POPFs compared to hand-sewn closure[115]. In
this RCT, PG was performed as described below. Interrupted 5-0 absorbable
monofilament sutures were placed between the gastric mucosa and the main
pancreatic duct, and interrupted sutures were placed between the wall of the
pancreatic parenchyma and the gastric seromuscular layer. Additionally, an internal
stenting tube was inserted for internal drainage of the pancreatic juice into the
stomach. Hand-sewn closure was performed so that the main pancreatic duct was
ligated and the cutting line of the remnant pancreas was closed using the fish-mouth
technique. The incidence of intra-abdominal fluid collection was significantly lower in
the PG group than in the hand-sewn group. However, PG did not reduce the
incidence of clinical POPF and other complications compared to hand-sewn closure.
Thus, the efficacy of PE has not yet been demonstrated.
However, the above two RCTs have a problem: even if the main pancreatic duct is
reconstructed, small branches remain always present and may be a source of
pancreatic leakage. Additionally, PE may cause the activation of pancreatic enzymes
by enterokinase. Furthermore, in recent years, there has been a tendency to perform
this operation with a laparoscopic procedure. It seems that adaptation should be
carefully selected.

LESS INVASIVE SURGERIES
Less invasive surgeries have recently become more popular worldwide in pancreatic
resection. In laparoscopic DP, a linear stapler is commonly used for stump closure of
the pancreas. Therefore, the incidence of POPF from the pancreatic stump is thought
to be generally similar between laparoscopic and open DP. In fact, some retrospective
well-designed studies using a propensity score-matching analysis and systematic
review with non-randomized trials have suggested that there was no significant
difference in clinically relevant POPF although an RCT has never been conducted to
examine this issue[116-120]. More recently, a robotic approach has been attempted for DP
and compared with the laparoscopic approach concerning perioperative outcomes.
The study demonstrated that there was no significant difference in the rate of the
occurrence of POPF although spleen-preserving DP was performed more frequently
in the robot-assisted approach[119-121].
Palanivelu et al[117] reported the results of an RCT comparing the laparoscopic
approach for PD with the open approach. In this study, 64 of 268 patients were
randomized to each group and assessed for eligibility. The results suggested that
laparoscopic PD offered significant benefits in terms of hospital stay although there
was no significant difference in the overall complication rates including POPF. Other
systematic reviews and meta-analyses also revealed that the incidence of POPF was
not significantly different between minimally invasive PD (laparoscopic and robotic
PD) and open PD[122,123].
Another study using multi-institutional data from the American College of
Surgeons National Surgical Quality Improvement Program compared pancreasspecific outcomes of minimally invasive PD (MIS-PD), including open assistance and
open PD (OPD), with a focus on clinically relevant POPF[124]. In this study, 16% of
patients underwent MIS-PD, of whom 15% converted to unplanned conversion. The
rates of POPF were slightly greater in MIS-PD compared to OPD (15.3% vs 13.0%,
respectively, P = 0.03); however, MIS-PD was not an independent factor associated
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with POPF in the adjusted multivariable analysis. Other studies compared the rates of
postoperative 30-d overall complications between laparoscopic PD and robotic
PD[125,126]. This type of approach was not correlated with the overall complication rates.
The advantage of MIS-PD over open PD concerning POPF remains unclear.
However, MIS-PD has a shorter exposure time in the abdominal cavity, and a smaller
surgical wound than open-PD. This may reduce the potential infection during
surgery. As a result, there is a possibility of reducing the occurrences of septic POPF
because surgery is performed under conditions where infection is less likely to occur.
Some surgeons have recently developed more suitable techniques for laparoscopic or
robotic PJ[127,128], and additional experiences and the development of new devices may
improve perioperative outcomes.

PERIOPERATIVE MANAGEMENT
Intraperitoneal drainage
Drains are frequently placed at the time of pancreatic surgery. However, adaptation
and drain insertion and the time of removal have not yet been clarified. Drains allow
for the evacuation of blood, pancreatic juice, bile, and lymphatic fluid. However,
drains may increase the chances of retrograde infection. Moreover, there is a
possibility that the indication may differ depending on whether the operation to be
performed is PD or DP.
One of the issues concerning intraperitoneal drainage is the need for prophylactic
intraperitoneal drainage. There was no significant difference in the incidence of
POPFs in a comparison between DP with and without a drain[129-132]. However, Van
Buren et al [130] and Fisher et al [131] reported that the elimination of routine intraoperative drain placement was associated with a statistically significant decrease in
the length of hospital stay. In these reports, the incidence of clinical POPF tended to
decrease in DP without drainage[129-132].
Two RCTs on PD with different results have been reported. In one RCT, the
PANDRA trial, 395 patients were analyzed, and comparisons were made between
patients with routine prophylactic intraperitoneal drains or those without drains. In
the group with drains inserted, the drains were removed on the second postoperative
day or later, whenever the amylase and lipase values of the drain fluid were lower
than three times the serum amylase activity and there was less than 150 ml of fluid.
Otherwise, the drains were not removed until the criteria were fulfilled. This trial
concluded that prophylactic drainage was not necessary because clinical POPF was
significantly reduced in the patients without drainage although there was no
significant difference in the overall morbidity [133] . Another RCT was interrupted
prematurely because the PD without prophylactic intraperitoneal drainage had a
higher mortality compared to PD with drainage, although the criteria for drain
removal were similar[134]. A subsequent meta-analysis reported that patients without
prophylactic drainage had a significantly higher mortality despite fewer overall major
complications and readmissions[135]. Patients who had a low risk of POPF may have
benefits from avoiding routine intraperitoneal drainage[135]. The need for drainage
after pancreatic resection continues to be controversial, particularly following PD.
Another issue is the timing of drain removal. First, the criteria for early drain
removal are not defined. Kawai et al[136] reported improved outcomes with early drain
removal after pancreatoduodenectomy. In this prospective cohort study, early drain
removal was defined as removal on POD4 and as late as or after POD8. Adachi et al[137]
demonstrated the improvement of POPF after DP with early drain removal. The
authors defined early drain removal as POD1 and late removal as POD5; there was a
0% incidence of CR-POPF in the early group compared to 16% in the late removal
group. However, in this study, gabexate mesilate, octreotide, and antibiotics were
administered to patients with a high drain amylase level. Bassi et al[138] randomized
114 patients who underwent either PD or DP with early removal on POD3 or late
removal on or after POD4. They concluded that early drain removal was associated
with a decreased rate of POPF. However, in this study, Penrose drains were used, and
patients whose amylase value in the drain was greater than 5000 U/mL were
excluded. Although the best time to remove the drain remains unclear, prolonged
placement of a drain might be a major cause of POPF because retrograde intraabdominal infection may occur[133,136,139].

Somatostatin analogs
Octreotide and octreotide analogs are well known to inhibit the effects of pancreatic
exocrine secretion[140], and they have been used as prophylactic agents to prevent
POPF after pancreatic surgery. Therefore, the efficacy of octreotide after pancreatic
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surgery in the prevention of POPF was expected. Two RCTs reported the efficacy of a
prophylactic somatostatin analog for the prevention of POPF following PD[141,142];
however, these RCTs were reported before the definition given by ISGPF in 2005.
Conversely, a recent RCT and meta-analysis evaluating somatostatin analogs did not
demonstrate the reduction in the incidence of POPF after pancreatic surgery[143-151]. In
particular, Nakeeb et al[152] evaluated the effect of the postoperative use of octreotide
on the postoperative outcomes of PD in patients with soft pancreas and nondilated
pancreatic duct. In this study, pancreatogastrostomy was used for pancreatic
reconstruction. The results showed that octreotide did not affect the incidence of
POPF and other complications.
Recently, the efficacy of pasireotide, which displays a broader affinity to somatostatin receptor subtypes and acts than octreotide, was noted. Allen et al [153]
investigated whether pasireotide can be used to prevent POPFs in both PD and DP. In
this RCT, patients received subcutaneous pasireotide or a placebo twice daily
beginning preoperatively on the morning of the operation and continuing for seven
days. PJ was typically performed by a duct-to-mucosa anastomosis, and pancreatic
transection during DP was performed either with the use of a stapler with or without
reinforcement or with hand-sewn closure. The RCT on pasireotide demonstrated the
significant reduction of POPF after PD and DP. Furthermore, this drug reduced the
rate of POPFs in patients who had nondilated pancreatic duct (normal pancreas).
Although there have also been reports that the use of pasireotide after pancreatic
surgery does not decrease clinical POPF[154,155], a therapeutic effect by pasireotide is
expected. Unfortunately, a key problem of pasireotide is cost-effectiveness because it
is expensive. However, some studies have reported that pasireotide appears to be a
cost-saving treatment following PD [156-158] . Indeed, the efficacy of pasireotide in
reducing the incidence of POPF or other complications remains unclear, and it may be
cost-effective in patients with a high risk of POPF.

CONCLUSION
POPF is still regarded as the most relevant and severe complication of pancreatic
surgery, and it might develop intra-abdominal infection, hemorrhage, shock, and
consequently death in some cases. Furthermore, POPF leads to increased health care
costs and prolonged hospital stay. Several attempts to reduce the incidence of POPF
have been made in recent years several RCTs described about methods of the
reconstruction and anastomotic techniques in PD, stump closure in DP and need for
stents; however, standard methods with which to minimize the incidence of POPF
have not yet been established for both PD and DP. The perioperative management of
POPF also remains controversial including the best time to remove the drain and the
need of somatostatin analogs. Therefore, innovative attempts and further further
RCTs should be performed to standardize surgical techniques and perioperative
management.
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analysis has shown that despite the achievements of modern hepatology, the presence of
ascites is associated with poor prognosis and high mortality. The key to successful
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INTRODUCTION
Ascites, the abnormal fluid accumulation in the abdominal cavity, occurs in about
60% of patients with compensated liver cirrhosis within 10 years after establishing the
diagnosis[1]. It is associated with poor prognosis and high mortality, which reaches
40% within a year and 50% within 2 years. In the case of refractory ascites, median
survival does not exceed 6 mo, which is due to the development of severe complications including hyponatremia and progressive renal failure [2] . The most
unfavorable predictors are hyponatremia, arterial hypotonia, high serum creatinine,
low urine sodium level [3] , spontaneous bacterial peritonitis [4] , low total protein
concentration in the ascitic fluid (≤ 2 g/dL)[5], and the number of red blood cells in the
ascitic fluid of more than 10.000/mm3 (hemorrhagic ascites)[6].
Also, the well-known scores, namely Child-Turcotte-Pugh (CTP), Model for EndStage Liver Disease (MELD), and its modified version MELD-Na, as well as the
recently developed Chronic Liver Failure Consortium - Acute-on-Chronic Liver
Failure (CLIF-C ACLF) scale, help to suggest a poor outcome for patients with cirrhosis[7].
In a retrospective, observational study by Wang et al [8] , nosocomial mortality
positively correlated with ascitic volume in patients with ascites of more than 300 mL,
regardless of the CTP and MELD scores.

CAUSES AND MECHANISMS OF ASCITES DEVELOPMENT
IN CIRRHOSIS
At present, the leading theory of ascites formation is the hypothesis of peripheral
arterial vasodilation, the reasons for which include systemic inflammatory response
syndrome (SIRS) (Figure 1).

Peripheral arterial vasodilation hypothesis
Cirrhotic ascites is caused by pathophysiological disorders typical for portal
hypertension (PH). Splanchnic and systemic arterial vasodilation, along with the
activation of various neurohormonal pathways, cause kidney dysfunction with
sodium and water retention and a decrease in glomerular filtration rate[9]. Further
systemic hemodynamic disorders lead to the progression of ascites, dilutional
hyponatremia, and hepatorenal syndrome development. Conventionally, there are
five phases of this process at different possible intervals[10].
During the first, preascitic phase, splanchnic arterial vasodilation does not lead to a
decrease in the effective arterial blood volume due to the presence of hyperdynamic
circulation accompanied with an increase in plasma volume and cardiac output.
Blood pressure, kidney function, renin activity, noradrenaline level, and antidiuretic
hormone concentration in plasma stay normal[11].
During the second phase, the nature of hemodynamic abnormalities caused by PH
does not fundamentally change. Renal perfusion, glomerular filtration rate, free water
excretion, renin activity, noradrenaline level, and antidiuretic hormone concentration
in plasma stay within physiological values. Despite elevated levels of endogenous
natriuretic hormones, there is a moderate decrease in sodium excretion, which has no
relation to the activity of the renin-angiotensin-aldosterone system (RAAS) and the
sympathetic nervous system. The reason for such a decrease in sodium excretion
remains unknown and may be due to the interaction of several factors/systems
including aldosterone, angiotensin II, still undefined factors that affect calciumsensing receptors and the bumetanide-sensitive Na-K-Cl cotransporter expression,
without forgetting the potential roles of the sympathoadrenergic system and
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Figure 1 Potential mechanisms of ascites development in cirrhosis. SIRS: Systemic inflammatory response syndrome.

prostaglandins[12].
During the third phase, sodium retention is caused by the activation of the reninangiotensin-aldosterone system (RAAS) and the sympathetic nervous system as a
result of progressive splanchnic arterial vasodilation. Despite an increase in plasma
renin activity and plasma noradrenaline concentration, plasma volume remains
unchanged. Cardiac output decreases, although it exceeds the average level. Blood
pressure parameters during this period mostly depend on the activity of the RAAS
and sympathetic nervous system. High peripheral vascular resistance leads to a
reduction in cerebral and muscular blood flow. However, renal perfusion and
glomerular filtration rate are not affected or are moderately reduced due to renal
prostaglandins, which counter angiotensin and catecholamines. Besides,
prostaglandins inhibit the effect of antidiuretic hormone and prevent the development of significant hyponatremia[13].
During the fourth phase, renin activity, noradrenaline level, and antidiuretic
hormone level in plasma increase significantly, so renal perfusion and glomerular
filtration rate reduce. The reduced ability of kidneys to excrete osmotically free water
leads to dilutional hyponatremia[14].
During the fifth phase, patients with cirrhosis present with type 2 hepatorenal
syndrome, which develops as a result of left ventricular systolic dysfunction
accompanied by cardiac output decrease and severe systemic vasodilation. The
extreme activity of the RAAS and sympathetic nervous system induces vasopressin
production. Secondary hyperaldosteronism and tubular hypersensitivity to
aldosterone increase sodium reabsorption in the distal parts of the nephron, whereas
the sympathetic nervous system stimulates sodium reabsorption in proximal tubules
and Henle’s loop. Angiotensin II-induced spasm of predominantly efferent arterioles
significantly reduces glomerular filtration rate leading to a further decrease in sodium
excretion, even if blood pressure is stable[15].
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Systemic inflammatory response syndrome
Recently, SIRS was noted to play an important role in the development of ascites and
other complications of PH in cirrhosis, even in the absence of bacterial infection. The
main mechanism of its development is the translocation of viable microorganisms,
mainly gram-negative microflora, from the intestinal lumen to the mesenteric lymph
nodes and other organs and tissues. Bacterial products or pathogen-related molecular
structures interact with the corresponding receptors and promote the formation and
release of pro-inflammatory cytokines. Subsequent inflammatory response increases
the production of nitric oxide, aggravating the existing vasodilation[16]. In particular, it
was shown that pro-inflammatory cytokines and chemo-attractant elements are
increased in cirrhosis in comparison with healthy subjects and display higher values
concomitantly with cirrhosis progression[17].
The reasons for bacterial translocation from the intestinal lumen in liver cirrhosis
include a violation of local immunity, changes in the composition of bacterial flora
due to decreased motility and the development of bacterial overgrowth syndrome,
and increased permeability caused by mucosal damage due to oxidative stress[18]. A
high level of endotoxemia may serve as an indirect confirmation of bacterial
translocation in those patients with liver cirrhosis, who have acute bleeding from
esophageal varices[19]. The role of bacterial translocation is also indirectly evidenced by
the positive effect of drugs, which normalize the intestinal microflora and prevent
bacterial translocation, on portal hypertension[20].

ASCITIC FLUID ANALYSIS
In order to determine the cause of ascites formation, diagnostic paracentesis with the
ascitic fluid analysis is recommended for all patients with cirrhosis and first
diagnosed ascites of the second or third stage in the case of ascites progression. Ascitic
fluid analysis is also recommended for patients hospitalized because of other
complications of cirrhosis, in particular, suspected spontaneous bacterial peritonitis[21].
Moreover, it is necessary for differential diagnosis between spontaneous bacterial
peritonitis and peritonitis caused by acute surgical diseases of the abdominal cavity
(Figure 2).
If ascites is due to PH, serum-ascites albumin gradient, which shows the difference
in the levels of serum and albumin contained in the ascitic fluid, exceeds 1.1 g/dL[22].
This parameter inversely correlates with ascitic fluid viscosity, the increase of which
indicates the threat of acute kidney injury development[23].
The concentration of total protein in the ascitic fluid of less than 1 g/dL and that of
glucose exceeding 500 mg/L indicate an increased risk of spontaneous bacterial
peritonitis, and the number of neutrophils in the ascitic fluid exceeding 250 cells/mm3
(0.25 × 10 9 /L) is the diagnostic criterion for it [24] . It should be noted that the
prophylactic prescription of antibiotics may be helpful in patients with cirrhosis, who
have low total protein concentration in the ascitic fluid (< 1.5 g/dL) and severely
impaired liver (CTP class C, bilirubin level > 3 mg/dL) and renal (serum creatinine
level > 1.2 mg/dL, urea nitrogen > 25 mg/dL, or sodium < 130 mEq/L) function.
Antibiotics can significantly reduce the possibility of spontaneous bacterial peritonitis
and hepatorenal syndrome and increase 1-year survival rate[25].
In patients with cardiac pathology, cardiac cirrhosis can be suspected if total
protein concentration in ascitic fluid is less than 4.3 g/dL and if other predisposing
factors for liver damage are excluded[26].
The signs of chylous ascites include cloudy, milky ascitic fluid containing a large
number of lymphocytes (> 500/mL). The concentration of triglycerides in the chylous
ascitic fluid exceeds 200 mg/dL (often > 1000 mg/dL), the total protein level is
between 2.5 and 7.0 g/dL, the level of glucose exceeds 100 mg/dL, the lactate
dehydrogenase activity is between 110 and 200 IU/L, the serum-ascites albumin
gradient is less than 1.1 g/dL, and the cholesterol concentration gradient between
ascitic fluid and serum is less than 1[27].
The high levels of C-reactive protein and insulin-like growth factor-1 in ascitic fluid
make it possible to suspect malignant ascites[28], and a cholesterol level of more than 45
mg/100 mL in combination with cytology and carcinoembryonic antigen
determination have diagnostic value[29]. Malignant ascites can also be assumed if there
is a high level of C-reactive protein both in ascitic fluid and blood serum[30].
The values of adenosine deaminase activity and results of the Quantiferon test
(QuantiFERON-TB Gold) can be used for the rapid diagnosis of tuberculous
peritonitis with high sensitivity and specificity[31].
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Figure 2 The algorithm for the differential diagnosis between ascites caused by portal hypertension, spontaneous bacterial peritonitis, and peritonitis
caused by acute surgical diseases of the abdominal organs. CT: Computed tomography.

CLASSIFICATION OF CIRRHOTIC ASCITES
By the recommendations of the International Club of Ascites, ascites is classified into
uncomplicated and refractory in patients with cirrhosis [32] . Ascites is considered
uncomplicated if it is not accompanied by infection or hepatorenal syndrome. It is
divided into three grades: Grade 1: mild ascites, which can be diagnosed only by
ultrasound; Grade 2: moderate ascites, which is presented with a slight symmetrical
stretching of the abdomen; and Grade 3: massive, tense ascites.
Refractory ascites is defined as ascites that does not recede to at least grade 1 with
the use of diuretic treatment and dietary sodium restriction or the early recurrence of
which after large volume paracentesis (LVP) cannot be satisfactorily prevented by
medical therapy. It has two subtypes: diuretic-resistant and diuretic-intractable. In the
first case, there is a resistance to optimal doses of diuretics. In the second case, the lack
of effect is due to the insufficient dosage of diuretics conditioned by the threat of
diuretic-induced complications[33].

TREATMENT OF ASCITES IN PATIENTS WITH CIRRHOSIS
Management of uncomplicated ascites
According to the clinical guidelines of the European Association for the Study of the
Liver (EASL), the management of uncomplicated ascites depends on the severity of its
clinical manifestations[34].
Patients with cirrhosis and grade 1 ascites do not need diuretics and a low sodium
diet. Patients with grade 2 ascites can be treated in an outpatient center. Since sodium
excretion is low (although not significantly) in most of them, therapy aims at reducing
sodium consumption and stimulating its excretion by using diuretics and maintaining
a usual drinking regimen. Sodium intake should be reduced to 80-120 mmol/d, which
corresponds to 4.6-6.9 g of salt per day. Greater restrictions are undesirable, as the
deterioration of food taste can lead to anorexia. Ideally, sodium balance in patients
with cirrhosis and ascites should be changed on an individual basis by a hepatologist
and nutritionist[35]. Due to the lack of reliable evidence for the negative effect of
vertical posture on the activation of sodium retention systems and renal perfusion,
bed rest prescription is unnecessary. Moreover, it is not recommended because
already existing muscular atrophy may progress[36].
Sodium retention associated with ascites in patients with cirrhosis occurs mainly
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due to reabsorption increase in renal tubules. Moreover, the mechanism of sodium
reabsorption in proximal tubules is not fully established, whereas sodium
reabsorption in distal tubules is mainly associated with hyperaldosteronism. Considering this, diuretic agents of choice for ascites treatment are aldosterone
antagonists (spironolactone, canrenone, potassium canrenoate, etc.), which not only
inhibit the retention of sodium and water but also suppress the potassium-excretory
effect of sodium and reduce the synthesis of permeases in the aldosterone-dependent
part of the collecting tubules and distal tubules. Also, loop diuretics are used. For
example, furosemide can inhibit sodium reabsorption throughout the ascending limb
of Henle’s loop. However, due to lower efficacy and a greater number of complications in comparison with aldosterone antagonists, loop diuretics are not
recommended as monotherapy[37].
The optimal variants are the sequential administration of aldosterone antagonists
and loop diuretics at the initial stage of ascites treatment and the combination of these
drugs if recurrence occurs. In the first case, treatment begins with the administration
of spironolactone at 100-200 mg/d, then, in the absence of an effect, furosemide is
added at 20-40 mg/d within two weeks. In the following, their daily dosage can be
increased to 400 and 160 mg respectively. The second method suggests the combined
use of diuretic agents from the very beginning, with a gradual increase in the dose of
spironolactone up to 400 mg/d and furosemide up to 160 mg/d [38,39] . For the
prevention of hypovolemia and eventually occurring acute kidney injury and
hyponatremia, it is necessary to control daily diuresis and body weight during
treatment. The decrease of body weight should not exceed 500 g/d in patients
without peripheral edema and 1000 g/d in patients with it[40].
The combination of rational diuretic therapy and a low sodium diet makes it
possible to achieve success in 90% of patients with cirrhosis and with uncomplicated
grade 2 ascites. The effect is considered sufficient even if a small amount of fluid stays
in the abdominal cavity, but there should be no peripheral edema. After achieving a
positive result, diuretic agents should be reduced to a minimum, down to a complete
withdrawal[41].
Side effects associated with diuretics may occur during the first weeks of treatment
and are usually caused by impaired water-electrolyte balance. They mainly include
dehydration, hypovolemic hyposmolar hyponatremia, and hypo- or hyperkalemia.
Besides, possible complications include hepatic encephalopathy, gynecomastia,
muscle cramps, and acute kidney injury.
The unreasonable intake of aldosterone antagonists may contribute to hypovolemic
hyposmolar hyponatremia, although it mostly occurs because of the unreasonable use
of thiazides in patients with cirrhosis and ascites, especially in the elderly. Agents of
this group inhibit the reabsorption of sodium and chloride in distal convoluted
tubules, act in the cortical thick ascending limb of Henle’s loop and block the
processes of urine osmotic dilution. Hypovolemic hyposmolar hyponatremia is
characterized by a serum sodium level of less than 130 mmol/L, low plasma
osmolarity, and a simultaneous decrease of extracellular fluid volume. Its main
clinical presentations are a weakness, apathy, irritability, dizziness, arterial (including
postural) hypotension, nausea, vomiting[42]. The development of severe hyponatremia
(serum sodium level < 125 mmol/L), the worsening of hepatic encephalopathy, the
presence of muscle cramps, and the signs of acute kidney injury require the
withdrawal of the drugs causing them.
Hypokalemia is possible during the administration of loop diuretics, while
hyperkalemia may be caused by aldosterone antagonists. Respectively, these drugs
should be withdrawn when the level of serum potassium is less than 3 mmol/L or
more than 6 mmol/L.
In spite of the fact that the nature of hepatic encephalopathy during treatment with
diuretic agents is not fully understood, it is suggested to be caused by hyponatremia,
which leads to brain cell swelling in the case of a rapid decrease in the level of serum
sodium. In the case of a chronic process, hyponatremia may cause osmotic
myelinolysis[43].
The long-term use of spironolactone in men is often accompanied by gynecomastia.
However, spironolactone may be replaced with potassium canrenoate or amiloride
only if breast pain appears[44].
Diuretic-induced hypovolemia may cause muscle cramps that are eliminated by
decreasing the dose of diuretics or their complete withdrawal. In small uncontrolled
studies, vitamin E, albumin, zinc, taurine, eperisone hydrochloride, and branchedchain amino acids have shown some efficacy[45]. In a randomized controlled trial
(RCT) by Elfert et al[46], baclofen (centrally acting muscle relaxant) was successfully
applied at 10 mg/d with a weekly increase up to 30 mg/d.
In addition to an intravascular volume decrease caused by the unreasonable use of
diuretics, acute kidney injury may develop if they are combined with nonsteroidal
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anti-inflammatory drugs[47], ACE inhibitors[48], angiotensin II receptor antagonists[49],
α1-adrenergic blockers[50], aminoglycosides[51], dipyridamole[52], and contrast agents[53].
In patients with cirrhosis and massive, tense ascites (grade 3), the method of choice
is LVP allowing simultaneous removal of more than 5-6 L of the ascitic fluid. It is then
followed by the administration of diuretic agents and a low sodium diet[54]. Recent
studies have shown the reduction in short-term mortality and an increase of
hospitalization period in patients who underwent LVP [55] , as well as the high
probability of their repeated hospitalization within 30 d[56].
LVP is a relatively safe procedure. Even elevated creatinine level, hepatic encephalopathy, hypotension, and severe jaundice are not absolute contraindications for
it[57]. However, LVP should be performed only by experienced specialists[58], preferably
with a 15 or 16-gauge needle and under ultrasound control in order to prevent
damage to venous collaterals and other vital structures[59].
The frequency of severe intra-abdominal bleedings during LVP does not exceed
1% [60] . Therefore, the use of fresh frozen plasma or platelet concentrate can be
recommended only in certain clinical cases and not as standard therapy [61] . For
example, they could be used in the case of severely impaired liver function assessed
using the CTP and MELD scores[62] and in patients with severe thrombocytopenia[63].
In this regard, it may be useful to do a bedside hemostatic test for determining the
activated clotting time, as well as to perform thromboelastometry/ thromboelastography (thromboelastography-guided transfusion strategy) [64] . Bacterial
infection (sepsis) is an important risk factor for hemorrhagic complications in patients
with cirrhosis[65]. However, in a recent retrospective single-center case-controlled
study, it was shown that acute kidney injury is the most significant predictor for such
complications after LVP[66].
The possible leaking of ascitic fluid from a puncture site is prevented by careful
observance of all recommendations for the procedure[67].
The most dangerous consequence of LVP is paracentesis-induced circulatory
dysfunction (PICD) which is an important independent indicator of an adverse
outcome. Predisposing factors for PICD are not fully established, however, the rate of
ascitic fluid removal does not play any significant role[68]. It is known that PICD occurs
in the background of preexisting systemic arterial vasodilation and is accompanied by
significant but ineffective RAAS activation. It is characterized by severe hemodynamic
disturbances which are accompanied by increased cardiac output, decreased central
venous pressure, and peripheral vascular resistance reduction[69]. Meta-analysis of
seventeen RCTs including 1225 patients with cirrhosis who underwent LVP showed
that PICD is associated with frequent recurrences of ascites, dilutional hyponatremia,
hepatorenal syndrome development, and high mortality [70] . PICD is diagnosed
considering renin concentration in blood plasma, which increases by 50% from
baseline values or exceeds 4 ng/mL per hour in 5-6 d after LVP[71]. Albumin infusions
in the amount of 8 g per 1 L of removed ascitic fluid may prevent this complication.
The positive effect of albumin infusions is associated not only with an increase in
oncotic pressure in the intravascular space but also with anti-inflammatory and
antioxidant properties of albumin[72]. As an alternative to albumin infusions, Japanese
authors have proposed cell-free and concentrated ascites reinfusion therapy (CART),
which is aimed for maintaining serum albumin levels by filtrating and concentrating
the removed ascitic fluid, followed by intravenous reinfusion of the collected proteins.
In a retrospective observational study, Kozaki et al[73] performed 24 procedures in 11
patients with decompensated cirrhosis and showed the effectiveness and safety of
CART. Even though CART reduces the need for albumin, there are problems with the
high cost of equipment for it. To conduct one CART procedure, the estimated expense
was ¥90500 (¥62400 for material costs and ¥28100 for technical costs).

Treatment of refractory ascites
Refractory ascites develops due to severe hemodynamic disturbances which are
characteristic for decompensated cirrhosis. It should be noted that refractory ascites
may be misdiagnosed and successfully corrected by eliminating its cause in the
following clinical situations[57]: in patients receiving only loop diuretics, or in the case
of prescribing aldosterone antagonists without taking into account the severity of
hyperaldosteronism; during diuretic therapy, when increased diuresis is accompanied
by the negative water balance of more than 900 mL/d and a rapid decrease in body
weight that lead to hypovolemia with the development of prerenal azotemia; due to
competing but potentially reversible complications that increase arterial vasodilation,
and therefore worsen the discrepancy between intravascular volume and vascular
capacity (dehydration caused by vomiting or diarrhea, gastrointestinal bleedings,
bacterial infections); and in patients not keeping a low sodium diet.
Due to the poor prognosis, all patients with cirrhosis and refractory ascites should
be considered as candidates for liver transplantation. Unfortunately, it is not possible
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for many of them due to the presence of contraindications or problems related to the
lack of donors[74]. In normal clinical practice, the first-line therapeutic intervention is
LVP repeated every 2-3 wk in combination with albumin infusions. Moreover,
diuretics are prescribed only when the concentration of sodium in urine is more than
30 mmol/d [75] . For increasing the effectiveness of therapy, it is possible to add
clonidine (α2-presynaptic receptor agonist), which provides an early diuretic response
with fewer complications and decreases the need for diuretics[76]. The positive effect of
this drug is associated with the ability to reduce plasma norepinephrine concentration, followed by increased glomerular filtration rate, decreased sodium
reabsorption in the proximal tubule, and increased sodium delivery to the distal
tubule[77]. To obtain optimal results, clonidine is administered at 0.075-0.15 mg/d
under the control of blood pressure, which should not be less than 135 mmHg[37].
Midodrine, an α1-adrenoreceptor agonist, can positively affect systemic and renal
hemodynamics and increase sodium excretion by reducing plasma renin activity in
patients with cirrhosis and refractory ascites without azotemia[78]. Its effectiveness was
evaluated in the recent systematic review and meta-analysis of ten RCTs, six of which
considered midodrine at 15 mg/d as a new drug for treating refractory ascites in
patients with cirrhosis, and four regarded it as an alternative to albumin infusions
during LVP. The results showed that midodrine is therapeutically effective and does
not have a statistically significant effect on survival in comparison with placebo.
Although midodrine cannot be considered as an alternative to albumin infusions
during LVP, both treatment methods were equally successful in preventing PICD[79].
In an RCT by Hanafy et al[80], midodrine (15 mg/d) and rifaximin (1.1 g/d), which
were added to diuretic agents, increased diuresis, improved systemic and renal
hemodynamics, and subsequently improved short-term survival.
Despite the positive results of the aforementioned studies, the addition of clonidine
or midodrine to the diuretic treatment in refractory ascites is not recommended
according to current guidelines.
Terlipressin, a synthetic analog of vasopressin with longer biological activity and
better safety profile, is the drug of choice for the treatment of acute bleeding from
esophageal varices[81] and type 1 hepatorenal syndrome in patients with cirrhosis[82].
Terlipressin causes the contraction of arteries, in particular, arterioles of abdominal
organs by stimulating specific V1 receptors on the arterial muscle cells. Reduced
splanchnic vasodilation decreases portal pressure and therefore has a positive effect
on hyperdynamic circulation, which in turn increases effective blood volume and
renal perfusion pressure[83]. Intravenous bolus administration of 2 mg of terlipressin
was found to increase glomerular filtration rate and sodium excretion in urine, and
reduce renin activity and noradrenaline level in plasma of patients with cirrhosis and
refractory or uncomplicated ascites[84].
Although octreotide, a synthetic analog of somatostatin that is also used to treat
acute bleeding from esophageal varices, alone does not improve renal function in
cirrhotic patients with ascites, its combination with diuretic treatment increases
glomerular filtration rate and sodium and water excretion, mainly through the
suppression of an activated renin-aldosterone axis[85].
If euvolemic or hypervolemic (dilutional) hyponatremia develops (serum sodium
level < 125 mmol/L), patients with cirrhosis and refractory ascites should stop the
intake of diuretic agents and limit fluid intake to 1 L/d. Hyponatremia correction is
possible using tolvaptan, a selective oral vasopressin V 2 -receptor antagonist.
Tolvaptan inhibits the action of antidiuretic hormone, increasing free water excretion
and thereby contributing to an increase in serum sodium level without significantly
affecting sodium and potassium excretion[86]. However, considering that the results of
phase III multicenter clinical studies are not received yet, it is recommended to use
tolvaptan only when the need for treatment outweighs the risk of its use. Therapy
should be carried out in a hospital, and serum sodium level should be monitored for
the first 8-12 h, and then daily. Tolvaptan is administered once a day, starting with 15
mg. If necessary, this dose may be increased up to 60 mg. There is no need to correct
the dosage depending on age, sex, heart, liver, or kidney function (if creatinine
clearance ≥ 10 mL/min). During treatment, water restriction is not required[87].
Currently, the question remains whether it is possible to use nonselective βadrenergic blockers in patients with decompensated cirrhosis and ascites, although
they are the drugs of choice for the prevention of bleeding from esophageal varices[88].
A recent systematic review and meta-analysis of three RCTs and eight observational
studies of propranolol, carvedilol, nadolol, and metoprolol, involving a total of 3145
patients with decompensated cirrhosis and ascites, revealed no reason to abandon βadrenergic blockers [89] . However, careful monitoring of blood pressure, kidney
function, and infectious screening should be conducted in order to identify cases
requiring the reduction of non-selective β-blockers dose or their complete
withdrawal[90].
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A large number of publications have shown that refractory ascites can be successfully treated by transjugular intrahepatic portosystemic shunting (TIPS)[91]. Portal
pressure reduction caused by TIPS improves the function of the cardiovascular
system that contributes to increased renal blood flow and increased glomerular
filtration rate[92]. At the same time, current clinical guidelines consider TIPS as a
second line measure and recommend using it only in the case of frequently required
LVP or its inefficiency. The reason for it is the development of TIPS-related hepatic
encephalopathy and high mortality in patients with decompensated cirrhosis[93].
Nevertheless, the accumulation of experience and the development of new
technologies, in particular, self-expanding polytetrafluoroethylene-covered stents,
reduce the number of typical TIPS-related complications[94]. The smaller amount of
complications leads to an increase in 1-year survival in patients who undergo TIPS
without liver transplantation in comparison with those who receive repeated LVP in
combination with albumin infusions[95]. Moreover, stents with a diameter of 10 mm
control ascites better than stents with a diameter of 8 mm and do not increase the
frequency of hepatic encephalopathy[96].
Also, the careful selection of candidates for TIPS among patients with cirrhosis and
refractory ascites improves the results of the operation. The adverse outcome after
TIPS is found in CTP class C patients[97] with the following: (1) MELD score > 25
points and a portosystemic gradient < 8 mmHg[98]; (2) INR value > 2[99]; (3) Total serum
bilirubin level > 3 mg/dL and platelet count < 75 × 109/L[100]; (4) Serum creatinine
level > 1.9 mg/dL[101]; (5) Glomerular filtration rate < 90 mL/min and platelet count <
125 × 109/L[102]; (6) Recurrent hepatic encephalopathy, which equals or exceeds the 2nd
stage[103]; and (7) Diastolic dysfunction (E/A ratio ≤ 1)[104].
Besides, an important TIPS-related mortality risk factor is experience with its use.
Mortality is lower in those hospitals, where at least 20 procedures are done per
year[105].
Additionally, early stent placement turns out to be more cost-effective in those
patients with cirrhosis and refractory ascites who need LVP more often than every 10
wk (> 5 LVPs per year) and are candidates for TIPS[106].
If a patient has contraindications to TIPS, implantation of a permanent Pleurx®
tunneled peritoneal catheter may serve as an alternative. It is commonly used in the
treatment of recurrent ascites caused by malignant neoplasms and allows to drain a
small amount of ascitic fluid (< 2 L per day) in small portions even at home[107]. The
first experience of using this method in a small cohort of patients with cirrhosis and
refractory ascites showed its sufficient effectiveness in decreasing the need for
diuretics, LVP, and albumin infusion. The procedure made it possible to avoid
hyponatremia and the deterioration of renal function[108]. According to the data, 38%
of patients developed spontaneous bacterial peritonitis, which was successfully
treated with antibiotics [109] . CT-guided paracentesis with a pigtail catheter is a
clinically effective, cheap, and safe alternative to conventional bedside paracentesis[110].
In an observational study performed by Riedel et al[111], the safety of Pleurx® catheter
implantation almost did not differ from the standard LVP. Despite positive
preliminary results, it is too early to talk about the feasibility of using these catheters
in patients with cirrhosis and refractory ascites, and prospective RCTs are needed for
conclusions.
In 1998, Rozenblit et al[112] proposed the first mechanical device designed to actively
move ascitic fluid from the abdominal cavity to the bladder. However, it did not find
widespread clinical use because of technical problems. A few years later, this idea was
implemented by developing an automatic low-flow pump (Alfapump ® system,
Sequana Medical AG, Zurich, Switzerland). It consists of a subcutaneously implanted
battery-operated pump connected to a catheter placed in the abdominal cavity. The
pump aspirates ascitic fluid and transfers it through the second subcutaneous catheter
to the bladder. The alfapump® system is equipped with internal sensors to monitor
the pressure in the abdominal cavity and the bladder. They stop the pump when there
is no ascites or when the bladder is full. The device is fully automated and
programmed by the attending physician depending on the needs of the patient. The
alfapump® system moves ascites to the bladder in small portions (usually 5-10 mL)
every 5-10 min, from 0.5 to 2.5 L of ascitic fluid per day without the necessary
administration of albumin. For patients’ convenience, the pump is usually set to work
only when they are awake[113].
In a multicenter non-randomized trial, Bellot et al[114] evaluated the efficacy of the
alfapump® system in 40 patients with cirrhosis and refractory ascites. The patients
were treated in 9 hospitals, and the observational period was up to 6 months. It was
noted that 40% of patients had no need for LVP after alfapump® system implantation,
and 70% needed LVP less than once a month. Nevertheless, there was a high
percentage of complications, which mainly involved the migration and blockage of
urinary or peritoneal catheters (22.5% and 12.5%, respectively).
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In a prospective observational study involving 10 European referral centers, the
alfapump® system was applied for at least 12 months, and the results were evaluated
in 56 patients with cirrhosis and refractory ascites. The patients had an average MELD
score of 13 and CTP score of 8.9 [36 patients had CTP class B (64.3%), 15 patients had
CTP class C (24.8%), and CTP class was unknown in 5 patients]. The average duration
of ascites before implantation of the device was 11.0 mo. As a result, 3 patients
completed the 24-mo observational period, 3 patients continued observation, 9
patients underwent liver transplantation, 17 patients were excluded from the study
because of serious side effects, and 23 patients died. The most frequent technical
complication was the blockade of the peritoneal catheter. During the observation, 23
reinterventions related to the pump were required (17 patients), and in 12 cases the
pump was changed (11 patients). The alfapump® system was removed in 48% of
patients (in 17 cases because of serious side effects, in 9 cases during liver
transplantation, and in 1 case because of recovery from refractory ascites). The
average frequency of LVP decreased from 2.17 to 0.17 per month[115].
An RCT by Bureau et al[116] showed an advantage of the alfapump® system as
compared to LVP, which consisted of reducing and for the most part eliminating the
need for paracentesis. The quality of life and nutritional status were also improved.
Despite the higher implantation cost of the alfapump® system (£22230), there was a
trend towards stabilized post-intervention costs, whereas the cost of repeated LVP
steadily increased. The total number of infectious complications between groups was
similar and the overall outcome was the same. However, there were significantly
more cases of acute kidney injury among those who had the alfapump® system. Such
a negative effect on the renal function is possibly associated with a decrease in the
glomerular filtration rate and a noticeable activation of the endogenous vasoconstrictor systems, as well as in PICD[117].
Although the alfapump® system can reduce the need for paracentesis, it remains
unclear whether this method has a significant advantage over LVP in improving the
survival rate of patients with cirrhosis and refractory ascites. At present, it cannot be
considered a standard of medical care, but theoretically, it may serve as a “bridge” to
liver transplantation in patients who have contraindications to TIPS.
Peritoneovenous shunting (PVS) allows protein-rich ascitic fluid to flow from the
abdominal cavity to the venous system in the positive pressure gradient, which leads
to an increase in circulating plasma volume and stimulation of diuresis and
natriuresis. M. de Routte, who for the first time described PVS in 1907, used a large
saphenous vein for its implementation. The unidirectional movement of ascitic fluid
was achieved by the ostial valve functioning. The shunt functioned for a short period
because it was frequently obstructed by a thrombus or the greater omentum.
Therefore, the operation was rarely used in the future. In 1962, A.N. Smith, when
performing PVS, took advantage of the Holter drainage system with a slit-like valve
at the distal end, previously proposed for the treatment of hydrocephalus[118]. Among
the numerous modifications described subsequently, the LeVeen and Denver shunts
were the most common. The initially used surgical technique was later replaced by
the laparoscopic approach, which, in addition to its low invasiveness, makes it
possible to histologically verify the diagnosis and determine the following therapy. At
present, the development of interventional technologies and devices allows the
procedure to be performed percutaneously, which is faster, cheaper, and does not
require general anesthesia[119].
PVS has been reported to improve glomerular filtration rate in patients with
cirrhosis and refractory ascites, and especially in those having moderate and severe
renal insufficiency[120]. Ascites control was achieved faster than after TIPS. However,
long-term results were worse[121]. An RCT by Ginès et al[122] showed an advantage of
PVS over LVP with albumin infusion in reducing the incidence of ascites recurrence
and the need for diuretics. However, the high frequency of shunt obstruction had a
negative impact on survival, which was about the same in both groups studied.
Despite its technical simplicity, PVS can be accompanied by severe and sometimes
fatal complications including infection and shunt thrombosis, disseminated
intravascular coagulation of blood, air embolism, and other pathological conditions[123]. In this connection, according to the EASL guidelines, this method plays a
minor role in the treatment of refractory ascites in patients with cirrhosis[34].
Numerous literature data indicate that shunt surgery is dangerous in patients with
cirrhosis and refractory ascites because it has a high risk of adverse outcome.
However, Orloff et al [124] published unique clinical and metabolic results after
portocaval side-to-side shunt surgery in this category of patients. Within the group of
34 patients (CTP class A - 0, B - 23, C - 11), two died in the immediate postoperative
period (the causes of death were hepatoma in one case and heart failure in the other).
Long-term survival rates after 5, 10, and 15 years were 75, 74, and 73%, respectively.
Due to effective diuresis and natriuresis, ascites formation was stopped in all patients
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without the need for diuretics. The liver function was improved in 81% of cases, and
recurrent encephalopathy was found in 6% of patients.

CONCLUSION
Patients with cirrhosis complicated by ascites constitute a sufficiently large population
and are treated by doctors of different specialties. The analysis of the literature has
shown that despite the achievements of modern hepatology, the presence of ascites is
associated with poor prognosis and high mortality. The key to successful treatment of
ascites may be the stratification of the risk of an adverse outcome and personalized
therapy. Pathogenetically based approach to the choice of pharmacotherapy and
optimization of minimally invasive methods of treatment may improve the quality of
life and increase the survival rate of this category of patients.
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Abstract
Hepatic sinusoidal obstruction syndrome (HSOS) can be caused by the intake of
pyrrolizidine alkaloids (PAs). To date, PAs-induced HSOS has not been
extensively studied. In view of the difference in etiology of HSOS between the
West and China, clinical profiles, imaging findings, treatment, and outcomes of
HSOS associated with hematopoietic stem cell transplantation or oxaliplatin
might be hardly extrapolated to PAs-induced HSOS. Reactive metabolites
derived from PAs form pyrrole-protein adducts that result in toxic destruction of
hepatic sinusoidal endothelial cells. PAs-induced HSOS typically manifests as
painful hepatomegaly, ascites, and jaundice. Laboratory tests revealed abnormal
liver function tests were observed in most of the patients with PAs-induced
HSOS. In addition, contrast computed tomography and magnetic resonance
imaging scan show that patients with PAs-induced HSOS have distinct imaging
features, which reveal that radiological imaging provides an effective
noninvasive method for the diagnosis of PAs-induced HSOS. Liver biopsy and
histological examination showed that PAs-induced HSOS displayed distinct
features in acute and chronic stages. Therapeutic strategies for PAs-induced
HSOS include rigorous fluid management, anticoagulant therapy,
glucocorticoids, transjugular intrahepatic portosystemic shunt, liver
transplantation, etc. The aim of this review is to describe the pathogenesis, clinical
profiles, diagnostic criteria, treatment, and outcomes of PAs-induced HSOS.
Key words: Hepatic sinusoidal obstruction syndrome; Pyrrolizidine alkaloids; Hepatic
sinusoidal endothelial cells; Pyrrole-protein adducts; Diagnostic criteria; Symptomatic
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Core tip: Hepatic sinusoidal obstruction syndrome (HSOS), also named hepatic venoocclusive disease, is a hepatic vascular disease presenting with abdominal distension,
painful hepatomegaly, jaundice, and weight gain. The intake of pyrrolizidine alkaloids
(PAs) is one of the major etiologies of HSOS in China. Unfortunately, PAs-induced
HSOS has not been extensively studied up to now. Here, we describe the pathogenesis,
clinical profiles, diagnosis, treatment, and outcomes of patients with PAs-induced
HSOS.
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INTRODUCTION
Hepatic sinusoidal obstruction syndrome (HSOS), previously known as hepatic venoocclusive disease (HVOD), is an obliterative venulitis of the terminal hepatic
venules[1-5]. HSOS is typically manifested as a classical triad of weight gain, painful
hepatomegaly, and jaundice. The etiologies of HSOS include cytoreductive therapy
prior to hematopoietic stem cell transplantation (HSCT)[2,6-8]; oxaliplatin-containing
adjuvant chemotherapy [9-15] ; intake of pyrrolizidine alkaloids (PAs)-containing
plants[16-21]; use of tacrolimus in liver transplantation[22]; autosomal recessive condition
of veno-occlusive disease with immunodeficiency, etc. In developed countries, HSOS
usually occurs in patients who have received cytoreductive therapy prior to HSCT or
oxaliplatin-containing chemotherapy for colorectal carcinoma[8,23-25]. In China, the
primary cause of HSOS is the ingestion of PAs-containing herbals or dietary
supplements[16,20,26]. Most clinical studies have focused on HSCT-related HSOS and
oxaliplatin-induced HSOS in recent decades. Given the difference in etiologies of
HSOS between western countries and China, clinical profiles, imaging findings,
treatment, and outcome of HSOS associated with HSCT or oxaliplatin might be hardly
extrapolated to PAs-induced HSOS.
The purposes of this review were: (1) To elucidate the pathogenesis of PAs-induced
HSOS; (2) To describe clinical manifestations; (3) To describe imaging features; (4) To
deﬁne the criteria for diagnosis; and (5) To evaluate treatment and outcome.

PATHOGENESIS
HSOS is characterized by toxic injury to small hepatic vessels, particularly the
sinusoidal endothelium in zone 3 of the liver acinus[27]. Damaged sinusoids lead to
sloughing and downstream occlusion of terminal hepatic venules [27] . A core
pathogenic event of HSOS is toxic destruction of hepatic sinusoidal endothelial cells
(HSECs)[1]. Injured HSECs and central venous endothelial cells can be replaced by
progenitor cells derived from bone marrow, and toxicity of the drugs and the plants
to bone marrow progenitors impairs the replacement of the injured endothelial
cells[28,29]. All these indicated toxic injury to sinusoidal/central venous endothelial cells
and bone marrow progenitors contributes to the pathogenesis of HSOS.
PAs-containing plants are widely distributed in the world. More than 300 PAs have
been identified in over 6000 plants[5]. Although the precise mechanism of PAs-induced
HSOS remains unknown, it is well accepted that the initial event in PAs-induced
HSOS is toxic destruction of HSECs in zone 3 of the liver acinus by toxic metabolites
of PAs[16,17]. Firstly, water-soluble PAs salts are readily absorbed from the gastrointestinal tract and then transported to the liver through the portal venous system
when individuals ingest herbal remedies or herbal teas containing PAs. Then, in liver,
PAs are metabolized through cytochrome-P450-mediated activation to produce
dehydropyrrolizidine alkaloids (DHPAs) and dehydroretronecine (DHR). DHPAs
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and DHR further interact with glutathione (GSH) or proteins to generate pyrroleglutathione conjugates[30] or pyrrole-protein adducts (PPAs)[31], respectively. PPAs are
believed to be the primary cause of PAs-induced HSOS[32,33]. GSH conjugation of
DHPAs and DHR is a main detoxification mechanism in metabolism-mediated PAs
intoxication[18,34]. HSECs have a low basal GSH level, thus HSEC is susceptible to the
reactive metabolites with severe GSH depletion and PPAs formation [34] . PPAs
covalently bind to the F-actin cytoskeleton of the HSECs, which results in depolymerization of F-actin. Depolymerization of F-actin triggers the release of matrix
metalloproteinase (MMP)-9. The combination of F-actin depolymerization, which
allows HSECs to round up, and degradation of the subcellular extracellular matrix by
MMP-9, which loosens HSECs tethering to the space of Disse, creates gaps within and
between HSECs[35]. Then, erythrocytes, leukocytes, and cellular debris penetrate the
gaps in the endothelium into the space of Disse, and the sinusoidal lining consisting
of HSECs, Kupffer cells, and hepatic stellate cells is dissected. Emboli of dead
sinusoidal lining cells obstruct the sinusoidal ﬂow. With progressively narrowing
venous lumen and reduced sinusoidal venous outflow, post-sinusoidal portal hypertension occurred[23]. In addition, the occlusion of the small centrilobular veins leads to
hepatic congestion and subsequent hemorrhagic parenchymal necrosis. This pathophysiological process gives rise to the presence of the clinical syndrome of HSOS,
including weight gain, ascites, painful hepatomegaly, and jaundice[23] (Figure 1).

CLINICAL MANIFESTATION AND LABORATORY TESTS
The clinical presentation of HSOS includes jaundice, right upper quadrant pain,
tender hepatomegaly, ascites, and weight gain. In western countries, HSOS occurs
most commonly in cytoreductive therapy prior to HSCT or oxaliplatin-containing
chemotherapy. For HSCT-related HSOS, the patients present with a wide spectrum of
severity. Severe HSOS is typically associated with multiorgan failure. For oxaliplatininduced HSOS, clinical manifestations of the patients appear to be mild or absent[9,13,36].
This indicates that clinical presentation of HSOS correlates with the etiology of HSOS.
To determine the clinical presentation of the patients with PAs-induced HSOS, clinical
profiles of patients with PAs-induced HSOS have been analyzed. The clinical
presentation of the patients is summarized in Table 1. The most common clinical
features were ascites (98%-100%), hepatomegaly (65.1%-92%), jaundice (39.8%-57.8%),
and abdominal distention (98.3%-99.1%); whereas, a small proportion of PAs-induced
HSOS patients had weight gain (16%-18%), edema (37.3%-39.5%), and right upper
quadrant pain (19.7%-36.4%). In addition, splenomegaly (27%-34%) and gastroesophageal varices (18.3%-36.8%) were observed in a small proportion of patients
with PAs-induced HSOS[17,26,37-39].
In addition, laboratory tests have been analyzed in patients with PAs-induced
HSOS. The results of laboratory tests are summarized in Table 1. Routine blood tests
showed that levels of erythrocytes, leukocytes, and platelets were within the normal
range in most patients with PAs-induced HSOS. Abnormal liver function was
observed in most PAs-induced HSOS patients. Elevation of serum bilirubin, alanine
aminotransferase, aspartate aminotransferase, and γ-glutamyl transpeptidase was
observed in patients with PAs-induced HSOS; moreover, albumin level was abnormal
(Table 1). Ascites is the most common clinical presentation of PAs-induced HSOS, and
laboratory investigation showed that patients had a serum ascites albumin gradient >
11 g/L, which indicated portal hypertensive ascites[16,39]. A wide spectrum of disease
severity was observed in patients with PAs-induced HSOS. Mild HSOS is considered
when it meets diagnostic criteria and has a self-limiting course. Patients with severe
HSOS developed multiorgan failure and had a high risk of mortality.

IMAGING FEATURES
The use of imaging techniques to evaluate liver lesions has been confirmed in clinical
practice. Ultrasonography, computed tomography (CT), and magnetic resonance
imaging (MRI) have been widely used in diagnosing liver diseases. Recently, several
researchers have investigated the imaging characteristics of PAs-induced HSOS and
determined the diagnostic value of radiological imaging. Imaging techniques provide
valuable imaging signs as well as an effective method for diagnosing PAs-induced
HSOS.
Liver ultrasonography is a cost-effective method in the diagnosis of liver diseases.
A recent study demonstrated that ultrasonography is useful for diagnosis of PAsinduced HSOS. Doppler ultrasound examination of patients with PAs-induced HSOS
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Figure 1

Figure 1 Pathogenesis of pyrrolizidine alkaloids-induced hepatic sinusoidal obstruction syndrome. A: Oral PAs are transported into the liver, metabolites bind
with glutathione, resulting in detoxification, or combine with protein to generate PPAs; B: In HSECs, PPAs cause depolymerization of F-actin and release of MMP-9,
which damages HSECs; C: Injured HSECs round up, MMP-9 triggers degradation of extracellular matrix, then gaps between HSECs appear, blood cells penetrate the
gaps into the space of Disse, and sinusoidal lining cells obstruct the sinusoidal ﬂow, resulting in postsinusoidal portal hypertension. PAs: Pyrrolizidine alkaloids; GSH:
Glutathione; PPAs: Protein-pyrrole adducts; HSECs: Hepatic sinusoidal endothelial cells; MMP-9: Matrix metalloproteinase-9; ECM: Extracellular matrix; DHPAs:
Dehydropyrrolizidine alkaloids; DHR: Dehydroretronecine; HSOS: Hepatic sinusoidal obstruction syndrome.

includes hepatomegaly, decreased portal vein flow velocity, and hepatic vein
stenosis [17] . In addition, typical ultrasonic features include heterogeneous enhancement of the arterial phase, slow portal vein ﬁlling, and an extended transit time
between the hepatic artery and vein[16,40].
Several studies have described radiological features of PAs-induced HSOS. Early
studies described the imaging features of PAs-induced HSOS based on small samples.
They found that ascites, patchy liver enhancement, narrowing of the right hepatic
vein, hepatomegaly, and gallbladder wall thickening are common features of CT
(Figure 2)[19,41]. Recently, our group[39] and Zhuge et al[17] confirmed the above findings
in large sample sizes. Beside this, heterogeneous hypoattenuation, pleural effusion,
obscure or invisible hepatic veins, and stenosis of the hepatic segmental inferior vena
cava were observed in most patients (Figure 2). Splenomegaly and portosystemic
collateral circulation were observed in a small proportion of patients with PAsinduced HSOS [16,17,39] . Importantly, we found that patchy liver enhancement and
heterogeneous hypoattenuation were valuable signs of PAs-induced HSOS [39] .
Quantitative analysis of CT images revealed that the ratio of hepatic lesion volume to
liver volume in patients with PAs-induced HSOS is associated with clinical course
and outcome[42].
MRI is a good choice of imaging technique because it yields different information
and does not have the hazards of X-rays compared with CT. Recent studies
demonstrated MRI is useful in detecting oxaliplatin-induced HSOS in patients with
metastatic colon cancer[11,15,36,43]. Our previous work demonstrated that the common
signs of PAs-induced HSOS include ascites, heterogeneous hypointensity, narrowing
of the inferior vena cava, periportal edema, gallbladder wall thickening,
hepatomegaly, abnormal hepatic vein (narrowing or invisibility of right hepatic vein),
and pleural effusion (Figure 3). We have also found inhomogeneous enhancement
around the hepatic veins (“claw” type enhancement) in the portal venous phase that
results from differential blood perfusion in the peripheral and central region of the
liver parenchyma as well as hypointensity in susceptibility-weighted imaging (SWI)
and T2*-weighted imaging (T2*WI) [44] (Figure 3). Hemosiderin derived from
extravasated erythrocytes in the space of Disse is detected by T2*WI and SWI, which
results in the imaging sign of hypointensity. We have also investigated the imaging
features of PAs-induced HSOS on gadoxetic acid-enhanced MRI[45]. Heterogeneous
hypointensity of liver parenchyma in hepatobiliary phase (HBP) is an imaging sign of
PAs-induced HSOS (Figure 3). The severity of heterogeneous hypointensity scored by
volume fraction in HBP of gadoxetic acid-enhanced MRI is positively correlated with
prothrombin time and international normalized ratio, and the severity of
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Table 1 Demographic information, clinical manifestation, and laboratory tests of pyrrolizidine alkaloids-induced hepatic sinusoidal
obstruction syndrome
Reference

Wang et al[37]

Zhuge et al[17]

Song et al[38]

Wang et al[26]

Number

n = 117

n = 108

n = 116

n = 84

Sex (male/female)

78/39

66/42

78/38

45/39

Age (yr)

63 (52.5-69)1

61 (55-69)1

56.92 ± 12.392

52.97 ± 15.282

Ascites

99.1% (116/117)

98% (50/51)

100% (79/79)

100% (83/83)

Hepatomegaly

70% (82/117)

92% (47/51)

75.95% (60/79)

65.1% (54/83)

Abdominal distention

98.3% (115/117)

99.1% (107/108)

98.3% (113/115)

39.8% (43/108)

52.9% (54/102)

Clinical manifestation

Jaundice
Right upper quadrant pain

19.7% (23/117)

36.4% (40/110)

Edema

39.3% (46/117)

39.5% (43/109)

Weight gain

18% (21/117)

15.5% (16/103)

Splenomegaly

34.2% (40/117)

27% (14/51)

Gastroesophageal varices

57.8% (48/83)

37.3% (31/83)

25.35% (18/71)[39]
18.31%(13/71)[39]

36.8%(7/19)

Laboratory tests
Variable

Median (25th-75th percentiles)

Median (25th-75th percentiles)

mean ± SD

mean ± SD

ALT (U/L)

49 (25.0-152.5)

52.6 (26.8-125)

134.50 ± 154.89

216.83 ± 235.78

AST (U/L)

75 (39.0-158.5)

69.6 (42.4-115)

146.31 ± 156.30

221.15 ± 221.70

ALP (U/L)

122 (86.8-191.3)

130 (105-178)

170 ± 106.89

183.48 ± 59.96

γ-GT (U/L)

100.7 (61.8-164.8)

120 (72.4-170)

160.52 ± 114.56

155.70 ± 99.45

TB (μmol/L)

33.3 (19.7-47.0)

39.7 (28.3-62.4)

65.07 ± 78.83

52.96 ± 45.95

ALB (g/L)

30.6 (27.7-33.6)

32.1 (29.8-34.7)

30.71 ± 5.50

32.02 ± 4.51

PT (sec)

14.8 (12.7-17.0)

15.1 (14.2-16.7)

17.43 ± 2.64

18.08 ± 4.12

WBC (10 /L)

6.1 (5.0-8.7)

6.1 (4.8-7.3)

6.90 ± 2.81

RBC (1012/L)

4.4 (3.9-4.9)

PLT (109/L)

113 (78-153)

9

5 ± 4.33
95 (74-134)

114.06 ± 63.48

1

Continuous variables were expressed as medians (25th-75th percentiles);
Continuous data were expressed as mean ± standard deviations. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline
phosphatase; γ-GT: γ-Glutamyl transpeptidase; TB: Total bilirubin; ALB: Albumin; PT: Prothrombin time; WBC: White blood cell; RBC: Red blood cell;
PLT: Platelet.
2

hypointensity in HBP is a mortality risk factor. In summary, these studies have
demonstrated that heterogeneous hypoattenuation/hypointensity and irregular
enhancement are valuable imaging features of CT and MRI.

PATHOLOGY
Liver biopsy and histological examination are gold standards for diagnosis of HSOS.
PAs-induced HSOS exhibits acute and subacute/chronic features. In the early stage,
the first recognizable histological change is widening of the subendothelial zone
between the basement membrane and the adventitia of central veins and sublobular
veins[46,47]. In acute disease, swelling, damage, and shedding of HSECs are observed in
acinar zone 3 (Figure 4). Significant dilation and congestion of hepatic sinusoids with
centrilobular hepatocellular necrosis, dissection of erythrocytes into the space of
Disse, thickening of the walls of small intrahepatic veins with narrowing and
occlusion of the lumen are frequently observed[16,38]. In the later stage, deposition of
extracellular matrix in subendothelial spaces and sinusoids and extensive
collagenization of sinusoids and venules were characteristic histological features[38]. In
addition, our studies also found complete loss of pericentral hepatocytes as well as
sinusoidal dilatation in subacute or chronic stages (Figure 4) [38] . However, percutaneous liver biopsy is difficult to perform in patients with PAs-induced HSOS due
to extensive ascites, coagulation disorders, and thrombocytopenia. Furthermore, the
uneven distribution of HSOS decreases histopathological credibility. Transjugular
liver biopsies have been performed in PAs-induced HSOS patients with extensive
ascites, coagulation disorders, and thrombocytopenia. More importantly, transjugular
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Figure 2

Figure 2 A 53-year-old man with pyrrolizidine alkaloids-induced hepatic sinusoidal obstruction syndrome who received contrast-enhanced computed
tomography. A: Image of plain phase. The imaging signs included hepatomegaly, ascites (white star), heterogeneous hypodensity (white arrow); B and C: Image of
equilibrium phase. Gallbladder wall thickening (white arrow, B), patchy liver enhancement, “claw-shaped” enhancement surrounding hepatic veins (white arrow, C),
obscuring of hepatic main veins; D: Sagittal images. Stenosis of hepatic segmental inferior vena cava (white arrow) was indicated.

liver biopsy with hepatic venous pressure gradient (HVPG) provides valuable
information. HVPG > 10 mmHg has > 90% specificity and > 85% positive predictive
value for the diagnosis of HSOS following HSCT[48]. In a retrospective study, seven
patients with PAs-induced HSOS underwent HVPG measurement, and they all had a
significant increase in HVPG (mean value 23.50 ± 3.02 mmHg)[17]. However, this
technique has not been widely used in many hospitals because it requires a dedicated
setting and is expensive.

CRITERIA FOR DIAGNOSIS OF PAs-INDUCED HSOS
In clinical practice, the combination of history, clinical manifestation, laboratory data,
imaging, biomarkers, and pathological findings has established diagnosis of diseases.
Diagnosis of HSOS relies on history, clinical symptoms, laboratory examination,
imaging, biomarkers, and liver histopathology. To date, most of the studies on
diagnostic criteria of HSOS have focused on HSCT-related HSOS. The diagnosis of
HSCT-related HSOS is largely based on history and the classical triad of weight gain,
painful hepatomegaly, and jaundice. Symptoms of HSCT-related HSOS occur within
10 d after HSCT. Established clinical criteria, including modiﬁed Seattle [49] and
Baltimore[50] criteria, require that patients must be within 21 d after HSCT to establish
the diagnosis (Table 2). Cytoreductive therapy prior to HSCT is essential for diagnosis
of HSOS. However, late onset HSOS/HVOD beyond day 21 has been reported. The
researchers thus recommended including late onset HSOS/HVOD (beyond day 21) in
HSCT-related HSOS[6].
Since clinical manifestations of the PAs-induced HSOS and HSCT-related HSOS are
similar, some of the diagnostic criteria for PAs-induced HSOS have been developed
according to those for HSCT-related HSOS (Table 2). History of PAs exposure is
essential to establish the diagnosis. However, PAs exposure is always obscure, due to
variability of the plant components, storage conditions for the plant products,
mislabeling or misidentification of the plant, and outright contamination [5] .
Fortunately, a serum biomarker derived from toxic PAs metabolites has been
identified in patients with PAs-induced HSOS. PPAs are used as biomarkers of toxic
PAs exposure. PPAs measured by ultra-performance liquid chromatography–tandem
mass spectrometry are highly sensitive and specific for diagnosis of PAs-induced
HSOS. Thus, the measurement of PPAs should be used together with the conventional
HSOS clinical criteria for deﬁnitive diagnosis of PAs-induced HSOS. Given this, a
history of PAs exposure, biomarkers, and clinical symptoms provide important
evidence for the diagnosis of PAs-induced HSOS. Thus, the diagnostic criteria
proposed by Gao et al[51] were as follows: (1) Meeting the criteria for drug-induced
liver injury, Roussel Uclaf Causality Assessment Method score > 3; (2) Meeting the
modified Seattle criteria for HSOS; and (3) A history of PAs exposure and detection of
PPAs. These criteria (Table 2) have been used in some studies[37,45]. However, blood
PPA concentrations decrease after 40 d exposure to PAs. Moreover, blood PPA
concentration is related to the severity of HSOS, and PAs metabolites bind with
multiple serum proteins that affect blood PPA concentration. All these confined the
diagnostic value of PPA determination. More importantly, this assay is not performed
in most hospitals.
Recently, some studies have described the imaging signs of PAs-induced HSOS and
demonstrated the diagnostic value of the imaging techniques [ 3 9 , 4 2 , 4 4 , 4 5 ] . Histopathological findings provide confirmative evidence of PAs-induced HSOS. Thus,
imaging techniques and liver biopsy were incorporated into the Nanjing Criteria[16]
(proposed by the Chinese Society of Gastroenterology Committee of Hepatobiliary
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Figure 3 A 53-year-old man with pyrrolizidine alkaloids-induced hepatic sinusoidal obstruction syndrome (same patient) received gadoxetic acidenhanced magnetic resonance imaging scan. A: T1-weighted imaging. Ascites (white star), heterogeneous hypointensity (white arrow) were shown; B and C: T2weighted imaging. Imaging findings included ascites (black star, B), gallbladder wall thickening (white arrow, B), periportal edema (arrowhead, C), heterogeneous
hypointensity (white arrow, C); D and E: T2*WI (D) and SWI (E). Heterogeneous hypointensity (white arrow) was observed, and distribution of hypointensity in SWI
and T2*WI was similar; F: Image of portal venous phase. Patchy liver enhancement, “claw-shaped” enhancement surrounding hepatic veins (white arrow), stenosis of
right hepatic vein (arrowhead) and inferior vena cava (black arrow); G: Image of hepatobiliary phase. Heterogeneous hypointensity (white arrow) was shown. SWI:
Susceptibility-weighted imaging; T2*WI: T2*-weighted imaging.

Disease). However, prospective data on performance of Nanjing Criteria have not
been provided until now, and further studies should be performed to evaluate their
diagnostic performance in large sample sizes. Another important issue is the
classification of staging and severity. Unfortunately, the natural course and severity of
PAs-induced HSOS are still unknown, and relevant data are not available.

TREATMENT
Current management of PAs-induced HSOS is a challenge for hepatologists.
Unfortunately, no definitive treatment for PAs intoxication is available. The
therapeutic strategies for PAs-induced HSOS consists of termination of PAs exposure,
symptomatic treatment, anticoagulant therapy, transjugular intrahepatic
portosystemic shunt (TIPS), liver transplantation, etc. Importantly, different strategies
should be performed in patients with PAs-induced HSOS according to disease
severity and stage. In mild cases as spontaneous recovery occurs, symptomatic
treatment is needed[52]. In severe cases, symptomatic treatment, anticoagulant therapy,
TIPS, or liver transplantation should be performed.
Symptomatic treatment is important for PAs-induced HSOS and includes
discontinued exposure to PAs, liver protection, and management of ascites. The latter
consists of restriction of water and sodium supply, use of diuretics, albumin infusion,
serial paracentesis, and TIPS. Oral furosemide and spirolactone are preferentially
used for diuretic therapy. Albumin infusion is beneficial in patients with hypoalbuminemia. Serial paracentesis is recommended in patients who have poor
response to diuretics. TIPS may be considered to control refractory ascites.
Hemodialysis and mechanical airway protection may be required in HSOS patients
with multiorgan failure.
Recent studies have demonstrated the beneﬁcial effect of anticoagulant therapy in
prevention of HSCT-related HSOS; however, a systematic review and meta-analysis
showed negative results[53]. Recently, some studies have been performed to determine
the effect of anticoagulant therapy on PAs-induced HSOS. In a retrospective study
reported by Nanjing Drum Tower hospital, anticoagulant therapy (low molecular
weight heparin combined with warfarin) significantly improved response rate of
patients with PAs-induced HSOS compared with the non-anticoagulant group (60%
vs 27%)[17]. A retrospective study from the first Affiliated Hospital of Zhengzhou
University confirmed these results[37]. In addition, some of the studies demonstrated
the effectiveness of anticoagulant therapy in Chinese journals[54-56]. Thus, Chinese
guidelines recommend that anticoagulant therapy should be started as soon as
possible in patients with acute/subacute HSOS after ruling out contraindications.
Low molecular weight heparin is the anticoagulant of choice, either combined with or
followed by oral administration of warfarin. The recommended dose of low molecular
weight heparin is 100 IU/kg, every 12 h, subcutaneous injection. Warfarin is the
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Figure 4 Pathology of pyrrolizidine alkaloids-induced hepatic sinusoidal obstruction syndrome. A: Acute
stage (200 ×). Dilation and congestion of hepatic sinusoidals, the penetration of erythrocytes into the space of Disse;
B: Subacute stage (200 ×). Complete loss of pericentral hepatocytes, sinusoidal dilatation.

preferred oral anticoagulant for long-term therapy, and the recommended international normalized ratio is 2.0-3.0, which may satisfy both the anticoagulant effect
and safety. To date, prospective multicenter studies have not been performed to
determine the effectiveness of anticoagulant therapy, thus large randomized control
trials (RCTs) should be performed in future.
Defibrotide is the only approved drug for severe HSCT-related HSOS and HSCTrelated HSOS with renal or pulmonary dysfunction in western countries[57]. Since
defibrotide is not approved in China, its effectiveness remains unknown in patients
with PAs-induced HSOS. Steroids have also been used in HSOS patients, and
beneficial effects of early high-dose steroid therapy have been shown in severe
pediatric HSCT-related HSOS[58], but adverse events such as infection should be
considered. Although sporadic reports show the effectiveness of steroids in both PAsinduced HSOS patients and mouse models[59-61], the effectiveness of steroids for PAsinduced HSOS remains inconclusive and further RCTs should be performed.
TIPS may be considered when PAs-induced HSOS patients have refractory ascites
or severe portal-venous hypertension. In a retrospective study, TIPS improved the
prognosis of 29 patients who did not respond to symptomatic treatment plus
anticoagulation[17]. While another retrospective study showed that TIPS failed to
improve survival[37]. The efficacy of TIPS should be evaluated based on RCTs in the
future. Liver transplantation can be considered in severe cases of PAs-induced HSOS
with liver failure, and in theory, this should improve survival. Other treatments such
as ursodeoxycholic acid, antithrombin III, and recombinant human thrombomodulin
have been tried in HSCT-related HSOS, but the evidence in PAs-induced HSOS is
lacking.

OUTCOME
The mortality rate of PAs-induced HSOS is reported to vary from 16% to 40%[17,26,37,45,51],
and a common cause of death is liver failure[26,37]. A systematic review showed that
increased total bilirubin and aspartate transaminase are indicators of poor survival in
patients with PAs-induced HSOS[26]. A retrospective study of 117 cases demonstrated
that hepatic encephalopathy, serum bilirubin, and albumin levels were major
prognostic factors for Gynura segetum-induced HVOD[37]. In addition, Gao et al[51]
demonstrated that PPA concentration was related to the severity and clinical outcome
of PAs-induced HSOS.

CONCLUSION
The intake of PAs is one of the major etiological causes of HSOS in China. Here, we
described the pathogenesis, clinical profiles, diagnostic criteria, treatment, and
outcomes of patients with PAs-induced HSOS. Although progress has been made in
PAs-induced HSOS, several issues remain to be resolved. A suitable animal model of
PAs-induced HSOS should be established through repeated administration of PAs,
which resembles the pathological status of PAs-induced HSOS in humans; the
Nanjing criteria should be validated in prospective studies; disease severity grading
should be developed; large-scale RCTs should be performed to determine the safety
and efficacy of therapeutic strategies for PAs-induced HSOS; and prognostic factors
should be accurately identified.
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Table 2 Diagnostic criteria for hepatic sinusoidal obstruction syndrome
HSCT-related HSOS

PAs-induced HSOS
Late onset HSOS
(> 21 d after
HSCT)

Classical HSOS

Criteria proposed by Gao et al[51]

Nanjing criteria[16]

A definite history of taking herbs
containing PAs

Modified Seattle
criteria[49]

Baltimore
criteria[50]

New EBMT
criteria[6]

Presence of 2 of the
following criteria
within 20 d after
HSCT:

Presence of bilirubin
≥ 34.2 μmol/L
within 21 d after
HSCT and at least 2
of the following
criteria:

Baltimore criteria
beyond 21 d

1 Meeting the modified Seattle criteria

OR

2 Meeting the criteria for DILI

Histologically
proven HSOS

Pathological
evidence
3 A history of taking PAs-containing herbs;
detection of PPAs

OR
Presence of at least 2
of the following
criteria: Bilirubin ≥ 2
mg/dL (34.2
μmol/L)
1 Bilirubin ≥ 34.2
μmol/L;

1 Hepatomegaly;

2 Hepatomegaly or 2 Ascites;
right upper
3 Weight gain > 5%
quadrant pain;
3 Weight gain > 2%

1 Hepatomegaly

Presence of the
following three
criteria
1 Abdominal
distention and/or
pain in the hepatic
region,
hepatomegaly, and
ascites;
2 Increased serum
total bilirubin or
other abnormal liver
function;

2 Ascites
3 Weight gain > 5%

3 Typical contrastenhanced CT or MRI
findings

AND
hemodynamical
or/and ultrasound
evidence of HSOS

Other liver diseases were excluded

HSCT: Hematopoietic stem cell transplantation; HSOS: Hepatic sinusoidal obstruction syndrome; HVOD: Hepatic veno-occlusive disease; PAs:
Pyrrolizidine alkaloids; DILI: Drug-induced liver injury; PPAs: Pyrrole-protein adducts; CT: Computed tomography; MRI: Magnetic resonance imaging.
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Abstract
BACKGROUND
Endoscopic en bloc resection of larger polyps is relevant because risk of advanced
neoplasia or malignancy correlates with tumor size. Recurrence rates after
piecemeal endoscopic mucosal resection (EMR) are high and endoscopic
submucosal dissection (ESD) is associated with higher complication rates in the
western world.
AIM
To develop a modified endoscopic en bloc resection technique using an external
additional working channel and novel agent for submucosal injection.
METHODS
EMR+ was considered as modified grasp and snare technique. For simultaneous
use of a grasping and cutting device a novel additional working channel was
used (AWC®, Ovesco Endoscopy, Tübingen, Germany). AWC® is installed on the
outer surface of the endoscope, covered with a plastic sleeve and designed for
single use. For submucosal injection a new agent consisting of poloxamers was
used (LiftUp®, Ovesco Endoscopy, Tübingen, Germany). The agent is liquid at
room temperature and forms a stable and permanent gel cushion after injection.
Safety of LiftUp® has been shown in a pre-clinical study in domestic pigs. LiftUp®
is commercially not yet available but approval is expected in early 2019. EMR+
was first developed ex vivo (explanted pig stomach) and subsequently evaluated
in vivo (stomach, porcine model, 3 domestic pigs). Main outcome measurements
were: Procedure time, macroscopic en bloc resection and adverse events.
RESULTS
Concept of EMR+ was first developed ex vivo (explanted pig stomach). Ex vivo, 22
resections were performed after technique was established. Median procedure
time (measured from begin of injection to extraction of resection specimen) was 7
min (range 5-11, SD 1.68) and median size of resection specimens was 30 mm × 26
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mm × 11 mm ex vivo. Subsequently 13 resections were performed in vivo
(stomach, porcine model, 3 domestic pigs). In vivo, median procedure time
(measured from begin of injection to extraction of resection specimen) was 5 min
(range 3-12, SD 2.72) and median size of resection specimens was 35 mm × 35 mm
× 11 mm. In vivo, resection was macroscopic complete in 92.3%, major adverse
events were not observed. In one case (7.7%) minor periprocedural bleeding was
observed and managed by coagulation.
CONCLUSION
EMR+ appeared to be effective and safe and was easy and fast to perform in the
porcine model. EMR+ needs to be further evaluated clinically in comparative
trials.
Key words: Endoscopic resesection; En bloc; Additional working channel; Submucosal
injection; LiftUp
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We report on a novel modified grasp and snare technique (EMR+)
forendoscopic en bloc resection. The technique was developed ex vivo (explanted pig
stomach) and evaluated in vivo in a porcine model (stomach, 3 domestic pigs). EMR+
includes a novel additional working channel (AWC®) and a new agent (consisting of
poloxamers) for submucosal injection (LiftUp®, approval expected in early 2019). EMR+
appeared to be effective and safe in the stomach and allowed for en bloc resection for
lesions up to 40 mm. EMR+ needs to be further evaluated clinically in comparative
trials.

Citation: Meier B, Wannhoff A, Klinger C, Caca K. Novel technique for endoscopic en bloc
resection (EMR+) - Evaluation in a porcine model. World J Gastroenterol 2019; 25(28):
3764-3774
URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3764.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3764

INTRODUCTION
Endoscopic resection (ER) of larger polyps is relevant because risk of advanced
neoplasia or malignancy correlates with tumor size. En bloc resection is essential
because main predictors for recurrency are tumor size > 20 mm and piecemeal
resection[1]. Endoscopic mucosal resection (EMR) is only adequate for en bloc resection
for lesions < 20 mm[2]. Recurrence rates after en bloc EMR are low and reported down
to 3%[3]. For lesions > 20 mm piecemeal EMR[4,5] or endoscopic submucosal dissection
(ESD) are available. However, recurrence rates after piecemeal EMR are reported
between 15%-45%[3,6,7] and ESD still is an advanced technique associated with higher
risks for bleeding or perforation in the western world.
Submucosal injection is well investigated and essential for EMR and ESD. By
injection a liquid-filled cushion is created, so tumor is lifted and amenable for ER plus
underlying tissue is protected against bleeding and perforation[8,9]. Different injection
agents have been investigated but saline solution still is the standard solution used for
ER[9]. Major limitation of isotonic saline solution is its absorption by the adjacent
mucosa. In consequence, submucosal cushion disappears quickly[8-10], frequent reinjections are necessary and prolonged procedure times are the consequences.
Different viscous and hypertonic solutions have been investigated to prolong
maintenance of submucosal cushion and to reduce procedure time[8,10-13]. However,
every agent has merits and limitations so optimal agent still is not identified. LiftUp®
(Ovesco Endoscopy, Tübingen, Germany) is a new developed agent for submucosal
injection consisting of poloxamers. Viscosity of LiftUp® is temperature-dependent and
liquid at room temperature. After injection LiftUp® forms a stable and permanent gel
cushion.
Grasp and snare techniques using double channel (DC) endoscopes have been
investigated to optimize EMR procedure for larger or difficult (e.g., difficult location
or reduced lifting-sign) lesions[14-17]. However, resection with DC endoscopes has not
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come to daily routine as instruments are more expensive and not widely available.
The novel additional working channel (AWC ® , Ovesco Endoscopy, Tübingen,
Germany) is installed on the endoscope externally and designed for single use.
The aim of this study was to develop a novel technique for endoscopic en bloc
resection for lesions up to 30 mm. The technique was considered as modified grasp
and snare technique and included a new injection agent (LiftUp ® ) and novel
additional working channel (AWC ® ). The technique was developed ex vivo and
evaluated in vivo (porcine model).

MATERIALS AND METHODS
Additional working channel and instruments
For simultaneous use of a grasping and cutting device an external additional working
channel (AWC) was used (AWC®, Ovesco Endoscopy, Tübingen, Germany). AWC® is
available (currently in Europe and United States) for endoscopes with diameters 8.513.5 mm and shaft lengths 122 cm/185 cm. The device is installed on the outer surface
of the endoscope, covered with a plastic sleeve and designed for single use. After
attachment AWC® allows use of an additional instrument with diameter up to 2.8 mm
(Figure 1). An anchor device (OTSC ® Anchor, Ovesco Endoscopy, Tübingen,
Germany) was advanced through the conventional working channel and used to
improve positioning of the resection snare. For resection an oval monofilament snare
(Olympus) with diameter of 35 mm was used and advanced through the AWC.

Injection agent
For submucosal injection a new agent was used (LiftUp ® , Ovesco Endoscopy,
Tübingen, Germany). Safety of LiftUp® has been shown in a pre-clinical study in
domestic pigs. LiftUp® is commercially not yet available. Approval of LiftUp® is
pending and expected in early 2019 in Europe. LiftUp ® consists of poloxamers
(nonionic tensides) with temperature-dependent viscosity. The agent is sterile and
premixed with methylene blue and has liquid consistency at room temperature which
allows submucosal injection. At body temperature the agent gels within seconds and
forms a stable and permanent cushion. LiftUp ® was stored in a refrigerator (6-8
degrees celcius) just before submucosal injection. First, 2 mL of saline solution were
injected into the submucosa to facilitate injection of LiftUp®. Injection of LiftUp® was
performed with an inflation device (Inflation Device, Accura Medizintechnik GmbH,
Germany) and conventional injection needle (diameter 0.7 mm).

Ex vivo model
EMR+ was developed ex vivo (October – December 2017). Explanted pig stomach was
opened by incision (Figure 2A) and imaginary lesions were created by coagulation
(Figure 2B) using a template (circular, diameter 30 mm). After preparation stomach
was closed and connected to EASIE-R1 simulator (EndoSim, Bolton, United States) to
be accessible to endoscopy (Figure 2C). Primary goal in this setting was to develop a
concept of EMR+ (e.g., positioning of instruments, injection/resection technique).
EASIE-R 1 was filled with warm water and before resection the lesion (cushion) was
additionally flushed with warm water endoscopically to ensure correct temperature.
Before resection temperature was measured on the inner and outer surface of
stomach.

In vivo model
After developing concept of EMR+ ex vivo, technique was transferred and evaluated
in vivo (domestic pigs, April – July 2018). Main outcome measurements were:
Procedure time, macroscopic en bloc resection and adverse events. In vivo study was
conducted at the facility of experimental surgery of the University of Tübingen,
Germany (Institut für experimentelle Chirurgie, Universitätsklinikum Tübingen,
Tübingen, Germany) after approval from the local authority/institutional animal care
and use committee (Regierungspräsidium Baden-Württemberg, Germany, approval
number C1/15). Three domestic pigs with a median weight of 81.5 kg were used. The
animals were fasted from solid food for 48 hours prior to surgery but were allowed
full access to water and milk. Preanesthesia sedation consisted of ketamine 2 mg/kg
and xylazine 2 mg/kg. General anesthesia was achieved using isoflurane, nitrous
oxide and oxygen following endotracheal intubation. Continuous pulse oximetry and
electrocardiogram were carried out throughout the procedure. All procedures were
performed with the animal in supine position. With the animal under general
anesthesia, gastric lavage was performed and imaginary lesions were created by
coagulation using a template (circular, diameter 30 mm). The template was
introduced into the stomach endoscopically and extracted after coagulation. After
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Figure 1

Figure 1 Illustration of AWC®. Distal and proximal site uninstalled (A) and installed (B). C: Fully installed AWC®
with advanced grasp and snare device.

resection, specimens were stretched and pinned onto a histology platform and
examined for size and resection margins. Complications were managed endoscopically. Periprocedural bleeding was managed by coagulation, perforations were
managed by OTSC application. In the first animal additional laparotomy was used to
further evaluate EMR+. One animal was used for several resections. All animals were
euthanized immediately after the resections using intravenous pentobarbital.

RESULTS
Ex vivo model
EMR+ was developed ex vivo (Figure 3). Resections were performed in the area of the
greater curvature (endoscope in a relatively straight position). Initially, 2 ml of saline
solution were injected into the submucosa to facilitate injection of LiftUp®. Then 5-8
mL of LiftUp® were used for submucosal injection to elevate the lesions (Figure 3A).
The snare was advanced through the AWC. The anchor device (advanced through the
conventional working channel) was used to improve positioning of the snare (Figure
3B). The lesion was pulled with the anchor and snare was closed (Figure 3C). Before
resection the lesion was pushed back using the anchor to avoid perforation (Figure
3D). Using this protocol, 22 resections were performed ex vivo (Figure 4, Video 1).
Median time for injection was 3 min (range 2-5, SD 0.86) and measured from injection
to complete lifting of lesion and flushing with warm water. Median time for resection
was 4 min (range 2-9, SD 1.57) and measured from snare opening to extraction of
resection specimen. Median time of EMR+ (injection and resection) was 7 min (range
5-11, SD 1.68). Median size of specimen was 30 mm × 26 mm × 11 mm and ranged
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Figure 2

Figure 2 Ex vivo model. A: Opened pig stomach; B: Circular coagulation; C: Stomach connected to EASIE-R1 simulator.

between 22 mm × 20 mm × 7 mm to 40 mm × 33 mm × 14.4 mm (Table 1).

In vivo
After EMR+ was developed ex vivo the technique was transferred and evaluated in
vivo (three domestic pigs). Resections were performed in the area of the greater
curvature (endoscope in a relatively straight position). In the first animal perforations
were observed due to excessive use of the anchor (Figure 3C). Perforations were
managed by OTSC application. In consequence, laparotomy was used to further
evaluate endoscopic technique in the same animal. It was observed that it is essential
to push back the lesion with the anchor before resection (Video 2). The “Push Back”
maneuver avoids inversion of the muscular layer into the lumen and subsequently
protects from perforation (Figure 3D). After developing this last essential step of
EMR+ in vivo no further perforations were observed.
13 resections were performed in vivo (animal two and three). Illustration of
resection specimens and resection technique is shown in Figure 5 and Video 3.
Median time for injection was 2 min (range 1-6, SD 1.23) and measured from injection
until complete lifting of lesion. Median time for resection was 3 min (range 2-10, SD
2.47) and measured from snare opening to extraction of resection specimen. Median
time of EMR+ (injection and resection) was 5 min (range 3-12, SD 2.72). Median size of
specimen was 35 mm × 35 mm × 11 mm and ranged between 30 mm × 30 mm × 12
mm to 40 mm × 38 mm × 13.5 mm. Resection was macroscopic complete in 12/13
cases (92.3%). Major adverse events were not observed. In one case (7.7%) minor
periprocedural bleeding was observed and managed by coagulation (Table 2).

DISCUSSION
This study describes a novel resection technique for endoscopic en bloc resection
(EMR+). The technique was considered as modified grasp and snare technique and
included two major components. For submucosal injection a new agent (LiftUp®,
Ovesco Endoscopy, Tübingen, Germany) with temperature-dependent viscosity was
used. Efficacy and safety of LiftUp® has been shown recently in a preclinical study[18].
Once injected, LiftUp® forms a stable and permanent gel cushion which allows ER
without re-injection. The agent is not yet commercially available but approval is
pending and suspected in early 2019 in Europe. For resection a novel additional
working channel (AWC ® , Ovesco Endoscopy, Tübingen, Germany) was used.
Successful clinical use of AWC® has been reported recently[19]. AWC® allows use of an
additional working tool and is installed on the endoscope externally. Resection was
performed as grasp and snare technique and included simultaneous use of an anchor
device and monofilament resection snare. EMR+ was first developed and evaluated ex
vivo (explanted pig stomach) and later transferred and evaluated in vivo in domestic
pigs. In this study, EMR+ allowed for en bloc resection specimens up to 40 mm in
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Table 1 Results of endoscopic mucosal resection ex vivo
Resection

Specimen L × B × H (mm)

Time injection1 (min)

Time resection2 (min)

Time EMR+ (min)

1

30 × 27 × 10

4

7

11

2

25 × 24 × 10.4

3

3

6

3

30 × 24 × 9.2

3

3

6

4

22 × 20 × 7

4

3

7

5

31 × 25 × 13.3

3

3

6

6

35 × 25 × 11.6

2

4

6

7

34 × 29 × 12.7

2

3

5

8

40 × 33 × 14.4

3

2

5

9

29 × 25 × 8.8

3

4

7

10

32 × 26 × 10.3

4

3

7

11

30 × 25 × 11.4

3

2

5

12

30 × 26 × 9.6

2

9

11

13

30 × 28 × 12,4

2

4

6

14

25 × 22 × 8.5

3

4

7

15

30 × 29 × 10.5

5

3

8

16

36 × 30 × 13.5

3

4

7

17

33 × 30 × 16.6

4

5

9

18

32 × 28 × 14.4

2

5

7

19

25 × 25 × 12.7

3

4

7

20

26 × 22 × 6.5

4

5

9

21

29 × 29 × 11.5

4

4

8

22

37 × 30 × 10.1

2

4

6

Median

30 × 26 × 11

3

4

7

1

Time from injection to complete lifting of lesion and flushing with warm water.
Time from snare opening to extraction of resection specimen (all resections were performed in the area of the greater curvature).

2

diameter (median size ex vivo: 30 mm × 26 mm × 11 mm, median size in vivo: 35 mm ×
35 mm × 11 mm). In vivo, macroscopic complete resection could be achieved in 92.3%.
Median procedure time was fast (5 min in vivo). After developing final concept of
EMR+ major adverse events were not observed. In one case (7.7%) minor
periprocedural bleeding was observed in vivo and managed by coagulation.
Endoscopic en bloc and R0-resection is essential for adequate treatment of mucosal
neoplasia and prevention of recurrency. However, EMR only is adequate for lesions >
20 mm and ESD is associated with higher risks for complications, especially in the
western world. In consequence, new techniques for endoscopic en bloc resection for
lesions > 20 mm are needed. Ideal resection technique should be effective and safe but
as well fast and easy to perform.
Submucosal injection is essential for EMR and ESD. Different injection agents have
been investigated but saline solution still is the standard solution used for ER[9]. Major
limitation of isotonic saline solution is its fast absorption by the adjacent mucosa. To
facilitate and maintain cushion formation other viscous and hypertonic solutions such
as hydroxyethyl starch, sodium hyaluronate solution, 50% dextrose or succinylated
gelatin have been investigated[8,10-13] but optimal agent is not defined or identified.
Using viscous and hypertonic solution resulted in lower volumes to inject[10-12], longer
duration of submucosal elevation and shorter procedure times[10,11] compared to saline
solution. A recent meta-analysis (five randomized controlled trials, 504 patients)
showed higher rates of en bloc resection and lower rates of residual lesions compared
to saline solution when viscous and hypertonic solutions were used for EMR and
polyps > 20 mm[9]. Rates of adverse events were similar.
Other agents with temperature-depended viscosity have been developed and
investigated. Combination of hyaluronic acid, chondroitin sulfate and poloxamer 407
(Ziverel, Norgine, United Kingdom) showed prolonged submucosal elevation and
absence of tissue damaging in a porcine model[20]. Combination of water, medium
chain triglycerides, sodium chloride, polyoxyl-15-hydroxystearate and poloxamer 188
(Eleview ® , Cosmo pharmaceuticals NV, Dublin, Ireland) showed prolonged
submucosal elevation and safe application for EMR/ESD in preclinical [21] and
clinical[22] trials. However, prolonged submucosal elevation (described up to 60 min)
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Figure 3

Figure 3 Illustration of endoscopic mucosal resection. A: Submucosal injection; B: Positioning of anchor device and snare; C: Lesion is pulled with anchor device
and snare is closed; and D: Lesion is pushed back (“Push Back maneuver”) and snare fully closed. Lesion is ready for resection.

could not be confirmed clinically. Submucosal elevation was observed for 1-15 min
and for ESD re-injections were still necessary[22]. Eleview® is approved as injection
agent for ER in USA and Europe. In a recent study, Eleview® was compared with
saline solution in a randomized double-blind setting[23]. Patients undergoing EMR for
≥ 20 mm colorectal non-pedunculated lesions were randomized 1:1 and 226 patients
were included (mean lesion size 32 mm ± 12.4 mm). In the Eleview® arm total volume
needed for EMR was significantly lower (approximately reduction of 50%). A trend
for faster procedure times and higher en bloc resection rates was observed under
Eleview ® but statistical significance was not reached. Remarkably, macroscopic
complete en bloc resection was only observed in 18.6% (Eleview®) vs 10.9% (saline
solution). Rate of adverse events were similar in both arms. The agent for submucosal
injection used in our study (LiftUp®) is comparable to Ziverel and Eleview® as agent
includes poloxamers. In our ex vivo model duration of submucosal elevation using
LiftUp® was observed for approximately one hour. However, submucosal lifting was
not examined systematically and might be biased by inconsistent conditions of
temperatures in the ex vivo model. In vivo, duration of submucosal lifting was not
measured because study was focused on resection technique. The required volumes of
LiftUp ® were comparable to volumes of Eleview ® used in the porcine model of
Spadaccini et al[21].
Grasp and snare techniques have been investigated to optimize EMR procedure for
lesions > 20 mm and were first described in 1976[24]. Double channel (DC) endoscopes
allow simultaneous use of two different tools e.g. grasping device and resection snare.
Using this technique, lesions in difficult locations or lesions with reduced lifting after
submucosal injection can be resected [14-17] . The technique also allows reducing
procedure time[25]. However, resection with DC endoscopes has not come to daily
routine as instruments are more expensive and not widely available. The novel
additional working channel (AWC®) used in our study provides an alternative option
using two different endoscopic tools simultaneously. AWC® is designed for single use
and installed on the endoscope externally. Different installations of AWC® allow
variable positions of both working channels in contrast to DC endoscopes. Our
modified grasp and snare technique (EMR+) could be accomplished with AWC®
without observing technical problems.
Our study has strengths and limitations. Major strength of our study is a systematic
development of a modified grasp and snare resection technique (EMR+) using two
novel components (LiftUp® and AWC®). Major aim of this study was to develop a
novel technique for endoscopic en bloc resection and proofing concept in vivo.
Imaginary lesions had to be created in the stomach by circular coagulation. Major
limitation of our study is the resection of regular mucosa in contrast to apparent
mucosal neoplasia. Morphological features of lesions or existing fibrosis have a high
impact on resectability. In consequence, clinical studies are needed to further evaluate
EMR+. Notably, comparative trials (e.g., EMR+ vs ESD or EMR+ vs EMR with AWC®
or EMR+ vs EMR with LiftUp®) are needed to further evaluate potential advantage of
EMR+ over other resection techniques.
In conclusion, EMR+ is a novel modified grasp and snare technique for endoscopic
en bloc resection. The technique includes two novel components (LiftUp® and AWC®)
and was evaluated in vivo (porcine model). The technique appeared to be effective
and safe and was easy and fast to perform in the porcine model. EMR+ needs to be
further evaluated clinically in comparative trials.
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Table 2 Results of endoscopic mucosal resection in vivo
Resection

SpecimenL × B × H
(mm)

Time injection1
(min)

Time resection2
(min)

Time EMR+
(min)

Adverse
events

Macroscopic
complete

1

40 × 35 × 10

2

6

8

-

Yes

2

40 × 35 × 11

6

3

9

-

Yes

3

40 × 38 × 13

2

6

8

-

Yes

4

40 × 38 × 13

2

10

12

-

Yes

5

30 × 30 × 12

2

6

8

-

No

6

35 × 35 × 11

2

4

6

-

Yes

7

40 × 40 × 11

2

2

4

-

Yes

8

35 × 35 × 9

1

2

3

-

Yes

9

35 × 35 × 13

2

2

4

-

Yes

10

35 × 38 × 10

3

2

5

-

Yes

11

40 × 35 × 14

1

2

3

-

Yes

12

35 × 35 × 9

2

3

5

Minor bleeding3

Yes

13

35 × 35 × 8

2

2

4

-

Yes

Median

35 × 35 × 11

2

3

5

-

-

1

Time from injection to complete lifting of lesion.
Time from snare opening to extraction of resection specimen (all resections were performed in the area of the greater curvature).
3
Management by coagulation.
2

Figure 4

Figure 4 Example of endoscopic mucosal resection specimens (ex vivo model).
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Figure 5

Figure 5 Example of endoscopic mucosal resection specimens (in vivo model).

ARTICLE HIGHLIGHTS
Research background
Endoscopic en bloc and R0-resection is essential for adequate treatment of mucosal neoplasia.
EMR is fast and safe but only adequate for lesions up to 20 mm of size. For lesions > 20 mm ESD
is available. However, especially in the western world this technique might not be widely
available and associated with higher risks for complications and longer procedure times.

Research motivation
To provide a fast and safe en bloc resection technique for lesions > 20 mm we developed a
modified grasp and snare technique (EMR+) in a porcine model. We presumed that a novel
technique might be interesting especially when ESD expertise is not available.

Research objectives
Major objective was to develop an effective, safe and fast technique for endoscopic en bloc
resection for lesions > 20 mm of size.

Research methods
EMR+ was first (October – December 2017) developed ex vivo in an explanted pig stomach. The
technique included two novel components and was considered as a modified grasp and snare
technique. We used an additional working channel (AWC®, Ovesco Endoscopy, Tübingen,
Germany) to facilitate simultaneous application of a resection and grasping device. For
submucosal injection we used a new agent with temperature-dependent viscosity (LiftUp®,
Ovesco Endoscopy, Tübingen, Germany). EMR+ was then (April – July 2018) further evaluated
in vivo (porcine model, stomach).

Research results
During the study period, 22 resections were performed ex vivo and 13 resections were performed
in vivo. Median procedure time was fast (7 min ex vivo, 5 min in vivo) and median size of
resections specimens was 30 mm × 26 mm × 11 mm/35 × 35 × 11 mm ex vivo/in vivo. Resection
was macroscopically complete in vivo in 92.3%. Major adverse events were not observed.

Research conclusions
EMR+ is a novel modified grasp and snare technique for endoscopic en bloc resection. The
technique allowed safe and fast resection for lesions > 20 mm of size and was easy to perform in
the porcine model. The novel injection agent allowed for sufficient protection of the muscular
layer. Major limitation of our study was resection of regular mucosa in the stomach (imaginary
lesions were created by circular coagulation).

Research perspectives
To better define the role of EMR+ clinical and comparative trials are needed. Further studies
need to address resection of apparent mucosal neoplasia in different anatomic locations.
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Abstract
BACKGROUND
Pancreatic cancer is a deadly malignancy with aggressive properties. MicroRNAs
(miRNAs) participate in the pathogenesis of a variety of diseases and molecular
processes by targeting functional mRNAs. Nevertheless, the regulatory role of
miRNAs in signaling pathways involved in pancreatic cancer remains largely
unknown.
AIM
To explore the molecular regulation involved in pancreatic cancer and potential
mechanisms of miR-205.
METHODS
Microarray analysis was performed to investigate the expression profile of
miRNAs in pancreatic cancer. Expression of miR-205 was validated by qRT-PCR.
Target prediction and functional enrichment analysis were employed to seek
potential target genes of miR-205 and potential functions of these genes. The
target binding of miR-205 and adenomatous polyposis coli (APC) was validated
by luciferase reporter assay. APC protein expression in pancreatic cancer was
validated by qRT-PCR and Western blot. Proliferation was evaluated by MTT
and colony formation assays.

manuscript

RESULTS
A large number of miRNAs with altered expression were identified in pancreatic
cancer. MiR-205 was significantly up-regulated. APC was found to be a validated
target of miR-205 and down-regulated in pancreatic cancer. Proliferation
experiments showed that miR-205 could promote cell proliferation in pancreatic
cancer by targeting APC.
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CONCLUSION
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to pancreatic cancer development, which could be considered as a novel
prognostic biomarker for clinical care.
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Core tip: A large number of microRNAs with altered expression were identified in
pancreatic cancer. MiR-205 was found to be significantly up-regulated in pancreatic
cancer. Adenomatous polyposis coli (APC) was found to be a validated target of miR205 and down-regulated in pancreatic cancer. Proliferation experiments showed that
miR-205 could promote cell proliferation in pancreatic cancer by targeting APC.
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INTRODUCTION
Pancreatic cancer is a severe malignancy with a five-year survival rate of less than 5%
worldwide, due to its late detection, metastasis, and resistance to treatment such as
chemotherapy and radiation therapy[1-3]. There are over 60 types of genetic mutations
in pancreatic cancer according to previous studies, and these mutations have been
related to several signaling pathways. Nevertheless, the regulation of these pathways
in pancreatic cancer remains largely unknown [4-6] . Therefore, the exploration of
molecular mechanisms involved in pancreatic cancer will be necessary and useful to
improve its current therapy status.
In recent years, microRNAs (miRNAs) are emerging as important regulators in
cancer development and play important roles in many physiological and pathological
processes such as tumor growth, biosynthesis, immune regulation, and drug resistance[7-9]. MiR-205 has been found to play a role in various cancers[10,11], but there has
been no relevant report in pancreatic cancer. Adenomatous polyposis coli (APC) is a
tumor suppressor protein that is involved in biological processes including
transcriptional activation, apoptosis, cell migration, and cell adhesion[12,13]. Besides,
APC has been found to have an important role in pancreatic cancer in a previous
study[14].
In the present study, microarray analysis was used to explore the differentially
expressed miRNAs in pancreatic cancer. It was found that miR-205 was up-regulated
in both pancreatic cancer tissue samples and cell lines, whereas APC was significantly
down-regulated. Target prediction of miR-205 showed that there are potential targets
that are involved in various signaling pathways. Furthermore, we confirmed that
miR-205 could promote cell proliferation in pancreatic cancer by targeting APC in
vitro. Taken together, our findings suggest that miR-205 might be used as a potential
therapeutic target in human pancreatic cancer.

MATERIALS AND METHODS
Study participants and cell lines
Human pancreatic cancer tissue samples before treatment and adjacent healthy
pancreatic tissue samples were obtained from Handan Central Hospital with patients’
consent and were histologically verified. This study was approved by Handan Central
Hospital and was performed in accordance with the Helsinki Declaration. HPDE6
(control) and SW1990/PANC-1/BXPC-3 cell lines were purchased from Tianjin Saier
Biotechnology Company (Tianjin, China) and maintained in identical conditions with
10% fetal bovine serum (FBS) (Sigma, MO, United States).

Cell culture and transfection
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Cells were cultured in RPMI 1640 (Hyclone, CA, United States) supplemented with
FBS, streptomycin, and penicillin in a humidified chamber at 37 °C. Transfection was
performed using Lipofectamine 2000 reagent in accordance with the manufacturer’s
instructions. The transfection efficiency was assessed by detecting the fluorescence of
red fluorescent protein expressed by the transfection vector.

Microarray and bioinformatics analysis
The cancer samples and controls were analyzed through Agilent microRNA
microarray (v14.0). First, the raw data presented as gProcessedSignal were
normalized. The differential expression was filtered by fold change > 2 and P-value <
0.05, and all bioinformatics computations were performed using R script[15]. The
prediction of miRNA targets was performed with miRDB [16] and targetScan [17] .
Functional analysis was performed with KOBAS[18] software.

Luciferase reporter assay
The 3'-untranslated region (UTR) of APC containing miR-205 binding sites was cloned
into the pGL3-Basic luciferase vector (Promega, Madison, United States) to generate
APC wild type (wt) and mutated to generate APC mutant (mut). After transfection,
cells were incubated in suitable conditions for 24 h. The activity of luciferase was
measured using the Luciferase Reporter Assay Kit (Promega, Madison, United States)
in accordance with the manufacturer’s instructions.

Quantitative real-time reverse-transcription PCR
In accordance with the manufacturer’s protocol, total RNA was isolated from each
sample with Trizol (Invitrogen, CA, United States) and treated with DNase I
(Invitrogen, CA, United States) to remove residual DNA. Then, RNA was reversetranscribed into cDNA. MiRNAs were reverse-transcribed using the Mir-XTM
miRNA Synthesis Kit (Clontech, Shanghai, China) according to the manufacturer’s
protocol. For miRNA targets, the primary transcript levels were determined with the
SYBR Green Master. The sequence-specific primers for the target genes were retrieved
from PrimerBank database. MiRNAs and mRNAs were normalized into U6 and
GAPDH, respectively.

Western blot assay
Pancreatic cancer cells were lysed in ice-cold lysis buffer using the protein-extraction
reagent (Roche, Mannheim, Germany). To determine the concentration of total
protein, BCA Protein Assay (ThermoFisher, Shanghai, China) was used. According to
the manufacturer’s protocol, Western blot analysis was performed with antibodies
specifically against APC and GAPDH (Proteintech, China). The experiment was
independently repeated three times.

MTT and colony formation assays
After 24 h transfection of miR-205 mimic and inhibitor, cells were put into 96-well
plates for 12 h at a density of 3 × 103 viable cells/well. MTT assay was conducted on a
spectrophotometer (Shimadzu, Columbia, SC, United States) at 490 nm to observe cell
viability. For colony formation assay, the treated cells were plated and cultured in 6well plates for 2 wk. After paraformaldehyde (Saier Biotechnology, Tianjin, China)
was applied to these cells, the number of colonies was counted as cells were stained
with crystal violet (Saier Biotechnology, Tianjin, China).

RESULTS
Overview of patient subjects
A total of 52 pancreatic cancer patients who received examination during their stay in
Handan Central Hospital from July 2014 to November 2017 were collected. After
ruling out other relevant diseases, 41 patients aged < 87 years were included in the
experiment group, including 16 women and 25 men. The age, height, weight, and
tumor stage were recorded as shown in Table 1.

Expression profiling of miRNAs in pancreatic cancer tissues shows that miR-205 is
up-regulated
To explore the pancreatic cancer-related miRNAs, microarray analysis was performed
on five cancer tissue samples and five healthy control samples. The data
demonstrated that a list of miRNAs were differentially expressed in pancreatic cancer
(P < 0.05, fold change ≥ 2) (Figure 1A), including 79 up-regulated and 128 downregulated miRNAs. Furthermore, we sorted out top 20 differentially expressed
miRNAs with relatively large differences, including miR-205-3p, miR-216a, miR-216b,
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Table 1 Basic characteristics of pancreatic cancer patients
Variable

Patients

Age (yr)

57.21 ± 4.36

Height (cm)

165.08 ± 3.12

Weight (kg)

56.89 ± 6.94

Tumor stage (%)
T1-T2

91 (n = 37)

T3-T4

8 (n = 4)

Note: The data above are expressed as the mean ± SD.

miR-148b, miR-30a, miR-6130, miR-155, miR-5704, miR-222, miR-221, miR-21, miR631, miR-181a, miR-6754-3p, miR-6817-5p, miR-3928-5p, miR-6805-5p, miR-199a-3p,
miR-4726-5p, and miR-6845-3p. The hierarchical clustering analysis was performed to
demonstrate their expression patterns, as shown in Figure 1B. Among these miRNAs,
miR-205 expression level was significantly increased in pancreatic cancer and there
has been no relevant report about its mechanisms of action.

Tumor-promoting effect of miR-205 in pancreatic cancer cells in vitro
To further verify the miR-205 expression level, qRT-PCR was performed on patient
samples and three pancreatic cancer cell lines as described in the Methods section.
MiR-205 showed increased expression in cancer samples compared with healthy
tissues (n = 41 each; Figure 2A). Similarly, miR-205 also showed an increased
expression level in three pancreatic cancer cell lines compared with HPDE6 cells
(Figure 2B). MTT assay was performed in PANC-1 cells and control cells, and the
results demonstrated that miR-205 overexpression in PANC-1 cells could notably
increase the growth rate while an opposite result was observed in miR-205 downregulated PANC-1 cells, as shown in Figure 2C. We then performed colony formation
assay to assess its potential impact on cell proliferation. The results showed that
proliferation of PANC-1 cells was increased after transfection with miR-205 mimic, as
shown in Figure 2D. Collectively, these findings demonstrated that miR-205 may exert
a tumor-promoting effect in pancreatic cancer.

MiR-205 target prediction and functional analysis
In order to investigate the molecular mechanism of miR-205, we performed target
prediction and functional enrichment analysis of the targets using bioinformatics
tools. A total of 168 targets were mapped to KOBAS database and subjected to
GO/pathway analysis. According to the GO enrichment results, these genes
participate in the regulation of cellular components, biological processes, and
molecular functions. The bar chart shows that these genes are related to plasma
membrane part, cell projection, and neuron part in the cellular components category,
and are involved in signaling, cell communication, and developmental process in the
biological processes category. Moreover, the molecular functions category showed
that these genes mainly play a role in signaling and transmembrane receptor activity
(Figure 3). According to the pathway analysis results, the target genes are related to
cytokine-cytokine receptor interaction, regulation of IFNA signaling, and the TGF-β
signaling pathway (Figure 4). Furthermore, we noticed that APC is a potential target
of miR-205, which has been discovered to play an important role in the development
of pancreatic cancer.

APC is down-regulated in pancreatic cancer
We evaluated the expression level of APC in HPDE6 and three pancreatic cancer cell
lines by qRT-PCR assay. Lower expression of APC was observed in pancreatic cancer
cell lines but not in HPDE6 cell line (Figure 5A). Meanwhile, we also evaluated the
protein level of APC in these cell lines using Western blot analysis, and the results
demonstrated that APC protein level was notably decreased in pancreatic cancer cell
lines (Figure 5B). Since APC showed an opposite expression pattern with miR-205, it
might be a potential target of miR-205.

MiR-205 promotes cell proliferation in pancreatic cancer cells by targeting APC
To confirm that APC is a target of miR-205, luciferase reporter assay was performed.
The 3’-UTR of APC wild-type or mutant was cloned, as shown in Figure 6A. The
results indicated that miR-205 mimic could dramatically decrease the luciferase
activity of wild-type vector, but had no effect on the mutant (Figure 6B) in PANC-1
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Figure 1

Figure 1 The miRNA expression profile in pancreatic cancer. A: The volcano plot was constructed using Pvalues and fold change values; B: The clustered heatmap showed the top 20 differentially expressed miRNAs
between the control and pancreatic cancer groups. Red indicates the up-regulated expression and green/blue
indicates the down-regulated expression.
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Figure 2

Figure 2 Detection of expression of miR-205 in pancreatic cancer tissues and cell lines by qRT-PCR. A: MiR-205 was up-regulated in pancreatic cancer tissues
(n = 41); B: MiR-205 was up-regulated in pancreatic cancer cell lines (PANC-1, BXPC-3, and SW1990) compared with normal human pancreatic duct epithelial cell
line HPDE6 (P < 0.05); C: MTT assay. Cell viability was significantly increased in cells with overexpression of miR-205 compared with control cells in a timedependent manner; D: Colony formation assay. The effect of miR-205 overexpression on cell proliferation was evaluated.

cells. Furthermore, we found that APC mRNA level in miR-205 mimic treated PANC1 was decreased while an opposite result was observed in miR-205 inhibitor treated
cells (Figure 6C). Since APC protein was reported to participate in the development of
pancreatic cancer, MTT assay was then carried out in APC overexpressing PANC-1
cells, and the results demonstrated that the promoting effect of miR-205 on pancreatic
cancer cell proliferation was reduced (Figure 6D and E). These results indicated that
miR-205 directly inhibits APC expression by binding to its 3’-UTR in pancreatic cancer
cells. Moreover, miR-205 promotes the proliferation of pancreatic cancer cells by
targeting APC.

DISCUSSION
Pancreatic cancer, an aggressive malignancy with a five-year survival rate of less than
5%[2], is a multi-genic disease that develops in a stepwise manner. The treatment of
pancreatic cancer is often very difficult due to the impact of drug resistance and
metastasis[1]. MiRNAs are a group of small, non-coding RNA molecules, which have
been investigated as novel therapeutic targets in cancer[19]. The main mechanism for
miRNAs to exert their function is down-regulating the expression or inducing
degradation of target genes by binding to the 3’-UTR of target genes in mammals[8,17].
Microarray assay is a convenient and efficient technique to explore the genomewide gene expression[20]. In this study, 207 miRNAs were found to be abnormally
expressed in pancreatic cancer by microarray analysis, including 79 up-regulated and
128 down-regulated miRNAs. These aberrantly expressed miRNAs may provide
valuable resources for cancer research. Among these miRNAs, several miRNAs have
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Figure 3

Figure 3 GO pathway analysis of the target genes of miR-205.

been studied in previous research. For instance, miR-216 was identified to be downregulated in pancreatic cancer, which is consistent with previous result[21], and miR221 was found to promote proliferation and enhance cell cycle progression[22]. MiR-205
was found to play a role in various cancers, including breast cancer and prostate
cancer[10,11], but there has been no relevant report in pancreatic cancer. We found that
miR-205 showed increased expression in pancreatic cancer and could promote cell
proliferation in vitro. The target prediction of miR-205 and functional enrichment
analysis of the targets identified the genes involved in various functions and
pathways, including cytokine−cytokine receptor interaction, regulation of IFNA
signaling, the Wnt signaling pathway, and the TGF-β signaling pathway. Among
them, the Wnt signaling pathway was demonstrated to regulate crucial aspects of cell
fate determination, cell migration, and organogenesis. A previous study found that
mutations cause Wnt pathway activation in human cancers[23]. As one of the miR-205
targets, APC acts as a tumor suppressor protein and participates in transcriptional
activation, apoptosis, cell migration, and cell adhesion[12,13]. We confirmed that miR205 promoted cell proliferation by targeting APC in pancreatic cancer.
In summary, our results revealed the expression profile of miRNAs in pancreatic
cancer. The expression of miR-205 was up-regulated in pancreatic cancer whereas
APC was significantly down-regulated. Target prediction of miR-205 and KOBAS
enrichment analysis identified the genes involved in various functions and pathways.
Furthermore, we confirmed that miR-205 could promote cell proliferation in
pancreatic cancer by targeting APC. Our findings provide informative knowledge for
the potential therapeutic use of miR-205 in human pancreatic cancer.
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Figure 4

Figure 4 Pathway analysis of the target genes of miR-205.
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Figure 5

Figure 5 Expression of adenomatous polyposis coli in pancreatic cancer cell lines. A: mRNA level; B: Protein level, P < 0.05. APC: Adenomatous polyposis
coli.
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Figure 6

Figure 6 MiR-205 promotes proliferation of pancreatic cancer cells by targeting adenomatous polyposis coli. A: Predicted binding sites of miR-205 in
adenomatous polyposis coli (APC). The fragment of wild-type or mutant 3’-UTR of APC was cloned into the luciferase reporter vector; B: Luciferase activities
measured at 48 h post transfection; C: APC mRNA expression was decreased in miR-205 mimic treated PANC-1 cells but increased in miR-205 inhibitor treated cells;
D and E: The promoting effect of miR-205 on proliferation was reduced in pancreatic cancer cells overexpressing APC, as measured by MTT and colony formation
assays. APC: Adenomatous polyposis coli; wt: Wild-type; mut: Mutant.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is known as a deadly malignancy in the world, and a sufficient treatment for
the disease has not been found yet. We aimed to explore the regulatory mechanisms of
microRNAs (miRNAs) in pancreatic cancer.

Research motivation
As a group of non-coding RNAs, miRNAs were found to paly important roles in human disease.
In this study, we aimed to explore the miRNAs involved in pancreatic cancer and potential
regulatory mechanisms of miR-205, which may contribute to pancreatic cancer treatment.

Research objectives
MiRNA expression pattern in pancreatic cancer and potential regulatory mechanisms of miR-205
and adenomatous polyposis coli (APC) were analyzed. The findings may contribute to clinical
care of pancreatic cancer.

Research methods
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Microarray analysis was used to explore the genome-wide miRNA expression profile in
pancreatic cancer. QRT-PCR and Western blot were performed to validate gene expression.
Bioinformatics analysis was performed to predict target genes and their potential functions. Dual
luciferase reporter assay was used to validate the binding of miR-205 and APC. Proliferation was
evaluated by MTT and colony formation assays.

Research results
A large number of differentially expressed miRNAs were identified in pancreatic cancer. MiR205 was significantly up-regulated while APC was down-regulated in pancreatic cancer. Dual
luciferase reporter assay showed that APC is a validated target of miR-205. Moreover, miR-205
could promote cell proliferation in pancreatic cancer by targeting APC.

Research conclusions
This study, for the first time, revealed that miR-205 mediated APC regulation contributed to
pancreatic cancer development. Microarray analysis was used to fully disclose the genome-wide
miRNAs expression profile in pancreatic cancer. Proliferation experiment showed that miR-205
could promote cell proliferation in pancreatic cancer cells by targeting APC, which could be
considered as novel prognostic biomarkers for future clinical care.

Research perspectives
The aberrantly expressed miRNAs identified in pancreatic cancer may provide valuable
resources for future cancer research.
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Abstract
BACKGROUND
Congenital duodenal obstruction (CDO) can be complete (CCDO) or incomplete
(ICDO). To date there is no outcome analysis available that compares both
subtypes.
AIM
To quantify and compare the association between CCDO and ICDO with
outcome parameters.
METHODS
We retrospectively reviewed all patients who underwent operative repair of
CCDO or ICDO in our tertiary care institution between January 2004 and January
2017. The demographics, clinical presentation, preoperative diagnostics and
postoperative outcomes of 50 patients were compared between CCDO (n = 27;
atresia type 1-3, annular pancreas) and ICDO (n = 23; annular pancreas, web,
Ladd´s bands).
RESULTS
In total, 50 patients who underwent CDO repair were enrolled and followed for a
median of 5.2 and 3.9 years (CCDO and ICDO, resp.). CCDO was associated with
a significantly higher prenatal ultrasonographic detection rate (88% versus 4%;
CCDO vs ICDO, P < 0.01), lower gestational age at birth, lower age and weight at
operation, higher rate of associated congenital heart disease (CHD), more
extensive preoperative radiologic diagnostics, higher morbidity according to
Clavien-Dindo classification and comprehensive complication index (all P ≤ 0.01).
The subgroup analysis of patients without CHD and prematurity showed a
longer time from operation to the initiation of enteral feeds in the CCDO group

https://www.wjgnet.com
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(P < 0.01).
CONCLUSION
CCDO and ICDO differ with regard to prenatal detection rate, gestational age,
age and weight at operation, rate of associated CHD, preoperative diagnostics
and morbidity. The degree of CDO in mature patients without CHD influences
the postoperative initiation of enteral feeding.
Key words: Congenital duodenal obstruction; Duodenal atresia; Duodenal stenosis;
Prenatal ultrasonographic detection rate; Clinical presentation; Preoperative diagnostics;
Adverse events; Outcome
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Core tip: Outcomes of complete congenital duodenal obstruction (CCDO) and
incomplete (ICDO) have rarely been compared. The present study is the first to report on
this issue based on a series of patients who represent a broad spectrum of pathologies in
either group. The current results show significant differences between CCDO and ICDO
with regard to prenatal detection rate, preoperative diagnostics, postoperative enteral
feeds, length of hospital stay and morbidity according to Clavien-Dindo classification
and the comprehensive complication index.
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INTRODUCTION
Congenital duodenal obstruction (CDO) accounts for approximately one-half of all
intestinal obstructions in newborns and is reported to occur in 1 of 2500 to 10000
births [1,2] . CDO represents a spectrum of congenital anomalies. Corresponding
duodenal pathologies are subdivided into congenital duodenal anomalies with either
complete or incomplete obstruction (Figure 1). Complete congenital duodenal
obstruction (CCDO) originates from duodenal atresia type 1 to 3 and annular
pancreas. Incomplete congenital duodenal obstruction (ICDO) occurs on the basis of a
web (perforated diaphragm), Ladd´s bands, annular pancreas, preduodenal portal
vein, superior mesenteric artery syndrome and duplication cyst. CCDO is diagnosed
antenatally to a varying degree based on the detection of a characteristic double
bubble sign. However, ICDO is most often missed during prenatal ultrasound
examination[3]. The overall neonatal survival rate of patients with CDO has gradually
increased over past few decades[4]. Survival is currently reported to be approximately
96%[5,6]. Mortality is primarily attributed to complex congenital heart disease (CHD)[4].
Delayed transition to full enteral nutrition has been associated with CHD and
prematurity[5]. In addition to CHD and prematurity influencing the postoperative
course, there is limited evidence that the degree of duodenal obstruction may have an
impact on postoperative outcome[7]. However, to date an outcome analysis comparing
subgroups of patients with CCDO and ICDO is not yet available. The aim of this
study was to clarify differences in clinical outcomes between CCDO and ICDO.

MATERIALS AND METHODS
After approval of study protocols by the local institutional review board committee
(number 85/17), we conducted a retrospective analysis of a series of 50 consecutive
patients with CCDO or ICDO, as identified through International Classification of
Diseases (ICD-10, Version 2017) codes, who underwent operative repair between
January 2004 and January 2017 at our institution. Data including demographic data,
preoperative clinical presentation and findings, pathologic findings, operative
variables, postoperative outcomes and individual profile of postoperative adverse
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Figure 1

Figure 1 Radiographic images of complete and incomplete congenital duodenal obstruction. A: Complete congenital duodenal obstruction, the plain abdominal
X-ray of a newborn infant with duodenal atresia type 1 displays a characteristic double bubble sign; B: Incomplete congenital duodenal obstruction, contrast study of a
2 month old infant with duodenal web (arrows).

events, were retained in a database. Demographics included gender, gestational age at
birth, age at operation, weight at operation and associated anomalies. Clinical
presentations were specified and comprised vomiting, failure to thrive, intolerance of
age-appropriate per oral intake, constipation, postprandial discomfort, acute lifethreatening event and intolerance to solid food. Failure to thrive was defined as a
child´s weight being below the 5th percentile, a drop of more than 2 major percentile
lines, or a weight for height being lower than the 5th percentile[8]. Constipation was
defined according to the Diagnostic Criteria for Functional Constipation (Rome IV)[9].
Preoperative diagnostics to indicate operative repair were plain abdominal X-ray,
upper gastrointestinal (UGI) contrast study and gastroduodenoscopy. Pathologies of
CCDO were allocated to diagnoses of atresia type 1 (membrane), atresia type 2
(fibrous cord), atresia type 3 (gap)[10] and annular pancreas. The findings of ICDO
were assigned to annular pancreas, web and Ladd´s bands. Additional intestinal
pathologies were specified by the following diagnoses: Intestinal malrotation, second
distal stenosis and Meckel´s diverticulum. Intestinal malrotation was present when
the duodenal loop and the cecocolic loop lacked their normal 270° counterclockwise
rotation. Operative variables included operative time (abdominal incision to close of
the abdominal wound; including time for correction of additional abdominal
pathologies), operative procedures and additional operative procedures. In cases of
malrotation where the dorsal peritoneal mesenteric fixation appeared narrow and put
the bowel at risk for the development of a volvulus, Ladd´s procedure was performed. The question of whether to proceed with an appendectomy was an individual
decision of the surgeon. The attending senior surgeon determined the operative
approach. Laparoscopic repair of CDO was performed by the first author in patients
weighing > 1700 g at operation. The operative approach was implemented
irrespective of preoperative radiologic findings or associated congenital anomalies.
Open access for CDO repair was achieved via a transverse right upper quadrant
incision. Laparoscopic CDO repair was performed using a transumbilically placed 5
mm 30° camera and two 3.5 mm working trocars, one placed in the upper left
quadrant and the second in the right mid abdomen. For duodenoduodenostomy,
predominantly diamond-shaped anastomoses were performed; simple oblique[11] and
parallel anastomoses [12] were also recently used depending on the individual
duodenal anatomy. Tapering duodenoplasty was not performed in either group. All
open procedures were performed by, or under the direct supervision of, the first,
third or last author. Details of postoperative outcomes included the following
parameters: time from operation to initiation of feeds (day of initiation of feeds was
the day on which feeding per orally or via nasogastric tube was initiated); time from
operation to full feeds (day of achievement of full feeds was the day on which
parenteral nutrition was ceased); length of postoperative hospital stay (not including
the day of operation, but including the day of discharge); reoperation rate
(reoperation was defined as a repetition of a surgical operation undertaken due to
lack of success of the first attempt). All postoperative adverse events were recorded in
detail per patient and scored according to Clavien-Dindo classification [13] . The
Clavien-Dindo classification consists of 7 grades (I, II, IIIa, IIIb, IVa, IVb and V); it
focuses on the therapeutic consequences of the single most severe complication
occurring in a patient in a given episode. In addition the comprehensive complication
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index (CCI) was calculated. The CCI represents a sensitive measure of the overall
morbidity in a single score achieved by inclusion of all complications after surgery[14].
The CCI ranges from 0 (no complication) to 100 (death) and was calculated using the
CCI calculator available online (www.assessurgery.com).

Postoperative care and follow up
A nasogastric tube was left postoperatively for gastric decompression. All patients
with an enterotomy were allowed nothing by mouth on the day of operation and
were allowed to receive enteral feeding on postoperative day 1. All patients without
an enterotomy were allowed to receive enteral feeding on the day of operation. After
commencement of enteral feeding, all patients received nutritional increments based
on clinical observations, irrespective of the operative approach. Green gastric fluid
postoperatively during preprandial routine aspiration of the nasogastric tube in an
otherwise unremarkable clinical course was regarded as a normal finding due to the
insufficient closure of the pyloric muscle, and feeding increments were continued.
UGI contrast studies were not performed on a routine basis postoperatively. Patients
underwent clinical outpatient follow-up within 4 wk after discharge. All patients were
scheduled for regular follow-up at least once per year.

Statistical analysis
A biomedical statistician performed the statistical review of the study. For the
summary of normal distributed continuous variables, the mean and standard
deviation were calculated. For comparison, we used two-sample t-tests. Continuous
data with another type of distribution or an unknown distribution are presented as
median with range, and the Wilcoxon rank sum test was applied for comparison. We
used Fisher’s exact test to compare categorical variables. Testing was done based on a
5% significance level. Median follow-up was calculated using the reverse KaplanMeier estimate. We used statistical software R version 3.4.0 for analysis, R Foundation
for Statistical Computing, Vienna, Austria (www.R-project.org).

RESULTS
A total of 50 patients underwent surgical repair of CDO. The patient cohort consisted
of a group of 27 patients with CCDO and 23 patients with ICDO. Table 1 displays
demographic data and the associated congenital anomalies of both groups. Patients
with CCDO that underwent operative repair had a lower gestational age at birth,
younger age and lower weight at operation, and had a higher rate of associated CHD.
Figure 2 displays the absolute frequencies of operative repairs with the corresponding
age at operation for 50 patients with CCDO or ICDO. Of the patients with ICDO, 48%
(n = 11) were operated beyond the neonatal period. Patients´ diagnoses of this
subgroup (n = 11) were Ladd´s bands (n = 6), duodenal web (n = 4) and annular
pancreas (n = 1). Of the patients with ICDO, 13% underwent primary operative repair
at 3.4 years or later. This late repair affected all pathologies of ICDO that were evident
in this study. Table 2 compares the rates of prenatal ultrasonographic detections of
CCDO and ICDO and lists preoperative diagnostics. Of patients with CDO, 49 of 50
had fetal ultrasound screening (98%). One pregnancy did not have prenatal maternal
care. The overall prenatal detection rate of CDO was 49% (24 of 49 patients). For
patients with CCDO, the prenatal detection rate was 88%; it was 4% for ICDO (P ≤
0.01). In all patients with CCDO, preoperative plain abdominal X-ray was sufficient to
indicate operative repair. In contrast, all patients with ICDO received a diagnostic
UGI contrast study in which 4 patients (17%) underwent an additional diagnostic
gastroduodenoscopy to indicate operation. In all patients with prenatally unsuspected
CDO (complete group n = 4; incomplete group n = 22), postnatal clinical presentations
were studied. Vomiting was the most frequent recorded preoperative finding (n = 24,
92%). All patients who vomited showed a yellow-greenish to green discoloration of
the vomit at some point between birth and operation, as observed by parents or
nursing staff. Table 3 displays intraoperative pathologic findings in the CCDO and
ICDO group. Table 4 compares operative variables of the CCDO and ICDO group.
Operative time was similar in both groups. Duodenoduodenostomy was the most
frequent procedure in both the CCDO group (93%) and the ICDO group (35%, P <
0.01). Duodenal freeing from obstructive ligaments and the Ladd´s procedure were
both performed as a single or an adjunct surgical maneuver. Table 5 shows variables
of postoperative outcomes for patients with CCDO or ICDO. Durations from
operation to initiation and completion of enteral feeds and length of hospital stay
were longer in the CCDO group. Morbidity according to median (range) CCI was
higher in the CCDO group [8.7 (0.0-100) vs 0.0 (0.0-33.7 in the ICDO group, P<0.01)].
In an attempt to reduce confounding a subgroup analysis was performed and
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outcome parameters were additionally calculated under exclusion of patients with
CHD and prematurity. Subgroup analysis revealed a difference between the CCDO
and ICDO groups with regard to the parameter time from operation to initiation of
feeds. Table 6 lists all adverse events recorded during the entire individual follow-up
period for 50 patients undergoing operative repair of CCDO or ICDO.

DISCUSSION
Our study suggests that outcomes of patients with CCDO and ICDO differ
significantly. This article, to our knowledge, is the only paper focusing specifically on
differences between patients with CCDO and ICDO. According to our results,
patients with CCDO had a significantly higher prenatal detection rate, lower
gestational age at birth and lower age and weight at operation. Operative repair in the
CCDO group was indicated solely on the basis of a plain abdominal X-ray without the
need for UGI contrast study. Patients with CCDO had a higher rate of associated
CHD, had a longer duration from operation to both initiation and achievement of full
feeds, had a longer hospital stay and had a higher morbidity according to ClavienDindo classification and CCI in comparison to patients in the ICDO group. In a
subgroup of patients without associated CDH and prematurity patients with CCDO
had a delayed initiation of enteral feeds in comparison with the ICDO group.
Our study is the first to deliver a differentiated prenatal detection rate of CCDO
and ICDO based on an analysis of patients who underwent operative repair. While
the overall detection rate was 48% we found a significant difference between CCDO
and ICDO (detection rate 88% vs 4% respectively). Previously, several authors have
conducted studies analyzing prenatal ultrasonographic findings of CDO. However,
data based on a wide spectrum of CDO pathologies are scarce. Savran et al[15] analyzed
15 patients with duodenal atresia that had undergone operative repair over a period
of 6 years at a single center. In their retrospective analysis, the calculated prenatal
detection rate was 67%. Only 12 of 15 (80%) pregnant women had a prenatal
ultrasonographic screening; ICDO was not analyzed. A study by Kim et al[16] reported
a prenatal detection rate of 81.4% based on 59 pregnant women and neonates that
underwent surgical repair of CDO. A limiting factor of the latter study was the
restriction of patients to neonatal age. Our current study included all patients
undergoing surgical repair of CDO irrespective of their age in order to gain a more
realistic prenatal ultrasonographic detection rate. Due to the long period of
observation, our data revealed a substantial number of patients with ICDO (23/50,
46%). The results of our present study suggest that a prenatal detection rate calculated
on the basis of patients restricted to the neonatal period is likely to favor the depiction
of CCDO. In our current case series, the proportion of patients with ICDO was
slightly higher than previously reported (28%-37%)[1,5,17]. This may be attributed to the
fact that in recent years, our surgical center has built up collaborations with regional
pediatric hospitals, which do not employ pediatric surgeons.
An important finding of our study was that patients with ICDO frequently suffered
a considerable delay between birth and diagnosis of CDO. Nearly one half of patients
(48%) in the ICDO group underwent operative repair of CDO beyond the neonatal
period; 13% were corrected beyond 3 years of age. In the literature, there is rare
reporting of children that underwent delayed operative repair of CDO[18]. The results
of our retrospective analysis raise the question whether delayed diagnoses of ICDO
might be underreported. Patients presenting with chronic vomiting with or without
failure to thrive and intolerance of age-appropriate per oral intake need to be assessed
with conscious awareness of possible yet undiagnosed ICDO. This is equally
attributable both to undiagnosed congenital lesions and the wide spectrum of
acquired lesions of the adults` duodenum[19,20,21].
In our study, patients with CCDO had a lower gestational age at birth and lower
age and weight at operation. In a previous study that compared duodenal atresia with
duodenal web, age and weight at operation differed significantly, with those in the
duodenal atresia group having the lowest age and weight and those with duodenal
web having the highest age and weight[7]. However, no information was provided
regarding differences in age and weight between the groups at birth.
Our finding that UGI contrast-enhanced X-ray examinations are frequently
necessary to diagnose ICDO is in line with previous studies[1,22]. However, statistical
analysis between ICDO and CCDO had not been previously performed. Our
assessment of associated congenital anomalies corresponds well to a large previous
analysis of patients with duodenal atresia and stenosis [4] . In simplified terms,
approximately 50% of patients with CDO have associated congenital anomalies, CHD
in 40% and trisomy 21 in 30%. However, previous studies did not differentiate
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Table 1 Demographic data for 50 patients with complete or incomplete congenital duodenal obstruction undergoing operative repair
Complete

Incomplete

P value

n = 27

n = 23

Gender (male:female), n (%)

12 (44):15 (56)

12 (52):11 (48)

0.78

Gestational age at birth (wk)

36.0 (31.3-42)

38.7 (30.1-40.1)

0.01a

No CHD + GA ≥ 37 wk (wk)

38.6 (38.3-39.0), n = 4

39.3 (37.1-40.1), n = 15

0.34

GA < 37 wks (patients), n (%)

14 (52)

5 (22)

< 0.05a

Age at operation, AO (d)

1.0 (0-7)

21.0 (3-2790)

< 0.01a

No CHD + GA ≥ 37 wk (d)

1.0 (0-7), n = 4

21.0 (3-2790), n = 15

< 0.01a

Weight at operation (kg)

2.54 (1.48-3.84)

3.27 (2.20-13.80)

< 0.01a

No CHD + GA ≥ 37 wk (kg)

3.20 (2.98-3.45), n = 4

3.92 (2.48-12.80), n = 15

0.37

Associated congenital anomalies
(patients), n (%)

20 (74)

7 (30)

< 0.01a

Congenital heart disease (patients),
n (%)

18 (67)

3 (13)

< 0.01a

Trisomy 21 (patients), n (%)

11 (41)

4 (17)

0.12

Other anomalies (patients), n (%)

10 (37)

6 (26)

0.55

Details

Butterfly vertebrae (1), esophageal
atresia (1), hemolytic disease of the
newborn (1), hydronephrosis,
unilateral (1), bilateral (1),
hypothyreosis (5), funnel trachea (1),
polydactyly, unilateral (1),
Hirschsprung disease (1), atopic
eczema (1)

Pes calcaneus (1), biliary duct
hypoplasia (1), celiac disease (1),
Cornelia de Lange syndrom (1), sleep
apnoea (1), ectrodactyly, bilateral (1),
hypospadia (1), patent
omphalomesenteric duct (1), glutaric
aciduria type 1 (1)

a

P < 0.05; No CHD + GA ≥ 37 wk represents only patients born at gestational age 37 wk or later without congenital heart disease. GA: Gestational age;
CHD: Congenital heart disease.

between complete and incomplete duodenal obstruction.
A recent study of patients with CDO revealed that CHD and prematurity are most
commonly associated with delayed enteral nutrition[5]. Consequently, in our outcome
analysis, we additionally analyzed the subgroup of patients without CHD and
prematurity (gestational age ≥ 37 wk). Our subgroup analysis demonstrated
significant differences between groups with respect to postoperative initiation of
feeds. Achievement of full feeds, length of postoperative hospital stay and morbidity
did not differ between CCDO and ICDO in this subgroup. It appears that CHD and
prematurity are predominant factors that widely influence postoperative outcome,
while in contrast the degree of duodenal obstruction is limited to impact time from
operation to initiation of enteral feeding.
The primary strength of this study was that it was based on data derived from a
consecutive series of patients who underwent operative repair over a period of more
than 13 years with a follow up period between 3.9 and 5.2 years. Duodenal
pathologies of our series represented a wide spectrum of both CCDO and ICDO. Our
analysis has several limitations, including the retrospective design of the study, small
sample size, single institution and limited follow-up period. The difference of age at
operation between groups may have influenced enteral feeding. Duodenoduodenostomy had different frequencies in both groups, however differential impact
on groups may be minor because operative time between groups was equal. Our
study highlights differences in prenatal detection and postnatal outcome of patients
with CCDO and ICDO. Our results suggest that future stratified outcome analyses of
CDO should be performed with special attention to CHD, prematurity and the degree
of duodenal obstruction.
In conclusion, our results indicate that outcome parameters between CCDO and
ICDO differ significantly. Patients with CCDO have a longer postoperative hospital
stay associated with more adverse events compared to ICDO. Patients with ICDO
frequently suffer considerable delays to diagnosis and operative repair of their
congenital malformation. Efforts should to be undertaken to improve pre- and
postnatal detection of ICDO in order to reduce preoperative morbidity and the delay
to operative repair.
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Table 2 Prenatal ultrasonographic detection rate and preoperative diagnostics for 50 patients with complete or incomplete congenital
duodenal obstruction, and clinical presentations for 26 patients with prenatally unknown complete or incomplete congenital duodenal
obstruction undergoing operative repair
Complete

Incomplete

P value

n = 27

n = 23

Fetal US screening, n (%)

261 (96)

23 (100)

1

Prenatally suspected by US (yes:no), n (%)

23 (88):3 (12)

1 (4):22 (96)

< 0.01a

Clinical presentation all prenatally unknown CDO

n = 42

n = 22

Vomiting, n (%)

4 (100)

20 (91)

Failure to thrive, n (%)

1

13 (59)

Intolerance of age-appropriate p.o. intake, n (%)

10 (45)

Constipation, n (%)

1 (25)

7 (32)

Postprandial discomfort/pain/restlessness, n (%)

5 (23)

ALTE (aspiration, apnea, bradycardia), n (%)

1 (5)

Intolerance to solid food, n (%)

1 (5)

1

Preoperative diagnostics

n = 27

n = 23

Plain abdominal X-ray, n (%)

27 (100)

1 (4)

< 0.01a

Upper GI contrast study, n (%)

0

23 (100)

< 0.01a

Gastroduodenoscopy, n (%)

0

4 (17)

0.04a

a

P < 0.05;
One maternity in the complete group was unsupervised (no prenatal ultrasound screening);
2
n = 4 is sum of three prenatally unsuspected patients plus one patient without prenatal ultrasound. US: ultrasound; p.o.: Per oral; ALTE: Acute lifethreatening event; GI: Gastrointestinal; CDO: Congenital duodenal obstruction.
1

Table 3 Pathologic findings of 50 patients with complete or incomplete congenital duodenal obstruction undergoing operative repair
Complete

Incomplete

n = 27

n = 23

Atresia type 1-membrane, n (%)

10 (37)

Type 2-fibrous cord, n (%)

1 (4)

Type 3-gap, n (%)

3 (11)

Annular pancreas, n (%)

15 (56)

additionally to type 3 atresia, n (%)

2 (7)

3 (13)

Web, n (%)

9 (39)

Ladd´s bands, n (%)

11 (48)

P value

< 0.01a

Additional intestinal pathologies
Intestinal malrotation, n (%)

16 (59)

19 (83)

Second distal stenosis, n (%)

0

1 (4)

Meckel´s diverticulum, n (%)

2 (7)

2 (9)

0.12

1

a

P < 0.05.
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Table 4 Operative variables and surgical procedures for 50 patients with complete or incomplete congenital duodenal obstruction
undergoing operative repair
Complete

Incomplete

n = 27

n = 23

168 (75)

163 (101)

0.85

Duodenoduodenostomy, n (%)

25 (93)

8 (35)

< 0.01a

Excision of membrane/web and duodenoplasty (Mikulicz), n (%)

2 (7)

4 (17)

0.39

Duodenal freeing, n (%)

15 (56)

13 (57)

1

Ladd´s procedure, n (%)

6 (22)

9 (39)

0.23

Jejunoplasty (Mikulicz) for second distal stenosis

0

1 (4)

0.46

Appendectomy, n (%)

5 (19)

13 (57)

< 0.01a

Resection of Meckel`s diverticulum, n (%)

Operative time (min), n (%)

P value

Procedure

Additional procedures

2 (7)

2 (9%)

1

Laparoscopic approach, n (%)

12 (44)

16 (70)

0.09

Conversion to open approach, n (%)

1 (8)

2 (13)

1

a

P < 0.05.

Table 5 Postoperative outcomes for 50 patients with complete or incomplete congenital duodenal obstruction undergoing operative
repair
Complete
1

Incomplete

P value

n = 26

n = 23

3.0 (0-12)

1.0 (0-3)

< 0.01a

4 (2-12), n = 4

1 (0-3), n = 15

< 0.01a

12.0 (5-22)

6.0 (1-13)

< 0.01a

10.5 (5-22), n = 4

6 (3-11), n = 15

0.09

25 (7-40)

9 (3-24)

< 0.01a

15.5 (7-25), n = 4

8 (3-21), n = 15

0.14

n = 27

n = 23

15 (56)

2 (9)

< 0.01a

1 (25), n = 4

1 (7), n = 15

0.39

7 (26)

1 (4)

0.06

No CHD + GA ≥ 37 wk, n (%)

1 (25), n = 4

0 (0), n = 15

0.21

Nonsurgical morbidity, n (%)

12 (44)

1 (4)

< 0.01a

No CHD + GA ≥ 37 wk, n (%)

Time from OP to initiation of feeds (d)
No CHD + GA ≥ 37 wk (d)
Time from OP to full feeds (d)
No CHD + GA ≥ 37 wk (d)
Length of postop. hospital stay (d)
No CHD + GA ≥ 37 wk (d)

Morbidity (Clavien-Dindo grade I-V), n (%)
No CHD + GA ≥ 37 wk, n (%)
Surgical morbidity, n (%)

0 (0), n = 4

1 (7), n = 15

1

Mortality, n (%)

1 (3.7)

0 (0)

1

Reoperation, n (%)

3 (12)

0

0.24

Comprehensive complication index

8.7 (0.0-100)

0.0 (0.0-33.7)

< 0.01a

0 (0-58.4), n = 4

0 (0-8.7), n = 15

0.30

5.2 (0.4-13.8)

3.9 (0.8-13.1)

0.41

No CHD + GA ≥ 37 wk
Follow-up (yr)

a

P < 0.05.
Parameters time from operative to feeds and length of postoperative hospital stay were calculated from n = 26 since one patient in the complete group
died during initial in-patient treatment (severe cardiac decompensation); reoperation was defined as a repetition of a surgical operation undertaken due to
lack of success of the first attempt over the whole period of observation; reasons for reoperation included (initially missed) Ladd´s bands or anastomotic
leakage of the duodenoduodenostomy; other adverse events that needed an operative intervention (i.e., pleural drainage) are found in Table 6. No CHD +
GA ≥ 37 wk represents only patients born at gestational age 37 wk or later without congenital heart disease. GA: Gestational age; CHD: Congenital heart
disease.
1
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Table 6 Postoperative adverse events graded according to Clavien-Dindo classification for 50 patients with complete or incomplete
congenital duodenal obstruction undergoing operative repair

Complete

Clavien-Dindo grade

Postoperative adverse event

Patient No.

Frequency of occurence, n (%)

I

Icterus prolongatus

5

1 (2)

Hyperbilirubinemia

11

1 (2)

Transient trocar hernia

16

1 (2)

Surgical site infection

5

1 (2)

Central line infection

3, 6, 39

3 (6)

Enteritis, Dehydration

2

1 (2)

Gastroesophageal reflux

22, 32

2 (4)

Pneumonia

27, 32

2 (4)

Pericardial effusion

27

1 (2)

Cardiac insufficiency, ACE inhibitor

31

1 (2)

Subclavian malpuncture, transfusion

38

1 (2)

Enterocolitis

43

1 (2)

IIIa

Gastric bleeding

40

1 (2)

IIIb

Colon perforation

1, 25

2 (4)

Colostomy closure

1

1 (2)

Mesocolonic hernia

1

1 (2)

Missed Ladd´s bands

22, 32

2 (4)

Hematothorax, pleural drainage

38

1 (2)

II

Incomplete

Anastomotic leakage

40

1 (2)

IVb

Cardiac failure, multiorgan dysfunction

40

1 (2)

V

Death

40

1 (2)

I

Postoperative vomiting (> 7 d)

46

1 (2)

IIIb

Diagnostic gastroduodenoscopy

46

1 (2)

IIIb

Incisional hernia

2

1 (2)

Figure 2

Figure 2 Absolute frequencies of operative repairs and corresponding age at operation for 50 patients with complete or incomplete congenital duodenal
obstruction.

WJG

https://www.wjgnet.com

3795

July 28, 2019

Volume 25

Issue 28

Gfroerer S et al. Outcomes of complete vs incomplete CDO

ARTICLE HIGHLIGHTS
Research background
Congenital duodenal obstruction (CDO) can be complete (CCDO) or incomplete (ICDO). To date
there is no outcome analysis available that compares both subtypes.

Research motivation
Anatomically, CDO is subdevided into CCDO and ICDO. The clinical observation shows that
outcomes between patients with CCDO and ICDO differ substantially.

Research objectives
The objective of this study was to analysis and compare the association between CCDO and
ICDO with outcome parameters.

Research methods
We retrospectively reviewed all patients who underwent operative repair of CCDO or ICDO in
our tertiary care institution between January 2004 and January 2017. The demographics, clinical
presentation, preoperative diagnostics and postoperative outcomes of 50 patients were
compared between CCDO (n = 27) and ICDO (n = 23).

Research results
CCDO was associated with a significantly higher prenatal ultrasonographic detection rate, lower
gestational age at birth, lower age and weight at operation, higher rate of associated congenital
heart disease, more extensive preoperative radiologic diagnostics, higher morbidity according to
Clavien-Dindo classification and comprehensive complication index. The subgroup analysis of
patients without congenital heart disease (CHD) and prematurity showed a longer time from
operation to the initiation of enteral feeds in the CCDO group.

Research conclusions
This study showed that CCDO and ICDO differ with regard to prenatal detection rate,
preoperative diagnostics, postoperative enteral feeds, length of hospital stay and morbidity
according to the Clavien-Dindo classification and the comprehensive complication index. The
degree of CDO in mature patients without CHD influences the postoperative initiation of enteral
feeding.

Research perspectives
Efforts should to be undertaken to improve pre- and postnatal detection of ICDO in order to
reduce preoperative morbidity and the delay to operative repair.
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Abstract
BACKGROUND
Cirrhosis is a major risk factor for the development of hepatocellular carcinoma
(HCC). Portal vein thrombosis is not uncommon after splenectomy in cirrhotic
patients, and many such patients take oral anticoagulants including aspirin.
However, the long-term impact of postoperative aspirin on cirrhotic patients after
splenectomy remains unknown.
AIM
The main purpose of this study was to investigate the effect of postoperative
long-term low-dose aspirin administration on the development of HCC and longterm survival of cirrhotic patients after splenectomy.
METHODS
The clinical data of 264 adult patients with viral hepatitis-related cirrhosis who
underwent splenectomy at the First Affiliated Hospital of Xi’an Jiaotong
University from January 2000 to December 2014 were analyzed retrospectively.
Among these patients, 59 who started taking 100 mg/d aspirin within seven days
were enrolled in the aspirin group. The incidence of HCC and overall survival
were analyzed.

https://www.wjgnet.com

3798

July 28, 2019

Volume 25

Issue 28

Du ZQ et al. Aspirin improves prognosis after splenectomy
number: XJTU1AF2015LSL-057).

Informed consent statement:
Written informed consent from the
patients was waived due to the
retrospective nature of this study.

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

Data sharing statement: No
additional data are available.

Open-Access: This is an openaccess article that was selected by
an in-house editor and fully peerreviewed 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: April 3, 2019
Peer-review started: April 3, 2019
First decision: May 30, 2019
Revised: June 4, 2019
Accepted: June 22, 2019
Article in press: June 23, 2019
Published online: July 28, 2019
P-Reviewer: Shrestha B, Weledji E
S-Editor: Ma RY
L-Editor: Wang TQ
E-Editor: Zhang YL

RESULTS
During follow-up, 41 (15.53%) patients developed HCC and 37 (14.02%) died due
to end-stage liver diseases or other serious complications. Postoperative longterm low-dose aspirin therapy reduced the incidence of HCC from 19.02% to
3.40% after splenectomy (log-rank test, P = 0.028). Univariate and multivariate
analyses showed that not undertaking postoperative long-term low-dose aspirin
therapy [odds ratio (OR) = 6.211, 95% confidence interval (CI): 1.142-27.324, P =
0.016] was the only independent risk factor for the development of HCC.
Similarly, patients in the aspirin group survived longer than those in the control
group (log-rank test, P = 0.041). Univariate and multivariate analyses showed
that the only factor that independently associated with improved overall survival
was postoperative long-term low-dose aspirin therapy [OR = 0.218, 95%CI: 0.0490.960, P = 0.044].
CONCLUSION
In patients with viral hepatitis-related cirrhosis, long-term post-splenectomy
administration of low-dose aspirin reduces the incidence of HCC and improves
the long-term overall survival.
Key words: Aspirin; Splenectomy; Prognosis; Hepatocellular carcinoma; Overall survival
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Anticoagulant therapy reduces the incidence of post-splenectomy portal
thrombosis and improves prognosis by inhibiting thrombus formation. This study was to
investigate the effect of postoperative long-term low-dose aspirin therapy on the
development of hepatocellular carcinoma and long-term survival of cirrhotic patients
after splenectomy. Post-splenectomy long-term administration of low-dose aspirin
reduced the incidence of hepatocellular carcinoma and improved the long-term overall
survival in patients with viral hepatitis-related cirrhosis. Thus, long-term low-dose
aspirin therapy should be recommended to cirrhotic patients with hypersplenism after
splenectomy.
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INTRODUCTION
Splenectomy, a common surgical treatment for cirrhosis with portal hypertension and
hypersplenism, can effectively reduce portal pressure, relieve symptoms, and
improve liver function[1,2]. It is often used in patients with viral hepatitis-related
chronic liver cirrhosis. However, portal thrombosis is not uncommon after splenectomy, documented at 4.8% to 51.5% of cases[3,4]. Previous studies revealed that
portal thrombosis could induce portal hypertension, increase postoperative
complications, and result in long-term poor prognosis[5-8]. Therefore, the treatment for
portal vein thrombosis after splenectomy is particularly significant.
Anticoagulant therapy reduces the incidence of post-splenectomy portal
thrombosis by inhibiting thrombus formation. In this regard, many cirrhotic patients
take oral anticoagulants including low-dose aspirin after splenectomy[9,10]. However,
the long-term impact of postoperative aspirin on cirrhotic patients after splenectomy
remains unknown. The purpose of this study was to investigate the effect of low-dose
aspirin therapy on HCC development and long-term overall survival in patients who
underwent splenectomy for cirrhosis-related portal vein hypertension and hypersplenism.
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MATERIALS AND METHODS
Study population
From January 2000 to December 2014, a total of 1662 patients were diagnosed with
cirrhosis-related hypersplenism and portal hypertension at the First Affiliated
Hospital of Xi'an Jiaotong University. Among them, 295 (17.75%) patients underwent
splenectomy, of whom 31 (10.51%) were excluded because they had serious
coagulation disorders, cardiovascular diseases, or malignant tumors, or used warfarin
or low-molecular-weight heparin after surgery instead of aspirin. The remaining 264
patients were enrolled in this study. Among these patients, 109 took aspirin after
surgery. Those who did not start taking it within seven days after surgery, who took
less than one year, or who did not follow the doctor's advice were excluded. Finally,
59 patients were included in the aspirin group. This group of patients took aspirin
daily at a basic dose of 100 mg. The study was approved by the Ethics Committee of
the First Affiliated Hospital of Xi'an Jiaotong University and performed in accordance
with the provisions of the Helsinki Declaration. No written informed consent was
obtained for the retrospective nature of this study.

Data collection
All clinical variables of these patients were obtained from the electronic medical
record system. The general clinical data collected in this study included age, gender,
hepatitis status, and underlying concurrent diseases. Laboratory results were
collected on the first day after admission, containing routine blood count, liver
function, coagulation test, alpha fetoprotein (AFP), and Child-Pugh score. Intraoperative blood loss, spleen size and volume, surgery methods, hospitalization
stay, and postoperative complications were also obtained. Portal vein thrombosis was
checked by ultrasonography after splenectomy during hospitalization, and
anticoagulation information included the initial use of the drugs and detailed name of
the drugs.

Follow-up
All patients were followed until October 2017. The median follow-up time was 54
(interquartile range: 40, 87.6) mo. The follow-up content mainly included aspirin
drugs, clinical manifestations, laboratory examination, and ultrasound imaging
findings. All patients received the relevant follow-up. The overall survival (OS) was
recorded from the surgery time to last follow-up, and hepatocellular carcinoma
(HCC) occurrence was recorded from the surgery to the last time without tumor. HCC
was diagnosed based on imaging results and laboratory tests. To reduce the follow-up
bias, two researchers completed the work independently.

Statistical analysis
Continuous variables are expressed as the mean ± standard deviation or median (minmax). Categorical variables are expressed as frequency and percentage. To calculate
the difference between two groups, the Student’s t-test or Wilcoxon test was used for
continuous variables and the chi-squared test or Fisher’s exact test for categorical
data. For three or more groups, analysis of variance was used. Survival curves were
estimated using the Kaplan–Meier method and statistical differences were calculated
by the log-rank test. If statistical significance was found by univariate analysis, the
factor will continue to be calculated through the multivariate log-regression model.
All statistical analyzes were performed using PASW Statistics 18.0 software (IBM
Corporation, Armonk, NY, United States). Survival curves have been beautified with
Graphpad prism 6.0 software (GraphPad Software, Inc. La Jolla, United States). P <
0.05 was considered statistically significant.

RESULTS
Patient demographics and characteristics
The demographics and baseline clinical characteristics of the 264 patients are shown
in Table 1. The average age of the patients was 45 years (range: 20-67 years), and there
were 194 (73.48%) males and 70 (26.52%) females. Among all the patients, 248
(93.94%) had hepatitis B virus (HBV) infection, 14 (5.30%) had hepatitis C virus (HCV)
infection, and 2 (0.76%) had both HBV and HCV infections; 33 (12.50%) had a history
of alcohol consumption and 65 (24.62%) had a smoking history; 58 (21.97%) and 21
(7.95%) had hypertension and diabetes, respectively; 71 (26.89%) had a platelet count
below 30 (×10 9 /L) at admission. The average values of fibrinogen and alpha fetoprotein (AFP) at admission were 1.89 g/L (range: 0.60-5.36 g/L) and 10.83 mg/L
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(range: 0.76-140.90 mg/L), respectively. At admission, 80 (30.30%) cases had ChildPugh grade A liver function, 165 (62.50%) had Child-Pugh grade B, and 19 (7.20%)
had Child-Pugh grade C. The average amount of bleeding during surgery was 425 mL
(range: 50-2000 mL). The spleen volume and spleen size were 1410 (range: 156-4896
mm 3 ) and 158 (range: 12-230 mm), respectively. Two hundred and twenty-eight
(86.36%) patients underwent open laparotomy and the other 36 (13.64%) patients
underwent laparoscopic surgery. The mean length of hospital stay was 27 d (range:
11-125 d). Among these patients, 47 patients (17.80%) developed portal vein
thrombosis during hospitalization after splenectomy. A total of 59 patients, including
21 who developed portal vein thrombosis and 38 who did not, were given 100 mg/d
aspirin within seven days after surgery for at least one year.

Effect of postoperative long-term low-dose aspirin therapy on the development of
HCC
In this cohort, 41 (15.53%) patients developed HCC during follow-up and Kaplan–Meier analysis showed that the incidence of HCC in patients with postoperative
aspirin (log-rank test, P = 0.028) was significantly lower than that in patients without
aspirin (Figure 1). Univariate and multivariate analyses demonstrated that not taking
postoperative aspirin (P = 0.016) was the independent risk factor for the development
of HCC after splenectomy (Table 2).

Effect of postoperative long-term low-dose aspirin therapy on overall survival after
splenectomy
At the end of follow-up, 37 (14.02%) patients died due to end-stage liver diseases or
other serious complications. Overall survival rates at 3, 5, and 10 years after
splenectomy were 93.18%, 89.77%, and 87.12%, respectively (Table 3). It could be seen
that the overall survival of patients in the aspirin group were significantly better than
that of the patients who did not receive early postoperative aspirin after surgery (logrank test, P = 0.041, Figure 2). Next, we used univariate and multivariate analyses to
explore factors affecting overall survival after splenectomy. As shown in Table 3, the
only factor that was independently associated with overall survival was early
postoperative aspirin therapy (P = 0.044). And other factors such as gender, age > 60
years, underlying liver diseases, Child-Pugh score, surgical approach, and spleen
volume did not show a statistically significant effect on overall survival.

DISCUSSION
Cirrhotic patients who underwent splenectomy are at a high risk of developing
thrombosis[11]. Due to its convenient administration and relatively low bleeding risk,
low-dose aspirin is often used after splenectomy[12]. However, the long-term effects of
low-dose aspirin in this specific patient population have not been clarified. Here, we
found for the first time that long-term low-dose aspirin use after splenectomy
significantly reduced HCC incidence and improved overall survival in cirrhotic
patients with hypersplenism.
Splenectomy is a routine surgical procedure[1]. Many studies have indicated that
splenectomy improved liver function, delayed hepatic fibrosis, corrected cytopenia,
and expanded treatment options for the underlying liver disease [13] . Thus, it is
commonly used to treat hypersplenism for patients with cirrhosis. Liver cirrhosis is a
major risk factor for HCC[14-16]. Hypersplenism is correlated with an increased risk of
HCC in patients with post-hepatitis cirrhosis and splenectomy might reduce HCC risk
in those patients[17,18]. A recent retrospective study of 2678 cirrhotic patients with
hypersplenism showed that 33.0% of cirrhotic patients who did not undergo
splenectomy developed HCC, while only 17.3% of those who underwent splenectomy
developed HCC[18]. In the current cohort of 264 cirrhotic patients who underwent
splenectomy, a total of 41 (15.5%) developed HCC during follow-up, which is
consistent with the early report.
Taking a low-dose aspirin daily has been shown to decrease the risk of developing
or dying from many types of cancer[19-21]. A recent study[22] on the chemopreventive
effect of aspirin on HCC and death due to chronic liver disease showed that any
aspirin use at baseline was associated with a reduced risk of both HCC development
and mortality. Non-aspirin NSAID users, on the other hand, were not at a reduced
risk of developing HCC[20,23]. The anticancer effects of aspirin are mediated through
several interconnected mechanisms[24,25]. Aspirin blocks the production of COX1 and
COX2, inhibits WNT-β-catenin signaling, and inactivates platelets and the host
immune response[26-28]. Chronic or prolonged inflammation can create an environment
in which cancer thrives. Chronic viral hepatitis is the major cause of HCC. Immune-
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Table 1 General clinical characteristics of the patients
Clinical characteristic

Median (range)/n (%)

Demographic feature
Age (yr)

45 (20-67)

Gender (male:female)

194:70

Underlying disease
HBV

248 (93.94)

HCV

14 (5.30)

HBV and HCV

2 (0.76)

Coexisting condition
Drinking

33 (12.50)

Smoking

65 (24.62)

Hypertension

58 (21.97)

Diabetes

21 (7.95)

Laboratory results
Leucocytes (109/L)

2.66 (0.60-59.00)
9

Platelet count (<30 × 10 /L)

71 (26.89)

Hemoglobin (g/L)

97 (18-175)

ALT (>40 U/L)

91 (34.47)

AST (>40 U/L)

124 (46.97)

Albumin (<35 g/L)

125 (47.35)

Total bilirubin (>17 μmol/L)

184 (69.70)

Creatinine (μmol/L)

66 (15-188)

PT (>17 s)

79 (29.92)

APTT (>45 s)

77 (29.17)

INR (>1.2)

179 (67.80)

Fibrinogen (g/L)

1.89 (0.60-5.36)

AFP (mg/L)

10.83 (0.76-140.90)

Child-Pugh score
Child A

80 (30.30)

Child B

165 (62.50)

Child C

19 (7.20)

Intraoperative and postoperative features
Intraoperative blood loss (mL)
3

425 (50-2000)

Spleen volume (mm )

1410 (156-4896)

Spleen size (mm)

158 (12-230)

Surgical method
Laparoscopic surgery

36 (13.64)

Open laparotomy

228 (86.36)

Portal vein thrombosis

47 (17.80)

Postoperative aspirin

59 (22.35)

Length of hospital stay

27 (11-125)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; PT: Prothrombin time; APTT: Activated partial thromboplatin time; INR: International
normalized ratio; AFP: Alpha fetoprotein; ICU: Intensive care unit.

mediated inflammatory responses are considered to be the predominant cause of
HCC transformation during chronic viral hepatitis. The combined anti-platelet and
anti-inflammatory effects of aspirin may specifically prevent inflammation-associated
tumorigenesis under such conditions[16,29]. Oral administration of aspirin can be used
for long-term treatment of patients at risk of thrombosis. Thus, in cirrhotic patients
with hypersplenism, daily low-dose aspirin therapy should be recommended after
splenectomy.
The major strength of our study was the long-term follow-up. However, there were
also some limitations in the present study. First, the data in this study originated from
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Figure 1

Figure 1 Effect of postoperative long-term low-dose aspirin therapy on the development of hepatocellular
carcinoma in cirrhotic patients after splenectomy. Differences in hepatocellular carcinoma (HCC) development
between cirrhotic patients who received long-term low-dose aspirin (aspirin group) and those who did not (control
group) were compared. The incidence of HCC was assessed by the Kaplan-Meier method and compared by the logrank test. HCC: Hepatocellular carcinoma.

a single center, therefore the sample size was relatively small and the incidence of
postoperative mortality and morbidity was low. For instance, 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, we only
considered the long-term use of low-dose aspirin after splenectomy as anticoagulant
therapy in this study; however, some patients, especially those who developed portal
vein thrombosis, also received other anticoagulants for a short period of time. More
data are needed to investigate the long-term effects of other anticoagulants after
splenectomy. Third, only viral hepatitis-related cirrhotic patients were enrolled in this
study. Therefore, whether long-term low-dose aspirin has the same effect in
preventing HCC development in patients with alcohol-related cirrhosis needs to be
determined. Moreover, whether taking a low-dose aspirin daily reduces the risk of
developing HCC in cirrhotic patients without splenectomy also warrants further
investigation. Finally, due to the retrospective nature of this study, the results were
subject to some uncontrollable biases, so further prospective studies would be
necessary.
In summary, post-splenectomy long-term administration of low-dose aspirin
reduces the incidence of HCC and improves the long-term overall survival in patients
with viral hepatitis-related cirrhosis. Thus, long-term low-dose aspirin therapy should
be recommended to cirrhotic patients with hypersplenism after splenectomy.
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Table 2 Univariate and multivariate analyses of risk factors for the development of hepatocellular carcinoma after splenectomy
Univariate analysis

Multivariate analysis

P-value

OR (95%CI)

P-value

OR (95%CI)

Gender (male/female)

0.067

2.348 (0.942-5.853)

0.088

2.287 (0.884-5.919)

Age > 60 yr

0.946

1.045 (0.292-3.742)

Hypertension (yes/no)

0.222

0.628 (0.298-1.325)

Diabetes (yes/no)

0.187

3.941 (0.514-30.211)

Drinking (yes/no)

0.432

0.689 (0.276-1.717)

Smoking (yes/no)

0.791

0.902 (0.421-1.933)

Platelet count at admission (< 30 × 10 /L)

0.434

1.337 (0.646-2.764)

ALT (> 40 U/L)

0.543

1.237 (0.632-2.459)

AST (> 40 U/L)

0.063

1.910 (0.966-3.775)

0.323

1.460 (0.690-3.092)

Albumin (< 35 g/L)

0.155

0.612 (0.312-1.203)

Total bilirubin (> 17 μmol/L)

0.683

1.169 (0.553-2.471)

PT (> 17 s)

0.581

1.221 (0.601-2.477)

APTT (> 45 s)

0.297

1.452 (0.721-2.924)

INR (> 1.2)

0.063

2.555 (0.949-6.881)

0.077

2.496 (0.904-6.892)

Child-Pugh score

0.106

1.218 (0.959-1.548)

Surgical method (LS vs OS)

0.094

0.285 (0.066-1.236)

0.297

0.446 (0.098-2.033)

Intraoperative blood loss (mL)

0.184

0.998 (0.995-1.001)

Spleen volume (mm3)

0.994

1.000 (1.000-1.000)

Spleen size (mm)

0.129

0.993 (0.983-1.002)

Postoperative early aspirin (yes/no)

0.010

6.696 (1.567-28.616)

0.016

6.211 (1.412-27.324)

Variable

9

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT: Prothrombin time; APTT: Activated partial thromboplatin time; INR: International
normalized ratio; LS: Laparoscopic surgery; OS: Open surgery.

Table 3 Univariate and multivariate analyses of risk factors for overall survival
Univariate analysis

Multivariate analysis

P-value

OR (95%CI)

P-value

OR (95%CI)

Gender (male/female)

0.104

1.859 (0.896-3.856)

Age > 60 yr

0.895

1.090 (0.303-3.919)

Hypertension (yes/no)

0.709

1.168 (0.517-2.638)

Diabetes (yes/no)

0.491

1.497 (0.474-4.726)

Drinking (yes/no)

0.331

0.539 (0.156-1.871)

Smoking (yes/no)

0.648

0.823 (0.356-1.902)

Platelet count at admission (< 30 × 109/L)

0.649

0.837 (0.388-1.804)

ALT (> 40 U/L)

0.061

0.510 (0.253-1.030)

0.495

0.710 (0.266-1.897)

AST (> 40 U/L)

0.057

0.500 (0.245-1.021)

0.617

0.772 (0.279-2.132)

Albumin (< 35 g/L)

0.012

2.583 (1.236-5.398)

0.737

1.158 (0.492-2.724)

Total bilirubin (> 17 μmol/L)

0.260

0.620 (0.270-1.425)

PT (> 17 s)

0.053

0.492 (0.240-1.010)

0.496

0.750 (0.328-1.715)

APTT (> 45 s)

0.907

0.955 (0.444-2.054)

INR (> 1.2)

0.371

0.668 (0.276-1.617)

Child-Pugh score

0.008

0.422 (0.222-0.800)

0.181

1.728 (0.775-3.857)

Surgical method (LS vs OS)

0.068

6.562 (0.871-49.440)

0.157

4.393 (0.566-34.110)

Intraoperative blood loss (mL)

0.131

0.999 (0.998-1.000)

Spleen volume (mm3)

0.634

1.000 (1.000-1.001)

Spleen size (mm)

0.563

1.003 (0.993-1.013)

Variable

Underlying liver disease

Coexisting condition
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Postoperative early aspirin (yes/no)

0.017

0.170 (0.040-0.731)

0.044

0.218 (0.049-0.960)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT: Prothrombin time; APTT: Activated partial thromboplatin time; INR: International
normalized ratio; LS: Laparoscopic surgery; OS: Open surgery.

Figure 2

Figure 2 Effect of postoperative long-term low-dose aspirin therapy on overall survival of cirrhotic patients after splenectomy. Differences in overall survival
rates between cirrhotic patients who received long-term low-dose aspirin (aspirin group) and those who did not (control group) were compared. The survival rate was
assessed by the Kaplan-Meier method and compared by the log-rank test.

ARTICLE HIGHLIGHTS
Research background
Cirrhosis is a major risk factor for the development of hepatocellular carcinoma (HCC). Portal
vein thrombosis is not uncommon after splenectomy in cirrhotic patients, and many such
patients take oral anticoagulants including aspirin. However, the long-term impact of
postoperative aspirin on cirrhotic patients after splenectomy remains unknown.

Research motivation
The motivation of this research was to investigate the effect of low-dose aspirin therapy on HCC
development and long-term overall survival in patients who underwent splenectomy for
cirrhosis-related portal vein hypertension and hypersplenism.

Research objectives
The main objectives of this study was to investigate the effect of postoperative long-term lowdose aspirin on the development of HCC and long-term survival of cirrhotic patients after
splenectomy.

Research methods
The clinical data of 264 adult patients with viral hepatitis-related cirrhosis who underwent
splenectomy at the First Affiliated Hospital of Xi’an Jiaotong University from January 2000 to
December 2014 were analyzed retrospectively. Among these patients, 59 who started taking 100
mg/d aspirin within seven days were enrolled in the aspirin group. The incidence of HCC and
overall survival were analyzed.

Research results
Forty-one (15.53%) patients developed HCC and 37 (14.02%) died due to end-stage liver diseases
or other serious complications in this study. Postoperative long-term low-dose aspirin therapy
reduced the incidence of HCC from 19.02% to 3.40% after splenectomy. Univariate and
multivariate analyses showed that not undertaking postoperative long-term low-dose aspirin
therapy was the only independent risk factor for the development of HCC. Similarly, patients in
the aspirin group survived longer than those in the control group. Univariate and multivariate
analyses showed that the only factor that was independently associated with improved overall
survival was postoperative long-term low-dose aspirin therapy.

Research conclusions
Post-splenectomy long-term administration of low-dose aspirin reduces the incidence of HCC
and improves the long-term overall survival in patients with viral hepatitis-related cirrhosis.

Research perspectives
Long-term low-dose aspirin therapy should be recommended to cirrhotic patients with
hypersplenism after splenectomy. Further prospective and multi-center studies should be
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performed to verify our conclusions.

REFERENCES
1

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

Kim SH, Kim DY, Lim JH, Kim SU, Choi GH, Ahn SH, Choi JS, Kim KS. Role of splenectomy in
patients with hepatocellular carcinoma and hypersplenism. ANZ J Surg 2013; 83: 865-870 [PMID:
22985446 DOI: 10.1111/j.1445-2197.2012.06241.x]
Sugawara Y, Yamamoto J, Shimada K, Yamasaki S, Kosuge T, Takayama T, Makuuchi M. Splenectomy
in patients with hepatocellular carcinoma and hypersplenism. J Am Coll Surg 2000; 190: 446-450 [PMID:
10757382 DOI: 10.1016/S1072-7515(99)00294-x]
Hassn AM, Al-Fallouji MA, Ouf TI, Saad R. Portal vein thrombosis following splenectomy. Br J Surg
2000; 87: 362-373 [PMID: 10718950 DOI: 10.1046/j.1365-2168.2000.01383-16.x]
Krauth MT, Lechner K, Neugebauer EA, Pabinger I. The postoperative splenic/portal vein thrombosis
after splenectomy and its prevention--an unresolved issue. Haematologica 2008; 93: 1227-1232 [PMID:
18556406 DOI: 10.3324/haematol.12682]
Amitrano L, Guardascione MA, Brancaccio V, Margaglione M, Manguso F, Iannaccone L, Grandone E,
Balzano A. Risk factors and clinical presentation of portal vein thrombosis in patients with liver cirrhosis.
J Hepatol 2004; 40: 736-741 [PMID: 15094219 DOI: 10.1016/j.jhep.2004.01.001]
Ikeda M, Sekimoto M, Takiguchi S, Kubota M, Ikenaga M, Yamamoto H, Fujiwara Y, Ohue M, Yasuda
T, Imamura H, Tatsuta M, Yano M, Furukawa H, Monden M. High incidence of thrombosis of the portal
venous system after laparoscopic splenectomy: a prospective study with contrast-enhanced CT scan. Ann
Surg 2005; 241: 208-216 [PMID: 15650628 DOI: 10.1097/01.sla.0000151794.28392.a6]
Sogaard KK, Astrup LB, Vilstrup H, Gronbaek H. Portal vein thrombosis; risk factors, clinical
presentation and treatment. BMC Gastroenterol 2007; 7: 34 [PMID: 17697371 DOI:
10.1186/1471-230X-7-34]
Winslow ER, Brunt LM, Drebin JA, Soper NJ, Klingensmith ME. Portal vein thrombosis after
splenectomy. Am J Surg 2002; 184: 631-635; discussion 635-636 [PMID: 12488196 DOI:
10.1016/S0002-9610(02)01095-4]
Cheng Z, Yu F, Tian J, Guo P, Li J, Chen J, Fan Y, Zheng S. A comparative study of two anti-coagulation
plans on the prevention of PVST after laparoscopic splenectomy and esophagogastric devascularization. J
Thromb Thrombolysis 2015; 40: 294-301 [PMID: 25698403 DOI: 10.1007/s11239-015-1190-x]
Qi X, Han G, Fan D. Management of portal vein thrombosis in liver cirrhosis. Nat Rev Gastroenterol
Hepatol 2014; 11: 435-446 [PMID: 24686266 DOI: 10.1038/nrgastro.2014.36]
de'Angelis N, Abdalla S, Lizzi V, Esposito F, Genova P, Roy L, Galacteros F, Luciani A, Brunetti F.
Incidence and predictors of portal and splenic vein thrombosis after pure laparoscopic splenectomy.
Surgery 2017; 162: 1219-1230 [PMID: 28919051 DOI: 10.1016/j.surg.2017.07.016]
Lai W, Lu SC, Li GY, Li CY, Wu JS, Guo QL, Wang ML, Li N. Anticoagulation therapy prevents portalsplenic vein thrombosis after splenectomy with gastroesophageal devascularization. World J Gastroenterol
2012; 18: 3443-3450 [PMID: 22807615 DOI: 10.3748/wjg.v18.i26.3443]
Weledji EP. Benefits and risks of splenectomy. Int J Surg 2014; 12: 113-119 [PMID: 24316283 DOI:
10.1016/j.ijsu.2013.11.017]
Axley P, Ahmed Z, Ravi S, Singal AK. Hepatitis C Virus and Hepatocellular Carcinoma: A Narrative
Review. J Clin Transl Hepatol 2018; 6: 79-84 [PMID: 29607308 DOI: 10.14218/JCTH.2017.00067]
Ayuso C, Rimola J, Vilana R, Burrel M, Darnell A, García-Criado Á, Bianchi L, Belmonte E, Caparroz C,
Barrufet M, Bruix J, Brú C. Diagnosis and staging of hepatocellular carcinoma (HCC): current guidelines.
Eur J Radiol 2018; 101: 72-81 [PMID: 29571804 DOI: 10.1016/j.ejrad.2018.01.025]
Ringelhan M, Pfister D, O'Connor T, Pikarsky E, Heikenwalder M. The immunology of hepatocellular
carcinoma. Nat Immunol 2018; 19: 222-232 [PMID: 29379119 DOI: 10.1038/s41590-018-0044-z]
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]
Lv X, Yang F, Guo X, Yang T, Zhou T, Dong X, Long Y, Xiao D, Chen Y. Hypersplenism is correlated
with increased risk of hepatocellular carcinoma in patients with post-hepatitis cirrhosis. Tumour Biol 2016;
37: 8889-8900 [PMID: 26753954 DOI: 10.1007/s13277-015-4764-5]
Wolff RA. Chemoprevention for pancreatic cancer. Int J Gastrointest Cancer 2003; 33: 27-41 [PMID:
12909736 DOI: 10.1385/IJGC:33:1:27]
Zhao YS, Zhu S, Li XW, Wang F, Hu FL, Li DD, Zhang WC, Li X. Association between NSAIDs use and
breast cancer risk: a systematic review and meta-analysis. Breast Cancer Res Treat 2009; 117: 141-150
[PMID: 18979210 DOI: 10.1007/s10549-008-0228-6]
Jankowska H, Hooper P, Jankowski JA. Aspirin chemoprevention of gastrointestinal cancer in the next
decade. A review of the evidence. Pol Arch Med Wewn 2010; 120: 407-412 [PMID: 20980946]
Sahasrabuddhe VV, Gunja MZ, Graubard BI, Trabert B, Schwartz LM, Park Y, Hollenbeck AR,
Freedman ND, McGlynn KA. Nonsteroidal anti-inflammatory drug use, chronic liver disease, and
hepatocellular carcinoma. J Natl Cancer Inst 2012; 104: 1808-1814 [PMID: 23197492 DOI:
10.1093/jnci/djs452]
Chawla YK, Bodh V. Portal vein thrombosis. J Clin Exp Hepatol 2015; 5: 22-40 [PMID: 25941431 DOI:
10.1016/j.jceh.2014.12.008]
Drew DA, Cao Y, Chan AT. Aspirin and colorectal cancer: the promise of precision chemoprevention. Nat
Rev Cancer 2016; 16: 173-186 [PMID: 26868177 DOI: 10.1038/nrc.2016.4]
Alfonso L, Ai G, Spitale RC, Bhat GJ. Molecular targets of aspirin and cancer prevention. Br J Cancer
2014; 111: 61-67 [PMID: 24874482 DOI: 10.1038/bjc.2014.271]
Eizayaga FX, Aguejouf O, Desplat V, Belon P, Doutremepuich C. Modifications produced by selective
inhibitors of cyclooxygenase and ultra low dose aspirin on platelet activity in portal hypertension. World J
Gastroenterol 2007; 13: 5065-5070 [PMID: 17876871 DOI: 10.3748/wjg.v13.i38.5065]
Li X, Zhu Y, He H, Lou L, Ye W, Chen Y, Wang J. Synergistically killing activity of aspirin and histone
deacetylase inhibitor valproic acid (VPA) on hepatocellular cancer cells. Biochem Biophys Res Commun
2013; 436: 259-264 [PMID: 23726914 DOI: 10.1016/j.bbrc.2013.05.088]
Henry WS, Laszewski T, Tsang T, Beca F, Beck AH, McAllister SS, Toker A. Aspirin Suppresses
Growth in PI3K-Mutant Breast Cancer by Activating AMPK and Inhibiting mTORC1 Signaling. Cancer
Res 2017; 77: 790-801 [PMID: 27940576 DOI: 10.1158/0008-5472.CAN-16-2400]

3806

July 28, 2019

Volume 25

Issue 28

Du ZQ et al. Aspirin improves prognosis after splenectomy
29

WJG

https://www.wjgnet.com

Greten TF, Sangro B. Targets for immunotherapy of liver cancer. J Hepatol 2017 [PMID: 28923358 DOI:
10.1016/j.jhep.2017.09.007]

3807

July 28, 2019

Volume 25

Issue 28

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 July 28; 25(28): 3808-3822

DOI: 10.3748/wjg.v25.i28.3808

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

ORIGINAL ARTICLE
Prospective Study

Comparison of the use of wireless capsule endoscopy with magnetic
resonance enterography in children with inflammatory bowel
disease
Nadia Mazen Hijaz, Thomas Mario Attard, Jennifer Marie Colombo, Neil Joseph Mardis, Craig Alan Friesen
ORCID number: Nadia M Hijaz
(0000-0001-6678-8871); Thomas M
Attard (0000-0002-7480-4437);
Jennifer M Colombo
(0000-0002-0550-8255); Neil J Mardis
(0000-0003-4728-5851); Craig A
Friesen (0000-0002-5871-0967).

Author contributions: Hijaz NM
has designed the research study
under the guidance of Attard TM
and Colombo JM. Hijaz NM
supervised the recruitment, safety
and timed performance of every
single aspect of study procedures.
Hijaz NM has collected, processed,
computed and summarized all the
data. Attard TM and Colombo JM
have participated in the capsule
endoscopy reading of the study.
Mardis NJ has participated in
reading the magnetic resonance
imaging of the study. Hijaz NM,
Attard TM, Friesen CA analyzed
the data statistically. Hijaz NM
wrote the paper and then revised
with guidance of Attard TA,
Colombo JM, Friesen CA and
Mardis NJ.

Supported by the donation of
wireless Small bowel capsule and
patency capsules from Giving
imaging, Ltd Medtronic company
with the funding agreement from
Given investigator-initiated study
No. 13-12.

Institutional review board
statement: The study was
reviewed and approved by the
institutional review boards of
Children's Mercy Hospital
Pediatric Institutional Review
Board, IRB #13080263.

WJG

Nadia Mazen Hijaz, Thomas Mario Attard, Jennifer Marie Colombo, Neil Joseph Mardis, Craig Alan
Friesen, Division of Gastroenterology Hepatology and Nutrition, University of Missouri
Kansas City, Children’s Mercy Hospital Kansas City, Kansas City, MO 64108, United States
Corresponding author: Nadia Mazen Hijaz, MD, Assistant Professor, Doctor, Division of
Gastroenterology Hepatology and Nutrition, University of Missouri Kansas City, Children
Mercy Hospital Kansas City, 2401 Gillham Road, Kansas City, MO 64108, United States.
nmhijaz@cmh.edu
Telephone: +1-816-3023400
Fax: +1-816-3029735

Abstract
BACKGROUND
Magnetic resonance enterography (MRE) and wireless capsule endoscopy (WCE)
are equally accepted modalities for noninvasive screening of small bowel
involvement (SBI) in children with Crohn’s disease (CD) and indeterminate
colitis (IC) albeit there is a paucity of data comparing the two and thereby
guiding the clinician in selecting the ideal diagnostic approach. Therefore, the
goal of this study is to provide additional evidence for capsule endoscopy role in
the evaluation of established Crohn’s disease exacerbation compared to MRE in
relation to Pediatric Crohn's Disease Activity Index (PCDAI), and histological
indices.
AIM
To prospectively compare the findings of MRE and WCE and their agreement
with PCDAI or histology in children with CD or IC.
METHODS
Consecutive patients diagnosed with CD and IC were screened for inclusion.
After informed consent, patient’s demographic and clinical data was abstracted.
The current pediatric disease activity index (PCDAI) and endoscopic findings
were included. Patients underwent MRE and WCE including preprocedural
patency capsule within a maximum of 7 d of each other. Pathological presence of
active small bowel disease in ileal and duodenal biopsies were collected if the
endoscopy was performed within 2 mo of the WCE study. Patients who failed to
pass the PC were excluded from the study. WCE was read by two different
experienced gastroenterologists (Attard TM and Colombo JM) blinded to each
other's findings and to the findings on MRE (Mardis NJ). Agreement between
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WCE reviewers, WCE and MRE findings and concordance between positive
PCDAI and SBI based on MRE compared with WCE was computed.
RESULTS
Forty-five patients were included in the study, 18 withdrew and 27 (20 males and
20 CD), mean age (standard deviation) 13.46 (2.4) years, completed the study
protocol. There were no instances of capsule retention. Concordance between
gastroenterologist reviewers was excellent for the diagnosis of small intestinal
CD with good correlation between the two Lewis scores (r = 0.875, P < 0.001).
Concordance between WCE and MRE was poor (69%). In CD patients, when both
MRE and WCE were compared using PCDAI > 10 as the standard reference
reflecting active small intestinal CD, the sensitivity of MRE and WCE were 100%
and 83% respectively and the specificity of MRE and WCE were 57.14% and
78.6%, respectively. If the histology in ileum or/and duodenum was used as the
reference for active small bowel involvement, WCE had a higher specificity as
compared to MRE (83.3% vs 50%). In patients with Crohn’s disease, those with a
positive PCDAI (> 10) were more likely to have a positive WCE as compared to
those with a negative PCDAI (83% vs 21%; P = 0.018).
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CONCLUSION
We suggest that MRE and WCE have a complementary role in the assessment of
SBI in CD. WCE detected SBI with a much higher specificity while MRE had a
higher sensitivity.
Key words: Crohn’s disease; Wireless capsule endoscopy; Inflammatory bowel disease;
Magnetic resonance enterography; Small bowel involvement; Small bowel disease;
Indeterminate colitis; Pediatric; Children
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There are a number of prospective adult studies and few in pediatrics
comparing magnetic resonance imaging (MRE) to wireless capsule endoscopy (WCE) in
identifying small bowel (SB) Crohn’s disease (CD) that showed no significant difference
in the diagnostic yield and accuracy of MRE and WCE in established non-stricturing
crohns disease or suspected and established CD together. This study is the first
prospective study in children with established inflammatory bowel disease in the United
States assessing and comparing the roles of MRE and WCE in identifying SB disease
involvement in relation to clinical and histological indices.

Citation: Hijaz NM, Attard TM, Colombo JM, Mardis NJ, Friesen CA. Comparison of the use
of wireless capsule endoscopy with magnetic resonance enterography in children with
inflammatory bowel disease. World J Gastroenterol 2019; 25(28): 3808-3822
URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3808.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3808

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disorder primarily involving the
gastrointestinal tract. Although any part of the gastrointestinal tract may be involved,
proximal small intestinal involvement is more common in pediatric patients than in
adult patients with a prevalence of up to 20% [1] . The effects of small intestinal
involvement in CD are variable and may include obscure abdominal pain, nutritional
sequelae resulting in growth delay, iron deficiency anemia, stricture formation, and
potentially small bowel obstruction[1,2]. Proximal small bowel (SB) involvement in CD
is associated with a more aggressive disease course and an increased need for
surgery[3,4]. Therefore, accurate determination of SB involvement (SBI) in pediatric CD
is crucial for optimal patient management[3,4].
Current clinical guidelines include suggested modalities to identify SBI and
determine management plans [5] . Available options include small bowel series,
computed tomography enterography (CTE), small bowel wireless capsule endoscopy
(WCE), gadolinium enhanced magnetic resonance imaging (GAD MRI), and small
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bowel contrast enhanced ultrasound (US). The choice of modality is largely
determined by available resources, radiation exposure risk, physician and
institutional preferences. MRE and contrast enhanced US are radiation free, while
other radiologic modalities entail a risk of radiation exposure[6]. WCE may entail a risk
of capsule retention. The risk of capsule retention resulting in obstruction is increased
in the context of stricturing or fistulizing disease in CD and has been estimated at
2.6% [7] but may be greatly mitigated by patency capsule screening [8] . Magnetic
resonance enterography (MRE) and small intestine contrast ultrasound (SICUS) have
diagnostic effectiveness comparable to other radiological modalities for evaluation of
CD patients[1,2,9]. However, both studies have their own limitations. MRE is limited by
expense, the availability of the requisite equipment and software, variable expertise in
interpretation of the findings, and (potentially) the need for sedation in pediatric
population. SICUS is similarly affected by being operator dependent with the
requisite need of accumulated expertise and heightened need for cooperation during
the study that can limit its use in pediatric populations[10].
Other diagnostic modalities have been evaluated in comparison to WCE in several
pediatric and adult inflammatory bowel disease (IBD) studies. Table 1 summarizes
the adult and pediatric studies comparing different modalities to WCE. The studies
conducted in children with IBD were mostly retrospective and aimed at evaluating
the role of MRE and WCE for detection of SB disease. They concluded that MRE and
WCE were comparable with similar sensitivities[11]. Only three prospective studies (all
European) in pediatric IBD have compared WCE and MRE modalities in identifying
SB disease involvement. Two were studies in established CD[9,12] and one in suspected
CD[13] and again, they suggested that the tests appear complementary for detection of
active CD. The current study is the first prospective study in children with established
IBD in the United States assessing the roles of MRE and WCE in identifying SB
disease involvement in IBD. This study provides evidence for capsule endoscopy role
in the evaluation of established disease exacerbation in patients with IBD in relation to
MRE.
The primary goals of this study are to prospectively compare the diagnostic yield,
concordance rate, sensitivity and specificity between MRE and WCE findings and
their agreement with the Pediatric Crohn's Disease Activity Index (PCDAI) or with
histological small bowel involvement in children with known IBD; CD or IC.
Secondary goals are to assess the performance of each of the modalities (MRE, WCE
and PCDAI) in relation to each other in order predict the results of the compared tests
and to assess the correlation between Lewis capsule endoscopy score and PCDAI.

MATERIALS AND METHODS
Patient selection
This study was a prospective single blinded comparison study of a cohort of pediatric
patients with established indeterminate colitis (IC) or CD at a tertiary referral
pediatric IBD center. The diagnosis of CD was confirmed by using widely validated
clinical, endoscopic, and histological criteria. The study was approved by the ethics
committee of the hospital IRB #13080263 and written informed assent/consent was
obtained from all children and their parents. Study participants were enrolled if they
were 4-18 years of age inclusive with an established diagnosis of IC or CD and
planned to have an MRE as part of standard of care. Patients were excluded if they
had recent intestinal tract surgery, resection involving small bowel, gastrointestinal
obstruction or ileus, swallowing disorders, esophageal stricture, nonsteroidal antiinflammatory drugs or prokinetic medication use in the 4 wk prior to enrollment,
inability to swallow the capsule, or if they had an electro-medical device or
pacemaker. Demographic and clinical data were recorded including subject
demographics, medical and surgical history, imaging results, initial disease
presentation, and patient current clinical status which was used to calculate the
PCDAI. The PCDAI score is considered positive (active disease) if ≥ 10 and negative
(inactive disease) if < 10 (Table 2).

Patency capsule
All patients swallowed a patency capsule (PC; size 11 mm × 26 mm) to assess small
bowel patency. All patients with confirmed passage of PC in the first 40 h underwent
WCE (Pillcam™ SB Capsule, Given Imaging Ltd, Israel 11 mm × 26 mm) within 1 wk
of completion of MRE. Patients excluded from the study if they failed to swallow or
pass the PC. WCE was read by two different experienced gastroenterologists, each
with > 10 years of experience (Attard TM and Colombo JM) blinded to each other's
findings and to the findings on MRE (Mardis NJ). The PCDAI was recorded from the

WJG

https://www.wjgnet.com

3810

July 28, 2019

Volume 25

Issue 28

Hijaz NM et al. Capsule endoscopy in pediatric IBD

Table 1 Summery of studies comparing imaging modalities to capsule endoscopy
Modalities compared
Results
to CE

Author /year / type

Country

Age group/ total No.

Patient population

Albert 2005[14]

Germany

Adults/52

Established and
suspected CD

MRE

Diagnostic yield of WCE
is superior to MRE ( +ve
MRE 32/52 vs +ve WCE
25/27)

Golder 2006
prospective[15]

Germany

Adults/16

Established CD

MRE

Diagnostic yield of WCE
is similar to that of MRE
( +ve MRE 9/15 vs +ve
WCE 11/15), but the
WCE is superior in
detecting proximal SB
disease

Tillack 2008
prospective[16]

Germany

Adults/19

Established CD

MRE

Diagnostic yield of WCE
is similar to that of MRE
(+ve MRE 18/19 vs +ve
WCE 18/19) but the
WCE is superior in
detecting proximal SB
disease

Dionisio 2010
prospective

Europe, Canada, Israel
and United States

All ages/ 428

Established and
suspected CD

CTE and SBFT and MRE Diagnostic yield of WCE
is superior to that of
CTE and SBR in
suspected CD but it is
similar to MRE in
suspected and
established CD

Crook 2009
prospective[18]

Switzerland

Adults/5

Suspected CD

MRE

Diagnostic yield of WCE
is similar to that of MRE
and complementary to
each other

Bocker 2010
prospective[19]

Germany

Adults/21

Established and
suspected CD

MRE

Diagnostic yield of WCE
is similar to that of MRE
( +ve MRE 6/21 vs +ve
WCE 9/21) but the WCE
is superior in detecting
proximal SB disease

Jensen 2011
prospective[20]

Denmark

Adults/93

Established and
suspected CD

MRE

Diagnostic yield of WCE
is similar to that of
MRE( +ve MRE 24/80 vs
+ve WCE 22/80) but the
WCE is superior in
detecting proximal SB
disease

Wiarda 2011
prospective[21]

The Netherlands

Adults/38

Established and
suspected CD

MRE

Diagnostic yield of WCE
is similar that of MRE (
+ve MRE 16/38 vs +ve
WCE 6/25)

Kopylov 2015
prospective[22]

Israel

Adults/77

Established CD

MRE

Diagnostic yield of WCE
is similar to that of MRE
( +ve MRE 40/52 vs +ve
WCE 42/52) but the
WCE is superior in
detecting proximal SB
disease

Gonzalez Suarez 2017
retrospective[23]

Spain

Adults/47

Established and
suspected CD

MRE

WCE is superior to MRE
in detection of small
bowel lesions mainly
proximal(+ve WCE
36/47 vs +ve MRE
21/47)

Di Nardo 2010
prospective[24]

Italy

Peds/117

Established and
suspected CD

MRI and SICUS

reclassifying
indeterminate colitis
(IC) into CD (60%),
detection of CD lesions
in known CD (41%) and
establishing new
diagnosis in suspected
CD (50%)

Metanalysis[17]
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Casciani 2011
prospective[13]

Italy

Peds/60

suspected CD

MRE

Gralnek 2012
prospective[25]

Israel

Peds /18

Established and
suspected CD

No studies compared

Kovanlikaya 2013[11]
retrospective

United States

Peds/23

Established and
suspected CD

MRE

Sensitivity of MRE 75%
was similar to WCE
77.8%

Aloi 2015 prospective[9] Italy

Peds/25

Established and
suspected CD

MRE and SICUS

Diagnostic yield of WCE
is similar to that of MRE
and SICUS ( +ve MRE
15/25 vs +ve SICUS
16/25 vs +ve WCE
16/25) but the WCE is
superior in detecting
proximal SB disease

Oliva 2016
prospective[12]

Peds/38

Established CD

MRE and SICUS

Diagnostic yield of WCE
is similar to that of MRE
and SICUS ( +ve MRE
19/38 vs +ve WCE
19/38 vs +ve SICUS
21/38) but the CCE is
superior in detecting
proximal SB disease

Italy

Diagnostic yield of WCE
is similar to that of MRE
( +ve MRE 19/37 vs +ve
WCE 10/60)

WCE: Wireless capsule endoscopy; CCE: Colon capsule endoscopy; SBR: Small bowel radiography; CTE: Computed tomography enterography; MRE:
Magnetic resonance enterography; SICUS: Small intestinal contrast ultrasonography; CD: Crohn’s disease; IC: Indeterminate colitis; Peds: Pediatric; +ve:
Positive.

most recent medical chart and laboratory data. Blood samples for hemoglobin and
hematocrit, erythrocyte sedimentation rate, C-reactive protein (CRP), and albumin
were collected within 7 d if these labs were not obtained in the last 2 wk prior to
WCE.

MRE
MRE examinations were performed as a standard of care by using a whole body
magnetic resonance imaging unit (Children’s Mercy Hospital, Kansas City, MO,
United States) with an 8-channel abdominal phased-array coil. A benefiber dissolved
in liquid with weight-based dosing was used as the intraluminal oral contrast agent.
Intravenous contrast was administered to reduce SB peristalsis and to prolong
luminal distention. Axial and coronal T1 weighted images with fat suppression were
performed. When the distention quality was inadequate, images were reobtained 30
minutes after the ingestion of a more appropriate dose for age of fiber water solution.
Axial T2, axial diffusion and coronal true cine images were obtained.
One radiologist retrospectively reviewed the MRE for all subjects to provide a
consistent assessment of the extent of SB activity for each subject. Patients with a MRE
score of >3 were considered to have positive MRE study[20]. The score was modified in
this study to exclude counting colonic segment involvement in the overall radiological
score (maximum score is 13). Evaluated findings included SB wall thickness (0-3 mm
or 3-6 mm, > 6mm), SB wall enhancement after intravenous contrast media (none,
mild or severe), mucosal and serosal enhancement suggestive of mesenteric fatty
infiltration, strictures (defined as luminal narrowing to be less than 10 mm), increased
mesenteric vascularity close to the inflamed bowel loop, mesenteric
lymphadenopathy, the presence of fistula, stricture or abscess and the number of SB
segments involved (duodenal, jejunal and ileal)[9]. MRE score used is provided in supplemental material.

WCE
The capsule images were independently interpreted by two gastroenterologists with >
10 years of experience in capsule studies. To optimize the visualization of the jejunum
and ileum of the CE, after an overnight fast, patients ingested Polyethylene Glycol
3350 PEG before they swallowed the capsule (PEG doses adjusted based on age: 34 g
in 480 mL clear liquid if age of the subject was < 5 year, 51 g in 720 mL if 5-10 years, 68
g in 960 mL if >10 years). The CE used in this study was the PillCam™ SB video
capsule (Given Imaging, Medtronics Ltd, Yokneam, Israel). It measures 11 mm × 26
mm and it weighs less than 4 g. This capsule was ingested orally in all patients except
for one patient who was scheduled to have endoscopy on the same day, so the capsule
was deployed by esophagogastroduodenoscopy. Capsule retention is defined as a
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Table 2 Highlights baseline characteristics of patient’s demographics and clinical and
endoscopic descriptions
All patients CD and IC n = 27

CD n = 20

Age at diagnosis year

13.46 (2.40)

13.48 (2.02)

Male %

74%

75%

Biological alone or combination therapy

12/27 (44.4%)

11/20 (55%)

Immune modulators with no biologic combination

8/27 (30%)

5/20 (25%)

5 ASA +- steroids

4/27 (15%)

3/20 (15%)

Steroids alone

2/27 (7%)

0/20 (0%)

Antibiotic alone

1/27 (4%)

1/20 (5%)

Inflammatory

93%

93%

Stricturing

7%

7%

Duration of disease year

1.7 (2.32)

2.1 (2.57)

BMI percentile

57 (32.9)

58.18 (35.83)

PCDAI

10.2 (12.5)

9.8 (11.6)

SB transit time min

233 (115.4)

241(184.99)

Days between MRE and WCE days

4.19 (1.88)

4 (1.90)

Medications ratio (%)

Phenotype%

Baseline characteristics of all patients expressed in mean (SD) and the ratio (percentage). CD Crohn’s disease,
IC indeterminate colitis, ASA amino salicylate, SB small bowel, BMI body mass index, MRE magnetic
resonance enterography, PCDAI pediatric Crohn’s disease activity index WCE wireless capsule endoscopy.

failure of the passage of the capsule from the gastrointestinal tract for ≥ 2 wk[20]. The
examination was incomplete if the capsule did not reach the cecum by the end of the
study. Images were considered as negative (or inactive) if no abnormalities were seen
and as positive (or active) if clear abnormalities of the SB mucosa (ulcerations > 3,
erosions, polyps, vascular lesions, and bleeding lesions were seen). White lesions
within a crater with surrounding erythema were considered ulcers, whereas small
superficial white lesions, even with surrounding erythema, were considered
erosions[24]. If no abnormalities or non-specific findings (such as erythematous spots or
mucosal damage) were seen, the examination was considered non-specific or normal.
All capsule readers were blinded to each other’s findings or radiological MRE images
but were aware of the patient’s medical history and laboratory testing. In addition,
evaluators used the capsule endoscopy data collection form including the Lewis
scoring system that is automatically calculated and included in the RAPID™
software[26]. The Lewis score is a WCE ranking of inflammatory activity into three
levels based on erythema, stenosis, edema and erosions in small intestinal tertiles: (1)
No disease or clinically insignificant disease (LS < 135); (2) Mild disease (135 ≤ LS ≤
790); and (3) Moderate or severe disease (LS > 790). Any WCE with Lewis score more
than 135 is considered positive[26].

Histological findings
A subgroup of 15 of the 27 patients had pathology specimens available for review
within 2 mo of the WCE study [mean 3.9 wk, standard deviation (SD) = 2.58].
Pathology specimens from the terminal ileum and duodenum were evaluated as they
are considered the accepted reference standard to determine active CD in the SB.
Histology findings were considered positive if the subject had final impression of
chronic active ileitis or duodenitis or if there was a description of at least one of the
chronic changes (architectural changes, increase in lamina propria mononuclear cells
and lamina propria PMNs) together with at least one of activity histology findings
(epithelial damage, intraepithelial PMNs in surface epithelium, cryptitis, crypt
abscess, erosions/ulcers, or granulomas) in either ileal or duodenal biopsies. This is
based on the histological remission definition proposed by a systemic review with
absence of neutrophils in crypt and lamina propria, basal and lamina propria plasma
cells and eosinophils[27] and the in the diagnosis guidelines for CD[2]. The histology
grading used is provided in the supplemental material.

Statistical analysis
Descriptive data was expressed as the mean [± standard deviation (SD)] for the
continuous variables. Categorical data were expressed as frequencies and per-
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centages. A Chi square with the Fisher correction was used to evaluate the differences
for categorical variables when appropriate. Statistical significance is expressed as P <
0.05
For each of the 2 methods evaluated (MRE and WCE), sensitivity, specificity,
negative predictive value, positive predictive value, and accuracy were determined by
the available PCDAI and histological findings from the terminal ileum and
duodenum. The Fisher exact test was used to evaluate the performance of each
method in relation to another. Exact binomial 95% confidence intervals were also
reported. The sample size of 34 children was estimated as having an 80% power to
detect 23% difference in IBD small intestinal MRE findings and WCE detection rate.
This size was estimated based on our previous retrospective study[24].
The Pearson correlation coefficient was utilized to assess agreement between Lewis
capsule endoscopy score and PCDAI. All P values were 2 sided with statistical
significance evaluated as statistical significance P < 0.05. All analyses were performed
in SPSS Version 19.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
Forty-five subjects with the diagnosis of CD or IC were enrolled. Twenty-seven
patients completed all of the procedures of the study, 20 with CD (74%) and 7 with IC
(26%). Eighteen patients were excluded because of inability to swallow PC (4/18),
failure to pass PC (3/18) or failure to follow or complete study procedures (3/18),
screen failure (1/18) or elective withdrawal from study (7/18).
Concordance between gastroenterologist reviewers for the diagnosis of small
intestinal CD was excellent with strong correlation between the two Lewis score (r =
0.875, P < 0.001). The studies were incomplete in 3 patients. Two of these
demonstrated active CD and one was negative. The patient with a negative
incomplete study was excluded. There were no capsule retentions in any of the
studies. All capsules passed within 2 wk of the WCE and no surgical interventions
were needed. The mean small intestinal transit time was comparable (260.2 min, 218.2
min, P = NS) for WCE positive and negative studies respectively. The Pearson
correlation coefficient between average Lewis score between both reviewers and
PCDAI is very poor (r = 0.12, P = NS). Agreement rates for positive WCE, MRE, and
PCDAI for the total subject group is shown in Figure 1. Agreement rates for positive
WCE, MRE, and SB Histology for the 14 patients in which the histology was available
are shown in Figure 2.
The concordance rate between WCE and MRE was poor (69%) in collectively
matched positive and matched negative subjects. The concordance rate between MRE
and WCE is shown in Figure 3 in all subject patients (CD and IC) and in Figure 4 in
CD only patients.
Histology was available for fifteen patients within 2 mo of the WCE study (mean
3.9 wk and SD = 2.58) and 8 of them demonstrated active CD histology in the ileum
and one in the duodenum. For one of the patients who has diagnosis of IC with
positive histology, the WCE interpretation was discrepant between reviewers and this
patient was dropped from the analysis leaving 14 patients analyzed in the histology
comparison and 26 total patients. In CD patients, when both MRE and WCE were
compared using PCDAI > 10 as the standard reference reflecting active small
intestinal CD, the sensitivity of MRE and WCE were 100% and 83% respectively and
the specificity of MRE and WCE were 57.14% and 78.6%, respectively. If the histology
in ileum or/and duodenum was used as the reference for active small bowel
involvement, WCE had a higher specificity as compared to MRE (83.3% vs 50%). See
Table 3.
When all IBD patients were taken collectively, there was no statistically significant
relationship between the performance of either MRE or WCE with PCDAI or with
each other. However, in patients with CD, those with a positive PCDAI (> 10) were
more likely to have a positive WCE as compared to those with a negative PCDAI (83%
vs 21%; P = 0.018). There was no significant difference in the frequency of a positive
MRE comparing those with and without a positive PCDAI. See Table 4.

DISCUSSION
There are several modalities available to screen for small intestinal involvement in
IBD[1]. However, there is no consensus on a gold standard and it remains controversial
whether one of the available examinations is adequate for assessment of SB Crohn’s
alone or if it should be used in conjunction with other investigative modalities.
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Figure 1

Figure 1 Concordance rate of positive small bowel involvement in the pediatric Crohn’s disease activity
index, positive magnetic resonance imaging, and wireless capsule endoscopy modalities in all patients n =
26. PCDAI: Pediatric Crohn’s disease Activity Index; MRE: Magnetic resonance enterography; WCE: Wireless
capsule endoscopy.

There are several prospective adult studies comparing MRE to WCE in identifying
SB Crohn’s which conclude that there is no significant difference in the diagnostic
yield and accuracy of MRE and WCE in established non-stricturing CD [15,16,28] or
suspected and established CD together[19,20,21]. However, proximal small bowel lesions
were more often detected using WCE rather than MRE [16,19,20,21] . Moreover, other
prospective studies have shown superiority for WCE[14,23].
The published pediatric studies are far more limited especially ones utilizing MRE
as radiological modalities[9,12,13] and they have evaluated heterogeneous groups of IBD
patients[9,13,24]. Because there is no consensus on the best screening tool for SB in CD,
most of the previous studies evaluated the performance of WCE or imaging studies as
the measure of diagnostic yield. It is noteworthy that this approach is suboptimal and
simply suggests that a test can detect abnormalities rather than confirming its
significance.
Our study is one of the first prospective studies in the United States to compare
clinical, radiological and histological measures to WCE in assessing SB activity in
pediatric IBD specifically CD and indeterminate colitis. The primary focus was on
established Crohn’s disease and did not include heterogeneous populations with
suspected IBD[9,24]. Our study demonstrates excellent inter-observer agreement in the
interpretation of WCE, suggesting WCE is highly reproducible.
Because of the absence of a standard criteria for confirming proximal SB CD
activity that is feasible and less invasive in children, this study used two different
references to compare MRE with WCE. The first was the PCDAI as a global clinical
standard for overall disease activity and the second was pathological findings in the
ileum and duodenum as histological standards for SBI. We have used PCDAI because
the evidence suggested its moderate correlation with pediatric CD activity and
endoscopic scores[29,30]. PCDAI < 10 is the standard definition of inactive CD that is
used in clinical trials for clinical response to medical therapies[29,30]. Pediatric onset CD
runs a more aggressive active disease course, including more extensive disease
location, more upper GI involvement and increased need for more aggressive medical
therapy, in pediatric studies[31-33]. This is also replicated in adult studies; proximal
small bowel involvement should be considered as high risk in terms of CD-related
surgery[34-36]. In particular L4 (proximal SB not including TI) disease phenotype was
associated with stricturing disease, and significantly increased risk for multiple
surgeries[37,38]. Pediatric phenotypes of CD at the time of diagnosis showed 50.9%were
affected by CD proximal to the terminal ileum in United Kingdom[39]. In Europe,
isolated ileal disease (L1) is reported to be 16% in CD children, or proximal to
terminal ileal (L4) in 24% and esophagogastroduodenal (EGD) involvement in 30%[33].
If pediatric CD mostly runs an aggressive and extensive course involving small bowel
either in more than half of children, then using PCDAI can arguably be justified to
reflect active small bowel disease. However, this is still a limitation in this study
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Figure 2

Figure 2 Concordance rate of positive small bowel involvement in wireless capsule endoscopy, magnetic
resonance enterography and small bowel histology modalities in only patients with available histology n =
14. SB: Small bowel; WCE: Wireless capsule endoscopy; MRE: Magnetic resonance enterography.

because it does not exclude the possibility of bowel disease activity overall and it is
not validated to accurately reflect SBI compared to other invasive reliable standards.
Pediatric prospective studies used ileocolonoscopy as the reference standard for
identifying active CD in the terminal. Moreover, a consensus reference standard was
used to determine active CD in the proximal bowel[9,12]. This consensus is basically
made up of clinical expert opinion reviewing the results of available images, labs and
capsule endoscopy to decide jejunal and duodenal activity.
The current study showed near similar results for both references. However, there
was relatively poor agreement between WCE and MRE in sensitivity or specificity.
We found a higher sensitivity for MRE as compared to WCE with both standards.
While WCE was more specific than MRE in detecting SB disease, the two modalities
were comparable in test accuracy.
Our findings are consistent with previously reported pediatric studies which
suggest that MRE and WCE are comparable in accuracy for detecting SB disease[9,13]. In
contrast, Oliva and colleagues, in a study of established CD in children, demonstrated
slightly better accuracy of colon capsule endoscopy including SB images than MRE
and SICUS. [12] Our results are consistent with a recent systemic review by Giles
revealing a pooled sensitivity and specificity for MRE for detecting active SB CD of
84% and 97%, respectively, with endoscopy as the reference test[39]. However, the
specificity of MRE is much lower in our study at 50%-57%, likely attributed to a
smaller sample size.
MRE was found to be a sensitive and specific test with a decent diagnostic yield in
a systemic review published in 2013 [40] . The higher sensitivity of MRE may be
attributed to the low threshold being used in MRI scoring systems in few studies, the
inclusion of colonic activity in some of the studies or localization of SB segments
based on anatomic sectioning of the images[16,20]. Detection of proximal small bowel
inflammation in CD by MRE is challenging. Newer suggested scoring systems such as
MRI global score MEGS provide potential accurate evaluation of the SB and strongly
correlates with inflammation detected with fecal calprotectin and with pan-intestinal
inflammatory activity[41] but it is very time consuming and cumbersome limiting
practicality[42-44]. Moreover, terminal ileum MRI index of Activity (MaRIA) score has
been developed but it did not address perfectly the activity of the proximal SB
disease[42].
Our study has uniquely modified the score reported by Jensen and discounted
colonic involvement to accurately focus on scoring only small bowel findings in term
of enhancement, thickening, vascular, lymphatic or fatty mesenteric changes or
presence of SB complications (abscess, fistula, stricture) with same cut off > 3 to robust
SB MRI score. Whether this modified score has a clinical significance is yet to be
validated. This certainly suggests the need for standardizing MRI scoring, especially
in children. Until a validated score is universally accepted, the possibility of MRE
false positive results and the possibility of an overestimated positive yield MRE
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Figure 3

Figure 3 Concordance rate of magnetic resonance imaging and wireless capsule endoscopy in all patients.
WCE: Wireless capsule endoscopy; MRE: Magnetic resonance enterography; Pos: Positive; Neg: Negative.

should be taken into consideration.
In the current study, the specificity of WCE was higher than that of MRE (83% vs
50%) which contrasts with what has been reported in an established CD population
(94% in WCE vs 89% in MRE)[12]. Specificities of both WCE and MRE in the current
study were lower than that reported in pediatric patients with suspected or
established CD populations[12,13] and disagreed with Aloi et al[9] who found MRE to be
more specific than WCE (89% vs 72%, respectively). Our results differed with other
published studies likely because of the heterogeneity of populations used in their
analysis and possibly to our small sample size. Therefore, WCE may be suggested as a
unique confirmatory test in the assessment of mucosal disease activity. WCE has been
suggested as a secondary test if MRE is inconclusive [ 1 3 ] . Published expert
recommendations state that a negative capsule endoscopy in CD likely excludes the
presence of small bowel disease[45].
We were able to make comparison of the performance of pairs of tools (WCE, MRE
and PCDAI) with each other in patients with IBD (CD and IC) overall, and in patients
with CD only. The performance of one test was not able to predict the results of the
other test when WCE was compared to MRE or when MRE was compared toPCDAI.
However, in patients with CD, those with a positive PCDAI (> 10) were more likely to
have a positive WCE as compared to those with a negative PCDAI (P = 0.018). See
Table 4. This suggests that active disease defined with higher PCDAI score, will
increase the predictive ability of WCE to be positive and it supports the use of PCDAI
routinely in the assessment of SBI along with radiologic or endoscopic modalities.
This current study is limited by lack of an established reference or gold standard
that can be used to compare modalities that may result in a confirmation bias. We
therefore had to adopt several surrogate indices to determine if either diagnostic
modality correlated with SB disease. Additionally, the current study only partially
controls for timing of histology which might impact treatment measures that in turn
could impact study results from MRE, SBC or both. It also lacks the evaluation of
jejunal histology that can be affected in up to 20% of IBD patients. It is however
explained by the assumption that histological changes may lag longer than
endoscopic findings and microscopic inflammation persists in 25%-37% of cases of
endoscopically quiescent CD[27]. Finally, each subject acted as its own control as there
was no use of control group population.
Future studies should continue to integrate the use of WCE, low risk imaging
modalities and clinical parameters in defining of SBI in children with CD. It will be
useful to integrate a composite of these modalities in a practical validated scoring
measure that identify SBI in the least invasive approach.
Our study supports the use of the radiation free, less invasive and generally
tolerated imaging modalities of WCE and MRE with each having a favorable role in
the assessment of SBI in children with established CD. Although the unique ability of
the capsule to detect mucosal changes, and similar unique ability of MRE to detect
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Figure 4

Figure 4 Concordance rate of magnetic resonance imaging and wireless capsule endoscopy in Crohn’s
disease patients. WCE: Wireless capsule endoscopy; MRE: Magnetic resonance enterography; Pos: Positive; Neg:
Negative.

mural changes, there is still need for a standardized scoring system to describe the
specificity of these findings. WCE more accurately detected small bowel disease with
a much higher specificity while MRE had a higher sensitivity in pediatric IBD.
Patients with active CD (PCDAI > 10) were more likely to have a positive WCE as
compared to those with a negative PCDAI. Despite the disagreement between the two
modalities, accuracy was comparable between MRE and WCE suggesting that they
may have a complementary role in the assessment of small bowel disease.
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Table 3 Magnetic resonance imaging and wireless capsule endoscopy positivity predictive of small bowel involvement in reference
pediatric Crohn’s disease activity index > 10 and to histology
Reference standard is PCDAI > 10 indicate active CD

Reference standard is histology in ileum and duodenum

CD only patients (n = 20)

Histology available samples only (n = 14)

MRE

WCE

MRE

WCE

Value

95%CI

Value

95%CI

Value

95%CI

Value

95%CI

SEN

100%

54.07% to 100%

83.3%

35.88% to 99.58%

62.50%

24.49% to 91.48%

50.00%

15.70% to 84.30%

SP

57.14%

28.86% to 82.34%

78.6%

49.20% to 95.34%

50.00 %

11.81% to 88.19%

83.33 %

35.88% to 99.58%

PPV

50%

35.32% to 64.68%

62.5%

36.49% to 82.86%

62.50%

38.87% to 81.37%

80.00%

36.99% to 96.46%

NNP

100%

91.7%

64.29% to 98.53%

50.00 %

23.14% to 76.86%

55.56 %

36.43% to 73.17%

Accuracy

70%

80.0%

56.34% to 94.27%

57.14%

28.86-82.34%

64.29%

35.14% to 87.24%

45.72 to 88.11%

SEN: Sensitivity; SP: Specificity; PPN: Positive predictive value; NNP: Negative predictive value; MRE: Magnetic resonance enterography; PCDAI:
Pediatric Crohn’s Disease Activity Index; WCE: Wireless capsule endoscopy; CD: Crohn’s disease.

Table 4 Fischer exact performance of each diagnostic test compared to other modality or pediatric Crohn’s disease activity index
Studies compared

All patients (n = 26)

CD only (n = 20)

MRE and WCE

P = 0.428

P = 0.373

MRE and PCDAI

P = 0.395

P = 0.325

WCE and PCDAI

P =0.1892

P = 0.0181

MRE: Magnetic resonance enterography; PCDAI: Pediatric Crohn’s Disease Activity Index; WCE: Wireless capsule endoscopy; CD: Crohn’s disease.

ARTICLE HIGHLIGHTS
Research background
Magnetic resonance enterography (MRE) and wireless capsule endoscopy (WCE) are equally
accepted modalities for noninvasive screening of small bowel involvement (SBI) in children with
Crohn’s disease (CD) and indeterminate colitis (IC) and there is a paucity of data comparing the
two in children. Thereby guiding the clinician in selecting the ideal diagnostic approach. Many
prospective adult studies and few in pediatrics comparing MRE to WCE in identifying small
bowel (SB) CD showed no significant difference in the diagnostic yield and accuracy of MRE and
WCE in established non-stricturing CD or suspected and established CD together. The current
study is the first prospective study in children with established IBD in the United States
assessing the roles of MRE and WCE in identifying SB disease involvement in IBD. This study
provides evidence for capsule endoscopy role whether it is superior or complementary in the
evaluation of established disease exacerbation in patients with IBD in relation to MRE thereby
guiding the clinician in selecting the ideal diagnostic approach.

Research motivation
Therefore, the goal of this study is to provide additional evidence and guidance for capsule
endoscopy role in the evaluation of established CD exacerbation compared to MRE into relation
Pediatric Crohn's Disease Activity Index (PCDAI), and histological indices.

Research objectives
The primary goals of this study are to prospectively compare the diagnostic yield, concordance
rate, sensitivity and specificity between MRE and WCE findings and their agreement with the
PCDAI or with histological small bowel involvement in children with known IBD; CD or IC.
Secondary goals are to assess the performance of each of the modalities (MRE, WCE and PCDAI)
in relation to each other in order to predict the results of the compared tests and to assess the
correlation between Lewis capsule endoscopy score and PCDAI.

Research methods
Consecutive patients diagnosed with CD and IC were screened for inclusion. After informed
consent patient’s demographic and clinical data was abstracted. The current pediatric disease
activity index (PCDAI) and endoscopic findings were included. Patients underwent MRE and
WCE including preprocedural patency capsule within a maximum of 7 d of each other.
Pathological presence of active small bowel disease in ileal and duodenal biopsies were collected
if the endoscopy was performed within 2 mo of the WCE study. Patients who failed to pass the
PC were excluded from the study. WCE was read by two different experienced
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gastroenterologists (Attard TM and Colombo JM) blinded to each other's findings and to the
findings on MRE (Mardis NJ). Agreement between WCE reviewers, WCE and MRE findings and
concordance between positive PCDAI and SBI based on MRE compared with WCE was
computed.

Research results
In CD patients, when both MRE and WCE were compared using PCDAI > 10 as the standard
reference reflecting active small intestinal CD, the sensitivity of MRE is higher than WCE but
specificity of MRE were lower than WCE. If the histology in ileum or/and duodenum was used
as the reference for active small bowel involvement which is usually the most reliable reported
standard, WCE had a higher specificity as compared to MRE (83.3% vs 50%). Concordance
between WCE and MRE was poor (69%) whether both agreed positively or negatively. While
WCE was more specific than MRE in detecting SB disease, the two modalities were comparable
in test accuracy. Specificities of both WCE and MRE in the current study were lower than that
reported in pediatric patients with suspected or established CD populations. An active disease
defined with higher PCDAI score > 10, will increase the predictive ability of WCE to be positive
and it supports the use of PCDAI routinely in the assessment of SBI along with radiologic or
endoscopic modalities. The argument remains to be elucidated on what is the gold standard that
best identify the SBI in patients with IBD.

Research conclusions
Our study supports the use of the radiation free, less invasive and generally tolerated imaging
modalities of WCE and MRE with each having a favorable role in the assessment of SBI in
children with established CD. Although the unique ability of the capsule to detect mucosal
changes and similar unique ability of MRE to detect mural changes, there is still need for a
standardized scoring system to describe the specificity of these findings. WCE more accurately
detected small bowel disease with a much higher specificity while MRE had a higher sensitivity
in pediatric IBD. Patients with active CD (PCDAI > 10) were more likely to have a positive WCE
as compared to those with a negative PCDAI. Despite the disagreement between the two
modalities, accuracy was comparable between MRE and WCE suggesting that they may have a
complementary role in the assessment of small bowel disease.

Research perspectives
Future studies should continue to integrate the use of WCE, low risk imaging modalities and
clinical parameters in defining the best standard to identify SBI in children with CD. It will be
useful to integrate a composite of these modalities in a practical validated scoring measure that
identify SBI in the least invasive approach.
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Abstract
BACKGROUND
Malnutrition is prevalent in inflammatory bowel disease (IBD). Multiple nutrition
screening (NST) and assessment tools (NAT) have been developed for general
populations, but the evidence in patients with IBD remains unclear.
AIM
To systematically review the prevalence of abnormalities on NSTs and NATs,
whether NSTs are associated with NATs, and whether they predict clinical
outcomes in patients with IBD.
METHODS
Comprehensive searches performed in Medline, CINAHL Plus and PubMed.
Included: English language studies correlating NSTs with NATs or NSTs/NATs
with clinical outcomes in IBD. Excluded: Review articles/case studies; use of
body mass index/laboratory values as sole NST/NAT; age < 16.
RESULTS
Of 16 studies and 1618 patients were included, 72% Crohn’s disease and 28%
ulcerative colitis. Four NSTs (the Malnutrition Universal Screening Tool,
Malnutrition Inflammation Risk Tool (MIRT), Saskatchewan Inflammatory Bowel
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Disease Nutrition Risk Tool (SaskIBD-NRT) and Nutrition Risk Screening 2002
(NRS-2002) were significantly associated with nutritional assessment measures of
sarcopenia and the Subjective Global Assessment (SGA). Three NSTs (MIRT,
NRS-2002 and Nutritional Risk Index) were associated with clinical outcomes
including hospitalizations, need for surgery, disease flares, and length of stay
(LOS). Sarcopenia was the most commonly evaluated NAT associated with
outcomes including the need for surgery and post-operative complications. The
SGA was not associated with clinical outcomes aside from LOS.
CONCLUSION
There is limited evidence correlating NSTs, NATs and clinical outcomes in IBD.
Although studies support the association of NSTs/NATs with relevant outcomes,
the heterogeneity calls for further studies before an optimal tool can be
recommended. The NRS-2002, measures of sarcopenia and developments of
novel NSTs/NATs, such as the MIRT, represent key, clinically-relevant areas for
future exploration.
Key words: Nutrition; Inflammatory bowel disease; Ulcerative colitis; Crohn’s disease;
Screening; Outcomes research
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Core tip: Malnutrition is highly prevalent amongst patients with inflammatory bowel
disease (IBD) and negatively impacts various clinical outcomes. This review highlights
the Malnutrition Universal Screening Tool, Malnutrition Inflammation Risk Tool,
Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool, Nutrition Risk
Screening 2002 and cross-sectional imaging assessments of sarcopenia as promising
nutrition screening and assessment tools in IBD. By becoming familiar with and
consistently applying these tools we can move towards early recognition, diagnosis and
management of malnutrition in clinical practice. Further research will elucidate the
optimal tools and the impact of their integration into routine practice on clinical
outcomes in IBD.

Citation: Li S, Ney M, Eslamparast T, Vandermeer B, Ismond KP, Kroeker K, Halloran B,
Raman M, Tandon P. Systematic review of nutrition screening and assessment in
inflammatory bowel disease. World J Gastroenterol 2019; 25(28): 3823-3837
URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3823.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3823

INTRODUCTION
Malnutrition is highly prevalent in inflammatory bowel disease (IBD); present in up
to 70% of patients with active disease and up to 38% of patients in remission[1-3].
Closely related to malnutrition, sarcopenia is a syndrome defined by the presence of
low muscle mass and either decreased muscle strength or physical performance[4].
Sarcopenia and malnutrition represent separate entities but often overlap; notably, the
Global Leadership Initiative on Malnutrition, American Society for Parenteral and
Enteral Nutrition and European Society for Clinical Nutrition and Metabolism
(ESPEN) include components of reduced muscle mass and impaired muscle function
in their respective consensus definitions of malnutrition[5-7].
In patients with IBD, sarcopenia and malnutrition have been associated with
increased hospitalizations, disease flares, need for surgery, and post-operative
complications[8-13]. Early identification of malnourished patients using a two-step
approach of nutritional screening and subsequent assessment[6] may allow for earlier
intervention and impact on clinical outcomes[14-17]. Recent data from Zhang et al[10]
showed fewer major complications in patients who received peri-operative enteral
nutrition than those who did not (6.5% vs 29%, P = 0.045). In line with these findings,
ESPEN recommends implementing nutrition support therapy in malnourished perioperative patients with IBD[18].
Nutritional risk screening (NRS) is a process to predict those at risk of malnutrition
so that they can be referred to a registered dietitian (RD) for detailed nutritional
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assessment and intervention. Nutrition screening tools (NSTs) (i.e., the malnutrition
universal screening tool, MUST) are rapid evaluations that can be completed by any
member of the medical team whereas nutrition assessment tools (NATs) (i.e., the
subjective global assessment, SGA) are usually more detailed and require greater
specialized resources[5]. As recent studies have demonstrated a close relationship
between malnutrition and sarcopenia, many expert groups now incorporate measures
of lean muscle mass within the definition of malnutrition[19,20]. For the purposes of our
review, measurements of lean muscle mass and sarcopenia will be classified as a
NAT.
To date, there are no published recommendations that exist for use of a specific
NST or NAT in IBD[14,18,21]. Although there have been isolated reviews of sarcopenia in
IBD[22], a practical approach to nutrition screening and treatment is more extensive
than sarcopenia assessment alone. Given the current lack of consensus, high
prevalence and the significant health and economic burden of malnutrition in IBD, we
performed a systematic review of the available literature surrounding NSTs and
NATs for IBD patients, including sarcopenia. In patients with IBD, our aims were to
provide a descriptive overview of: (1) The prevalence of abnormalities on NSTs and
NATs; (2) Whether the findings on NSTs are associated with abnormalities on NATs;
and (3) Whether NSTs or NATs are associated with clinical outcomes. Evidence of
clear associations between NSTs and NATs may simplify the nutrition care process,
allow for much needed risk stratification and targeted use of limited dietitian
resources.

MATERIALS AND METHODS
Data sources/search strategy (Appendix S1)
The initial literature review was completed on December 20, 2017 using the following
databases: National Institutes of Health PubMed (1946-present), Ovid MEDLINE
(1946-present) and CINAHL Plus (1937-present). Medical library search heading
terms were used to combine “nutrition screening”, “nutrition assessment”,
“malnutrition”, or “sarcopenia” with either terms of “inflammatory bowel disease”,
Crohn’s/Crohn disease” or “ulcerative colitis”. Filters applied included human
subjects, English language and adult population (age 16 years and above). An
updated search was conducted to identify articles published between December 20,
2017 and January 14, 2019 on PubMed. Further eligible studies were extracted from a
review of reference lists of full texts retrieved after initial screening of search results.

Study selection
Initial search results were screened against inclusion and exclusion criteria through
review of article titles and abstracts. Inclusion criteria encompassed studies whose
population was > 16 years old, had a confirmed diagnosis of IBD [either Crohn’s
disease (CD) or ulcerative colitis (UC)], and (1) Associated NSTs with a diagnosis of
malnutrition using NATs; or (2) Associated either NST or NATs with prospective
clinical outcomes. Study designs eligible for inclusion included randomized
controlled trials, cross-sectional studies, cohort studies and case control studies.
Records were excluded if a formal NST/NAT was not utilized, if there were no
prospective clinical outcomes evaluated and/or the study lacked comparisons
between NSTs and NATs. Additionally, studies that utilized body mass index (BMI)
as the sole NAT were excluded as previous studies have shown that BMI does not
accurately predict body composition in IBD patients[23]. Studies that used NST/NATs
based only on laboratory parameters (i.e., CONUT, OPNI) were also excluded.
Significant laboratory abnormalities can be seen in IBD patients at baseline due to the
inflammatory nature of their illness that do not necessarily accurately reflect nutrition
status[24]. Articles that did not have an English translation available were excluded.
Articles of interest or that were unclear as to meeting inclusion/exclusion criteria had
their full text retrieved and reviewed by two independent reviewers (SL and MN) for
eligibility. Disagreements between reviewers were settled through discussions with a
third reviewer (PT).

Data extraction
The following data was extracted from each study where possible by an independent
reviewer: First author’s surname, journal, year of publication, study design (patient
selection) and duration, number of participants, underlying disease (CD or UC),
patient demographics (age, duration of disease, severity of disease, concomitant
treatments), type of NST or NAT used, reported correlations between NST and NAT
or NST/NAT, and clinical outcomes.
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Quality assessment
As most studies were observational non-randomized non-interventional studies
without control groups, quality was assessed with a modified Newcastle-Ottawa
assessment scale (NOS)[25]. Of available instruments, the NOS is highlighted as one of
the most useful tools for assessing methodological quality and risk of bias in nonrandomized studies in the Cochrane Handbook for Systematic Review of
Interventions[26]. Study quality was assessed by two independent reviewers utilizing
the modified NOS (SL and MN). Disagreements between reviewers were settled
through discussions with a third reviewer (PT).

Data synthesis
Statistical results relating to outcomes of interest were retrieved from each study and
categorized as per objectives. Authors and a third-party statistician (BV) reviewed all
data. Given the heterogeneity of results, they were not suitable for a formal metaanalysis.

RESULTS
Literature search results
The summary of the literature search and selection process is shown in Figure 1. In
total, 1782 studies were identified from the initial search after removal of duplicates.
An additional 9 studies were identified through review of the full-text of articles of
interest. 62 studies were identified for full-text review of which 16 studies met
inclusion/exclusion criteria. 31 studies were excluded because they lacked predictive
outcomes or comparisons between NST/NATs. 15 studies were excluded as there was
no formal NST or NAT utilized in the study or the NST/NAT utilized included only
laboratory parameters or was based solely on BMI.

Study populations
Included studies were published between 2015-2018. Seven studies were conducted in
Asia[9-11,13,27-29], four in Europe[8,30-32], four in North America[12,33-35], and one in Oceania[36].
In total, 1618 patients with IBD were included from all studies, 1158 (72%) had the
diagnosis of CD, 454 (28%) were UC patients and 4 (0.2%) had indeterminate colitis.
The age of participants ranged from 16 to 86 years (Table 1).

Nutrition screening or assessment tools
NSTs that were examined in the included studies were the NRS-2002, MUST,
Nutritional Risk Index (NRI), Malnutrition Inflammation Risk Tool (MIRT), and the
Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool (SaskIBDNRT)[8,9,13,27,30,35]. Table 2 illustrates the basic components, categories and interpretations
of included NSTs.
The NATs evaluated in the studies in this review included the SGA, comprehensive
RD and gastroenterologist (GI) assessment, Skeletal Muscle Percentage (SMP), Fat
Free Mass Index (FFMI), L3 Skeletal Muscle Index (L3 SMI), Appendicular Skeletal
Muscle Indices, Skeletal Muscle Area (SMA), Total Psoas Muscle Area, and the mean
Hounsfield unit average calculation (mHUAC) at L3[8-13,28-30,33,35,36]. Table 3 illustrates the
basic components, categories and interpretations of included NATs.

Quality assessment results
Given the non-randomized observational design of all studies, with the majority
lacking well-defined cohorts, all studies carry a high relative inherent risk of bias.
Utilizing the modified NOS scale, half of the studies (8/16) were assessed to be of
acceptable quality, scoring four or more stars out of five, with the other half assessed
to be of relatively poor-quality scoring three or less stars (Table S2).

What is the prevalence of abnormalities on nutrition screening and assessment?
Five studies utilized various NSTs (MUST, NRI, NRS-2002, and SaskIBD-NRT) to
categorize patients ordinally into low, moderate and high nutrition risk
categories[9,13,27,30,35]. The most commonly utilized NST was the MUST (4/5 studies)
showing 28.0% (n = 115) to be at high nutrition risk (MUST ≥ 2) across a composite of
inpatient/outpatient studies[9,13,30,35]. Of the two inpatient studies, both utilizing the
NRS-2002, 67.0% (n = 75) of patients were found to be at high nutrition risk (NRS-2002
≥ 3)[9,13]. Of the three outpatient studies, 29.1% (n = 87) of patients were found to have
at least a mild/moderate degree of nutrition risk via MUST (score ≥ 1), NRI (score ≥
97.5) and SaskIBD-NRT (score ≥ 3)[27,30,35] (Table 4).
Ten studies evaluated the presence of sarcopenia in their respective populations,
with a total prevalence of 39.5% (n = 477) across all studies[9-12,29-34]. Three studies

WJG

https://www.wjgnet.com

3826

July 28, 2019

Volume 25

Issue 28

Li S et al. Nutrition screening and assessment in IBD
Figure 1

Figure 1 PRISMA flow diagram. IBD: Inflammatory bowel disease; NST: Nutrition screening tools; NAT: Nutrition assessment tools.

utilized the SGA in categorizing patients into well-nourished (SGA-A), mild/
moderately malnourished (SGA-B) and severely malnourished (SGA-C) with two of
the studies based on an inpatient IBD population. The total proportion of patients
diagnosed with some degree of malnutrition based on SGA (SGA B/C) was 61.7% (n
= 103)[8,9,13] (Table 5).

How did findings on nutrition screening compare to those on nutrition assessment?
Four studies (25%) included comparisons between an abnormal score on an NST and
how that compared to a diagnosis of malnutrition using a NAT[8,9,30,35]. All four NSTs
(MUST, NRS-2002, MIRT, and SaskIBD-NRT) showed significant association with
NAT measures[8,9,30,35]. In both inpatients and outpatients from two separate studies[9,30],
the MUST showed a significant association via logistic regression [odds ratio (OR) =
0.934, P = 0.014] and fair inter-rater agreement (Cohen’s kappa=0.53) to SMI and
FFMI. One study demonstrated poor inter-rater agreement (Cohen’s kappa = 0.15) of
MUST with com-prehensive RD/GI nutritional assessment among outpatients[35].
NRS-2002 was significantly associated with SMI (OR = 0.928, P = 0.008) in one
inpatient study[9]. MIRT also demonstrated significance with a moderate correlation to
SGA in one outpatient study (Spearman Rank Correlation = 0.394, P = 0.005)[8]. The
SaskIBD-NRT showed strong inter-rater agreement (Cohen’s kappa = 0.73) with
comprehensive RD/GI assessment in outpatients[35] (Table 6).

Were nutrition screening tools associated with clinical outcomes?
Three studies (18.8%) associated NSTs with clinical outcomes. The NSTs utilized in
these studies included the MUST, MIRT, NRS-2002, and NRI[8,13,27], the latter three
showing significance[8,13,27]. Baseline MIRT was significantly correlated via Spearman
rank correlation at 6 mo with hospitalizations (ρ = 0.398, Ρ = 0.003), disease flares (ρ =
0.299, Ρ = 0.030), disease complications (ρ = 0.333, Ρ = 0.015), and need for surgery (ρ
= 0.371, Ρ = 0.006)[8]. Interestingly, the study did not find a significant association
between MIRT and CDAI or Harvey-Bradshaw index (HBI) scores at 6 mo (Ρ = 0.077
and 0.195 respectively)[8] (Table 7).
NRS-2002 (scores ≥ 3 vs ≤ 2) significantly predicted hospital length of stay (Ρ =
0.032), however did not significantly predict the need for surgery (Ρ = 0.109)[13]. A high
NRI score (> 97.5) significantly predicted response to infliximab among CD patients
(Ρ = 0.037)[27]. MUST was examined in only one study and showed a trend towards
significance in predicting length of stay (Ρ = 0.058) and had no significance in
predicting need for intestinal resection (Ρ = 0.314)[13] (Table S3).

Were nutrition assessment tools associated with clinical outcomes?
WJG

https://www.wjgnet.com

3827

July 28, 2019

Volume 25

Issue 28

Li S et al. Nutrition screening and assessment in IBD

Table 1 Demographics of patients with inflammatory bowel disease included in the studies

Study ID

Total (n) (M:F) CD:UC:ID (n) Age (yr)

BMI (kg/m2)

Steroid n (%)

Immunomo- Biologics n
dulator n (%) (%)

Previous
resection n
(%)

Adams et al[33] 90 (38:52)

76:14

Median: 35 (26- Median: 22.5
50)

30 (33)

40 (44)

15 (17)

40 (44)

Bamba et al[9]

43:29

UC Median: 39
(28-55)

Median: 19.5

-

-

-

25 (35)

-

-

-

-

33 (37)

26 (29)

-

-

-

-

72 (52:19)

CD Median: 29
(25-37)
Csontos et
al[30]

173 (92:81)

126:47

Mean: 34.8 ±
12.3

Mean: 23.6

Cushing et
al[34]

89 (53:29)

0:89

Mean: 43 (9 –
86)

Nonsarcopenic: 26 ±
8
Sarcopenic: 23 ±
6

Fujikawa et
al[29]

69 (45:24)

0:69:0

Mean: 39.8 ±
14.4

Mean: 20.40 ±
3.65

-

Haskey et al[35] 110 (47:63)

75:35

Mean: 39 ± 15

Mean BMI: 26.4 5 (4.5)
± 5.8

17 (15.5)

17 (15.5)

-

Holt et al[36]

44 (20:24)

44:0

Mean: 37.8 ±
14.2

Mean: 23.5

20 (45)

26 (59)

10 (24)

44 (100)

Jansen et al[8]

55 (19:36)

Mean: 24.9

10 (18)

55:0

Mean: 40 ± 11

31 (56)

21 (38)

-

O’Brien et al[31] 77 (46:31)

52:21:4

Median: 42 (20- Median: 24 (16- 42 (55)
80)
37)

-

-

-

Pedersen et
al[12]

178 (86:92)

127:51

Mean: 42.71
(18-86)

86 (48)

63 (35)

42 (24)

178 (100)

Sumi et al[27]

16 (12:4)

16:0

Responders
Responders
median: 34 (18- median: 21.7
68)

5 (31)

8 (50)

-

9 (56)

12 (30)

15 (38)

30 (75)

13 (33)

-

NonNonresponders
responders
median: 31 (23- Median: 16.8
46)
Takaoka et
al[13]

40 (30:10)

40:0

Median: 32.4
(25.3-37.8)

Median:19.2

Thiberge et
al[32]

149 (68:81)

149:0

Mean: 41.0 ±
17.5

Mean: 22.7 ± 6.1 108

85

86

85

Zhang T et
al[10]

114 (75:39)

114:0

Mean: 32 ±
11.47

Median: 13.66

-

-

-

114 (100)

Zhang T et
al[11]

204 (NR)

105:99

NR (min 18;
max 65)

Median: 18.41

99 (49)

53 (26)

25 (12)

14 (7)

Zhang W et
al[28]

138 (86:52)

138:0

Median: 29 (16- Median: 17.9
60)

13 (9)

50 (36)

-

37 (27)

NR: Not reported; CD: Crohn’s disease; UC: Ulcerative colitis.

Thirteen studies (81.3%) examined NATs for the prediction of clinical outcomes[8-13,28,29,31-34,36]. The majority of studies (11/13) that evaluated NATs utilized
measures of sarcopenia via computed tomography of the L3/4 vertebrae or
BIA[8-13,28,29,31-34,36]. Five studies evaluated the correlation of sarcopenia with the need for
intestinal resection[9,11,31,33,34], with only two demonstrating a significant correlation with
need for intestinal resection (P = 0.003 on operation free survival curves)[9,11] (Table 8).
The presence of sarcopenia (via L3 SMI or mHUAC) was significantly associated
with major post-operative complications with Clavien-Dindo grade (CDG) ≥ 3 in one
study (OR = 9.24, P = 0.04) and life-threatening complications (CDG = 4) in
another[10,12]. SMP was protective against major (OR 0.588, P = 0.002) and overall (OR =
0.487, P = 0.002) post-operative complications in one study[28] but not another[31].
Additionally the need for post-operative blood transfusions (OR = 1.31, P = 0.014),
ICU admissions (OR = 1.32, P = 0.016), post-operative sepsis (OR = 1.325, P = 0.009),
post-operative surgical site infections (OR = 4.91, P = 0.03) and deep vein thrombosis
(OR = 1.265, P = 0.017) was found to be significantly associated with sarcopenia[12,29].
The need for either surgical or medical rescue therapy (P = 0.02) in patients with acute
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Table 2 Components and interpretation of nutrition screening tools
NST

NRS-2002[9]

MUST[9]

NRI[27]

MIRT[8]

SaskIBD-NR[35]

Initial screening

BMI

Serum albumin

BMI

Symptoms
(nausea/vomiting/diarr
hea/poor appetite > 2
wk)

BMI

Weight loss (last 3-6 mo) Present weight/usual
weight

Weight loss (last 3 mo)

Weight loss (last month)

Weight loss (last 6 mo)

Acute disease effect3

CRP

Anorexia

NST components

Dietary intake (last
week)

Food restriction

ICU patient
Final Screening1
Weight loss
Food intake
Disease severity2
NST score indicating risk of malnutrition
0 = Low

0 = Low

> 97.5 = No Risk

Score range = 0-8

0-2 = Low risk

1 = Mild

1 = Medium

83.5-97.5 = Moderate

0 = Lowest

3-4 = Medium risk

2 = Moderate

≥ 2 = High

< 83.5 = High

8 = Highest

≥ 5 = High risk

≥ 3 = High

1

To be conducted if there is a “YES” to any one of initial screening questions;
Categorized into mild/moderate/severe based on descriptors in Nutrition Risk Screening 2002 Tool;
3
Patient is acutely ill AND there has been/likely to be no nutrition intake > 5 d. BMI: Body mass index; CRP: C-reactive protein; ICU: Intensive care unit.
NST: Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; NRI: Nutritional Risk Index; MIRT:
Malnutrition Inflammation Risk Tool; SaskIBD-NR: Saskatchewan Inflammatory Bowel Disease Nutrition Risk.
2

severe UC was significantly associated with the presence of sarcopenia[34] (Table S4).
One study demonstrated that various measures of sarcopenia (SMI, SMA)
correlated significantly with Mayo disease activity scores[11]. A separate study showed
that SMA did not significantly predict endoscopic recurrence (P = 0.096)[36]. Two
studies associated SGA with clinical outcomes based on SGA score[8,13] with discordant
results. One inpatient study found that SGA did not predict the need for surgery (P =
0.071)[13] but it did predict length of stay (P = 0.008)[13]. A second outpatient study did
not find any correlation between SGA and hospitalizations, disease flares, disease
complications, or need for surgery[8].

DISCUSSION
This review of the literature is the first to systematically evaluate the use of NSTs and
NATs in IBD-their performance in relation to each other and to clinical outcomes. Our
review highlights both the adverse clinical implications of malnutrition in IBD as well
as the paucity of NST and NAT data available in this population in comparison to
other chronic disease populations [37-40] . Although the reviewed studies were not
amenable to meta-analysis due to heterogeneity and observational non-randomized,
non-controlled study designs, multiple conclusions can still be drawn to summarize
the current state and guide future work in the area.
First, our review reinforces the high prevalence of malnutrition in patients with
IBD. One in four outpatients and approximately two in three inpatients were found to
be at nutritional risk. These results are consistent with prior studies confirming the
substantial prevalence of malnutrition in IBD[1,3,22]. Secondly, we evaluated how the
findings on Nutrition Screening compared to the findings on Nutrition Assessment.
This demonstration of an association between NSTs and NATs is required, to
demonstrate face and content validity of the NST for use in screening[41].
There is a limited amount of data available to compare NSTs to NATs. Four NSTs
(the MUST, NRS-2002, MIRT and SaskIBD-NRT) showed promise. The MUST
includes BMI, unplanned weight loss in the past 3-6 mo and an acute disease effect
score. The MIRT measures similar criteria, including BMI, unintentional weight loss
and CRP. Therefore, these two tools vary only in the method that acute disease is
assessed. The NRS-2002 differs from the two previous tools, as it captures reduced
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Table 3 Components and interpretation of nutrition assessment tools
Nutrition Assessment Tools
SGA[8,9,13]

Comprehensive RD/GI
Assessment[35]

BIA[28,30]

CT Scan[9-12,29,31-34,36]

Nutrient Intake

BMI

SMP

mHUAC

Weight loss

GI symptoms, oral intake

FFMI

L3 SMI

Symptoms affecting oral intake

IBD location, severity, concurrent
conditions

L4 TPA

Functional capacity

Surgical history, medications

ASMI

Metabolic requirement

Laboratory parameters (Albumin/Vit
D/Iron/Vit B12)

SMA

Physical examination

SCAI, HBS

NAT Components

NAT interpretation
A = Well nourished

Sarcopenia:

Sarcopenia:

B = Mild/moderately malnourished Not at risk

At risk

FFMI:

mHUAC: Lowest sex quartile at level
of L3 vertebrae

C = Severely malnourished

Men: ≤ 17 kg/m2

L3 SMI: Lowest sex quartile, variable
between studies (Male: < 42-55
cm2/m2; Female: < 35.6-41 cm2/m2)

Women: ≤ 15 kg/m2

L4 TPA: Lowest sex quartile (Male <
56.7 cm2/m2, Female: < 35.6 cm2/m2)

SMP: Continuous variable

ASMI/SMA: Continuous variable

BMI: Body mass index; SCAI: Simple Colitis Activity Index; HBS: Harvey Bradshaw Score; SGA: Subjective Global Assessment; SMP: Skeletal Muscle
Percentage; FFMI: Fat Free Mass Index; mHUAC: Mean Hounsfield Unit Area Calculation; ASMI: Appendicular Skeletal Muscle Index; L3 SMI: L3
Vertebrae Skeletal Muscle Index; SMA: Skeletal Muscle Area; IBD: Inflammatory bowel disease; CT: Computed tomography; RD: Registered dietitian; GI:
Gastroenterologist.

dietary intake in addition to BMI, weight loss and ICU admission status, and has been
validated only in the inpatient population. The SaskIBD-NRT is a novel tool based on
patient history evaluating gastrointestinal symptoms and food restriction behaviors
commonly seen in the IBD population in addition to the more common screening
questions of weight loss and poor oral intake[35]. The SaskIBD-NRT does not capture
disease severity and is reliant only on nutrition specific data points to assess risk.
The MIRT and SaskIBD-NRT although not yet compared to SMI in IBD, have
shown significant associations with more comprehensive nutritional assessment
methods. The MIRT for example demonstrating an association with an abnormal
SGA [8] . Similarly, the SaskIBD-NRT showed strong agreement to subsequent
comprehensive assessment by RD/GI[35]. This association has not been consistent with
one study noting poor inter-rater agreement between MUST and a comprehensive
RD/GI assessment[35]. Recognizing sarcopenia as an integral, objective component of
malnutrition, both the MUST and NRS-2002 demonstrated a significant association
with sarcopenia as measured by the SMI[9]. To summarize, although limited, the data
on NSTs is encouraging for a strong association with a diagnosis of malnutrition by
NATs (both sarcopenia and more comprehensive NATs).
Thirdly, we evaluated whether NSTs were associated with clinical outcomes.
Although traditionally used to determine which patients require further nutritional
assessment and therapy, the summary of findings from the current review would
suggest that NSTs also hold promise in the prediction of clinical outcomes. Notably,
all studies were performed in patients with CD and therefore the results are at this
time only generalizable to this population. The outcomes associated with the three
NSTs (NRS-2002, NRI and MIRT) were all of clinical were of clinical relevance. For
inpatients, the NRS-2002 predicted hospital length of stay[13]. For outpatients, the
MIRT correlated well with hospitalizations, disease flares and need for surgery[8,27]. All
three NSTs included a component to reflect disease severity. Although this parameter
itself can correlate with adverse clinical outcomes, its inclusion in IBD nutrition
screening and assessment is appropriate, as disease severity may exacerbate poor oral
intake, malabsorption and catabolism. The SaskIBD-NRT (did not include measure of
disease severity) has not yet been studied with reference to clinical outcomes.
Notably, the MUST was not associated with clinical outcomes among inpatients.
This is perhaps not surprising as the European Society for Clinical Nutrition and
Metabolism has recommended against the use of MUST in inpatients, citing concern
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Table 4 Proportion of nutrition abnormalities via nutrition screening tools

NST

Proportion of low risk
patient’s n (%)

Proportion of mildmoderate risk patient’s n
(%)

Proportion of high-risk
patient’s n (%)

Study ID

MUST

12 (16.7)

27 (37.5)

49 (68.1)

Bamba et al[9]

118 (68.2)

18 (10.4)

37 (21.4)

Csontos et al[30]

93 (84.5)

12 (10.9)

5 (4.5)

Haskey et al[35]

10 (25.0)

6 (15)

24 (60)

Takaoka et al[13]

NRI

5 (31.3)

11 (68.8)

NRS-2002

0 (0)

24 (33.3)

Sumi et al[27]

13 (32.5)
SaskIBD-NRT

89 (80.9)

12 (10.9)

48 (66.7)

Bamba et al[9]

27 (67.5)

Takaoka et al[13]

9 (8.2)

Haskey et al[35]

NST: Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; NRI: Nutritional Risk Index;
SaskIBD-NRT: Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool.

regarding confounders from the lack of grading the severity of the acute illness[14]. In
other studies, the MUST has been associated with CD severity as measured by the
HBI (P = 0.005) on cross-sectional analysis[42]. Further studies utilizing this tool are
required to evaluate its use in outpatient IBD populations.
From the available NST data therefore, the NRS-2002 in inpatients, and the MIRT
and MUST in outpatients, are promising candidates for further evaluation. This is
consistent with previous reviews suggesting NSTs such as the NRS-2002 which use
combined simple measures of malnutrition are most appropriate to assess
malnutrition in IBD[24]. Further evaluation is needed as it remains unclear whether the
associations noted in CD patients will be generalizable to the UC population and,
furthermore, if these findings will apply across inpatient and outpatient populations.
It is also important to recognize that there are other NSTs that have not yet been
explored in the IBD setting, including the patient-generated SGA, and Canadian
Nutrition Risk Screening Tool. These screening tools have performed well in other
chronic disease populations[43,44]. Further research into the use of patient-led versions
of malnutrition screens would also be of interest. Although the studies evaluating
patient-led NSTs did not meet eligibility criteria for this review, the patient-led MUST
has correlated with a practitioner-led MUST in IBD[45,46] and is in keeping with the
utility of these screens in other chronic disease populations[47,48]. As a direct translation
to clinical practice, the signal that NSTs predict clinical outcomes supports their
importance. In future studies it will be of interest to evaluate the impact of nutrition
therapies on NST results and on clinical outcomes.
Lastly, we explored the association between NATs and clinical outcome measures.
Notably, most studies correlating NATs and clinical outcomes used measures of
sarcopenia as the primary assessment method, in particular the L3 SMI[9,11,28,29]. By
adding an additional 6 studies (Zhang 2015, Holt 2017, Cushing 2018, Fujikawa 2017,
O’Brien 2018, and Thiberge 2018)[28,29,31,32,34,36] the current review extends the recent
sarcopenia focused systematic review carried out by Ryan et al [22] . Ryan’s group
reported a sarcopenia prevalence rate over 40%, similar to the 39.5% seen in our
current study. They also concluded that sarcopenia was a significant independent
predictor for the need for surgery and it correlated with an increased rate of major
post-operative complications, as was seen our study[22].
It must be noted that although measures of sarcopenia are among some of the most
objective assessment tools for malnutrition, given the inherent cost, risk of radiation
and contrast exposure with computed tomography, research into more practical
alternatives such as bed-side ultrasound, is required[49,50]. Moreover, the underlying
pathogenesis of sarcopenia remains multifactorial, and may include additional
physiological factors independent of malnutrition[51,52]. In the IBD population, active
inflammation may be reflective of disease severity and contribute to malnutrition
through anorexia, hypermetabolism and malabsorption. Additionally, anorexia,
malabsorption and active inflammation underpin some pathophysiological
mechanisms of sarcopenia[53]. Nutrition risk screening and assessment is made even
more complex with the increasing prevalence of overweight patients with IBD. Overnourishment and obesity affects up to 55% of patients with IBD in the Western
hemisphere[23,54]. In spite of this, decreased muscle mass and micronutrient deficiencies
remain prevalent even among the obese population with IBD (i.e., sarcopenic obesity),
and are not accurately assessed by traditional nutrition assessment methods[33,55-57].
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Table 5 Proportion of nutrition abnormalities via nutrition assessment tools
NAT measure

Sarcopenia

Comprehensive RD/GI Assessment

SGA

Proportion of non-sarcopenic patients n (%)

Proportion of sarcopenic patients n (%)

Study ID

49 (54.4)

41 (45.6)

Adams et al[33]

42 (58.3)

30 (41.7)

Bamba et al[9]

125 (72.3)

48 (27.7)

Csontos et al[30]

25 (30.5)

57 (69.5)

Cushing et al[34]

51 (73.9)

18 (26.1)

Fujikawa et al[29]

47 (67.1)

30 (38.9)

O’Brien et al[31]

134 (75.3)

44 (24.7)

Pedersen et al[12]

99 (66.4)

50 (33.6)

Thiberge et al[32]

115 (56.4)

89 (43.6)

Zhang et al[11]

44 (35.1)

70 (61.4)

Zhang et al[10]

Proportion of patients not at risk n (%)

Proportion of patients at risk of malnutrition
n (%)

Study ID

87 (79.1)

23 (20.9)

Haskey et al[35]

Proportion of SGA A

Proportion of SGA B

Proportion of SGA C

Study ID

8 (11.1)

37 (51.4)

27 (37.5%)

Bamba et al[9]

8 (20.0)

17 (42.5)

15 (37.5%)

Takaoka et al[13]

48 (87.3)

7 (12.7)

Jansen et al[8]

NAT: Nutrition assessment tools; RD/GI: Registered dietitian/Gastroenterologist.

Although there is conflicting data on the association of obesity itself with IBD related
clinical outcomes [58-61] , the syndrome of “sarcopenic-obesity” likely does have
implications in predicting relevant clinical outcomes, and warrants further investigation[33].
Additionally, our review of NATs highlights the discordant data regarding the
ability of the SGA, a familiar nutritional assessment tool, to predict clinical outcomes
in IBD. Notably, a large percentage of IBD patients with decreased body cell mass as
determined by BIA and sarcopenia can be missed by SGA alone[50]. In this review,
SGA was not significantly associated with clinical outcomes in IBD populations other
than length of hospital stay[8,13].
In conclusion, our study has summarized the currently available evidence for
NSTs/NATs in the IBD population. Although some studies support the association of
NSTs/NATs with specific clinical outcomes, the heterogeneity in study design, lack of
data from large cohorts, and lack of comprehensive validation of existing NSTs, does
not translate into the recommendation of a single optimal NST or NAT at this time.
The high prevalence of malnutrition seen across these recent studies reaffirms the
ongoing significance of malnutrition in the IBD population and the need to utilize
appropriate NST/NATs. Consistent with guideline recommendations, nutrition
screening should be conducted on every patient with IBD both at diagnosis and at
least annually, with more frequent measures as needed[18]. Referral should be made to
a RD to patients at moderate or high risk of malnutrition for more definitive
assessment. The strengths and limitations of the tools have been highlighted in this
review. Going forward, clinically relevant research areas include larger scale studies
evaluating the assessment of alternate measures of sarcopenia, the development and
validation of novel NSTs/NATs, such as the MIRT/SaskIBD-NRT and an assessment
of the responsiveness of the tools to measure change with a nutrition intervention.
Based on the promising data from these tools, the optimal NST/NAT for the IBD
population is likely to be one that takes into account the unique dietary habits and
chronic inflammatory nature of this population. It is encouraging to note that the
majority of articles included within this review have been published within the last 2
years. We anticipate that continued activity and interest will lead to the development
and validation of tools in concert with clinical care pathways, embedding the
important processes of nutrition screening and assessment within routine IBD clinic
visits.
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Table 6 Nutrition screening tools correlating with nutrition assessment tools
NST

Comparative NAT measure Statistical Variable

Value

Study ID

MUST

FFMI

Cohen’s Kappa (low/normal FFMI vs low MUST)

κ = 0.53 (95%CI: 0.39-0.67)

Csontos et al[30]

SMI

Logistic Regression (MUST 0,1 vs ≥ 2)

OR: 0.934, P = 0.014a

Bamba et al[9]

RD/GI Assessment

Cohen’s Kappa

κ = 0.15

Haskey et al[35]

MIRT

SGA

a

Spearman’s Rank Correlation

Jansen et al[8]

ρ = 0.394, P = 0.005

a

NRS-2002

SMI

Logistic Regression (NRS-2002 1, 2 vs ≥ 3)

OR: 0.928, P = 0.008

Bamba et al[9]

SaskIBD-NR

RD/GI Assessment

Cohen’s Kappa

κ = 0.73

Haskey et al[35]

a

Indicates significant P value < 0.05. FFMI: Fat Free Mas Index; SMI: Skeletal Muscle Index; SGA: Subjective Global Assessment; OR: Odds ratio; NST:
Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; SaskIBD-NR: Saskatchewan
Inflammatory Bowel Disease Nutrition Risk Tool; MIRT: Malnutrition Inflammation Risk Tool; RD/GI: Registered dietitian/Gastroenterologist.

Table 7 Significant nutrition screening tool correlations with clinical outcomes
NST

Comparative outcome measure

Statistical variable

Value

MIRT

Hospitalization

Spearman’s rank correlation

ρ = 0.398, P = 0.003a

NRI

ρ = 0.299, P = 0.030

Disease complications1

ρ = 0.333, P = 0.015a

Need for surgery

ρ = 0.371, P = 0.006a

Length of stay (< 28 vs ≥ 28 d)

Jansen et al[8]

a

Disease flare

Response to infliximab

NRS-2002

Study ID

P = 0.037a

Fischer’s exact test

a

Chi-square test

P = 0.032

Sumi et al[27]
Takaoka et al[13]

a

Indicates significant P value < 0.05);
Newly occurred stenosis, fistula or abscess. NST: Nutrition screening tools; NRS-2002: Nutrition risk screening 2002; NRI: Nutritional risk index; MIRT:
Malnutrition inflammation risk tool.
1

Table 8 Significant nutrition assessment tool correlations with clinical outcomes
NAT

Comparative outcome
measure

Statistical analysis

Result

Study ID

SGA

Length of stay in hospital

Chi-square test

P = 0.008

Takaoka et al[13]

Sarcopenia

Change in IBD disease
activity at 6 mo (HBI)

Paired t-test (baseline vs 6
mo)

Sarcopenic: 0.4 (P = 0.80)

Adams et al[33]

Need for operation (operation Kaplan-Meier Analysis
free survival curve)

ASMI

P = 0.003

Bamba et al[9]

P = 0.003

Zhang et al[11]

Need for operation

Cox-regression (multivariate) HR 0.318 (0.126-0.802), P =
0.015

Bamba et al[9]

Need for any rescue therapy
(medical/surgical)

Fischers exact test

P = 0.02

Cushing et al[34]

Multivariate logistic
regression

OR 3.98 (95%CI 1.12-14.1), P
= 0.033

Post-operative complications
(Major)1

OR 9.24 (95%CI 1.10-77.50). P Zhang et al[10]
= 0.04

UC disease activity (Mayo
Score ≥ 6)

OR 8.49 (95%CI 1.80-40.10), P Zhang et al[11]
= 0.007

Post-operative surgical site
infection

OR 4.91 (95%CI 1.09-23.50), P Fujikawa et al[29]
= 0.03

Need for red blood cell
transfusion

OR 1.31, P = 0.014

ICU admission

OR 1.32, P = 0.016

Post-operative sepsis

OR 1.325, P = 0.009

Deep vein thrombosis

OR 1.265, P = 0.0173

Clavien-Dindo grade 4
complication

OR 1.329, P = 0.0052

Fecal calprotectin

WJG
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0.004)

https://www.wjgnet.com

Spearman’s Rank Correlation ρ = -0.564, P = 0.005

3833

July 28, 2019

Pedersen et al[12]

Holt et al[36]

Volume 25

Issue 28

Li S et al. Nutrition screening and assessment in IBD

L3 SMI

UC disease activity (Mayo
Score)

SMA
SMP

Post-operative complications
(Overall)2

ρ = -0.523, P ≤ 0.01

Zhang et al[11]

ρ = -0.445, P ≤ 0.01
Multivariate logistic
regression analysis

Post-op complications
(Major)1

OR: 0.487 (95%CI 0.307-0.772) Zhang et al[28]
P = 0.002a
OR: 0.588 (95%CI 0.422-0.820)
P = 0.002a

a

Indicates significant P value < 0.05);
Clavien-Dindo Score ≥ 3;
2
Clavien-Dindo Score 1-5. HR: Hazard ratio; OR: Odds ratio; CI: Confidence interval; HBI: Harvey-bradshaw index; mHUAC: Mean hounsfield unit area
calculation; ASMI: Appendicular skeletal muscle index; SMI: Skeletal muscle index; SMA: Skeletal muscle area; SMP: Skeletal muscle percentage; SGA:
Subjective global assessment.
1

ARTICLE HIGHLIGHTS
Research background
Malnutrition is highly prevalent in patients with inflammatory bowel disease (IBD), however the
optimal nutrition screening tools (NST) and nutrition assessment tools (NAT) to detect and
diagnosis malnutrition respectively are unclear.

Research motivation
Given the negative clinical and economic impacts of malnutrition in IBD, identification of a
simple, accurate and efficient process for identifying malnutrition may allow for increased
recognition and earlier nutritional intervention.

Research objectives
To systematically review the prevalence of malnutrition in patients with IBD, whether available
NSTs correlate with NATs, and whether NSTs and NATs are predictive of clinical outcomes.

Research methods
PubMed and MEDLINE databases were systematically searched utilizing a comprehensive
search strategy. Articles were reviewed and extracted by two independent reviewers against
inclusion/exclusion criteria. Included articles underwent quality assessment review utilizing the
modified Newcastle Ottawa Scale as well as data extraction, synthesis and review by the authors
and a biostatistician.

Research results
A total of 1791 studies were identified from the initial search, 16 of which met all inclusion
criteria and were included for qualitative synthesis. Prevalence of patients at high risk of
malnutrition amongst inpatient and outpatient IBD patients as assessed by NSTs ranged from
28%-67%. Sarcopenia was identified in 39.5% of IBD patients. The malnutrition universal
screening tool (MUST), Nutrition Risk Screening 2002 (NRS-2002), Malnutrition Inflammation
Risk Tool (MIRT) and Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool (SaskIBDNRT) all showed significant associations with various NAT measures. Of NSTs, the MIRT, NRS2002 and NRI demonstrated significance in predicting clinical outcomes of relevant clinical
outcomes. Presence of sarcopenia was significantly associated with various clinical and postoperative outcomes. The Subjective Global Assessment was not consistent in its association with
clinical outcomes.

Research conclusions
Malnutrition and sarcopenia remain highly prevalent in the IBD population as assessed by
currently available NSTs and NATs. No single optimal NST or NAT can be recommended based
on our review at this time. Based on current evidence, previously available NSTs including the
NRS-2002 and MUST, as well as novel IBD-specific NSTs (MIRT, SaskIBD-NRT) are the most
useful to screen for malnutrition in this population. Sarcopenia evaluation (via cross-sectional
imaging) has promise as a robust nutrition assessment method given its significant associations
with clinical outcomes. However, more accurate, practical and cost-effective methods of
evaluating sarcopenia in the IBD population outside of conventional methods of body
composition analysis should be explored.

Research perspectives
The utility as well as strengths and weaknesses of available NSTs and NATs have been
reviewed. Future research is needed to test and validate available tools in the IBD population.
The development of novel tools will aid clinicians in identifying, diagnosing and intervening on
malnourishment in the IBD patient population.
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Abstract
Despite the lack of precise mechanisms of action, a growing number of studies
suggests that gut microbiota is involved in a great number of physiological
functions of the human organism. In fact, the composition and the relations of
intestinal microbial populations play a role, either directly or indirectly, to both
the onset and development of various pathologies. In particular, the
gastrointestinal tract and nervous system are closely connected by the so-called
gut–brain axis, a complex bidirectional system in which the central and enteric
nervous system interact with each other, also engaging endocrine, immune and
neuronal circuits. This allows us to put forward new working hypotheses on the
origin of some multifactorial diseases: from eating to neuropsychiatric disorders
(such as autism spectrum disorders and depression) up to diabetes and tumors
(such as colorectal cancer). This scenario reinforces the idea that the microbiota
and its composition represent a factor, which is no longer negligible, not only in
preserving what we call “health” but also in defining and thus determining it.
Therefore, we propose to consider the gut-brain axis as the focus of new scientific
and clinical investigation as long as the locus of possible systemic therapeutic
interventions.
Key words: Microbiota; Gut-brain axis; Dysbiosis; Symbiosis; Person-centered medicine;
Personalized medicine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The interest for gut-microbiota is rapidly increasing due to its impact on many
physiological and pathological functions. In particular, gut-brain axis, in which
commensal microorganisms’ impact, in interplay with immune and endocrine systems,

https://www.wjgnet.com

3838

August 7, 2019

Volume 25

Issue 29

Boem F et al. Health: Integrated view of gut-brain axis

E-Editor: Ma YJ

might be a tool and a focus of both scientific investigation and therapeutic interventions.
Accordingly, here, by focusing on some examples of multifactorial conditions, such as
obesity, we advocate for a redefined health account, in eco-systemic terms, in order to
promote a new way of considering the detection of and the approach to diseases. A
healthy axis could become part of a more effective perspective towards both personcentered medicine and personalized medicine.

Citation: Boem F, Amedei A. Healthy axis: Towards an integrated view of the gut-brain
health. World J Gastroenterol 2019; 25(29): 3838-3841
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3838.htm
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INTRODUCTION
The term microbiota usually refers to the community of different microorganisms
populating specific ecological niches within the human body (e.g., in the gastroenterological system, the gut microbiota), thus forming a mutually advantageous
relationship, often called symbiosis, with the host[1]. Especially in the gut (the most
investigated area), microbiota contributes to the maintenance of its integrity, taking
part into energy harvesting from food, constituting the first barrier against pathogens
and modulating the immune responses[2].
The composition of gut microbiota (GM) is quite complex and can undergo changes
(more or less radical) in response to both exogenous (e.g., life style and habits,
interactions with pathogens and/or chemicals, environmental agents) and
endogenous factors (such as genetic profile)[2-4].
Notably, the number of microorganisms living in the intestines outnumber the cells
of our organism. Additionally, more than 1000 bacterial species reside in the human
gut, primarily situated within distal ileum and colon, predominantly belonging to
Bacteroidetes and Firmicutes phyla [1] . Nevertheless, as already mentioned, the
composition could be highly variable, dynamic, and susceptible to rapid changes in
response to external factors or perturbations in health.
In fact, an increasing number of studies suggests that the microbiota (and especially
the GM) plays a role in shaping a vast number of physiological functions of the
human organism.
For example, the dysbiosis, a structural and compositional imbalance in intestinal
microbial populations, can contribute, either directly or indirectly, to both the onset
and development of various pathologies. This allows us to put forward new working
hypotheses on the origin of some multifactorial diseases: From eating to
neuropsychiatric disorders (such as autism spectrum disorders and depression)[5], up
to diabetes and tumors (such as colorectal cancer)[6-8].
This scenario reinforces the idea that the microbiota and its composition represent a
factor, which is no longer negligible, not only in preserving what we call "health" but
also in defining and thus determining it[9].
Indeed, from the perspective of the gastroenterologist, the increasing relevance of
the microbiota impact in the understanding some pathological disorders, offer also a
chance to reconsider the boundaries of current clinical analysis, towards the embrace
of a more systemic mindset on both health and disease, with an eye to therapeutic
interventions[9].

STUDY ANALYSIS
It is known that biological functions are modulated by the interaction with the
environment. However, the very notion of symbiosis and its implications challenge
the mainstream view concerning the sharp distinction between external and internal
factors[10]. Since decades, ecologists warned us that the environment is not just a
container or simply a background in which biological species live and exist. The
relationship between the host and its microbiota does not simply take place within the
environment. It rather constructs it. Furthermore, at the microbiota level, both
commensal and non-commensal microbe species take part (either cooperating or
struggling among each other’s) to specific niches construction, thus constituting a
crucial node of that intricate ecosystem that is the human body. If we accept an
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ecological view of health, it seems reasonable to reconsider clinical approaches in a
more organismic (i.e., the body is more than the sum of its parts/organs) and systemic
way[10,11].
Indeed, novel studies confirm that the gastrointestinal tract and nervous system
(particularly the encephalon) are closely connected by the so called gut–brain axis, a
complex bidirectional system in which the central and enteric nervous system interact
with each other, also engaging endocrine, immune and neuronal circuits[1,4,12]. Indeed,
the articulation of these relationships and the functions of this axis are also modulated
by the gut microbiota, thus pushing to reconsider the idea that microbial activity is
circumscribed only to the intestines. Because of that the concept of microbiota -gutbrain axis has been introduced to highlight the relevance of this interplay in the
development of both metabolic and neurological conditions, thus challenging a sharp
taxonomy of diseases, primarily based on organ situation[9,10].
In line with these conjectures, the obesity is somehow paradigmatic since it is
definitely a metabolic disorder, but it can be seen also from a psychopathological
angle[13]. This fact, combined with the view of some scholars[14] who claim, challenging
the reductionist approach of a vast part of contemporary biomedical research, points
out that causal trajectories are neither linear nor one-way in the life sciences. It is
crucial to recognize that the way by which diseases and disorders are classified,
understood and therapeutically addressed, is more often the result of disciplinary
interests and history rather than “carving nature at its joints”.
Indeed, recent data indicate a relevant relationship between microbiota
composition and the obesity development. This connection should be surely
evaluated as a dynamic interplay between microbial activities and human physiology
but also be seen considering usual obesity-associated (e.g., anxiety and depression)
“comorbidities” [13].
This healthy axis perspective aims at reconsidering this frame by arguing that an
ecological, systemic view on health should stop seeing the problem in a mere
“additive sense”, by privileging one side (i.e., obesity) over other factors (i.e.,
comorbidities). Rather, the entire question, obviously without simplifying or
neglecting specific issues associated with localized phenomena, should be seen as a
“network disease”.
Therefore this suggests that clinical approaches, if not coordinated, should always
be performed in the awareness that therapeutic interventions can rarely neglect the
presence of different (either cooperating or in contrast) forces acting on the system,
i.e., our healthy state.
On the practical side, such an approach implies a twofold change. On one hand,
both researchers and clinicians should be more aware that the their way approaching
a particular condition is partial and runs the risk of neglecting important factors
pertaining to other specialists. Thus, an open attitude towards integration should be
encouraged. On the other hand, disciplinary boundaries are not always a direct
responsibility of single researchers but rather reflect the way scientific programs are
designed and thought at the institutional level, which often mirrors political and
economic factors. Therefore our aspiration is that science, at a regulatory level, would
become more open, inclusive, fostering the need of promoting a more systemic and
integrated perspectives[9]. I hope that this might also further, among researchers, the
importance of conceptual issues and terms once central within the life sciences (such
as “organism”) and now lost within disciplinary boundaries[15]. Of course, science is
also the difficult combination of innovation and caution. New ideas are important but
in order to be “scientific” something more is needed.

CONCLUSION
The increasing studies about the microbiota impact in human healthy generated a
great enthusiasm, but runs also the risk of a big hype[16]. The idea that microbiota
could be the new “Holy Grail” of biology is not only wrong and reductive but it also
contradicts the systemic and ecological perspective we support. This is why, in the
light of the well know adversities in settling precise causality in biology, it is
fundamental to recall extreme caution, avoiding the seducing idea of a privileged
point of view that will explain anything else[9].
Bearing this in mind, the importance of microbiota-gut-brain axis should be
considered, primarily as a methodological stance, in order to develop new systemic
procedures. We hope that this perspective would promote a more satisfactory and
definite framework for person-centered medicine [9,17] , whereas healthy axis will
become not only a research tool but also an active locus for therapeutic interventions.
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Abstract
Although hepatocellular carcinoma (HCC) is as prevalent as ever as a cancerrelated mortality, and some would even argue that it is increasing, the pattern of
its etiologies has been changing. Specifically, the domination of viral hepatitis C
virus is being overcome, partly because of the emergence of the antiviral
treatments, and partly because of the significant increase, especially in developed
countries, of the combination of obesity, diabetes, metabolic syndrome, nonalcoholic fatty liver disease and non-alcoholic steatohepatitis. This editorial will
explore the interconnection of this group of diseases and how they are linked to
HCC. More importantly, it will argue that this shift in HCC etiology essentially
means that we have to change how we approach the treatment of HCC, by
changing our focus (and resources) to earlier stages of the disease development in
order to prevent the appearance and progression of HCC.
Key words: Hepatocellular carcinoma; Diabetes; Obesity; Steatosis; Non-alcoholic fatty
liver disease; Body-mass index; Non-alcoholic steatohepatitis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There is a changing landscape whereby metabolic syndrome and non-alcoholic
fatty liver disease and non-alcoholic steatohepatitis have replaced hepatitis viral
infections and alcohol as the predominant causes of cirrhosis and hepatocellular
carcinoma (HCC) on the global scale. As such, we need to change the treatment focus
and address metabolic syndrome and its elements in an effort to intervene more timely in
the development of cirrhosis and HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver,
whereas among all types of cancers HCC is the fifth most common with an aggressive
nature that had it ranking second in 2012 in terms of causes of cancer-related death in
the world[1,2]. The prevalence and aggressiveness of HCC have led to a world-wide
interest and an increasingly multidisciplinary approach with the use of new
technologies and molecular analysis with the hope of achieving a more patienttargeted approach. From a surgical standpoint, the armamentarium available has
been increasing with examples such as hepatic resection, microwave or
radiofrequency ablation, transarterial chemoembolization, irreversible electroporation, and of course liver transplantation (LT). The latter is especially important as
HCC frequently coexists with cirrhosis and LT represents a treatment for both.
Unfortunately, the lack of donors has led to efforts to expand the donor pool with the
use of Donors after Cardiac Death, split grafts, living related and expanded criteria
grafts, all of which necessitate careful donor and recipient selection and matching.
Despite all these efforts, HCC remains a formidable opponent and the only significant
victory that we have been able to enjoy in this last decade is the advent of the latest all
oral, ribavirin- and interferon-free regimens of direct acting antivirals against the
hepatitis C virus (HCV) which have achieved 90% sustained virological response,
which is essentially a cure[3]. The fact that this is for all genotypes, has led to LT
actually providing a cure for HCV, rather than a short interlude from an aggressive
recurrence; at the same time, it is part of a big change in the landscape of HCC
etiology and management.

CHANGING LANDSCAPE OF HCC
Specifically, the progress having to do with the HCV epidemic and the persistent
increase in obesity, diabetes, non-alcoholic steatohepatitis (NASH), and non-alcoholic
fatty liver disease (NAFLD) have allowed metabolic syndrome (MetS) to take the reins
regarding factors and diseases affecting the liver and eventually leading to HCC[4].

Defining NAFLD and NASH
Before proceeding any further it is important to present some of the definitions of the
terms used. The reason is that very frequently the term NAFLD is associated and may
be used interchangeably with the other terms such as NASH or “hepatic steatosis”,
which is not correct as there are significant differences with clinical implications. The
term “hepatic steatosis” refers to the presence of micro- or macro- or mixed vesicular
fat in the cytoplasm of the hepatocytes[5]. Using the American Association for the
Study of Liver Diseases guidelines for the definition of NAFLD we need to establish
primary hepatic steatosis (confirmed either by imaging or biopsy), while at the same
time exclude any secondary causes of hepatic steatosis (medications, alcohol,
hereditary)[6]. NASH represents an extension of NAFLD, whereby the presence of
primary hepatic steatosis (need more than 5%) leads to inflammation and
hepatocellular injury (ballooning), and is the form that can actually progress to
fibrosis, cirrhosis and HCC[7]. Today, NAFLD represents the most common chronic
liver disease worldwide. It constitutes an epidemic with prevalence in adults in
developed countries somewhere between 30%-50%, with the main obstacle in finding
a more concise measurement being the difficulties in the diagnostic methods between
the different studies[8-10]. NAFLD is frequently associated with obesity, type II diabetes
mellitus (T2DM), and dyslipidemia, all of which are components of the MetS[11,12]. The
definition of MetS developed over time and through different medical associations,
such as the International Diabetes Federation (IDF), World Health Organization and
the United States National Cholesterol Education program Adult Treatment Panel.
Eventually this led to the Harmonized (consensus) definition in 2009 incorporating
those of the IDF and the American Heart Association, which includes any three of the
following: (1) Waist circumference: According to population and country-specific
definitions; (2) Triglycerides: ≥ 150 mg/dL (1.7 mmol/L); (3) High density lipoprotien
cholesterol: < 40 mg/dL (1.03 mmol/L) in men and < 50 mg/dL (1.29 mmol/L) in
women; (d) Blood pressure: ≥ 130 mmHg systolic; ≥ 85 mmHg diastolic; and (5)
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Fasting glucose: ≥ 100 mg/dL (5.6 mmol/L) or use of medication[13].

Epidemiology of NAFLD and NASH
The relation between NAFLD, and as an extension NASH, and MetS is a complex one.
In the past, NAFLD was viewed as the hepatic component of MetS given its
relationship with obesity and insulin resistance. Over time we have essentially seen
that this is a two-way street, as on the one hand NAFLD can lead to T2DM and its
relation to obesity and the lipid abnormalities combined with the hepatic
inflammation can lead to MetS. On the other hand, the various manifestations of MetS
can lead to a deterioration of NAFLD and move towards NASH, fibrosis, cirrhosis
and eventually HCC[13,14]. As complex as the relationship between NAFLD/NASH and
MetS may seem, that of NAFLD/NASH to HCC is a much more straightforward one.
Currently, NAFLD-related cirrhosis or NAFLD-related HCC are the second cause of
LT in the United States, whereas NAFLD is responsible for somewhere between 5%20% of HCC cases in the Western world[15,16]. This is depicted in an excellent study by
Younossi et al[17] who aim to identify the global prevalence of NAFLD and NASH,
while at the same time describing their natural history and progression. By looking at
reports between the years 1989 and 2015, they arrive at three main conclusions: (1)
There is a significant global burden of NASH and a global prevalence of NAFLD of
25% with a geographical variation. This last point could have to do with genetic and
cultural differences which can certainly play a role in shaping body mass; (2) The
progression of fibrosis that can be seen in NAFLD and NASH is very slow with these
patients having a > 50% chance of non-liver related mortality[17]. The incidence of HCC
among NAFLD patients is very low at a frequency of 0.44/1000 person-years;
however, the prevalence of NAFLD in the population makes up for that, and as a
result NAFLD by affecting over 1 billion adults world-wide remains a basic cause of
LT[18]; and (3) Despite the fact that liver-related events may be responsible for only a
small fraction of deaths in NAFLD and NASH patients, NASH is rapidly becoming
the most common etiology of liver-related death globally.
The above findings present an association between a metabolic disease
predominantly and a type of cancer. This is quite intriguing, especially if we consider
that the mechanism is not completely clear. Alterations in gene expressions may play
a significant role, as a high number of them were observed during the progression
from steatosis to NASH, with special emphasis on the fibrosis and inflammation
aspects [19] . As part of this progression towards cirrhosis and, eventually, HCC,
extracellular matrix and angiogenesis genes are up regulated, whereas others that
affect iron homeostasis are down regulated[20]. A central part of the evolution of
NASH, at the molecular level, is the down regulation of the Wnt signaling pathway,
as Wnt inhibitors are up regulated[21]. This is directly related to HCC, as dysregulated
activation of Wnt signaling has been linked to HCC subclasses[21].

OBESITY
Obesity represents a common denominator between NAFLD/NASH and MetS, and
as such deserves special mention. At first its role seems quite straightforward as the
association of obesity with T2DM and cardiovascular disease are expected to present a
risk to a person’s health. This may lead us to believe that the mere presence of obesity
should lead to higher morbidity and mortality; yet, there have been several studies
using data from the National Surgical Quality Improvement Program of the American
College of Surgeons which have failed to find a correlation between obesity and
mortality in surgical patients[22,23]. This has also been the case with studies in general or
colorectal surgery, leading to the term “obesity paradox”, in order to describe the
unexpected protective effect of obesity[24,25]. Part of the explanation for this may be the
existence of different definitions for obesity and corpulence, as well as the different
distributions of fat in either adipose subcutaneous tissue or visceral obesity[26,27]. Either
way, the above should not distract from the fact that abdominal obesity is directly
linked to MetS, with its variables including visceral obesity, insulin resistance,
dyslipidemia and systemic hypertension[28]. Furthermore, obesity is linked to NASH,
which is also closely associated with MetS, thus bringing everything to a full circle.
The relation between MetS and NASH with obesity as the “go-between” has led to
NASH becoming the fastest growing indication for LT in the US, with a prediction
that by 2025 approximately 25 million Americans will have developed NASH, a fifth
of whom may need to undergo transplantation[29,30]. If that were not enough, in those
patients undergoing LT, the prevalence of NASH after 6 months is around 50%-60%,
as opposed to 23% in the general population[31,32]. The main explanation for this is the
immunosuppressive medications and their side-effects. However, what is significant
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is the fact that the presence of MetS post-transplantation is predictive of NASH
recurrence, which can jeopardize the graft and the patient’s life[33,34].
Overall, we are seeing a paradigm shift where NAFLD/NASH and MetS are
steadily replacing hepatitis viral infections (usually HCV) as the main cause of HCC
and the second most frequent one for LT. Although the underlying mechanism of the
progression from MetS and NAFLD/NASH to HCC is not fully understood,
possibilities include the generation of reactive oxygen species, the presence of leptin
(a proinflammatory cytokine with angiogenic abilities), the mild yet persistent
inflammation state seen in obesity, which may all affect cellular transcription and
signaling, thus leading to the appearance of HCC[35,36].

TREATMENT
This paradigm shift that we have seen, which essentially signifies that MetS, through
NAFLD/NASH, now represents the main pathway to HCC and cirrhosis, has several
connotations for treatment. Specifically, it means that a significant part of our efforts
should be towards preventing HCC and cirrhosis, rather than waiting for them to
happen and then have to deal with complicated and costly treatments. Efforts should
start focusing at dealing with MetS, which mean addressing its main components
such as DM, hypertension, dyslipidemia, obesity and through those the effects of
NASH and NAFLD. The following are some important parts of this treatment plan
and include:

Lifestyle changes
Weight loss is key in managing all the different elements of MetS, such as obesity,
hypertension, dyslipidemia and T2DM, as well as in helping to control NAFLD and
its progression to NASH[37-39]. This implies a combination of decreased caloric intake,
as well as increased physical activity, especially walking. Although there is no
consensus as to the specifics of the weight loss, there is agreement that it should be
steady.

Pharmacologic therapy
The intimate causal relationship (possibly in all directions) between MetS,
NAFLD/NASH and T2DM has caused a lot of interest in medications, such as
metformin and pioglitazone. Metformin, together with the lifestyle changes, is
believed to be especially appropriate for patients with T2DM and NAFLD or early
NASH, although it has not been shown to have a beneficial effect on liver
histology [40,41] . Pioglitazone, belonging in the thiazolidinediones category of
medications that cause an upregulation of the genes involved in glucose metabolism,
resulting in decreased hepatic lipogenesis, thus leading to improved glucose tolerance
and decreased hepatic inflammation and avoidance of NASH [42,43] . The main
limitations have been the need for long-term treatment and the side-effects which
include congestive heart failure and stroke among others[44]. Well-established medical
treatments currently exist also for hypertension and dyslipidemia, which in certain
instances, such as the use of statins, have been shown to affect in a positive manner
the prevention and progression of cirrhosis and HCC[45].

Nutrition therapy
Although the question of whether NAFLD and the progression to NASH is a matter
of overnutrition or simply the result of a “different” nutritional pattern with different
responses from the metabolic system, there is no good data on what the proper diet
specifically for NAFLD/NASH patients should be. The closest to a recommendation
are those originating from the American Diabetes Association and the American
Heart Association, given the prevalence and importance in the whole process of
T2DM and cardiovascular disease[46].

Bariatric surgery
There have been significant advances in bariatric surgery, especially pertaining to
identifying the best type of surgery for the specific patient. The recognition of MetS, as
well as the effect that we have witnessed bariatric surgery having on T2DM and
hypertension, have led to bariatric surgery taking a central role in the management of
MetS. There are several procedures such as the adjustable gastric banding, the sleeve
gastrectomy, the Roux-en-Y gastric bypass, the duodenal switch or biliopancreatic
diversion with all of them having different amounts of restrictive and malabsorptive
elements [47] . The advances in minimally invasive surgery have also made these
procedures more physiologically “attractive” for these patients. As potentially useful
as bariatric surgery can be, it needs to be stressed that it is not enough by itself to
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avoid the combined ill effects of MetS and especially those pertaining to
NAFLD/NASH and the HCC progression; the reason is that the main therapy for
MetS remains more a matter of lifestyle adjustments/change, rather than surgical
treatment.

CONCLUSION
The goal of this editorial is to hopefully change the mindset of how we approach
cirrhosis and HCC. Specifically, by recognizing the importance of MetS, NAFLD and
NASH and the combined role that they play in the progression to fibrosis, cirrhosis
and eventually HCC, can help us shift the focus from the management of HCC once it
has appeared with challenging and costly procedures and interventions, to the
avoidance or management of MetS and its elements with the methods previously
described. Additionally, we need to change the way that we have been approaching
obesity as the result of bad lifestyle choices and realize that it is a multidimensional
disease affecting several organ systems and where successful management requires a
spectrum of interventions ranging from public education and preventive care to
medications and bariatric surgery. In summary, MetS and NAFLD and their
association with NASH, T2DM, hypertension, obesity and cardiovascular disease are
all part of an equation which explains today (more than any other cause) the
progression of chronic liver disease to cirrhosis and, eventually, to HCC. Once we
understand this, we can start changing or adjusting the focus of our interventions for
cirrhosis and HCC by placing emphasis on an earlier part of the disease spectrum
where all these factors are at play; ultimately, the goal is to prevent than to have to
treat.

REFERENCES
1

2
3
4
5
6

7
8

9

10
11
12
13

14
15
16

17

WJG

https://www.wjgnet.com

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer
in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
GLOBOCAN. Estimated cancer incidence: Mortality and prevalence worldwide in 2012. Available from:
http:// globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
Fobi M. Metabolic surgery: Procedures vary internationally. Metabolic Surgery and International Practice
by ACS. Bull Am Coll Surg 2019
Caldwell SH, Crespo DM, Kang HS, Al-Osaimi AM. Obesity and hepatocellular carcinoma.
Gastroenterology 2004; 127: S97-103 [PMID: 15508109 DOI: 10.1053/j.gastro.2004.09.021]
Burt AD, Mutton A, Day CP. Diagnosis and interpretation of steatosis and steatohepatitis. Semin Diagn
Pathol 1998; 15: 246-258 [PMID: 9845426]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, Charlton M, Sanyal AJ; American
Gastroenterological Association; American Association for the Study of Liver Diseases; American College
of Gastroenterologyh. The diagnosis and management of non-alcoholic fatty liver disease: Practice
guideline by the American Gastroenterological Association, American Association for the Study of Liver
Diseases, and American College of Gastroenterology. Gastroenterology 2012; 142: 1592-1609 [PMID:
22656328 DOI: 10.1053/j.gastro.2012.04.001]
Hellerbrand C. Pathophysiological similarities and synergisms in alcoholic and non-alcoholic
steatohepatitis. Dig Dis 2010; 28: 783-791 [PMID: 21525763 DOI: 10.1159/000324286]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, Cohen JC, Grundy SM, Hobbs HH.
Prevalence of hepatic steatosis in an urban population in the United States: Impact of ethnicity. Hepatology
2004; 40: 1387-1395 [PMID: 15565570 DOI: 10.1002/hep.20466]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison SA. Prevalence
of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among a largely middle-aged
population utilizing ultrasound and liver biopsy: A prospective study. Gastroenterology 2011; 140: 124131 [PMID: 20858492 DOI: 10.1053/j.gastro.2010.09.038]
Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of non-alcoholic fatty liver disease. Dig
Dis 2010; 28: 155-161 [PMID: 20460905 DOI: 10.1159/000282080]
Fujioka K. Current and emerging medications for overweight or obesity in people with comorbidities.
Diabetes Obes Metab 2015; 17: 1021-1032 [PMID: 26040215 DOI: 10.1111/dom.12502]
VanWagner LB, Rinella ME. Extrahepatic Manifestations of Nonalcoholic Fatty Liver Disease. Curr
Hepatol Rep 2016; 15: 75-85 [PMID: 27218012 DOI: 10.1007/s11901-016-0295-9]
Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus, cardiovascular disease or
cirrhosis. Nat Rev Gastroenterol Hepatol 2013; 10: 330-344 [PMID: 23507799 DOI:
10.1038/nrgastro.2013.41]
Naik A, Belič A, Zanger UM, Rozman D. Molecular Interactions between NAFLD and Xenobiotic
Metabolism. Front Genet 2013; 4: 2 [PMID: 23346097 DOI: 10.3389/fgene.2013.00002]
Bellentani S. The epidemiology of non-alcoholic fatty liver disease. Liver Int 2017; 37 Suppl 1: 81-84
[PMID: 28052624 DOI: 10.1111/liv.13299]
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]
Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of
nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, incidence, and outcomes.

3846

August 7, 2019

Volume 25

Issue 29

Tsoulfas G. HCC and metabolic syndrome

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

Hepatology 2016; 64: 73-84 [PMID: 26707365 DOI: 10.1002/hep.28431]
Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, Charatcharoenwitthaya P, Mills PR,
Keach JC, Lafferty HD, Stahler A, Haflidadottir S, Bendtsen F. Liver Fibrosis, but No Other Histologic
Features, Is Associated With Long-term Outcomes of Patients With Nonalcoholic Fatty Liver Disease.
Gastroenterology 2015; 149: 389-97.e10 [PMID: 25935633 DOI: 10.1053/j.gastro.2015.04.043]
Lake AD, Novak P, Fisher CD, Jackson JP, Hardwick RN, Billheimer DD, Klimecki WT, Cherrington NJ.
Analysis of global and absorption, distribution, metabolism, and elimination gene expression in the
progressive stages of human nonalcoholic fatty liver disease. Drug Metab Dispos 2011; 39: 1954-1960
[PMID: 21737566 DOI: 10.1124/dmd.111.040592]
Clarke JD, Novak P, Lake AD, Shipkova P, Aranibar N, Robertson D, Severson PL, Reily MD, Futscher
BW, Lehman-McKeeman LD, Cherrington NJ. Characterization of hepatocellular carcinoma related genes
and metabolites in human nonalcoholic fatty liver disease. Dig Dis Sci 2014; 59: 365-374 [PMID:
24048683 DOI: 10.1007/s10620-013-2873-9]
Hoshida Y, Nijman SM, Kobayashi M, Chan JA, Brunet JP, Chiang DY, Villanueva A, Newell P, Ikeda
K, Hashimoto M, Watanabe G, Gabriel S, Friedman SL, Kumada H, Llovet JM, Golub TR. Integrative
transcriptome analysis reveals common molecular subclasses of human hepatocellular carcinoma. Cancer
Res 2009; 69: 7385-7392 [PMID: 19723656 DOI: 10.1158/0008-5472.CAN-09-1089]
Al-Refaie WB, Parsons HM, Henderson WG, Jensen EH, Tuttle TM, Rothenberger DA, Kellogg TA,
Virnig BA. Body mass index and major cancer surgery outcomes: Lack of association or need for
alternative measurements of obesity? Ann Surg Oncol 2010; 17: 2264-2273 [PMID: 20309642 DOI:
10.1245/s10434-010-1023-2]
Davenport DL, Xenos ES, Hosokawa P, Radford J, Henderson WG, Endean ED. The influence of body
mass index obesity status on vascular surgery 30-day morbidity and mortality. J Vasc Surg 2009; 49: 140147, 147.e1; discussion 147 [PMID: 19028047 DOI: 10.1016/j.jvs.2008.08.052]
Mullen JT, Moorman DW, Davenport DL. The obesity paradox: Body mass index and outcomes in
patients undergoing nonbariatric general surgery. Ann Surg 2009; 250: 166-172 [PMID: 19561456 DOI:
10.1097/SLA.0b013e3181ad8935]
Dindo D, Muller MK, Weber M, Clavien PA. Obesity in general elective surgery. Lancet 2003; 361: 20322035 [PMID: 12814714 DOI: 10.1016/S0140-6736(03)13640-9]
Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, Lang CC, Rumboldt Z, Onen
CL, Lisheng L, Tanomsup S, Wangai P, Razak F, Sharma AM, Anand SS; INTERHEART Study
Investigators. Obesity and the risk of myocardial infarction in 27,000 participants from 52 countries: A
case-control study. Lancet 2005; 366: 1640-1649 [PMID: 16271645 DOI:
10.1016/S0140-6736(05)67663-5]
Blackett PR, Sanghera DK. Genetic determinants of cardiometabolic risk: A proposed model for
phenotype association and interaction. J Clin Lipidol 2013; 7: 65-81 [PMID: 23351585 DOI:
10.1016/j.jacl.2012.04.079]
Cornier MA, Després JP, Davis N, Grossniklaus DA, Klein S, Lamarche B, Lopez-Jimenez F, Rao G, StOnge MP, Towfighi A, Poirier P; American Heart Association Obesity Committee of the Council on
Nutrition; Physical Activity and Metabolism; Council on Arteriosclerosis; Thrombosis and Vascular
Biology; Council on Cardiovascular Disease in the Young; Council on Cardiovascular Radiology and
Intervention; Council on Cardiovascular Nursing, Council on Epidemiology and Prevention; Council on
the Kidney in Cardiovascular Disease, and Stroke Council. Assessing adiposity: A scientific statement
from the American Heart Association. Circulation 2011; 124: 1996-2019 [PMID: 21947291 DOI:
10.1161/CIR.0b013e318233bc6a]
Singal AK, Guturu P, Hmoud B, Kuo YF, Salameh H, Wiesner RH. Evolving frequency and outcomes of
liver transplantation based on etiology of liver disease. Transplantation 2013; 95: 755-760 [PMID:
23370710 DOI: 10.1097/TP.0b013e31827afb3a]
Agopian VG, Kaldas FM, Hong JC, Whittaker M, Holt C, Rana A, Zarrinpar A, Petrowsky H, Farmer D,
Yersiz H, Xia V, Hiatt JR, Busuttil RW. Liver transplantation for nonalcoholic steatohepatitis: The new
epidemic. Ann Surg 2012; 256: 624-633 [PMID: 22964732 DOI: 10.1097/SLA.0b013e31826b4b7e]
Bianchi G, Marchesini G, Marzocchi R, Pinna AD, Zoli M. Metabolic syndrome in liver transplantation:
Relation to etiology and immunosuppression. Liver Transpl 2008; 14: 1648-1654 [PMID: 18975273 DOI:
10.1002/lt.21588]
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults: Findings from
the third National Health and Nutrition Examination Survey. JAMA 2002; 287: 356-359 [PMID: 11790215
DOI: 10.1001/jama.287.3.356]
Malik SM, Devera ME, Fontes P, Shaikh O, Sasatomi E, Ahmad J. Recurrent disease following liver
transplantation for nonalcoholic steatohepatitis cirrhosis. Liver Transpl 2009; 15: 1843-1851 [PMID:
19938117 DOI: 10.1002/lt.21943]
El Atrache MM, Abouljoud MS, Divine G, Yoshida A, Kim DY, Kazimi MM, Moonka D, Huang MA,
Brown K. Recurrence of non-alcoholic steatohepatitis and cryptogenic cirrhosis following orthotopic liver
transplantation in the context of the metabolic syndrome. Clin Transplant 2012; 26: E505-E512 [PMID:
23061759 DOI: 10.1111/ctr.12014]
Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease as a risk factor for hepatocellular carcinoma:
Mechanisms and implications. Gut 2010; 59: 1303-1307 [PMID: 20650925 DOI:
10.1136/gut.2009.199661]
Vinciguerra M, Carrozzino F, Peyrou M, Carlone S, Montesano R, Benelli R, Foti M. Unsaturated fatty
acids promote hepatoma proliferation and progression through downregulation of the tumor suppressor
PTEN. J Hepatol 2009; 50: 1132-1141 [PMID: 19398230 DOI: 10.1016/j.jhep.2009.01.027]
Suzuki A, Lindor K, St Saver J, Lymp J, Mendes F, Muto A, Okada T, Angulo P. Effect of changes on
body weight and lifestyle in nonalcoholic fatty liver disease. J Hepatol 2005; 43: 1060-1066 [PMID:
16140415 DOI: 10.1016/j.jhep.2005.06.008]
Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Brancati FL, Wagenknecht LE, Pi-Sunyer FX,
Kahn SE, Clark JM; Fatty Liver Subgroup of the Look AHEAD Research Group. Effect of a 12-month
intensive lifestyle intervention on hepatic steatosis in adults with type 2 diabetes. Diabetes Care 2010; 33:
2156-2163 [PMID: 20664019 DOI: 10.2337/dc10-0856]
Sullivan S, Kirk EP, Mittendorfer B, Patterson BW, Klein S. Randomized trial of exercise effect on
intrahepatic triglyceride content and lipid kinetics in nonalcoholic fatty liver disease. Hepatology 2012; 55:
1738-1745 [PMID: 22213436 DOI: 10.1002/hep.25548]
Nair S, Diehl AM, Wiseman M, Farr GH, Perrillo RP. Metformin in the treatment of non-alcoholic

3847

August 7, 2019

Volume 25

Issue 29

Tsoulfas G. HCC and metabolic syndrome

41

42
43

44

45

46

47

WJG

https://www.wjgnet.com

steatohepatitis: A pilot open label trial. Aliment Pharmacol Ther 2004; 20: 23-28 [PMID: 15225167 DOI:
10.1111/j.1365-2036.2004.02025.x]
Haukeland JW, Konopski Z, Eggesbø HB, von Volkmann HL, Raschpichler G, Bjøro K, Haaland T,
Løberg EM, Birkeland K. Metformin in patients with non-alcoholic fatty liver disease: A randomized,
controlled trial. Scand J Gastroenterol 2009; 44: 853-860 [PMID: 19811343 DOI:
10.1080/00365520902845268]
Smith U. Pioglitazone: Mechanism of action. Int J Clin Pract Suppl 2001; 13-18 [PMID: 11594239 DOI:
10.1016/S1567-5769(01)00109-6]
Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, Tio F, Pulcini J,
Berria R, Ma JZ, Dwivedi S, Havranek R, Fincke C, DeFronzo R, Bannayan GA, Schenker S, Cusi K. A
placebo-controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N Engl J Med 2006;
355: 2297-2307 [PMID: 17135584 DOI: 10.1056/NEJMoa060326]
Lu CJ, Sun Y, Muo CH, Chen RC, Chen PC, Hsu CY. Risk of stroke with thiazolidinediones: A ten-year
nationwide population-based cohort study. Cerebrovasc Dis 2013; 36: 145-151 [PMID: 24029780 DOI:
10.1159/000353679]
Vargas JI, Arrese M, Shah VH, Arab JP. Use of Statins in Patients with Chronic Liver Disease and
Cirrhosis: Current Views and Prospects. Curr Gastroenterol Rep 2017; 19: 43 [PMID: 28752475 DOI:
10.1007/s11894-017-0584-7]
Conlon BA, Beasley JM, Aebersold K, Jhangiani SS, Wylie-Rosett J. Nutritional management of insulin
resistance in nonalcoholic fatty liver disease (NAFLD). Nutrients 2013; 5: 4093-4114 [PMID: 24152749
DOI: 10.3390/nu5104093]
Ayloo S, Armstrong J, Hurton S, Molinari M. Obesity and liver transplantation. World J Transplant 2015;
5: 95-101 [PMID: 26421262 DOI: 10.5500/wjt.v5.i3.95]

3848

August 7, 2019

Volume 25

Issue 29

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 August 7; 25(29): 3849-3856

DOI: 10.3748/wjg.v25.i29.3849

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

OPINION REVIEW

Improving cirrhosis care: The potential for telemedicine and mobile
health technologies
Matthew Jonathon Stotts, Justin Alexander Grischkan, Vandana Khungar
ORCID number: Matthew Jonathon
Stotts (0000-0003-1108-8653); Justin
Alexander Grischkan
(0000-0003-2610-7802); Vandana
Khungar (0000-0001-8720-533X).

Author contributions: Stotts MJ,
Grischkan JA, and Khungar V all
contributed to the literature review
and the writing of this manuscript.

Conflict-of-interest statement: All
the Authors have no conflict of
interest related to the 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: Invited
manuscript

Received: March 2, 2019
Peer-review started: March 2, 2019
First decision: May 16, 2019
Revised: June 14, 2019
Accepted: July 1, 2019
Article in press: July 3, 2019
Published online: August 7, 2019
P-Reviewer: Guo XZ, Zhang ZH
S-Editor: Yan JP
L-Editor: A

WJG

Matthew Jonathon Stotts, Vandana Khungar, Department of Medicine, Division of
Gastroenterology and Hepatology, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA 19104, United States
Justin Alexander Grischkan, Department of Medicine, Massachusetts General Hospital, 55 Fruit
Street, Boston, MA 02114, United States
Corresponding author: Vandana Khungar, MD, MSc, Assistant Professor, Department of
Medicine, Division of Gastroenterology and Hepatology, Perelman School of Medicine,
University of Pennsylvania, 3400 Spruce Street 2 Dulles, Philadelphia, PA 19104, United
States. vandana.khungar@pennmedicine.upenn.edu
Telephone: +1-312-3168415

Abstract
Decompensated cirrhosis is a condition associated with significant morbidity and
mortality. While there have been significant efforts to develop quality metrics
that ensure high-value care of these patients, wide variations in clinical practice
exist. In this opinion review, we discuss the quality gap in the care of patients
with cirrhosis, including low levels of compliance with recommended cancer
screening and other clinical outcome and patient-reported outcome measures. We
posit that innovations in telemedicine and mobile health (mHealth) should play a
key role in closing the quality gaps in liver disease management. We highlight
interventions that have been performed to date in liver disease and heart failurefrom successful teleconsultation interventions in the care of veterans with
cirrhosis to the use of telemonitoring to reduce hospital readmissions and
decrease mortality rates in heart failure. Telemedicine and mHealth can
effectively address unmet needs in the care of patients with cirrhosis by
increasing preventative care, expanding outreach to rural communities, and
increasing high-value care. We aim to highlight the benefits of investing in
innovative solutions in telemedicine and mHealth to improve care for patients
with cirrhosis and create downstream cost savings.
Key words: Cirrhosis; Liver disease; Quality improvement; Telemedicine;
Telemonitoring; Mobile health
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Telehealth and mobile health technologies have been used in other disease
states with great success to reduce morbidity, mortality and cost while employing
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innovative design. Providers caring for patients with cirrhosis have not widely adopted
these technologies but could benefit greatly from doing so. More resources need to be
devoted to using innovative telemedicine strategies to improve the care of patients with
liver disease. In turn, policy change will be necessary to allow all centers to implement
these solutions in a cost-effective manner.

Citation: Stotts MJ, Grischkan JA, Khungar V. Improving cirrhosis care: The potential for
telemedicine and mobile health technologies. World J Gastroenterol 2019; 25(29): 3849-3856
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DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3849

INTRODUCTION
Patients with cirrhosis are at risk for a variety of complications including ascites,
hepatic encephalopathy, esophageal or gastric varices, and hepatocellular carcinoma
(HCC). The development of ascites, encephalopathy, or bleeding varices defines the
transition from compensated to decompensated cirrhosis, a change that is associated
with a marked decrease in survival, from 12 years to approximately 2 years after
initial diagnosis[1]. A pressing need exists to develop strategies to prevent or slow the
transition to decompensated cirrhosis, improve management of complications
including HCC, and ensure patients are referred for liver transplantation when
appropriate.
Recently, the Practice Metrics Committee of the American Association for the Study
of Liver Disease (AASLD) developed quality measures in the care of patients with
cirrhosis, identifying process and outcome measures for the management of ascites,
gastric and esophageal varices, hepatic encephalopathy, HCC screening, and
evaluation for liver transplantation[2]. The final 46 metrics were intended to drive
quality improvement and allow providers to deliver high-value care to patients with
cirrhosis. Based on this assessment, there is considerable room for physicians to
improve on the metrics laid out by the AASLD.
Prior studies have also supported the need for improvement. While several
published cost-effectiveness models have reported that performing screening for HCC
is cost effective, the screening rate for HCC in the United States is under 20%, and
substantial disparities exist in screening for those followed by primary care physicians
compared to hepatology/gastroenterology subspecialists (16.9% vs 51.7%)[3-5]. This
screening rate is likely lower in developing regions of the world, where many
countries do not have national screening programs for the early detection of HCC and
cost effectiveness has not been evaluated in these populations[6]. Retrospective studies
in Veterans Health Administration cohorts show that less than one third of patients
receive all recommended care in the management of cirrhosis-related ascites and even
fewer receive all recommended care related to the screening and management of
varices[7,8]. Readmission rates among patients with cirrhosis are approximately 30% at
thirty days and 50% at ninety days from hospital discharge[9,10].
There are many potential reasons for these shortcomings. The limited supply of
hepatologists, particularly in rural and underserved locations in the United States and
worldwide, can make it difficult for patients with cirrhosis to access specialized care.
Patients with cirrhosis require multidisciplinary, coordinated care for titration of their
medications, frequent laboratory monitoring and vaccinations, and scheduling
screening endoscopies and imaging. Yet, the shortage of hepatologists and limited
appointment availably of primary care providers and gastroenterologists leaves many
patients and their families with much of the burden of managing their disease.
There are significant challenges to the implementation of successful and widereaching quality improvement initiatives for patients with cirrhosis. While much of
the care of individuals with cirrhosis in the United States is done through the care of
hepatologists at academic medical centers, there are fewer than 600 board certified
hepatologists in the United States, roughly one for every 550000 persons[11]. Although
certified hepatologists may be best suited to implement change, their scarcity means
that the majority of the burden of medical care for patients without access to
hepatologists likely falls on primary care providers and gastroenterologists. As noted
above, outcomes may be improved for patients with cirrhosis who have access to care
under the guidance of hepatologists or gastroenterologists. These challenges are
similar in other countries with many more patients with liver disease than specialized
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physicians available to provide such care. Innovative health care solutions will be
critical to improve the care of patients with cirrhosis. Specifically, telemedicine (a
broad term for medicine practiced at a distance) and mobile health (mHealth, the use
of interactive and mobile devices such as mobile phones and tablets to improve
health) could play a key role in closing the quality gap in the care of patients with
liver disease by expanding the ability of hepatologists to provide care.

TELEMEDICINE IN THE CARE OF CHRONIC DISEASES AND
LIVER DISEASE
Telemedicine is defined by the World Health Organization as the delivery of health
care services from a distance by the use of telecommunications and virtual technology
to provide health care outside of traditional health-care facilities. Three promising
types of telemedicine for patients with cirrhosis are teleconsultation, televisits and
telemonitoring, each of which have been used in the care of patients with liver
disease[12].
Teleconsultation, in which a practitioner in one location presents a case to an expert
in another location, has been used in some settings with encouraging results. One of
the most well-known telemedicine interventions is through the Veterans Health
Administration (VA) system, which implemented the Specialty Access NetworkExtension for Community Healthcare Outcomes (SCAN-ECHO) model to provide
specialty consultation to practitioners in underserved areas regarding new treatment
options for hepatitis C in case-based formats[13]. Developed at the University of New
Mexico, the ECHO model has been successfully implemented in other locations,
including Argentina[14]. It has also been used in the VA system for managing patients
with chronic liver disease, with promising results suggesting increased screening
rates for liver cancer and varices and a lower mortality in those that received the
intervention[15]. Teleconsultation has also proved useful in determining which patients
may be candidates for liver transplantation and who should proceed to formal
evaluation[16].
Televisits, in which the patient has direct contact with a provider in another
location, have been shown to be a feasible model in the treatment of hepatitis C (Table
1), although they have not been well described in caring for patients with liver disease
in other settings. Face-to-face telemedicine encounters for the treatment of hepatitis C
have been successfully implemented in rural populations in California and Canada,
and for helping patients with opioid use disorder during their attendance at an opioid
substitution program[17-19].
A hybrid between a teleconsultation and televisit model is that of a provider to
provider consultation, with the patient physically present with the less specialized
provider. The consultant can advise the general gastroenterologist or primary care
provider to elicit a particular history, to perform certain physical exam maneuvers, or
advise on a treatment plan. The physician physically present with the patient is
responsible for the visit. While these hybrid consultations may be beneficial, this
model has potential for difficulties with payment models and provider reimbursement.
Through telemonitoring, patients are monitored remotely for signs and symptoms
of disease progression as well as objective data that may inform management. This
approach has been described using smart tablets in patients in the perioperative
period after liver transplantation and as a modality to monitor weight, vital signs, and
laboratory values for pediatric liver transplant patients[20,21] (Table 1). A smartphonebased Stroop test has been validated for the diagnosis of covert hepatic encephalopathy[22]. Similarly, a “Patient Buddy App” that monitors symptoms such as
weight gain along with medication adherence and daily sodium intake has shown
potential to prevent hospital readmissions secondary to hepatic encephalopathy[23].
Additionally, an innovative program utilizing a telehealth platform with 4-G tablets,
wireless blood pressure monitors, pulse oximeters and scales demonstrated efficacy in
remotely monitoring patients for signs and symptoms of decompensation including
hepatic encephalopathy, fluid overload, bleeding, and infections. Preventable
readmissions were reduced from 33.8% in the standard of care arm to 0% at 30 and 90
days in the intervention arm. This intervention showed the ability for telemonitoring
to reduce 30-d and 90-d readmissions while promoting patient-centered care[24] (Table
1).
Studies performed in cirrhosis and liver transplant populations highlight the
potentials of telemedicine and mHealth in liver disease, and yet, relative to other
specialties and disease states, there is a paucity of literature implementing these
innovative technologies with patients. Comparatively, the role of telemedicine in
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Table 1 Interventions targeting hepatitis C treatment, cirrhosis care and readmissions, and liver transplant recipients
Study

Population

Modality

Findings

Interventions targeting hepatitis C treatment
Arora et al[40], 2011

Patients with hepatitis C in rural
areas and prisons in New Mexico (n =
261), compared to in-person visits at
a University clinic (n = 146)

Videoconferences at ECHO site
between community physicians and
specialists, compared to in person
visits at a University clinic

Comparable rates of SVR were seen
between ECHO model and those seen
in person at the University HCV
clinic (58.2% vs 57.5%, P = 0.89)

Marciano et al[14], 2017

Providers treating hepatitis C in the
Patagonia Region in South America
(n = 14)

Videoconferences at ECHO sites
between community physicians and
those at a University Hospital in
Argentina

Survey data focused on skills and
competence in hepatitis C before and
after 6 months of participating in the
project, ultimately showing
significant improvement in provider
confidence regarding their ability to
stage fibrosis, determine appropriate
candidates for treatment, and select
appropriate HCV treatment

Rossaro et al[17], 2008

Patients with hepatitis C in rural
California (n = 103)

Videoconference between patients
and specialists

23% of patients were candidates for
therapy, 15 patients were evaluated
for liver transplant

Talal et al[19], 2018

Patients with hepatitis C undergoing
an opioid substitution therapy
program (n = 62)

Biweekly telemedicine sessions
Of 45 treated patients, 42 (93.3%)
between the patient and a specialty
achieved SVR
provider during the treatment course

Cooper et al[18], 2017

Patients with hepatitis C in Canada
receiving care from the Ottawa
Hospital Viral Hepatitis Outpatient
Clinic, comparing telemedicine (n =
157) and non-telemedicine (n = 1130)

Videoconference between patients
and specialists

Significantly fewer telemedicine
patients initiated antiviral therapy
compared to non-telemedicine
patients (27.4% vs 53.8%, P < 0.001).
Among those treated with DAA they
noted similar SVR rates (94.7% vs
94.8%, P = 0.99)

Interventions targeting cirrhosis care and readmissions
Su et al[15], 2018

Patients with liver disease in the
Virtual Consultations (through the
Veterans Health Administration (VA) VA SCAN-ECHO Project) compared
system receiving ECHO visits (n =
to usual care
513) compared to all patients in the
VHA with liver disease (n = 62237)

Propensity-adjusted mortality rates
showed improved survival in the
SCAN-ECHO cohort (HR of 0.54,
95%CI 0.36-0.81)

Khungar et al[24], 2017

Patients with cirrhosis received 4G
Remote monitoring with telehealth
tablets with wireless devices to
based early intervention
monitor blood pressure, heart rate,
weight, symptoms, and medication
administration. Telehealth nurses in
conjunction with primary hepatology
team intervened to prevent
readmissions. (n = 19 intervention,
143 control)

The remote monitoring/ telehealth
arm had 0% of readmissions due to
potentially preventable causes (fluid
overload or hepatic encephalopathy)
due to early outpatient interventions
whereas 31% of readmissions were
due to these causes in the control arm

Konjeti et al[16], 2019

Potential Liver Transplant
Candidates in the VA system (n =
19091 through SCAN-ECHO and 99
seen in-person)

Virtual Consultations (through the
VA SCAN-ECHO Project) compared
to in-person visits

The telehealth-based triage reduced
futile transplant evaluations by
approximately 60%

Ganapathy et al[23], 2017

Cirrhotic patients with caregivers
after hospital discharge (n = 40)

Home monitoring using an iPad with
the Patient Buddy App (monitoring
medication adherence, sodium intake
and weights, and cognition)

17 of 40 patients were readmitted
within 30 d. 8 potential readmissions
related to hepatic encephalopathy
were prevented via early outpatient
interventions

Interventions targeting liver transplant recipients
Ertel et al[20], 2016

Post Liver Transplantation Patients (n Telehealth home monitoring (vital
= 20)
sign tracking) and an educational
video program

19 of the 20 patients responded to a
survey, with 95% watching all videos
and 100% finding them effective. 90-d
readmission rate of 30% (42% lower
than historical controls)

Song et al[21], 2013

Pediatric Post Liver Transplant
Patients, International (n = 4)

Home monitoring and decision
support using a tablet PC and a
specially developed software

Four international patients/families
transferred 38 records of blood tests,
demonstrating that this software is
technically feasible

Le et al[37], 2018

Post Liver Transplant Patients

Televisits (n = 21) versus in clinic
visits (n = 21)

Similar patient satisfaction. Less
commute and waiting times in the
televisit group

SCAN-ECHO: Specialty Access Network-Extension for Community Healthcare Outcomes; CI: Confidence interval; HR: Hazard ratio; HCV: Hepatitis C
virus; VA: Veterans Health Administration.
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monitoring and facilitating treatment of patients with heart failure has been widely
studied. Similar to patients with cirrhosis, patients with heart failure frequently
require emergency hospitalizations and can have prolonged hospital admissions and
frequent readmissions. Many of these hospitalizations could be avoided if patients
received more education and had access to remote interactions with their medical
teams, thereby empowering them to participate in the management of their own
disease including modifications to their sodium intake or titration of medications.
The heart failure literature is robust with randomized control trials, systematic
reviews, and meta-analyses showing associations with reductions in mortality and
hospitalizations for heart failure[25]. In addition, telemedicine in congestive heart
failure can be economically beneficial; studies show savings that ranged from $5000 to
over $50000 per year per patient[26]. Examples of innovative technologies that facilitate
remote monitoring and treatment of patients with heart failure include telemonitoring
devices that track hemodynamics, video-based nursing visits after hospital discharge,
and a mobile application to set physical activity goals and provide feedback to
individuals undergoing cardiac rehabilitation[27-29].
By contrast, the use of telemedicine in liver disease is limited to a handful of
individual interventions and limited publications. Overall, the medical field has been
slow in adapting telemedicine to interact with patients. According to data from the
American Medical Association’s 2016 Patient Practice Benchmark Survey, only 15.4%
of physicians use telemedicine to interact with patients. Of all specialties, gastroenterologists were lowest-only 7.9% use telemedicine to interact with patients[30].

THE POTENTIAL UNMET NEEDS
Effectively managing cirrhosis requires titrating medications, closely monitoring
symptoms including changes in weight and cognitive abilities (as a surrogate for
hepatic encephalopathy), and establishing regular reminders to schedule imaging,
labs, and procedures. As such, cirrhosis is a medical condition ripe for telemedicine
and mHealth interventions, with a myriad of potential targets for improvement.

IMPROVING SCREENING AND PREVENTATIVE CARE
Some of the most innovative uses of telemedicine and mHealth have been in
dermatology and skin cancer screening, including use of smartphone applications for
skin monitoring and melanoma detection[31]. Text message interventions have shown
increases in screening rates for other cancers, including breast, cervical, and colorectal
cancers [32] . Likewise, newly-developed smartphone applications aim to improve
patient and provider education regarding screening for cancers, including colorectal
and prostate cancer[33,34]. For the care of patients with liver disease, the implementation
of the SCAN-ECHO program for chronic liver disease by the Ann Arbor Veterans
Affair Healthcare System found marked improvement in the frequency of HCC
screening (42% vs 25%) and variceal surveillance (25% vs 15%) in patients whose
providers consulted virtually with a liver specialist, compared to those who had no
consultation at all[15]. Relatively simple, low cost interventions like text messaging,
smartphone applications and teleconsultations could improve the rates of HCC
screening and variceal screening-two interventions that have been shown to be costeffective in the care of patients with advanced liver disease-and ultimately improve
outcomes for patients[4,5,35].

IMPROVING ACCESS TO SPECIALTY CARE IN
DISADVANTAGED POPULATIONS
Certain populations have difficulties engaging with specialized care for liver disease,
including those who suffer from substance abuse and those living in rural locations.
In a retrospective cohort study of over 16000 persons with chronic liver disease, those
who live more than 150 miles from a liver transplant center were shown to have a
higher mortality and transplant-free mortality, highlighting significant geographic
disparities that could be addressed by telemedicine[36]. Prior studies examining the use
of teleconsultation in the treatment of hepatitis C and patients with opioid use
disorder on methadone show the efficacy of these interventions in reaching groups
that lack access or do not seek out medical care [19] . Strategies such as video
conferencing with patients, primary care providers, and general gastroenterologists
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could play a significant role in increasing the reach of liver specialists to improve
outcomes in patients with cirrhosis.

PROVIDING VALUE BASED HEALTHCARE
Approximately 30% of patients with cirrhosis are readmitted within 30 d of discharge,
posing a significant cost burden to the United States healthcare system[9]. Given the
promising cost-savings shown from using telemedicine among persons with heart
failure, similar models should target patients with cirrhosis to reduce costs in the
healthcare system, allow monitoring of patients in between visits, and facilitate
communication for patients and providers between hospital discharge and clinic
follow up. In one study in the care of patients after liver transplantation, general
patient satisfaction of those who had telemedicine visits via video connection was
similar to that of patients who had in-person visits. Moreover, telemedicine patients
reported significantly less commute and waiting times compared to patients seen inperson[37]. Above all, the improved survival rates, as seen in the VA system with
virtual consultations, indicate strong potential benefits to investing in telemedicine.

MONITORING INDIVIDUALS IN THEIR NATURAL
ENVIRONMENTS
Patients suffering from chronic disease spend only a few hours with providers each
year. This means that much of the burden of their disease management falls on the
individual patients and their families during the remaining 5000 waking hours each
year-including decisions on taking medications, following dietary restrictions, and
making other choices that can significantly affect their health[38]. When patients with
cirrhosis are seen in clinic, they often feel the need to hold their lactulose or diuretics
to facilitate travel without frequent bathroom breaks. This disruption in medication
dosing can lead to mild encephalopathy during their clinical assessment, and they
may not be aware of everything conveyed to them during a visit. The use of televisits
and telemonitoring strategies can give providers the opportunity to obtain
assessments of patients in their home environment and gather more useful
information than what they would otherwise obtain in a clinic visit.

BARRIERS TO OVERCOME
While telemedicine is a promising field, there are several barriers that will need to be
overcome before its use can become widespread. Reimbursement remains an ongoing
challenge, as payment varies for private payers and according to state laws, and
Medicare currently reimburses for video consultation only for individuals in
designated Health Professional Shortage Areas[12]. In addition, concerns regarding the
quality of healthcare have been raised in telehealth, particularly with the limitations
of the remote physical exam, the difficulty in establishing patient-physician trust
remotely, and the fragmentation of care among multiple providers[39]. Consideration
will also need to be given to ensuring adherence to state and national regulations and
to establishing the appropriate infrastructure for patients with limited access or ability
to use telecommunication technologies.
Additionally, the majority of interventions described to date are single arm
interventions without control groups, making it difficult to estimate the true benefit of
any intervention or to have a clear understanding of cost effectiveness. To understand
downstream cost savings of such interventions, considerations will need to be given
to defining clinical outcomes, clearly stating costs, and carefully defining control
groups to better assess the potential benefits of an intervention.

CONCLUSION
The available literature suggests we are falling short of meeting a variety of quality
metrics in the care of patients with cirrhosis-including preventative strategies such as
cancer screening and treatment strategies such as the management of variceal
bleeding and ascites. Interventions using telemedicine and mHealth provide logical
solutions to improve screening rates, to reach disadvantaged rural populations, and to
provide value-based care. Telemedicine may prove to be the guiding force in the
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coordination of care between episodes for patients with cirrhosis. There is a need for
more resources to evaluate telemedicine interventions and to develop infrastructure
to care for patients with cirrhosis. If executed effectively, telemedicine and mHealth
technologies can provide cost savings and improve outcomes for patients with
cirrhosis.
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Abstract
In the last years, endoscopic ultrasonography (EUS) has evolved from a purely
diagnostic technique to a more and more complex interventional procedure, with
the possibility to perform several type of therapeutic interventions. Among these,
EUS-guided biliary drainage (BD) is gaining popularity as a therapeutic approach
after failed endoscopic retrograde cholangiopancreatography in distal malignant
biliary obstruction (MBO), due to the avoidance of external drainage, a lower rate
of adverse events and re-interventions, and lower costs compared to
percutaneous trans-hepatic BD. Initially, devices created for luminal procedures
(e.g., luminal biliary stents) have been adapted to the new trans-luminal EUSguided interventions, with predictable shortcomings in technical success,
outcome and adverse events. More recently, new metal stents specifically
designed for transluminal drainage, namely lumen-apposing metal stents
(LAMS), have been made available for EUS-guided procedures. An
electrocautery enhanced delivery system (EC-LAMS), which allows direct access
of the delivery system to the target lumen, has subsequently simplified the classic
multi-step procedure of EUS-guided drainages. EUS-BD using LAMS and ECLAMS has been demonstrated effective and safe, and currently seems one of the
most performing techniques for EUS-BD. In this Review, we summarize the
evolution of the EUS-BD in distal MBO, focusing on the novelty of LAMS and
analyzing the unresolved questions about the possible role of EUS as the first
therapeutic option to achieve BD in this setting of patients.
Key words: Interventional endoscopic ultrasonography; Endoscopic ultrasonography-
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Core tip: Endoscopic ultrasonography (EUS)-guided choledocho-duodenostomy
represents one of the possible therapeutic options to achieve biliary drainage after failed
endoscopic retrograde cholangiopancreatography. Lumen-apposing metal stent (LAMS)
are fully covered metal stents specifically designed for EUS-guided transluminal
interventions, such as peripancreatic fluid collection or gallbladder drainage, that have
been proposed for biliary drainage in the setting of distal malignant biliary obstruction,
in order to overcome the limits of non-dedicated devices. This Review focuses on the
new role of LAMS in the complex scenario of EUS-guided biliary drainage.
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INTRODUCTION
Management of obstructive jaundice is of paramount importance in patients with
malignant biliary obstruction (MBO), as impaired biliary drainage dramatically affects
the possibility of systemic therapy in unresectable disease, reduces quality of life and
increases morbidity and mortality[1]. The most frequent causes of distal MBO are
adenocarcinoma of the head of the pancreas, distal cholangiocarcinoma, ampullary
carcinomas and adenopathy or metastasis from other cancers. It is estimated that
more than half of patients with unresectable ductal adenocarcinoma of the head of the
pancreas presents with obstructive jaundice, and nearly 80% of these patients will
develop jaundice in absence of therapy or interventions[2,3]. Regardless of the cause,
unresolved biliary obstruction increases the risk of cholangitis and liver failure;
determines fat and fat-soluble vitamins malabsorption, contributing to malnutrition
and cachexia; associates in up to 25% with pruritus, which poorly responds to medical
therapy and dramatically compromises quality of life. It is responsible, directly or
indirectly, for death of a great proportion of non-palliated patients[1,4]. For many years,
palliation of obstructive jaundice has been achieved with open surgery, by performing
surgical choledocho-enterostomy, cholecysto-enterostomy or hepatico-jejunostomy,
with or without gastrojejunostomy in case of concomitant gastric outlet obstruction
(GOO). Operative biliary bypass has shown high rate of technical success and low rate
of jaundice recurrence, but at the expense of significant post-operative morbidity and
mortality, which range from 27%-60% and 5.4%-23% respectively in some series[4-6].
More recent studies that compared endoscopic biliary stenting and operative biliary
bypass found a higher post-operative morbidity in the operative group, while
endoscopic drainage was associated with lower costs, shorter duration of hospital stay
and a better quality of life[7,8]. Due to these evidences, less invasive approaches to
achieve biliary drainage, namely percutaneous transhepatic biliary drainage (PTBD)
and endoscopic retrograde cholangiopancreatography (ERCP) with biliary stenting,
have progressively spread, with a concomitant reduction of the patients undergoing
operative palliation over the years[2].

ENDOSCOPIC AND PERCUTANEOUS BILIARY DRAINAGE
IN DISTAL MALIGNANT BILIARY OBSTRUCTION
Currently, ERCP with placement of plastic or self-expanding metal stent (SEMS) is
widely recognized as the first strategy to achieve biliary drainage in distal MBO and,
when feasible, should be preferred over PTBD and surgery[9]. Reaching the papillary
region in the second portion of the duodenum and cannulating the bile duct represent
the first fundamental steps to perform endoscopic operative procedures on the biliary
system. The success of such steps depends on several factors related, among the
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others, to the patient’s anatomy and to the experience of the endoscopist. The success
rate of ERCP for all indications reported in literature is high, ranging from 86%-99%.
However, an underlying neoplastic process could predict a lower success rate, a
higher need of advanced cannulation techniques (i.e., needle knife pre-cut, double
guidewire (DGW) technique, pancreatic septotomy) with consequent higher risk of
adverse events (AE)[10-12]. During ERCP, malignant biliary stricture could be very hard
to pass, even for experienced endoscopists; neoplastic diseases involving the distal
common bile duct (CBD) can determinate infiltration and distortion of the ampulla,
thus making very difficult the identification and the subsequent attempt to cannulate
the papilla (Figure 1). Moreover, advanced neoplastic disease could associate with
concomitant biliary and duodenal obstruction, determining the inaccessibility of the
ampullary region. In addition to the aforementioned possibilities, also common
benign conditions such as intradiverticular papilla or gastroduodenal surgically
altered anatomy could make ERCP difficult. For several years, a common accepted
therapeutic algorithm after a failed ERCP has provided these options: in cases of an
accessible papilla, a possible new attempt at the same institution or after referral to a
tertiary-care hospital in 3-5 d, after the resolution of the edema of the ampulla; in case
of inaccessible papilla, or after definitely failed ERCP, a PTBD performed by
interventional radiologists. First described in the seventies, PTBD is performed under
fluoroscopic or ultrasonographic guidance, and allows to place an external biliary
catheter with subsequent drainage internalization with placement of plastic or metal
stent, in a one-step or two-step procedure[13-17]. PTBD is a highly effective procedure,
but is burdened of significant morbidity, with a high rate of procedure-related or
drainage- related AE[18]. Most frequent AE reported are occlusion or dislocation of the
catheter, cholangitis, bile leakage alongside the drain[18-21]. A retrospective study of
more than 2000 PTBD procedures in 385 patients reported that 40% of patients
presented at least one drainage-related AE, with malignant disease being a risk factor
for drainage occlusion and cholangitis[18]. A recent retrospective study from Sarwar
and co-workers on 266 PTBD procedures in 266 patients reported a 45.9% of
readmission at 30 d, 63.9% of which were unplanned[22]. The high rate of AE and
readmissions, in addition to the presence of the external drainage, could heavily
impair the patient’s quality of life and, at the same time, significantly increases the
costs. Thus far, the widespread and easy availability have confirmed PTBD as the first
option to drain MBO after ERCP failure. However, alternative techniques based on
interventional endoscopic ultrasonography (EUS), such as EUS-guided biliary
drainage (EUS-BD) have progressively demonstrated feasibility and high
effectiveness, providing useful alternatives for jaundice palliation.

EUS-GUIDED BILIARY DRAINAGE
Since the early 2000’s, the development of echoendoscope with larger operative
channel allowing devices up to 10 French, opened the way for an increasingly
interventional role for EUS procedures. Over the year, several types of EUS-guided
procedures such as biliary and pancreatic drainage, peri-pancreatic fluid collections
(PFC) drainage, gastro-enteral anastomosis, vascular interventions and ablative
treatment of neoplasms have been successfully reported[23]. EUS-guided biliary access
and drainage procedures are primarily performed as alternative of percutaneous or
surgical drainage after failed ERCP, but the rapid widespread of interventional EUS is
currently challenging the role of ERCP as primary approach for MBO[24-27]. EUS-BD
can be achieved through different approaches, depending on the experience and
preference of the endoscopist, the availability of specific devices, the localization of
the biliary obstruction and the accessibility of the papilla: Rendez-vous (RV)
technique, EUS-guided antegrade stenting; EUS-guided choledocho-duodenostomy
(EUS-CD) or choledocho-gastrostomy; EUS-guided hepato-gastrostomy (EUS-HGS);
EUS-guided cholecysto-gastrostomy (as a last resort). To date, which is the best
technique is still a matter of debate among interventional endoscopists[28]. A recent
systematic review on EUS-CD versus EUS-HGS including 10 studies with 434 patients
showed a very high technical [94.1% vs 93.7%, pooled odds ratio (OR) = 0.96, 95%
confidence interval (CI) = 0.39-2.33, I = 0%] and clinical success (88.5% vs 84.5%,
pooled OR = 0.76, 95%CI = 0.42-1.35, I = 17%) without difference for AE (OR = 0.97,
95%CI = 0.60-1.56, I = 37%) for these procedures[29].
Regardless of the preferred approach, the first step is the access to the biliary
system. Using a curved linear array echoendoscope, the bile duct is punctured with a
19 Gauge needle and the correct positioning of the needle is confirmed by aspiring
bile and injecting contrast to fluoroscopically visualize the biliary tree. Then, a 0.035
inch or 0.025 inch guidewire is passed through the needle and manipulated in the
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Figure 1

Figure 1 Currently lumen-apposing metal stent and fully covered self-expanding metal stent with peculiar
anti-migratory shape available on the market.

desired direction. The biliary system can be accessed through a trans-hepatic route, by
which the intrahepatic biliary ducts are usually punctured at the third segment with
the scope positioned at the gastro-esophageal junction, or through the extra-hepatic
bile duct, generally from the bulb or the stomach[23,30]. In case of RV or antegrade
stenting, the guidewire is manipulated toward the papilla across the obstruction, and
then coiled in the duodenum. On the contrary, the wire is directed toward the hepatic
hilum in case of CD or choledocho-gastrostomy. For the RV procedure, the
echoendoscope is subsequently exchanged over the guidewire and a duodenoscope is
inserted in the duodenum. Then, biliary cannulation is attempted alongside the
guidewire previously placed, or, after grasping the guidewire with a snare or forceps
and pulling back through the operative channel of the duodendoscope, performed
over the guidewire. As already mentioned, directing the guidewire toward the
papilla, negotiating the obstruction and reaching the duodenum are key steps for a
successful RV procedure or antegrade stenting, and are usually facilitated by keeping
the scope in “short” position when puncturing the bile duct[23]. Although the high
clinical success rate once these steps are achieved, they could fail in up to 25% of
cases[31]. For the other EUS-BD technique, tract dilation with cystotome, needle-knife
or balloon is needed before plastic stent or SEMS placement, with a sequence of overthe-wire procedural steps which are crucial for the success of the procedure as well as
critical for possible AE[23]. Since the first EUS-CD has been described by Giovannini et
al[32], several studies have investigated technical and clinical success of different EUSBD. A systematic review and meta-analysis from Wang et al[33] reported the technical
success rate, final success rate and AE rate in 1192 patients treated with EUS-BD,
including transluminal drainages, RV procedures and antegrade stenting from 42
studies (14 prospective, 25 retrospective single-centre studies and 3 retrospective
multi-centre studies). The overall technical and final success rate were 94.71% and
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91.66% respectively, while technical and final success rate of EUS-guided transluminal
biliary drainage procedures from 29 studies were 95.68% and 90.32%. This study was
not able to compare the outcome between all types of EUS drainages, however a
comparison between the trans-gastric and trans-duodenal approach did not show
significant differences in success or AE. The same systematic review reported a
cumulative risk of AE of 23.32% (278 patients), being bleeding (4.03%), bile leakage
(4.03%), pneumoperitoneum (3.02%), stent migration (2.68%), cholangitis (2.43%),
abdominal pain (1.51%), and peritonitis (1.26%) the most frequent. Strikingly, the use
of metal stent vs plastic stents was associated with a lower risk of AE (17.52 vs 31.03, P
= 0.013), with no significant differences in technical and clinical success rate[33]. The
difference is probably due to the radial force exerted by the SEMS during the
expansion, which seals the fistula between the gastrointestinal wall and the bile duct
wall, reducing the risk of bile leakage and bile peritonitis. In addition, the larger
calibre of metal stent compared to plastic stent probably reduces the risk of occlusion
and subsequent cholangitis. Currently, SEMS instead of plastic stent should be
preferred for EUS-BD[24]. The efficacy of EUS-BD questioned the primary role of PTBD
after failed ERCP in MBO (Figure 2). In 2017, a systematic review and meta-analysis
from Sharaiha et al[34] including 9 studies (483 patients) aimed to compare EUS-BD and
PTBD outcome and safety. Despite a similar technical success, a slightly higher
clinical success rate [although data from 3 randomized clinical trials (RCTs) reported
no significant differences] and a lower risk of AE were found in EUS-BD compared to
PTBD. Bile leak, bleeding, cholangitis, sepsis and peritonitis were the most frequent
AE reported, and were all more frequent in the PTBD group. Moreover, EUS-BD was
associated with less re-intervention and lower costs. A retrospective study comparing
EUS-BD and PTBD in 60 patients also reported lower post-procedures pain score in
EUS-BD group[35]. Analysing the issue from a different point of view, Nam et al[36]
aimed to evaluate the patient’s preference in case of failed ERCP conducting a
multicentre survey in 7 tertiary referral centers. Among 313 patients who responded
about a simulated scenario of failed ERCP, 251 (80.2%) preferred EUS-BD, mainly for
the possibility of internal drainage. Taken together, these data promoted a novel
therapeutic algorithm, which favours EUS-BD, where the expertise is available, as
primary approach after failed ERCP in MBO.

LUMINAL-APPOSING METAL STENTS FOR EUS-GUIDED
BILIARY DRAINAGE
Despite the exciting reports of clinical efficacy and the favourable safety data over
PTBD, the AE rate for EUS-BD is not negligible and is up to 24%[33]. In the last years,
interventional EUS has spread rapidly, but the devices available have remained that
adapted from other interventional procedures for a long time. In fact, all the devices
commonly used come from luminal indications (i.e., biliary dilation balloon, biliary
stent, needle-knife), have adapted for transluminal indication and, even if the results
have been motivating, it was reasonable that they could be improved. As already
discussed, the use of fully covered SEMS (FCSEMS) partially resolved the issue of bile
leaks and bile peritonitis due to expanding radial force of the stent that seals the
transluminal fistula. However, in absence of specific anti-migratory properties, all the
biliary stent designed for luminal indication present a significant risk of dislocation
when used for transluminal drainage due to their tubular shape, with possible
subsequent peritonitis, perforation and cholangitis. With this regard, lumen-apposing
metal stent (LAMS) are fully covered “dumbbell”-shaped short stent made up of
braided nitinol, specifically designed for interventional trans-luminal EUS-guided
procedures, with distal anti-migratory flanges which provide the lumen-to-lumen
apposition effect[37]. The device is pre-loaded in a 9 French or 10.8 French catheter with
a through-the-scope delivery system compatible with therapeutic echoendoscope with
a working channel of 3.7 mm or larger. Currently, two different LAMS are available
on the market: Axios stent (Boston Scientific); Spaxus (Taewoong Medical). The 16
mm Spaxus stent has the largest flange (31 mm), followed by the 20 mm Axios stent
(29 mm). Moreover, short FCSEMS with peculiar anti-migratory shape have been
commercialized for similar indications: NAGI (Taewoong Medical); Aixstent (Leufen
Medical); Hanarostent (M.I. Tech)[38] (Figure 1). LAMS have been originally designed
for EUS-guided PFC drainage, as they provided large calibre to drain solid
components of walled-off necrosis, low risk of leak alongside the stent and of
migration, allowing trans-stent interventional procedures, such as endoscopic
necrosectomy[34,39-42]. In 2011, Binmoeller and Shah first described transluminal stenting
between two non-adherent lumens of the gastrointestinal tract using LAMS in an exvivo model[43]. Soon after, in 2012, Itoi et al[44] reported the first experience of LAMS in
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Figure 2

Figure 2 Endoscopic view of infiltration of the papilla by invasive pancreatic cancer.

humans, describing the successful drainage of 15 symptomatic pancreatic pseudocyst
and 5 acute cholecystitis in patients unfit for surgery. Since then, several reports have
confirmed the feasibility and efficacy of LAMS in these settings, and the indication
has expanded to biliary drainage, where the smaller target [i.e., the bile duct instead of
PFC or gallbladder (GB)] lead to the development of smaller LAMS. In 2014, the first
EUS-CD with LAMS was successfully performed by Itoi and Binmoeller[45] in a patient
with unresectable pancreatic cancer and obstructive jaundice. Despite the innovative
and dedicated design, the LAMS delivery system was the same of the “old” nonspecific plastic stent or SEMS, and still included the same several steps: (1) Puncture
of bile duct with FNA needle; (2) Guidewire introduction; (3) Tract dilation; (4)
Introduction and delivery of the LAMS. As discussed above, a multi-steps procedure
carries per se the risk of AE due to multiple exchanges (e.g., losing the wire and/or the
scope position, bile leakage during tract dilation). To overcome these shortcomings, a
LAMS delivery system has further evolved with the addition of an electrocautery tip
[electrocautery-enhanced (EC)-LAMS-HOT-AXIOS, Boston Scientific Corp.,
Marlborough, Massachusetts, United States] which allows a single-stage technique
with the access to the target lumen in one-step procedure, without the need of
multiple exchanges and with reduced fluoroscopy and procedure time[46-49] (Figures 37). Data from the main studies on biliary LAMS are summarized in Table 1. In 2016,
Kunda et al[50] reported a retrospective analysis of 57 patients who underwent EUS-CD
with LAMS (27 patients) and EC-LAMS (30 patients). The overall technical and
clinical success were 98.2% and 94.6% respectively. The major AE rate was 7%, with 2
duodenal perforation (one caused by the tip of the scope and not related to the
delivery of the stent; the other during tract dilation for subsequent LAMS placement
without cautery), 1 bleeding and 1 transient cholangitis. During the mean follow-up
of 151 ± 145 d, 5 out 54 patients (9.3%) need a re-intervention (1 LAMS migration; 4
sump syndrome). A prospective study from Tsuchiya et al[51] evaluated 19 patients
who underwent EUS-CD with EC-LAMS for MBO after failed ERCP. The stent was
deployed using the electro-enhanced catheter over a guidewire previously placed
with a 19 Gauge FNA needle puncture. The Authors reported a 100% and 95%
technical and clinical success rate, with an AE rate of 36.3% (5/19), mostly with mild
severity. Five patients experienced stent obstruction due to occlusion by food residue
(n = 2), kinking (n = 1), tumour progression (n = 1) and spontaneous dislodgement (n
= 1), and 4 patients underwent a successful re-intervention. Recently, our group
reported a retrospective analysis of 46 patients with MBO treated with EC-LAMS after
failed ERCP with a single-stage procedure, that is with a direct access to the bile duct
with electro-enhanced catheter without a previously placed guidewire[48]. In our
series, the technical and clinical success rate were 93.5% (43/46) and 97.1% (42/43),
with a major AE rate of 11.6% (3 stent obstruction; 1 stent migration; 1 fatal bleeding).
The only case of stent migration was a mild AE that occurred after 148 d from the
procedure, and was successfully treated with a RV technique through the remaining
fistula and placement of a trans-papillary biliary SEMS. Stent obstruction were also
successfully managed with endoscopic interventions. Currently, no specific effective
measures have been identified to avoid AE in the setting of biliary LAMS. As far as
the risk of LAMS obstruction is concerned, it could be reasonable to manage
concomitant duodenal obstruction in the same session, as we reported higher rate of
LAMS obstruction in this sub-group of patients [ 4 8 ] . Technical failures with
misdeployment of the first flange of the stent occurred in case of endoscope instability
in the duodenal bulb, or due to a smaller CBD diameter. For such reason, we now
recommend to proceed with single-stage EUS-CD in more dilated CBD (i.e., 15 mm)
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and to pre-load the delivery system with a guidewire in difficult cases, in order to
perform an over-the-wire stent placement in case of misdeployment of the LAMS. Of
note, these cases were all successfully treated during the same endoscopic session, by
performing a RV technique through the fistula with subsequent transpapillary
drainage or with a successful second attempt with EC-LAMS. Finally, nine patients
(19.6%) with concomitant duodenal obstruction were treated in the same session with
EUS-BD and subsequent duodenal stent placement, confirming the feasibility of a
complete endoscopic palliation in this subgroup of patients [48,52-54] . A recent
retrospective study of 52 patients treated with EC-LAMS for MBO confirmed the high
rate of technical and clinical success (88.5% and 100% respectively)[55]. The Authors
reported a 3.8% short-term (1 stent occlusion and 1 bleeding from pre-cut site of
previous failed ERCP) and 13.5% long-term AE rate (including stent obstruction due
to tumor progression or food impaction and stent migration). Various technique for
EC-LAMS placement have been used in this work, and the single-stage technique, in
addition to bile duct diameter > 15 mm and EC-LAMS 6 mm, was found to be
significantly associated to technical success. AE related to the use of LAMS for biliary
drainage in the setting of MBO are summarized in Table 2. Taken together, the cited
works highlight a high efficacy and a good safety of EUS-BD with LAMS. Of note, AE
reported were mostly successfully managed with endoscopic re-intervention (stent
cleansing, stent-in-stent placement), and the risk of bile leakage, bile peritonitis,
perforation or pneumoperitoneum compared to classic multi-steps EUS-BD was
definitely lower. With an easier deployment technique, a good safety and a very short
procedural time, EUS-CD with LAMS seems currently one of the most performing
EUS-BD approaches[48,55].

FUTURE PERSPECTIVES AND UNRESOLVED QUESTIONS
The impressive results of EUS-BD have recently questioned the role of interventional
EUS as a mere second option after failed ERCP, advancing the hypothesis of a
possible primary role in MBO alternative to ERCP. It is clear that a trans-papillary
approach is difficult in case of duodenal obstruction, and EUS-BD could be the best
solution, but which is actually the best drainage strategy in a patient with MBO and
an accessible papilla remains debatable. ERCP for MBO can be associated with a
significant morbidity, including acute pancreatitis and cholangitis, and pre-operative
drainage is not indicated in patients with obstructive jaundice and surgical
indication [9,10] . Moreover, some studies reported that advanced techniques of
cannulation (i.e., DGW techniques, pre-cut sphincterotomy, trans-pancreatic
septotomy) are associated with increased risk of AE[11,56]. These observations stressed
the need of high quality evidences comparing ERCP and EUS-BD as primary
approach for MBO. Recently, 3 RCT trying to address the issue have been published,
and all concluded that EUS-BD has comparable outcome to ERCP in this setting[25-27].
However, it should be noted that these RCT have been powered on different
outcomes: AE rate for the study from Bang et al[25]; stent patency for the study from
Park et al[27]; technical success (designed as non-inferiority RCT) for the study from
Paik et al[26]. Despite the good design and the importance of the data provided, these
studies did not offered conclusive information about EUS-BD in primary biliary
drainage. Moreover, for the study from Paik et al[26], it should also be noted that the
AE rate in the ERCP group was higher than EUS-BD group, but extremely high in
absolute (39.1%), probably also because of the lack of prophylactic measure to prevent
post-ERCP pancreatitis[57]. However, the risk of pancreatitis in EUS-BD groups from
all studies was 0%, as expected for a procedure in which the papilla is not
manipulated and the pancreatic parenchyma is always spared. None of the
aforementioned RCT used LAMS for EUS-BD, and a future challenge will be to
address in a RCT the outcome of EUS-CD with LAMS compared to ERCP for primary
biliary drainage.
Patency of biliary stents is a crucial issue in jaundice palliation, as stent occlusion
determines morbidity (e.g., cholangitis) and increases the need of re-interventions,
thus impacting on quality of life and costs. Biliary SEMS have demonstrated a longer
patency compared to plastic stents[9,58]. However, even SEMS carries a risk of occlusion
due to tumor ingrowth (for uncovered SEMS), and overgrowth (for FCSEMS)[59]. EUSCD is performed in a CBD segment above the obstruction and the stent does not cross
the neoplastic tissue. On the other hand, EUS-CD carries the risk of occlusion due to
food impaction or biliary sludge deposits, and this has been reported as particularly
relevant for patients with duodenal obstruction[48,50,51]. The long-term patency of LAMS
for EUS-CD has yet to be evaluated, and possible technical precautions aimed to
extend the patency duration needs further studies.
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Table 1 Comparison of the main studies reporting patients treated with lumen-apposing metal stent for distal malignant biliary
obstruction
Author

n, patients

EC-LAMS, n (%)

Technical success (%)

Clinical success (%)

Adverse events (%)

Kunda et al[50]

57

27 (47.4)

98.2

96.4

7

Tsuchiya et al[51]

19

19 (100)

100

94.7

36.8

Anderloni et al[48]

46

46 (100)

93.5

97.7

11.6

Jacques et al[55]

52

52 (100)

88.5

100

17.3

Clinical success is reported as percentage among patients with technical success. EC-LAMS: Electrocautery lumen-apposing metal stent.

Another point that should be addressed is whether EUS-CD with LAMS is feasible
in patients candidate for pancreatic surgery. Almost all mentioned studies included
patients with unresectable malignancies, and very few information are available on
performing Whipple procedures in patients with an indwelling duodenal LAMS. In
the retrospective study from Jacques and colleagues[55], 2 patients underwent EUS-CD
with LAMS for pre-operative drainage, and a Whipple procedure was subsequently
performed without complications. Recently, a case series of patients who underwent
EUS-CD with LAMS before pancreatic surgery confirmed that duodenal LAMS did
not interfere with surgery[60]. Due to the small numbers, the question remain to be
clarified, but data are encouraging about the possibility of LAMS placement for
patient possibly candidate for surgery.
In patients with MBO and failed ERCP, an alternative to EUS-BD through the
traditional approaches (i.e., EUS-CD or hepatogastrostomy) is GB drainage. EUSguided GB drainage has emerged as an alternative treatment for acute cholecystitis in
patients unfit for surgery due to relevant comorbidity[61,62]. In this setting, GB drainage
with LAMS has been demonstrated as safe and effective[47,63]. A retrospective study
evaluated EUS-guided GB drainage with SEMS for jaundice palliation in 12 patients
with MBO[64]. The study reported a high technical and clinical success rate (100% and
91.7% respectively), with AE in 16.7% and stent dysfunction in 8.3%. Currently,
further studies are needed to evaluate if LAMS could offer a better safety and efficacy
in this setting. Finally, technical innovation in design and delivery system could be
improve LAMS performance in the future, especially to increase the duration of
patency and to reduce AE during deployment.

CONCLUSION
In a few years, advances in knowledge and technology radically changed the role of
interventional EUS in clinical practice and, at the same time, questioned therapeutic
algorithms which have been unchanged for several years. The last technological
advance has been represented by LAMS, whose innovative design contributed to
improve the already exciting results of EUS-BD. A consistent body of evidence
highlights the advantages of EUS-BD over PTBD: lower AE; fewer re-interventions;
lower costs; internal drainage with a better quality of life; lower post-procedural pain;
different routes of drainage (trans-hepatic or extra-hepatic); the possibility to proceed
to drainage during the same session and with the same operator after failed ERCP;
concomitant jaundice and GOO palliation. With this background, LAMS contributed
to make easier and faster the drainage, to reduce the shortcomings of complex multistep procedures and probably will be responsible for further widespread of EUS-BD.
RCT including LAMS to compare EUS-BD and ERCP for primary drainage are
lacking, and conducting high quality studies in this field will be one of the hardest
challenges in the next future.
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Table 2 Comparison of the adverse events reported in the main studies with lumen-apposing metal stent for distal malignant biliary
obstruction
Author

Migration

Bleeding

Obstruction

Cholangitis

Others

Kunda et al[50]

0

1.7% (1/57)

0

1.7% (1/57)

3.5% (2/57)

Tsuchiya et al[51]

0

0

26.3% (5/19)

10.5% (2/19)

10.5% (2/19)

Anderloni et al[48]

2.2% (1/46)

2.2% (1/46)

6.5% (3/46)

0

0

1.9% (1/52)

1.9% (1/52)

13.5% (7/52)

11.5% (6/52)

0

[55]

Jacques et al

Others: Include perforation, pneumoperitoneum, fever. In the study from Jacques et al[55], 6 patients presented both stent obstruction and cholangitis (total
adverse events: 9).

Figure 3

Figure 3 Graphic representation of the main interventional techniques applied to perform biliary drainage after failed endoscopic retrograde
cholangiopancreatography in malignant biliary obstruction. A: Percutaneous transhepatic biliary drainage; B: Endoscopic ultrasonography-guided choledochoduodenostomy with placement of bilary fully covered self-expanding metal stent; C: Endoscopic ultrasonography-guided choledocho-duodenostomy with placement of
lumen-apposing metal stent.
Figure 4

Figure 4 Echoendoscopic view of the first flange deployment of electrocautery-enhanced lumen-apposing metal stent in a dilated common bile duct.
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Figure 5

Figure 5 Final endoscopic appearance of electrocautery-enhanced lumen-apposing metal stent deployed in the duodenal bulb.
Figure 6

Figure 6 Final RX appearance of electrocautery-enhanced lumen-apposing metal stent deployed across the duodenal bulb into the common bile duct.
Figure 7

Figure 7 Computed tomography scan appearance of electrocautery-enhanced lumen-apposing metal stent deployed across the duodenal bulb and plastic
pancreatic stent previously placed during failed endoscopic retrograde cholangiopancreatography.
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Abstract
Hepatocellular carcinoma (HCC) accounts for the majority of primary liver
cancers. To date, most patients with HCC are diagnosed at an advanced tumor
stage, excluding them from potentially curative therapies (i.e., resection, liver
transplantation, percutaneous ablation). Treatments with palliative intent include
chemoembolization and systemic therapy. Among systemic treatments, the
small-molecule multikinase inhibitor sorafenib has been the only systemic
treatment available for advanced HCC over 10 years. More recently, other smallmolecule multikinase inhibitors (e.g., regorafenib, lenvatinib, cabozantinib) have
been approved for HCC treatment. The promising immune checkpoint inhibitors
(e.g., nivolumab, pembrolizumab) are still under investigation in Europe while in
the US nivolumab has already been approved by FDA in sorafenib refractory or
resistant patients. Other molecules, such as the selective CDK4/6inhibitors (e.g.,
palbociclib, ribociclib), are in earlier stages of clinical development, and the cMET inhibitor tivantinib did not show positive results in a phase III study.
However, even if the introduction of targeted agents has led to great advances in
patient response and survival with an acceptable toxicity profile, a remarkable
inter-individual heterogeneity in therapy outcome persists and constitutes a
significant problem in disease management. Thus, the identification of
biomarkers that predict which patients will benefit from a specific intervention
could significantly affect decision-making and therapy planning. Germ-line

https://www.wjgnet.com

3870

August 7, 2019

Volume 25

Issue 29

De Mattia E et al. Pharmacogenetic markers of HCC therapy outcome
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: Invited
manuscript

Received: March 17, 2019
Peer-review started: March 18, 2019
First decision: May 14, 2019
Revised: May 23, 2019
Accepted: July 1, 2019
Article in press: July 3, 2019
Published online: August 7, 2019
P-Reviewer: Jin B, Luo GH, Patel
JN, Sun JH, Sun XT, Wang GY
S-Editor: Gong ZM
L-Editor: A
E-Editor: Ma YJ

variants have been suggested to play an important role in determining outcomes
of HCC systemic therapy in terms of both toxicity and treatment efficacy.
Particularly, a number of studies have focused on the role of genetic
polymorphisms impacting the drug metabolic pathway and membrane
translocation as well as the drug mechanism of action as predictive/prognostic
markers of HCC treatment. The aim of this review is to summarize and critically
discuss the pharmacogenetic literature evidences, with particular attention to
sorafenib and regorafenib, which have been used longer than the others in HCC
treatment.
Key words: Hepatocellular carcinoma; Pharmacogenetics; Genetic markers; Sorafenib;
Regorafenib; Immune checkpoint inhibitors; Cytochromes; UDP glucuronosyltransferase
1A
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with advanced hepatocellular carcinoma (HCC) have few effective
therapeutic options. Although multikinase inhibitors-such as sorafenib as first-line
treatment and regorafenib in sorafenib progressors-show some overall survival benefit,
unmet needs persist in the treatment of advanced HCC. Particularly, the identification of
potential prognostic and predictive biomarkers for better stratifying and personalizing the
treatment remains a challenge. Germ-line polymorphisms have been suggested to
contribute significantly to inter-individual variability in HCC therapy outcome in terms
of both toxicity and effectiveness, opening new avenues for pharmacogenetic
investigation.

Citation: De Mattia E, Cecchin E, Guardascione M, Foltran L, Di Raimo T, Angelini F,
D’Andrea M, Toffoli G. Pharmacogenetics of the systemic treatment in advanced
hepatocellular carcinoma. World J Gastroenterol 2019; 25(29): 3870-3896
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3870.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3870

INTRODUCTION
Liver cancer incidence is approximately 850000 new cases per year, and about 90% of
liver tumors are hepatocellular carcinoma (HCC)[1]. The dominant risk factors for
HCC vary worldwide. For most countries in Asia and Africa, hepatitis B virus
infection and aflatoxin B1 exposure are the major risk factors. In contrast, hepatitis C
virus infection, alcoholism, and metabolic syndrome play more important roles in
other areas in the world[2]. The Barcelona Clinic Liver Cancer (BCLC) staging is the
main clinical classification that stratifies patients from A to C stages, according to
prognosis, to inform treatment decisions. Early-stage cancers are potentially suitable
for therapies with curative intent such as surgical resection, liver transplantation, or
local ablation. Chemoembolization and systemic therapy represent the only
therapeutic options for intermediate or advanced HCC[1].
Surgical resection is the standard option for patients with solitary HCC at BCLC A
stage. Other criteria for selecting the best surgical candidates are absence of portal
hypertension along with well-preserved liver function. A surgical strategy is
associated with 5-year survival rates of 70%, and adjuvant therapies have yet to show
a survival advantage[1]. Liver transplantation is the best option for BCLC A tumors
with respect to Milan criteria (single tumor ≤ 5 cm or up to three nodules ≤ 3 cm in
size and no vascular invasion)[3]. Furthermore, local ablation with radiofrequency
represents a good alternative to surgery in patients with single tumors < 2 cm[4];
however, no randomized clinical trials (RCTs) have been conducted to specifically
address whether ablation is non inferior to surgery[5].
For patients with HCC at BCLC B stage, transarterial chemoembolization (TACE) is
recommended based on results from RCTs and a systematic review showing survival
benefits with TACE as compared with the best supportive care[6]; more recently TACE
was found to give an objective response of 52.5%[7]. Better selection of candidates and
improvement in the procedure, such as supra-selective embolization and the use of
drug-eluting beads, have led to median survival times beyond 40 mo in referral
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centers[1]. Radioembolization is an alternative embolization approach with a favorable
safety and efficacy profile, but well-designed, properly powered RCTs are still needed
to demonstrate a real benefit[1].
In advanced HCC or in intermediate HCC when chemoembolization is no longer
indicated, systemic treatment is the standard therapy. Conventional chemotherapeutic agents (e.g., doxorubicin, fluoropyrimidines, platinum derivates,
irinotecan) are minimally effective in HCC, with significant toxicity, and do not
improve patient survival[8-10]. HCC is also rarely amenable to radiation therapy[10].
Targeted agents based on an improved molecular characterization of HCC have
opened a new era for the treatment of patients with HCC (Figure 1). A number of
small-molecule tyrosine kinase inhibitors and immune checkpoint inhibitors have
demonstrated some survival benefit in intermediate/advanced disease (BCLC B-C);
more recently, preliminary promising data are emerging on the use of CDK4
/6inhibitors [11] . At present, the approved drugs in Europe for advanced HCC
indication are the small-molecule multikinase kinase inhibitors sorafenib, lenvatinib,
regorafenib, and cabozantinib. In particular, sorafenib and lenvatinib are approved as
first-line therapy and regorafenib and cabozantinib in patients who have progressed
or are intolerant to sorafenib. Other molecules, such as the immune checkpoint
inhibitors (e.g., nivolumab, pembrolizumab) and selective CDK4/6inhibitors (e.g.,
palbociclib, ribociclib), are still under investigation in the HCC setting in Europe
while in the US nivolumab received accelerated approval for HCC patients previously
treated with sorafenib. Among other molecules tested, the c-MET inhibitor tivantinib
has not shown positive results[12].
Based on the results of major studies conducted to date, several unmet needs
persist in the management of intermediate/advanced HCC that might be addressed
through new therapies and biomarkers for therapy stratification and a patient-tailored
approach. In this context, genetic polymorphisms, with their well-established role in
liver carcinogenesis[13,14], could be important and contribute, in combination with
clinical and molecular parameters, to predicting HCC therapy outcomes for efficacy
and for toxicity risk. The aim of this review is to critically report and discuss current
literature on the effect of germ-line variants as predictive markers of HCC systemic
therapy outcome and how they can aid in stratifying patients according to toxicity
risk, as well as the likelihood of benefit from administration of specific anti-tumor
agents.

SYSTEMIC TREATMENT OF ADVANCED HCC
The phase III SHARP trial evaluating sorafenib in previously untreated patients with
advanced HCC reported a median overall survival (OS) of 10.7 mo for the sorafenibtreated group compared to 7.9 mo in patients who received placebo[15]. The most
common adverse effects observed in the trial included fatigue, hand–foot skin
reaction (HFSR), alopecia, gastrointestinal, and liver dysfunction. A number of studies
have investigated the role of clinical and/or biological markers in HCC patients
treated with sorafenib[15,16]. Results from the SHARP trial showed that baseline alpha
fetoprotein plasma levels > 200 ng/mL had a negative impact on OS, a finding that
has been recently confirmed in a pooled analysis [17] . A recent meta-analysis
demonstrated that the occurrence of sorafenib-related side effects (e.g., hypertension,
skin toxicities, and diarrhea) is associated with a better OS in sorafenib-treated HCC
patients[18]. In addition to the abovementioned markers, other clinical parameters have
been evaluated, such as macroscopic vascular invasion, BCLC stage and etiology of
cirrhosis[17], and Child–Pugh subgroups[19]. Some biological markers have been also
suggested as potentially related to sorafenib outcome. For instance, in the SHARP
trial [15] , baseline angiopoietin-2 (Ang-2) and vascular endothelial growth factor
(VEGF)-A plasma levels independently predicted survival in the entire patient
population and in the placebo cohort; conversely, none of the tested biomarkers
significantly predicted response to sorafenib[15]. Additionally, high insulin-like growth
factor 1 pre-treatment levels are associated with better progression-free survival (PFS)
and OS in patients with advanced HCC receiving first-line antiangiogenic therapy[20].
More recently, a study recruiting 80 HCC patients prospectively treated with
sorafenib showed that independent risk factors for poor OS were high serum
concentration of Ang-2 and hepatocyte growth factor (HGF) as well as poor
performance status before treatment[21].
In patients who tolerated but progressed on sorafenib, the other multikinase
inhibitor regorafenib has been reported to provide an OS benefit compared with
placebo of 10.6 mo vs 7.8 mo. The most common grade 3 or 4 treatment-related events
were hypertension, HFSR, fatigue, and diarrhea[22]. Preliminary data on potential
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Figure 1

Figure 1 Mechanisms of action of the drugs covered in the text. Approved drugs are in the orange box while those under approval are in the grey box. Image
created with Servier Medical Art (https://smart.servier.com/). FGFR1: Fibroblast growth factor receptor; PDGFR: Platelet-derived growth factor receptor; FLT3: Fmsrelated tyrosine kinase 3; VEGFR: Vascular endothelial growth factor receptor; TIE: Tyrosine kinase with immunoglobulin-like and EGF-like domains; HGFR:
Hepatocyte growth factor receptor; PD1: Programmed cell death protein-1; PDL1/2: programmed cell death protein ligand 1/2; CDK: Cyclin-dependent kinases.

biomarkers of response to regorafenib in patients with HCC have been recently
published. Particularly, a study involving a large cohort of patients enrolled in the
phase III RESORCE trial showed a significant association of OS with plasma
concentrations of some proteins involved in inflammation and/or HCC pathogenesis
as well as a number of plasma miRNAs. In addition, a somatic profile of tumor tissues
was described that suggested a potential mutational pattern associated with response
to regorafenib[23].
More recently, a phase III trial comparing lenvatinib to sorafenib in the first-line
setting showed non-inferiority of lenvatinib to sorafenib for the primary endpoint OS
and statistically significant improvement for secondary end-point PFS. The most
common any-grade adverse events described for lenvatinib were hypertension,
diarrhea, and appetite and weight reduction. In addition, there were fewer
dermatological adverse events but more hypertension for lenvatinib compared to
sorafenib [24] . Finally, the small-molecule multikinase inhibitor cabozantinib was
associated with longer OS than placebo in a phase III trial involving patients already
treated for advanced disease. In that study, incidence of grade 3 or 4 adverse events
was higher (predominantly grade 3) in the cabozantinib arm, including
palmar–plantar erythrodysesthesia and HFSR, hypertension, increased aspartate
aminotransferase (AST), fatigue, and diarrhea[25].
Other molecules not yet approved in Europe for the treatment of liver cancer are
under investigation in the HCC setting, with promising preliminary results.
Particularly, the novel class of immune checkpoint inhibitors has demonstrated
significantly improved survival outcomes for patients with HCC. A phase I/II study
trial investigated the role of the immunotherapeutic agent nivolumab in patients
whose disease progressed while receiving at least one previous line of systemic
therapy, including sorafenib, or who were intolerant to sorafenib. In this trial 262
eligible patients were treated, 48 in the dose-escalation phase and 214 in the doseexpansion phase. During dose escalation, 12 (25%) patients had grade 3 or 4 adverse
events while 3 (6%) patients had serious adverse events (i.e., pemphigoid, adrenal
insufficiency, liver disorder); the objective response rate was 15% (95%CI: 6%-28%).
For dose expansion, the objective response rate was 20% (95%CI: 15%-26%) with
nivolumab 3 mg/kg[26]. Based on the results of this study, the U.S. Food and Drug
Administration (FDA) granted accelerated approval of nivolumab on September 2017.
A phase III randomized trial of first-line nivolumab compared with sorafenib is
ongoing (ClinicalTrials.gov Identifier: NCT02576509). Another phase II trial focused
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on another immune checkpoint inhibitor, pembrolizumab, in patients with HCC pretreated with sorafenib. These results showed that pembrolizumab was effective and
tolerable, with fatigue and increased AST as the most frequent adverse events[27].
Several phase II/III clinical trials with immunotherapeutic agents are currently
recruiting HCC patients worldwide. One is an ongoing phase III randomized, activecontrolled trial to evaluate the safety and efficacy of lenvatinib in combination with
pembrolizumab compared with lenvatinib plus placebo in first-line therapy for
advanced HCC (ClinicalTrials.gov Identifier: NCT03713593). A phase II trial with
sorafenib and nivolumab as first-line therapy is also in progress (ClinicalTrials.gov
Identifier: NCT03439891).
Among the molecules at an earlier stage of clinical development in HCC, the
selective CDK4/6 inhibitors stand out. In an early trial, palbociclib demonstrated
activity in patients with advanced HCC after failure of first-line sorafenib. This trial
enrolled 21 patients, 4 being non-evaluable. In evaluable patients median OS was 19
wk and median time to progression was 24 wk; prolonged stability was seen in 3
patients. The most common grade 3 or 4 adverse events were neutropenia and
thrombocytopenia, and non-serious adverse events were anemia, pain, ascites, and
fatigue[11]. A phase Ib/II study of another CDK4/6 inhibitor, ribociclib, in association
with chemoembolization in advanced HCC is currently recruiting patients
(ClinicalTrials.gov Identifier: NCT02524119).
Another molecule under investigation that should be cited for completeness is
tivantinib, a selective inhibitor of the proto-oncogene MET, belonging to the class of
the small-molecule kinase inhibitors. A phase II randomized trial evaluated the
administration of tivantinib as the second-line therapy for patients with HCC. The
study showed improved PFS for tivantinib compared with placebo in a subset of
patients with high MET expression tumors, and the most common grade 3 or worse
adverse events in the tivantinib group were neutropenia and anemia [28] . On 13
November 2013, orphan designation (EU/3/13/1202) was granted for tivantinib for
the treatment of HCC in patients whose disease has stopped responding or is resistant
to sorafenib. However, a subsequent phase III trial evaluating the use of tivantinib for
second-line treatment of MET-high expressing advanced HCC showed no OS
improvement for tivantinib compared with placebo in patients previously treated
with sorafenib[12].

PHARMACOGENETICS OF APPROVED DRUGS
Sorafenib
Sorafenib (NEXAVAR®) is an orally administered multi-targeted tyrosine kinase
inhibitor. This small molecule inhibits a number of serine/threonine and tyrosine
kinases [e.g., VEGF receptors (VEGFR1–3), platelet-derived growth factor receptor
(PDGFR), fibroblast growth factor receptor 1 (FGFR1), KIT proto-oncogene receptor
tyrosine kinase (KIT), ret proto-oncogene (RET], and fms-related tyrosine kinase 3
(FLT3)] and downstream oncogenic Raf signaling players (e.g., Raf-1 and B-Raf). Thus,
it affects multiple tumor-related signaling pathways, such as those involved in
angiogenesis, tumor proliferation, and cell apoptosis [29,30] . Although survival
improvement has been achieved with this targeted agent, only a limited number of
patients have experienced a real and long-term benefit. Moreover, a high resistance
rate and some significant and expensive toxicities further restrict the advantages of
sorafenib therapy and constitute a crucial problem in HCC management.
In recent years, some pharmacogenetic studies have focused on identifying genetic
markers that could predict risk for severe adverse events (Table 1) and discriminate
sorafenib-responsive patients from non-responders (Table 2). Details regarding the
pharmacogenetic panel analyzed, the study population (e.g., sample size, ethnicity)
and therapy (e.g., dose and schedule) characteristics, the clinical end-points evaluated
along with the main findings (e.g., statistical results) of the studies are shown in
Tables 1 and 2.
Markers of pharmacokinetics/toxicity: (1) Sofarenib metabolism: The metabolism[29,30]
of sorafenib is well-established and occurs mainly in the liver through two pathways:
Phase I oxidation mediated by cytochrome P450 3A4 (CYP3A4), and phase II
conjugation mediated by UDP glucuronosyltransferase 1A9 (UGT1A9) (Figure 2). In
people, specifically, the glucuronidation contributes to about 15% of the clearance of
sorafenib while the oxidation accounts for only 5%. Eight metabolites of sorafenib
have been identified (M1–M8). The most abundant in the plasma is sorafenib N-oxide
(M2), which is produced by CYP3A4 and exhibits an in vitro potency similar to the
parental drug. M2 together with the sorafenib derivatives M4, obtained by
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Toxicity

Clinical
endpoint

Advanced HCC
(n = 47)
(Caucasians)

(Korean)

Sorafenib
Toxicity
400 mg twice
daily in
combination
with TACE
Sorafenib
PK
400 mg twice
daily

PFS
OS

(mainly whites)

Intermediate stage
HCC (n = 59)

Toxicity

Advanced solid cancer Sorafenib
(n = 114; 87% HCC)

ABCB1 rs2032582 (CT: 0.7 ± 0.6 kg/L vs TT:2.3 ± 2.2 kg/L, P = 0.035), ABCG2 rs2231137 (AG: 0.8 ± 0.4 kg/L vs GG: 1.4 ± 1.5 kg/L, P = 0.02),
ABCG2 rs2231142 (CA: 0.5 ± 0.5 kg/L vs CC: 1.4 ± 1.4 kg/L, P = 0.007) heterozygous genotypes were associated with the lowest sorafenib
plasma levels

No SNP was associated with OS or PFS
VEGFA 1991-CC (OR: 45.68, P = 0.011), TNFA rs1800629-GG (OR: 44.06, P = 0.023), and UGT1A9 rs7574296-AA (OR: 18.717, P = 0.015)
were independent risk factors for the development of high-grade HFSR (multivariate analysis).

SLCO1B1*1b (rs2306283-G) allele was associated with inferior risk of diarrhea (OR: 0.125, P = 0.007) and increased risk of
hyperbilirubinemia (OR: 1.230, P = 0.002), and the SLCO1B1*5 (rs4149056-C) allele with higher risk of thrombocytopenia (OR: 4.219, P =
0.045) in univariate but not multivariate analysis

ABCG2 rs2622604-TT genotype exhibited a greater exposure compared to the CC (sorafenib AUC, 131.8 vs 82.4 mg/L.h, P = 0.093
univariate analysis, not confirmed in multivariate)
UGT1A1*28 (rs8175347) was associated with increased risk of acute hyperbilirubinemia (*28/*28 vs other, OR:5.413, P = 0.016) and of
interrupting treatment (*28 vs other, OR: 3.397, P = 0.002) by multivariate analysis. The *28 allele also showed a trend towards a higher
risk for any toxicity at grade 3 or higher (P = 0.088)

UGT1A9 rs17868320-T allele was associated with increased grade ≥ 2 diarrhea (OR: 14.33, P = 0.015, multivariate analysis)

Rat models: CYP3A4*1 (rs2740574) and CYP3A5*3 (rs776746) were associated with the lowest (8 ± 2.5 ng/mL) and highest (67 ± 4.8
ng/mL) levels of sorafenib plasma concentration, respectively (P < 0.001). CYP3A5*3 correlated with the most severe liver [change in ALT
and AST blood concentration [(IU/L) over time] and renal injury (change in BUN [nmol/L) and Cr [umol/L] blood concentration [IU/L]
over time) and CYP3A4*1 with the least severe injury (P < 0.001)
Clinical setting: CYP3A5*3 was associated with increased severe hepatic toxicity (change in ALT and AST blood concentration [IU/L]
over time, P < 0.001)

Main findings

[42]

[36]

[35]

[34]

[32]

Ref.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AUC: Area under the curve; BUN: Blood urea nitrogen; Cr: Creatinin; HCC: Hepatocellular carcinoma; HFSR: Hand–foot skin reaction; OR: Odds ratio; OS:
overall survival; PFS: Progression-free survival; PK: Pharmacokinetic; SNP: Single nucleotide polymorphism; vs: Versus.

5 SNPs in ABCB1,
ABCG2

49 SNPs in UGT1A9,
UGT1A1, CYP3A4,
CYP2B6, TNFA,
VEGFA, IGF2, HIF1A

8 SNPs in SLCO1B1,
SLCO1B3, ABCC2,
ABCG2, UGT1A1,
UGT1A9

9 SNPs in CYP3A5,
UGT1A9, ABCB1,
ABCG2

Sorafenib

Therapy

Aflatoxin-induced
HCC rat models
(n = 105)
Advanced solid cancer Sorafenib 400 PK
(n = 54; 37% HCC)
or 200 mg,
(whites)
Toxicity
twice daily

CYP3A4*1, CYP3A5*3, Advanced HCC
CYP2C19*2,
(n = 51)
CYP2D6*10
(Chinese)

Pharmacogenetic
panel

Table 1 Published works on germ-line variants and pharmacokinetic and toxicity profiles of sorafenib in hepatocellular carcinoma patients
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Response

Advanced HCC First-line
TTP
(n = 78)
sorafenib
(Chinese)
400, mg twice OS
daily
Response

(ALICE-1)

Advanced or
Sorafenib 400 PFS
intermediatemg, twice
stage HCC (n = daily
148)
(whites)
OS

Clinical
endpoint

17 SNPs in VEGFA, VEGFC, FLT1
(VEGFR1), KDR (VEGFR2), FLT4 (VEGF3)

Therapy

Study
population

Pharmacogenetic panel
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Multivariate analysis
Major vascular invasion (HR: 2.51, P = 0.021) and VEGFR2 rs1870377-AA (HR: 0.68, P = 0.005) were independent factors in
TTP; performance status (HR: 2.36, P = 0.017), VEGFR2 rs1870377-AA (HR: 0.35, P = 0.003) and rs2071559-CC (HR: 2.25, P =
0.036) were independent factors in OS

VEGFR2 rs1870377-AA (P = 0.011) and rs2305948-AA (P = 0.047) genotypes were associated with a better response

VEGFR2 rs1870377-AA genotype (15.0 mo vs 9.6 mo, P = 0.001) and rs2071559-T allele (13.0 mo vs 9.0 mo, P = 0.007) were
associated with longer OS

VEGFR2 rs1870377-AA (5.8 mo vs 4.0 mo, P = 0.001) and rs2305948-AA (5.8 mo vs 4.5 mo, P = 0.016) genotypes were associated
with longer TTP

VEGFA rs2010963-C (P = 0.0343) and VEGFC rs4604006-T (P = 0.0028) alleles were also associated with a better objective
response
Univariate analysis

Patients with both the favorable alleles of VEGFA rs2010963 and VEGFC rs4604006 showed improved PFS and OS compared
to those with only one or none (PFS: P = 0.0004; two favorable alleles: 11.4 mo, one favorable and one unfavorable: 5.6 mo,
two unfavorable: 3.4 mo; OS: P = 0.0001, two favorable alleles: 22.7 mo, one favorable and one unfavorable, 15.1 mo, two
unfavorable, 8.8 mo)

Multivariate analysis
VEGFA rs2010963-C allele (PFS, 6.9 mo vs 4.0 mo, HR: 0.25, p = 0.0376; OS, 17.0 vs 9.3 mo, HR: 0.28, P = 0.0201), VEGFC
rs4604006-T allele (PFS, 10.1 mo vs 4.3 mo, HR: 0.22, p = 0.004; OS, 22.0 mo vs 13.0 mo, HR: 0.25, P = 0.04) and BCLC C stage
(PFS, 7.6 mo vs 4.5 mo, HR: 0.17, P = 0.0163; OS, 21.0 mo 10.7 mo, HR: 0.36, P = 0.0015) were independent prognostic factors
predicting PFS and OS

VEGFA (rs25648-C, rs833061-T, rs699947-C, rs2010963-C), VEGFC (rs4604006-T), VEGFR1 (rs664393-G), and VEGFR2
(rs2071559-C, rs2305948-C) alleles were associated with longer PFS and OS

Univariate analysis

Main findings

Table 2 Published works on germ-line variants and response to sorafenib in hepatocellular carcinoma patients

[50]

[48]
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(ALICE-2)

HCC (n = 158)
(whites)
HCC (n = 210)
(whites)

Advanced HCC
(n = 41 training
set; n = 87
validation set
(whites)

Sorafenib

Sorafenib

First-line
sorafenib 400
mg, twice
daily

PFS
OS
PFS
OS

PFS
OS

HIF1A rs12434438-GG genotype was associated with a poor outcome independently of VEGF markers (PFS: 2.6 mo, P < 0.0001;
OS: 6.6 mo, P < 0.0001)

The combination of the favorable alleles of rs2010963 and rs4604006 compared to only one or to none, identifies three
populations with different PFS (respectively: 10.8 mo vs 5.6 mo vs 3.7 mo, P < 0.0001) and OS (respectively: 19.0 mo vs 13.5 mo
vs 7.5 mo, P < 0.0001)

Multivariate analysis
HIF1A rs12434438, VEGFA rs2010963, and VEGFC rs4604006 were confirmed as independent prognostic factors

Multivariate analysis
eNOS haplotype HT1 is confirmed as the only independent prognostic factor
** “4a” allele with 4 repeats; “4b” allele with 5 repeats
ANG2 rs55633437-GG genotype was associated with a better PFS (median PFS: 4.67 mo vs 2.94 mo, P = 0.03) and OS (median
OS: 16.9 mo vs 6.5 mo, p = 0.016) with respect to the T-allele. Data were confirmed in multivariate analysis
Univariate analysis
HIF1A rs1951795, rs10873142, and rs12434438 emerged as significant predictors of PFS and OS. The extended analysis of
VEGF/VEGFR SNPs confirms the results of ALICE-1 study (see above)

Validation set
Patients homozygous for HT1 had a lower median PFS (2.0 mo vs 6.7 mo, HR: 5.16, P < 0.0001) and OS (6.4 mo vs 18.0 mo, HR:
3.01, P < 0.0001) than those with other haplotypes

Patients homozygous for the eNOSHT1 haplotype (HT1: T-4b by combining eNOS rs2070744 T > C and eNOS VNTR 27bp
4a/b** variants) had a lower median PFS (2.6 mo vs 5.8 mo, HR: 5.43, P < 0.0001) and OS (3.2 mo vs 14.6 mo, HR: 2.35 P = 0.024)
than those with other haplotypes

Univariate analysis
Training set

HCC: Hepatocellular carcinoma; HFSR: Hand–foot skin reaction; mo., months; OR: Odds ratio; OS: Overall survival; PFS: Progression-free survival; SNP: Single nucleotide polymorphism; TTP: Time to progression.

8 SNPs in HIF1A

9 SNP in ANG2

3 SNPs in eNOS

[49]

[52]

[51]
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mCRC (n =
Regorafenib
79 Japanese
patients–
evaluation set;
n = 150 Italian
patients–
validation set)

OS

OS
Toxicity

PFS

In the validation set, the CCL5 rs2280789-G allele was associated with inferior incidence of grade ≥ 3 diarrhea vs AA genotype (0% vs 10%, p = 0.034)
and KLF13 rs2241779-A allele with inferior incidence of grade ≥ 3 rash respect to CC genotype (10% vs 30%, P = 0.010). CCL3 rs1130371 and CCL4
rs1634517 were associated with different distributions by genotype of the incidence of grade ≥ 3 AST/ALT

In the evaluation set, the CCL5 rs2280789-GG genotype vs the A allele (12.9 mo vs 7.9 mo, HR: 0.45, p = 0.032) and the rs3817655-TT genotype respect
to A allele (12.9 mo vs 7.9 mo, HR: 0.50, P = 0.055) was associated with longer OS by multivariate analysis. The analysis in the validation set was not
possible because of the low SNP frequencies
In the evaluation set, the CCL5 rs2280789-GG genotype was associated with higher incidence of grade ≥ 3 HFRS compared to the A allele (53% vs
27%, P = 0.078), and similarly, the CCL5 rs3817655-TT genotype vs the A allele (56% vs 26%, P = 0.026). The same variants in addition to the CCL5
rs1799988 were also associated with different distribution by genotype of the incidence of grade ≥ 3 hypertension

CCL4 rs1634517-CC and CCL3 rs1130371-GG were associated with longer PFS in the evaluation set (2.5 mo vs 2.0 mo, HR: 1.54, P = 0.043; 2.5 mo vs 2.0
mo, HR: 1.48, P = 0.064) and longer PFS (2.3 mo vs 1.8 mo, HR:1.74, P < 0.001; 2.3 mo vs 1.8 mo, HR: 1.66, P = 0.002) and OS (7.9 mo vs 4.4 mo, HR: 1.65,
P = 0.004; 7.9 mo vs 4.4 mo, HR: 1.65, P = 0.004) in the validation set. These associations were confirmed by multivariate analysis

VEGFR2 rs1870377 (TT: 1.97 mo, AT: 1.84 mo, AA: 1.12 mo; P = 0.0061) and VEGFR3 rs307805 (AA: 1.91 mo, AG: 2.07 mo, GG: 2.3 mo; P = 0.0492)
were associated with OS only
VEGFR1 rs664393 was associated with PFS only (CC: 2.01 mo, CT: 1.84 mo, TT: 1.48 mo; P < 0.0001)
Multivariate analysis
VEGFA rs2010963 [Exp(B): 2.77, P = 0.009] and ECOG performance status [Exp (B): 2.80, P = 0.004] were independent predictors of OS. The
combination of these two parameters further stratified patients into three groups with progressively different OS (P < 0.0001)
VEGFA rs2010963 was the only independent predictor of PFS (P = 0.005).

VEGFA rs2010963-CC vs to CG + GG genotype was associated with both longer OS (9.0 mo vs 6.5 mo, HR: 0.52, P = 0.049) and PFS (2.2 mo vs 1.8 mo,
HR: 0.49, P = 0.0038). The same genotype was also associated with better DCR (progression rate, 47% vs 74%, P = 0.02)

PFS

Regorafenib

DCR

Univariate analysis

Toxicity

UGT1A9*22 (rs383204-T10) allele was associated with acute hepatitis (descriptive study)

Drug concentrations were higher in the group with grade ≥ 2 total bilirubin elevation (3.45 µg/mL vs 1.76 µg/mL, P = 0.01) and thrombocytopenia
(3.45 µg/mL vs 1.76 µg/mL, p = 0.02) compared with the group with grades 0-1

[62]

[63]

[57]

[61]

[60]

SLCO1B1*1b (rs2306283-G) allele was associated with lower incidences of increased grade ≥ 2 AST (8% vs 42%, P = 0.03) and anemia (16% vs 50%, P
= 0.048). A similar tendency was observed for the incidence of increased grade ≥ 2 ALT (4% vs 25%, P = 0.09) and total bilirubin (12% vs 25%, P = 0.37).

ABCG2 rs2231142 was associated with different blood platelet counts (Plt, CC: 29.4 ± 10.7 *104/μL, CA + AA: 21.4 ± 11.3*104/μL, P = 0.03)
SLCO1B1*5 (rs4149056-C) allele [17.3 (ng/mL)/mg vs 11.5 (ng/mL)/mg, p = 0.167] and SLCO1B1*1b (rs2306283-G/rs4149056-T) non-carriers [14.0
(ng/mL)/mg vs 12.1 (ng/mL)/mg, P = 0.226] demonstrated a tendency toward higher concentration-to-dose ratio

Ref.

Main findings

Regorafenib

PK

Toxicity

Clinical
endpoint

Focused on 3 patients presented severe toxic hepatitis. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DCR: Disease control rate; HCC: Hepatocellular carcinoma; HFSR: Hand–foot skin reaction; mo., months;
OR: Odds ratio; OS: Overall survival; PFS: Progression-free survival; PK: Pharmacokinetic; SNP: Single nucleotide polymorphism.

1

KLF13, and HIF1A

9 SNPs in CCL3, CCL4,
CCL5, CCR5, PRKCD,

refractory
mCRC
(n = 93)1
(whites)
17 SNPs in VEGFA,
mCRC (n =
VEGFC, FLT1 (VEGFR1), 59)
(whites)
KDR (VEGFR2), FLT4
(VEGF3)

Advanced
Regorafenib
solid cancer (n
= 28; no HCC)
(Japanese)

3 SNPs in SLCO1B1,
ABCG2

Sequencing ofCYP34,
UGT1A9

Advanced
Regorafenib
solid cancer (n
= 37; no HCC)
(Japanese)

3 SNPs in SLCO1B1,
ABCG2

Therapy

Study
population

Pharmacogenetic
panel

Table 3 Published works on germ-line variants and pharmacokinetics, toxicity, and efficacy of regorafenibin solid cancer patients
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demethylation, and M5, an oxidative metabolite, inhibit VEGFR and PDGFR signaling
and members of the MAPK pathway. Given the key role of CYP3A4 and UGT1A9 in
sorafenib metabolism, inducers or inhibitors of these enzymes, such as some foods
and co-administered drugs (e.g., carbamazepine, dexamethasone, phenobarbital,
phenytoin, rifampin, rifabutin, St. John’s wort), could modify bioavailability of the
agent. Moreover, even if sorafenib is not a substrate for the cytochrome isoforms
CYP2B6, CYP2C8, and CYP2C9 and the UDP glucuronosyltransferase UGT1A1, the
biological agent in vivo inhibits activity of these enzymes with potential
pharmacological consequences and drug-interaction events. Membrane translocation
of sorafenib and its metabolites, including the inactive sorafenib-glucuronide (SG)
derivative, has been reported to be carried out by the coordinated activity of ATPbinding cassette (ABC) and solute carrier (SLC) transporters, not yet all identified[31]
(Figure 2). An enterohepatic recirculation of sorafenib has specifically been
suggested[31]; according to this hypothesis, the drug glucuronide-conjugated SG is
extensively extruded from the hepatocytes into the bile through a process mediated
mainly by the multidrug resistance protein (MRP) 2 (encoded by ABCC2). However,
under physiological conditions, a considerable fraction of intracellular SG can also be
secreted back into the blood by some sinusoidal transport mechanisms, including
MRP3 (encoded by ABCC3). From the circulation, downstream hepatocytes can
efficiently take up SG again via the organic anion transporter family member 1B
(OATP1B1 and OATP1B3, encoded by SLCO1B1 and SLCO1B3)-type carriers,
resulting in only low SG concentrations reaching the general circulation. This
secretion-and-reuptake loop may help prevent saturation of MRP2-mediated biliary
SG secretion in hepatocytes located upstream within liver lobules, resulting in more
efficient drug detoxification. Once secreted into the bile, SG enters the intestinal
lumen, where it can be a substrate for bacterial β-glucuronidases that regenerate the
parental drug sorafenib. This sorafenib can then undergo intestinal absorption, thus
reentering the circulation. This ongoing enterohepatic recirculation of sorafenib has
been inferred to contribute to the long-lasting sorafenib plasma levels observed in
patients. In addition to these transporters, preclinical in vitro studies have identified
other membrane carriers that might translocate sorafenib and its metabolites, such as
the hepatic uptake pump organic cation transporter-1 (OCT1, encoded by SLC22A1)
and the efflux transporters P-glycoprotein (p-gp or MDR1, encoded by ABCB1) and
breast cancer resistance protein (BCRP, encoded by ABCG2)[30].
Functional polymorphic variants in genes encoding the phase I and II enzymes and
ABC/SLC transporters involved in the sorafenib pathway have been described and
could contribute to the inter-individual variability in the pharmacokinetics and
toxicity profile observed in patients treated with sorafenib. Some studies have
evaluated the role of genetic polymorphisms in predicting the bioavailability and
toxicity of sorafenib administered to patients with HCC (Table 1). The most consistent
data concern the predictive contribution of germ-line genetic variants in the oxidative
and glucuronidative pathways on outcome with sorafenib.
(2) Oxidation pathway: Guo et al [32] recently focused on some CYP450 polymorphisms. In preclinical aflatoxin-induced HCC rat models, CYP3A4*1B (rs2740574;
located in the 5’ untranslated region [5’UTR]) and CYP3A5*3 (rs776746; located in the
intron 3) variants were associated with the lowest and highest sorafenib plasma
concentrations, respectively. This difference in drug disposition was consistent with a
different toxicity risk; CYP3A5*3-carrier rats had the most severe liver (measured as a
change in alanine aminotransferase [ALT] and AST blood concentration [IU/L] over
time) and renal (measured as a change in blood urea nitrogen [nmol/L] and creatinin
[umol/L] blood concentration [IU/L] over time) injury, whereas CYP3A4*1-carrier
rats had the mildest toxicity outcome. This author group analyzed other CYP family
genetic variants in the same study, using additional engineered rat models. Carriers of
CYP2C19*2 (rs4244285; Pro227Pro) or CYP2D6*10 (rs1065852, Pro34Ser) had sorafenib
plasma levels and associated liver/renal toxicity that were intermediate between
those of rats carrying CYP3A5*3 or CYP3A4*1 genetic variants[32]. This preclinical
observation on rat models was confirmed in a small group of Chinese patients with
advanced hepatitis B and C viral-associated HCC treated with sorafenib. In these
patients, the CYP3A5*3 polymorphism was associated with rapid worsening of
hepatic damage, but CYP3A4*1 carriers showed only a small effect. The findings
therefore suggested that the CYP3A5*3 variant that determines decreased CYP3A5
enzymatic activity[33] could influence hepatic and renal exposure to sorafenib, with
severe associated damage.
(3) Glucuronidation pathway: Other investigations generated positive preliminary
data on the predictive contribution of genetic variants in the glucuronidation pathway
on sorafenib treatment outcome [34-36] . A study in a cohort of white patients with
advanced solid cancer, including HCC, identified the rs17868320 variant in the
promoter region of the UGT1A9 gene as a predictive factor for grade ≥ 2 diarrhea
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Figure 2

Figure 2 Schematic overview of sorafenib metabolism. Briefly, after oral administration, sorafenib enters hepatocytes by anion transporter family member
(OATP1B, encoded by SLCO1B)-type carriers and cation transporter-1 (OCT1, encoded by SLC22A1). Within the hepatocytes, sorafenib undergoes phase I
cytochrome P450 3A4 (CYP3A4)- and phase II UDP glucuronosyltransferase 1A9 (UGT1A9)-mediated metabolism to form M1-8 metabolites and sorafenib
glucuronide (SG). After conjugation, SG is extensively secreted into the bile by a process that is mainly mediated by multidrug resistance protein (MRP) 2 (encoded by
ABCC2) and breast cancer resistance protein BCRP (encoded by ABCG2) and into the bloodstream by MRP3 (encoded by ABCC3). A fraction of SG enters the
intestinal lumen, where it could be a substrate for bacterial β-glucuronidases (B-GLU) that regenerate the parental drug sorafenib, which reenters the systemic
circulation through the OATP1B3 carrier. CYP2B6, CYP2C8, CYP2C9, and UGT1A1 may interfere with sorafenib metabolism, being inhibited by sorafenib (see text for
details). Image created with Servier Medical Art (https://smart.servier.com/).

occurrence. Carriers of the polymorphic rs17868320-T allele were exposed to a higher
toxicity risk, without any impact on systemic drug exposure[34]. To explain this result,
the authors suggested that the increased intestinal expression of UGT1A9, linked to
the rs17868320 polymorphism[37,38], could cause a higher glucuronidation rate of the
sorafenib metabolite M6. M6 is the major sorafenib derivative found in the feces, and
when it is converted by UGT1A9 to the glucuronidated form, it exerts a damaging
action on enterocytes, provoking diarrhea. The discovery of novel predictive factors of
sorafenib-induced diarrhea is of particular interest, not only for the effect on patient
quality of life but also for a potential interference with oral absorption of the drug,
leading to decreased anti-tumor efficacy.
Results of another study involving Korean patients with intermediate-stage HCC
receiving sorafenib in combination with TACE suggested that the genetic
polymorphisms in UGT1A9 could also influence the development of HFSR[36]. This
common side-effect shows an ethnicity-specific incidence (i.e., higher incidence in
Asian trials compared with Western trials) and can affect treatment efficacy, causing
dose reduction or treatment discontinuation[36]. Particularly, the A allele of the intronic
variant UGT1A9 rs7574296, whose functional impact is not yet known[39], is associated
with increased HFSR risk. This preliminary result is of great clinical interest because
early detection of patients at risk for HFSR would allow for continuation of lifeprolonging therapy with minimal morbidity. Positive data also have been reported for
an additional UGT1A isoform, UGT1A1, and its promoter polymorphism UGT1A1*28
(rs8175347). A study involving predominantly white patients with advanced solid
tumor, mostly HCC, identified the UGT1A1*28 variant as a clinically significant
predictive factor in hyperbilirubinemia risk during the first 2 months of sorafenib
treatment and consequently of treatment interruption risk[35]. The UGT1A1*28 allele
also showed a trend to increased risk of developing any kind of toxicity of grade 3 or
higher. These results are consistent with a previous case report reporting severe
unconjugated hyperbilirubinemia in a sorafenib-treated patient carrying one
UGT1A1*28 polymorphic allele[40]. This genetic variant is associated with a remarkable
reduction in bilirubin glucuronidation activity of the UGT1A1 enzyme, leading to
significantly increased bilirubin concentrations[14], and also sorafenib inhibits the same
enzyme UGT1A1 [41] . Thus, use of sorafenib in patients who are homozygous for
UGT1A1*28 could lead to acute hyperbilirubinemia and a related risk of treatment
interruption. Clinicians might need to be aware of their patient’s UGT1A1*28 status to
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adequately consider sorafenib therapy in cases of hereditary genetic predisposition to
hyperbilirubinemia development (e.g., patients with Gilbert’s syndrome)[40].
(4) Transporter mechanism: Genetic variants in the sorafenib transporter
mechanism also appear to influence drug availability and toxicity risk, although data
are quite preliminary. Particularly, some exploratory studies involving white patients
with advanced solid cancer, including HCC, and receiving sorafenib reported an
association of some functionally relevant genetic variants in ABCG2, ABCB1, and
SLCO1B1 genes with sorafenib pharmacokinetics and pharmacodynamics[34,35,42]. The
TT genotype for the intronic ABCG2 rs2622604 polymorphism was associated with
decreased protein expression[43], and patients treated with sorafenib and carrying the
TT genotype showed a tendency toward higher drug exposure at the plasma level.
This tendency was not, however, confirmed in the multivariate analysis probably
because of the small population[34]. Tandia and colleagues also reported an impact of
ABCG2 variants on sorafenib bioavailability[42]. In their analysis, the heterozygous
genotypes of ABCG2 rs2231137 (Val12Met), ABCG2 rs2231142 (Lys141Gln), and
ABCB1 rs2032582 (lle1145Ile) polymorphisms were associated with lower drug
plasma levels in comparison to the wild-type genotype carriers. Another group
focused instead on sorafenib-related toxicity and reported significant differences in
toxicity incidence according to two SLCO1B1 polymorphisms that alter the transport
activity of OATP1B1 in a substrate-specific manner [44] : SLCO1B1 rs2306283 (*1b,
Asn130Asp) and SLCO1B1-rs4149056 (*5, Val174Ala). Patients carrying at least one
SLCO1B1*1b (rs2306283-G) allele showed a reduced incidence of diarrhea and
increased risk for hyperbilirubinemia; patients with the SLCO1B1*5 (rs4149056-C)
allele were more likely to develop thrombocytopenia, but only in a univariate and not
in a multivariate model[35].
For background, we note that variants in MRP2- and OCT1-encoding genes also
have been suggested to modulate sorafenib bioavailability and related adverse
reactions, although mostly in other cancers. Studies performed in cancer settings other
than HCC reported a significant involvement in the modulation of sorafenib plasma
level and toxicity risk (e.g., erythema) for the promoter variant rs717620 in the ABCC2
gene (encoding MRP2)[45,46]. Particularly, a preliminary investigation, which involved
mainly white patients (n=120) with solid cancer receiving sorafenib, suggested that
the ABCC2 rs717620-TT polymorphic genotype was associated with the lowest
sorafenib plasma concentration (i.e., AUC, area under the curve) compared with CT or
CC genotype; interestingly this polymorphism seemed to modify AUC phenotype
only in patients with UGT1A1*28/*28 status. Another study, including 55 Japanese
patients with advanced renal cell carcinoma treated with sorafenib, indicated that the
ABCC2 rs717620-CC genotype was associated with significantly increased risk of
developing grade 3 or higher HFSR respect to CT genotype (35 vs. 0%, P=0.032). For
what concerns OCT1 genetic variants, an ex vivo investigation of HCC tumor samples
demonstrated that two novel exonic polymorphisms in the SLC22A1 (gene encoding
OCT1) (i.e., Arg61Ser fs*10 and Cys88Ala fs*16) were associated with decreased
expression of the OCT1 transporter and dramatically affected the ability of sorafenib
to reach active intracellular concentrations[47].
Markers of response: (1) Mechanism of action: Sorafenib exerts its pharmacological
effect through inhibition of cell surface and downstream intracellular kinases
involved in several tumor cell signaling pathways, including proliferation,
angiogenesis, and apoptosis. Therefore, data from in vitro analysis and animal models
have demonstrated that sorafenib exerts its anticancer activity by repressing
proliferation of HCC cells and tumor growth, inducing HCC cell apoptosis, and
reducing tumor angiogenesis and related pathways (e.g., inflammation) [29,30] . In
addition to kinase inhibition, other mechanisms implicated in the activity of sorafenib
include MAPK-independent apoptosis induction and immunomodulatory effects.
Thus, primary and acquired resistance to sorafenib represent complex and
multifaceted phenomena for which underlying mechanisms are not completely
defined. At present, few pharmacogenetic studies have investigated the role of
inherited genetic variability in determining the response to sorafenib (Table 2).
(2) VEGF-dependent pathways: The retrospective multicenter study ALICE1
(Angiogenesis Liver CancEr) evaluated a panel of functionally relevant polymorphisms in genes encoding VEGF and its receptor VEGFR for their role in clinical
outcomes among white patients with advanced or intermediate-stage HCC receiving
sorafenib [48] . On univariate analysis, the rs25648-C, rs833061-T, rs699947-C, and
rs2010963-C alleles in VEGFA, rs4604006-T allele in VEGFC, rs664393-G allele in FLT1
(encoding the receptor VEGFR1), and rs2071559-C and rs2305948-C alleles in KDR
(encoding the receptor VEGFR2) emerged as potential predictive markers of longer
PFS and OS. At the multivariate level, VEGFA rs2010963-C and VEGFC rs4604006-T
alleles, together with BCLC stage, were confirmed as the only independent prognostic
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factors predicting outcome in terms of PFS and OS. Moreover, the combination of
VEGFA rs2010963 and VEGFC rs4604006 markers further improved patient
stratification according to recurrence risk and survival probability. Patients
expressing both favorable alleles showed longer PFS and OS compared to those
expressing only one or none. The same favorable alleles were also significantly
associated with a better objective response. The significant impact of VEGFA
rs2010963 and VEGFC rs4604006 genetic variants, alone and in combination, on PFS
and OS was also confirmed in the subsequent multicenter study ALICE-2 [49] .
Collectively, these findings suggest an impact of polymorphisms that might influence
the level of circulating VEGF, such as rs2010963, located in the 5’UTR region of the
VEGFA gene, and rs4604006, located in one of the intronic sequences of the VEGFC
gene. The result would be a crucial effect on a drug such as sorafenib that targets this
pathway. Another study also confirmed the key involvement of the angiogenesis
process in modulating sorafenib treatment. Results from this Chinese cohort with
advanced HCC suggested positive results with polymorphisms in KDR encoding the
receptor VEGR2, whose dysfunction is correlated with decreased antiapoptotic effects
of VEGF among other vascular alterations[50]. Particularly, the AA genotype of the
rs1870377 variant was associated with longer time to progression and with OS as well
as with better objective response. The T allele of the rs2071559 variant was associated
with longer OS. Both polymorphisms were reported to affect VEGFR2 functionality
and/or expression level, thus potentially interfering with sorafenib’s mechanism of
action[50]. The rs1870377 allele is a missense variant (Gln472His) located in the fifth
NH2-terminal Ig-like domains within the extracellular region, which are important for
ligand binding. Rs1870377, which is linked to a significant decrease in VEGF binding
efficiency to VEGFR2, causes an altered protein phosphorylation pattern. Rs2071559 is
a promoter variant that alters the binding affinity of this regulatory region for the
transcriptional factor E2F, leading to decreased expression of the VEGF receptor. The
same group reported preliminary data for another functionally relevant missense
polymorphism, rs2305948 (Val297Ile), located in the third NH2-terminal Ig-like
domains of the receptor. This variant was associated with differences in progression
risk, with longer time to progression for the AA genotype, but only in the univariate
and not in the multivariate model.
(3) Other pathways: Pharmacogenetic interest also has focused on different genetic
targets in VEGF-dependent pathways. In particular, the Italian multicenter ePHAS
study[51] focused on polymorphisms in the endothelial nitric oxide synthase (eNOS)
gene, given the direct correlation between activation of the VEGF signaling pathway
and stimulation of the vasodilator nitric oxide. This study, including training and
validation populations of white patients with HCC undergoing sorafenib treatment,
found in both cohorts a significant association of lower PSF and OS with a specific
eNOS haplotype (i.e., HT1:T-4b), derived by the combination of a rs2070744 T-to-C
substitution in the 5’UTR region and the intronic VNTR 27bp 4a/4b polymorphism
(i.e., “4a” the allele with 4 repeats and “4b” the allele with 5 repeats). The rs2070744
variant was suggested to coordinate with the VNTR 27bp 4a/4b variant and directly
affect gene transcription efficiency, resulting in altered eNOS expression levels that
could in turn affect activation of VEGF signaling, and eventually sorafenib
cytotoxicity. Particularly, the rs2070744-T and VNTR 27bp 4b alleles seemed to be
associated with higher eNOS protein levels and activity, and consequently with
increased basal NO production that could contribute to the sorafenib resistance. On
the other hand, more recent preliminary results of another multicenter study, the
ALICE-2[49], have highlighted a predictive role of polymorphisms in the gene encoding
hypoxia–inducible factor α subunit (HIF1α) on sorafenib efficacy. HIF1α stabilization
in hypoxic conditions upregulates VEGF expression by binding the VEGFA promoter,
increasing angiogenesis. For this reason, HIF1α represents another player in the
VEGF-dependent pathway that could be involved in sorafenib efficacy. Moreover,
overexpression of HIF-1α in HCC is associated with tumor angiogenesis, invasion,
metastasis, treatment resistance, and poor prognosis. The ALICE-2 study, which
involved white patients with HCC treated with sorafenib, showed that HIF1A
rs1951795, rs10873142, and rs12434438 variants contribute to discriminating patients
according to different progression and survival probabilities. Multivariate analysis
confirmed the predictive role only for the HIF1A rs124344308 polymorphism with the
GG genotype, associating it with poorer PFS and OS independently from VEGF
markers (i.e., VEGFA rs2010963; VEGFC rs4604006). An additional clinical study[52]
with a similar patient cohort generated positive data for genetic markers in another
key angiogenic factor, Ang-2. By binding to its receptor Tie2, Ang-2 cooperates with
the VEGF pathway in regulating angiogenesis and maintaining normal physiological
vascular functions. In cancer, this protein is suggested to contribute to determining
tumor aggressiveness and metastatic phenotype. In addition, a high baseline level of
Ang-2 correlates with shorter OS in patients with advanced HCC without affecting
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clinical response to sorafenib[53]. A preliminary study by Marisi et al[52] explored for the
first time the role of an Ang-2 genetic variant in sorafenib therapy outcome. These
authors found that in particular, the GG genotype of the synonymous polymorphism
rs55633437 (Thr238Thr) was associated with significantly longer PFS and OS
compared to other genotypes.

Regorafenib
Regorafenib (STIVARGA®) is an oral small molecule inhibitor with an almost identical
structure to sorafenib with which it shares most of the pharmacokinetic and
pharmacodynamic properties[54]. Regorafenib, similarly to sorafenib, blocks multiple
membrane-bound and intracellular kinases involved in normal cellular functions and
pathologic processes such as tumor angiogenesis (VEGFR1, -2, -3, TIE2), oncogenesis
(KIT, RET, RAF-1, BRAF), and modulation of the tumor microenvironment (PDGFR,
FGFR). However, the small but significant difference in the chemical structure confers
on regorafenib a stronger inhibition power of the targeted angiogenic and oncogenic
kinases than sorafenib, resulting in higher pharmacological potency[54]. The liver
metabolism of regorafenib, even if less well-characterized, is comparable with that of
sorafenib and occurs through an oxidative process mediated by CYP3A4 and
glucuronidation mediated by UGT1A9[54]. Two major and six minor metabolites of
regorafenib have been identified in human plasma. The main circulating metabolites
are M2 (N-oxide) and M5 (N-oxide and N-desmethyl), which show similar steadystate plasma concentrations and efficacy compared to the parental drug, as studied in
in vitro and in vivo models[54-56]. Moreover, regorafenib and its metabolites M2 and M5
are suggested substrates of some ABC/SLC membrane transporters, such as MDR1,
BCRP, MRP2, and OATP1B1, and thought to undergo enterohepatic recycling similar
to that of sorafenib[54-56]. Regorafenib and its major metabolites are also reported to
inhibit a number of cytochromes (CYP2C8, CYP2C9, CYP2B6, CYP3A4, CYP2D6),
UGT1A enzymes (UGT1A9, UGT1A1), and transporters (BCRP) and induce others
(CYP1A2, CYP2B6, CYP2C19, CYP3A4) with potential alteration in the exposure of coadministered drugs[55-58].
Since the recent introduction of regorafenib as a second-line treatment for HCC, no
pharmacogenetic data have been published regarding potential genetic markers that
could predict the risk of severe toxicity and response to the targeted drug in patients
with liver cancer. However, given the similar metabolism and mechanism of action
between regorafenib and sorafenib, the same genes and related variants suggested to
modulate sorafenib therapy may also influence regorafenib. In support of this
hypothesis are preliminary results from recent studies performed in other cancer
settings, where regorafenib has been used for a long time. Details regarding the
pharmacogenetic panel analyzed, the study population (e.g., disease, sample size,
ethnicity) and therapy (e.g., dose and schedule) characteristics, the clinical end-points
evaluated along with the main findings (e.g., statistical results) of the studies are
shown in Table 3.
Markers of pharmacokinetics/toxicity: Regarding potential markers of regorafenib
toxicity, preliminary positive data have been generated for variants in genes encoding
the metabolic enzymes UGT1A9, BCRP, and OATP1B1. A descriptive study [57]
assessed CYP3A4 and UGT1A9 genetic variability by sequencing the germline DNA of
three patients with metastatic colorectal cancer (mCRC) experiencing severe toxic
hepatitis after sorafenib treatment and reported that two patients were heterozygous
for the UGT1A9*22 (rs3832043) polymorphism. This variant consisted of a single base
insertion of thymidine in the promoter region and it is likely to increase gene
expression and enzymatic function[59]. The high-activity UGT1A9*22 allele probably
affects hepatic metabolism of regorafenib, setting the stage for hepatotoxicity. This
finding warrants strict liver monitoring during regorafenib treatment for patients
with unfavorable UGT1A9 genotypes. However, further investigations are needed to
explore the exact mechanism by which an altered activity of UGT1A9 could contribute
to the occurrence of hepatotoxicity. Another preliminary investigation of a small
cohort of Japanese patients with solid cancer and receiving regorafenib[60] showed that
the presence of the SLCO1B1*1b (rs2306283-G) allele protected against the
development of grade ≥ 2 hepatic injury and anemia, two of the most important
regorafenib-related adverse drug reactions. The authors speculated that these
associations could arise from a change in the pharmacokinetic profile of the biological
agent, resulting from an inherited alteration in transporter activity of OATP1B1, as
determined by the functional *1b variant haplotype[44]. The same work also showed
that the loss-of-function rs2231142-A allele of the ABCG2 gene correlated with inferior
blood platelet counts (Plt) without an effect on risk for treatment-related grade ≥ 2
adverse reactions. A subsequent study from the same group[61], monitoring a small
cohort of Japanese patients with solid cancer for 28 days after regorafenib
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administration, showed a tendency, although not significant, to a higher drug
concentration-to-dose ratio for the SLCO1B1*5 (rs4149056-C) allele and for
SLCO1B1*1b (rs2306283-G/rs4149056-T) non-carriers. However, further investigations
are required to confirm this association and to understand the biological mechanism
underlying the observed genotype/phenotype correlation. Of interest, the results of
the same study also included a strong association between serum regorafenib
concentrations and total bilirubin levels, which could be used as a potential marker
for estimating regorafenib pharmacokinetics. In fact, liver cells take up unconjugated
bilirubin through OATP1B1, and in the hepatic cell, it is conjugated to glucuronic acid
by UGT1A1. Considering that serum bilirubin is suggested to increase because of
competitive inhibition via OATP1B1, bilirubin plasma level could be considered a
surrogate marker of drug exposure. However, further analyses are needed to clarify
the exact mechanism of competition between regorafenib and bilirubin with respect to
OATP1B1.
Beside polymorphisms in metabolic enzymes encoding genes, genetic variants
affecting the VEGFA-related pathway are also hypothesized to contribute to interindividual differences in toxicity risk. Particularly, a recent study[62], including an
evaluation (Japanese mCRC patients) and validation (Italian mCRC patients) cohort,
reported significant differences in toxicity incidence according to genetic variants in
the C-C motif chemokine ligand 5/C-C motif chemokine receptor 5 (CCL5/CCR5)
pathway. This pathway modulate VEGFA production via endothelial progenitor cell
migration. The investigation showed that in the evaluation set, the CCL5 rs2280789GG and rs3817655-TT genotypes were associated with higher incidence of grade ≥ 3
HFRS. The replication of these associations according to the recessive model in the
validation set was not possible because of the low frequency of the homozygote
genotype. With respect to the risk for HFRS, the observed differences in the frequency
distribution of the rs2280789 and rs3817655 variants between the Japanese and Italian
cohorts could also explain the different incidence of severe HFRS by ethnicity noted in
clinical practice [36] . An exploratory analysis of the other toxicity types was also
performed and highlighted that, in the evaluation set, the CCL5 rs2280789, rs3817655,
and rs1799988 variants could have a predictive effect on risk for grade ≥ 3
hypertension. In the validation set, the CCL5 rs2280789 variant emerged as a
predictive marker of grade ≥ 3 diarrhea while the CCL4 rs1634517 and CCL5 rs1130371
markers were differently distributed in genotype frequencies relative to incidence of
grade ≥ 3 AST/ALT variation. Another marker of the CCL5/CCR5 pathway, the
KLF13 rs2241779, seemed to influence risk for grade ≥ 3 rash. Although these findings
should be considered exploratory, they suggest a promising candidate targets for
future pharmacogenetic studies aimed at discovering novel predictive markers to
improve the management of regorafenib-associated toxicity (e.g., personalized dosing
and other strategies to support patient care).
Markers of response: Other studies have focused on the potential role of
polymorphisms in the VEGF/VEGFR cascade and related mechanisms in modulating
the response to regorafenib treatment. The work of Giampieri and colleagues[63],
involving a small cohort of white patients with mCRC, reported that the VEGFA
rs2010963 variant is an independent predictive marker of regorafenib efficacy in terms
of disease control rate, PFS, and OS, with the CC genotype associated with a better
outcome. The integration of patient Eastern Cooperative Oncology Group (ECOG)
performance status with the VEGFA rs2010963 genotype improved stratification by
survival rate. On univariate analysis, other markers, such as VEGFR2 rs1870377,
VEGFR3 rs307805, and VEGFR1 rs664393, were suggested to contribute to
determining regorafenib outcome. In particular, the VEGFA rs2010963 variant, located
in the 5’UTR of the gene, has a potential effect on VEGFA expression and tumor
angiogenesis. The observed association is consistent with the results of other studies
reporting significant involvement of VEGFA rs2010963 in influencing other biological
agents targeting the VEGF/VEGFR cascade, such as sorafenib and bevacizumab[48,64].
Another recent investigation[62] evaluated the role on regorafenib therapy outcome
of a panel of variants from the CCL5/CCR5 pathway that is involved in the
modulation of VEGFA production. The study comprised 79 Japanese patients with
mCRC as the evaluation cohort and 150 Italian patients with mCRC as the validation
cohort. The results showed that in the evaluation set, the CCL5 rs2280789-GG and
rs3817655-TT genotypes were associated with longer OS. The replication of these
associations according to the recessive model in the validation set was not possible
because of the low frequency of the homozygote genotype. Functional analyses have
demonstrated that the G allele of the rs2280789 polymorphism, located in the
promoter region of CCL5, negatively affects transcriptional activity of RANTES,
resulting in a lower serum level of CCL5 and VEGFA[62]. A similar phenotypic effect
on CCL5 and VEGFA expression level was also suggested for the T allele of the

WJG

https://www.wjgnet.com

3884

August 7, 2019

Volume 25

Issue 29

De Mattia E et al. Pharmacogenetic markers of HCC therapy outcome

intronic CCL5 rs3817655 variant[62]. These functional data could help explain the
clinical impact on regorafenib outcome observed for the CCL5 rs2280789 and
rs3817655 markers. Of interest, the same study generated positive data for
polymorphisms in genes encoding other CCR5 ligands, such as CCL4 (rs1634517,
intronic variation) and CCL3 (rs1130371, synonymous variation, Pro60Pro) that were
associated with PFS and OS in both evaluation and validation cohorts. These variants
also displayed similar allelic distribution between the two ethnic groups, unlike
CCL5. From a functional point of view, the CCL4 rs1634517-C and CCL3 rs1130371-G
alleles, associated with longer PSF and OS, seemed to correlate with higher CCL5
level without any impact on VEGFA level[62].
Taken together, these data highlighted the importance of the VEGF/VEGFR
cascade and related pathway (i.e., CCL5/CCR5) in modulating the effectiveness of
regorafenib therapy. Polymorphisms in gene encoding the several members of these
pathways should be the target of future pharmacogenetic studies aimed at optimizing
regorafenib treatment outcomes.

Other approved drugs
Cabozantinib (XL-184, COMETRIQ®) is an oral tyrosine kinase inhibitor that can block
multiple oncogenic and angiogenic pathways implicated in tumor progression, worse
prognosis, and metastasis, such as PDGFR, HGFR, VEGFR2, AXL, RET, KIT, and
FLT3 [ 6 5 - 6 9 ] . Following oral administration, the median time to peak plasma
concentrations (Tmax) of cabozantinib ranged from 2 to 5 hours post-dose. This drug
undergoes hepatic metabolism by CYP3A4 and, to a minor extent, by CYP2C9[66]. In
addition, the major metabolites of cabozantinib identified in human plasma, after a
single dose oral intake (140 mg), are EXEL-1646 (M9), obtained from M16 sulfation;
EXEL-5162 (M19), obtained from the oxidation at the nitrogen of the quinolone
portion; EXEL-5366 (M7), derived from the hydrolysis at the amide bond; and EXEL1644 (M2a), the M7 sulfate conjugate[66,70]. Considering excretion, cabozantinib is
eliminated mostly by the feces (54%) and urine (27%)[66]. Between 2012 and 2013, the
FDA and the European Medicines Agency initially approved cabozantinib as a
treatment for patients with medullary thyroid cancer. In 2016, the drug received a
new indication as a treatment for patients with advanced renal cell carcinoma
following one prior anti-angiogenic therapy[71-73]. Recently, several clinical trials have
demonstrated that cabozantinib exhibits encouraging clinical activity in multiple
human cancers, including HCC, with manageable side-effects[25,74-77]. Based on this
evidence, cabozantinib represents an efficient alternative in the management of
sorafenib-resistant HCC. In 2018, it received FDA approval for HCC treatment[76,78].
Lenvatinib (E7080 or LENVIMA®) is an orally active multikinase inhibitor that
selectively inhibits receptors related to pro-angiogenic and oncogenic pathways such
as VEGFR1-3, FGFR 1–4, PDGFRα, and RET, and KIT proto-oncogenes[79-83]. After oral
administration, lenvatinib is rapidly absorbed, and time to peak plasma concentration
occurs from 1 to 4 hours postdose[84]. However, even if administration with food does
not affect the extent of absorption, it can decrease the rate of absorption and delay
median Tmax from 2 to 4 hours. Both in vitro plasma and in vivo serum proteinbinding assays demonstrated that lenvatinib protein binding ranges from 96.6 to
98.2%[84]. Lenvatinib is metabolized in liver microsomes mostly through CYP3A4 (>
80%) and, to a minor extent, by aldehyde oxidase and acts as a substrate for ABC
transporters, encoded by the ABCB1 and ABCG2 genes, such as BCRP and Pglycoprotein[84-86]. Regarding excretion, the percentage of unchanged lenvatinib found
in urine and feces is 2.5% of the administered dose, suggesting that lenvatinib is
highly metabolized.
The principal metabolites of lenvatinib are derived from decyclopropylation (M1),
demethylation (M2), N-oxidation (M3), and O-dearylation (M5) [84] . The formed
metabolites are mainly excreted, approximately 64% via the biliary route in the feces,
and 25% of the metabolites formed in the liver are released into the circulation and
excreted via urine [84,87] . At first, lenvatinib was approved for the treatment of
radioiodine-refractory differentiated thyroid cancer, as a single agent, and for the
treatment of advanced renal cell carcinoma in combination with everolimus[79,88-90]. On
August 2018, based on positive results of the REFLECT trial (NCT01761266), the FDA
approved lenvatinib as a first-line treatment in patients with advanced and
unresectable HCC[91,92].
To the best of our knowledge, no studies still have investigated the correlation
between genetic polymorphisms and cabozantinib or lenvatinib treatment outcome
for either toxicity or efficacy in HCC patients. However, a very recent study by Ozeki
et al93 on Japanese patients with thyroid cancer, demonstrated for the first time an
impact of CYP3A4/5 and ABC transporter genetic variants on lenvatinib
pharmacokinetics[93]. Particularly, the CYP3A4*1G (rs2242480, intronic variation) and
ABCC2 rs717620 polymorphisms were suggested to have an effect on the steady-state
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mean plasma [i.e., mean dose-adjusted C0, (ng/mL/mg)] trough concentrations of
lenvatinib. The mean dose-adjusted C 0 values of lenvatinib in patients with the
CYP3A4*1/*1 genotype and ABCC2 rs717620-T allele were significantly higher than
those in patients with the CYP3A4*1G allele and ABCC2 rs717620-CC genotype,
respectively (effect size: 0.863, P = 0.018 and effect size: 0.605, P=0.036, respectively).
Moreover, the dose-adjusted C0 of lenvatinib in patients with both the CYP3A4*1/*1
genotype and ABCC2 rs717620-T allele (median 6.70 ng/mL/mg) was about 1.5-fold
higher than that in patients with both the CYP3A4*1G/*1G and ABCC2 rs717620-CC
genotypes (median 4.42 ng/mL/mg; P = 0.007)[93]. These results demonstrated that
functionally relevant genetic variants in proteins involved in the metabolism,
translocation, and mechanism of action of cabozantinib or lenvatinib could be
important determinants of therapy outcome and represent good candidates for future
pharmacogenetic studies. With increasing therapeutic opportunities, the identification
of markers that help clinicians choose the drug most suited to that patient becomes an
urgent need. On this ground, Takeda et al. recently said that “approval of lenvatinib
opened the new era of molecular targeting therapy for HCC. It requires the use of
several molecular targeted agents appropriate for each HCC patient. To realize this
personalized medicine, the establishment of genetic or transcriptional biomarkers
needed to select the appropriate regimen is eagerly awaited’’[94].

PHARMACOGENETICS OF DRUGS UNDER INVESTIGATION
The genomic understanding of HCC and the development of molecularly targeted
therapies represent a promising stepping-stone for increasing the number of effective
drugs for HCC patients. In recent years, many new drugs have been tested or are still
under investigation as an alternative to sorafenib or, most important, after sorafenib
failure. However, even if the survival benefit improvement and adverse drug event
reduction are still the main focus, the identification of predictors of good responders
could allow application of these new drugs in personalized treatments for HCC[95-98].
Furthermore, a deep understanding of the proteins involved in the metabolic pathway
and mechanism of action of these novel molecularly targeted agents could suggest
potential candidate targets (i.e., genes and polymorphisms) for future
pharmacogenetic studies. Therefore, this paragraph is focused on drugs currently
under investigation for HCC therapy by providing general information on their
metabolism, pharmacokinetics, mechanisms of action and, where available,
pharmacogenetics data.

Nivolumab
The presence of tumor-infiltrating lymphocytes expressing programmed cell death
protein-1 (PD-1, encoded by PDCD1) in HCC lesions and their correlation with
outcome paved the way for immunotherapeutic approaches for HCC treatment[98-101].
The immune checkpoint inhibitor nivolumab (MDX-1106,OPDIVO®) is a fully human
immunoglobulin (Ig) G4 (IgG4) monoclonal antibody. It binds the PD-1 receptor,
expressed on activated T-cells, blocking interaction with its ligands PD-L1 and PD-L2
on tumor cells. This inhibition leads to downregulation of the T-cell–promoted tumor
immune-escape mechanism, restoring the antitumor activity of T-cells [102,103] .
Nivolumab is intravenously administered and thus is completely bioavailable. After
initiation of the infusion, its median time to peak concentration is 1–4 hours[104,105]. As
stated on the drug label, no formal studies were conducted to characterize the specific
nivolumab metabolic pathway. However, it is thought to be degraded into small
peptides and aminoacids through canonical pathways, such as endogenous IgG, and
not by CYPP450. Similarly, no studies have addressed the specific elimination route of
nivolumab. The phase I/II CHECKMATE-040 trial (NCT01658878) demonstrated the
efficacy, safety, and tolerability of nivolumab in HCC treatment leading, on
September 2017, to its accelerated FDA approval for the treatment of HCC in patients
who previously have been treated with sorafenib[26,98]. At present, the multicenter
phase III randomized controlled CHECKMATE-459 trial (NCT02576509) is ongoing to
determine if nivolumab or sorafenib is more effective as first-line treatment for
advanced HCC. In term of pharmacogenetics, it has been demonstrated, in lung
adenocarcinoma, non–small cell lung cancer (NSCLC) and squamous cell carcinoma,
that PD-1/PD-L1 gene polymorphisms may alter the immune checkpoint functions
and affect the clinical response to nivolumab[106,107]. Patients with the CC or CG PD-L1
genotypes (rs4143815) and the GG or GT PD-L1 genotypes (rs2282055) experience a
significantly longer median PFS (2.6 months) with nivolumab treatment than patients
with the GG and TT genotypes (2.1 and 1.8 months respectively)[106]. Furthermore,
none of the patients obtained a treatment effect with the GG genotype of PD-L1
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rs4143815 and the TT genotype of rs2282055. In addition, it has been demonstrated
that rs2297136, rs4143815, and rs17718883 polymorphisms of the PD-L1 gene are
associated with HCC risk and prognosis[107,108]. Even if the functional and biological
effect of PD-L1 genetic variants are still under investigation and debate, taking
together, these results reinforce the role of these polymorphisms as possible
prognostic markers for HCC development as well as markers of outcomes in
nivolumab-treated patients[108-110].
Another study analyzed 322 nivolumab-treated patients with NSCLC and assessed
the association between toxicities and polymorphisms in genes considered as
contributors to PD-1–directed T-cell responses, such as the PD-1 gene (PDCD1),
tyrosine-protein phosphatase non-receptor type 11 (PTPN11) and interferon gamma
(IFNG). The TT genotype in the PDCD1 rs2227981 polymorphism was associated with
less nivolumab toxicity. On the contrary, patients presenting one G allele in the
PTPN11 rs2301756 polymorphism or who are homozygous CC for the IFNG rs2069705
polymorphism were at increased risk for developing any grade toxicity[111]. Further
investigations are required to confirm these preliminary data and to test their validity
also in the HCC setting.

Pembrolizumab
Pembrolizumab (lambrolizumab or MK-3475 or KEYTRUDA ® ) is a high-affinity
humanized IgG4 monoclonal antibody that can bind with to the cell surface receptor
PD-1, antagonizes receptor interaction with its known ligands PD-L1 and PD-L2, and
allows the immune system to destroy cancer cells[98]. The antibody, intravenously
administered, is immediately and completely bioavailable, does not bind to plasma
proteins, and undergoes catabolism to small peptides and single aminoacids via
general protein degradation routes[112]. In terms of clearance, a correlation has been
demonstrated between clearance rate and increasing body weight, explaining the
rationale for dosing on an mg/kg basis, whereas age, sex, race, and tumor burden
have no clinically important effect on clearance. Furthermore, mild or moderate renal
and hepatic impairments do not differ in clinically important way in clearance
compared to patients with normal functions[112]. In 2016, Truong et al. published the
first case report of a 75-year-old man with advanced HCC responsive to pembrolizumab, on a compassionate use basis, after failure of sorafenib therapy[113]. Since
2016, several observational and interventional phase I/II/III studies, such as the
KEYNOTE-224 and the KEYNOTE-240 trials, continue investigating the safety and
efficacy of pembrolizumab, alone or in combination with other drugs/procedures, in
patients with advanced HCC who progressed on or were intolerant to first-line
systemic therapies (e.g., NCT02940496, NCT02658019, NCT03062358, NCT03753659,
NCT02702401) [83,114] . In 2016, considering a cohort of patients with metastatic
melanoma treated with pembrolizumab or nivolumab, it has been demonstrated that
28% of responsive tumors were significantly enriched in non-synonymous singlenucleotide variations in disparate breast cancer type 2 susceptibility protein (BRCA2)
domains. Specifically, one in the N-terminal nucleophosmin–interacting region
(rs775903570, Val950Leu), one in the DNA polymerase eta–interacting domain
(Ser1792Phe), four in the helical domain critical for Fanconi anemia group D2
(FANCD2) interaction (His2361Tyr [rs786203493], Pro2505Ser, Ser2522Phe,
His2537Tyr), and one between these two interacting domains (Glu2115Lys)[115]. The
authors, according to the disposition of the highlighted loss-of-function mutations
and known role of BRCA2 in DNA repair, suggested that enhanced responsiveness
could arise from cellular stress resulting from defective DNA repair that leads to
increased cell death and anti-tumor immunity[115,116].
Furthermore, Al-Samkari et al[117] recently published a case report of a 58-year-old
woman with aggressive metastatic breast cancer who developed hemophagocytic
lymphohistiocytosis (HLH) while undergoing experimental treatment with
pembrolizumab, resulting in critical illness and multi-organ system failure. Nextgeneration sequencing revealed that she was heterozygous for germ-line perforin-1
(PRF1) c.272C>T (rs35947132, p.Ala91Val). Several studies have demonstrated that
PRF1 rs35947132 is aberrantly post-translationally processed and results in reduced
perforin expression together with partial loss of lytic activity. The rs35947132
polymorphism is a genetic risk factor for the development of HLH in patients exposed
to certain environmental triggers. Taking all these findings together, the authors
postulated that in the presence of the PRF1 polymorphism, pembrolizumab treatment
could ignite a dramatic adverse drug event such as HLH [117] . Once again, these
interesting pharmacogenetic results stress the hypothesis that the presence of genetic
variations could affect, in this case, pembrolizumab therapy outcome, giving the
possibility to investigate and, so, to extend their spectrum of action to other
oncological fields, such as HCC therapy.
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Palbociclib and ribociclib
Palbociclib (PD-0332991, IBRANCE®) and ribociclib (LEE-011,KISQALI®) are oral,
specific inhibitors of the cyclin-dependent kinases CDK4 and CDK6[118,119]. Through
CDK inhibition, both drugs prevent the formation of the cyclin D-CDK4/6 complex
and retinoblastoma protein phosphorylation. Accordingly, cells cannot switch from R
to G1 phase and proceed through the cell cycle[120,121]. In addition to canonical CDK4/6
retinoblastoma signaling, palbociclib shows in vitro and in vivo antiHCC activity by
inducing cell autophagy and apoptosis via a mechanism involving 5’ AMPactivated
protein kinase activation and protein phosphatase 5 inhibition[122]. Palbociclib is slowly
absorbed, with a median Tmax generally observed between 6 to 12 hours, while
ribociclib is rapidly absorbed, with median Tmax ranging from 1 to 5 hours. Binding
of palbociclib to human plasma proteins in vitro is approximately 85%, while binding
of ribociclib is approximately 70%, with no concentration dependence in either case.
Following oral administration, palbociclib and ribociclib undergo extensive hepatic
metabolism mainly by CYP3A; palbociclib also is metabolized through the
sulfotransferase enzyme SULT2A1[123,124]. The major primary metabolic pathways for
palbociclib involve oxidation and sulfonation, with acylation and glucuronidation
contributing as minor pathways. For ribociclib, the primary metabolic pathways
involve oxidation (dealkylation, C and/or N-oxygenation, oxidation (-2H)) and
combinations thereof. Phase II conjugates of ribociclib phase I metabolites involved Nacetylation, sulfation, cysteine conjugation, glycosylation, and glucuronidation.
Palbociclib and ribociclib are the major circulating drug-derived entities in plasma
(23% and 46%, respectively), and their clinical activity traces primarily to the parent
drug, with negligible contribution from circulating metabolites. Both drugs are
eliminated mostly (69%–74%) via the feces, but also (17%–23%) via the urine.
Following encouraging results from clinical trials, palbociclib and ribociclib have been
approved, between 2015 and 2017, by the FDA and European Medicines Agency for
hormone receptor-positive, human epidermal growth factor receptor 2-negative
(HR+/HER2-) advanced or metastatic breast cancer therapy in combination with an
aromatase inhibitor, such letrozole, or with fulvestrant (FASLODEX®), a selective
estrogen receptor degrader, in women with disease progression after endocrine
therapy [125-134] . The effects of palbociclib and ribociclib as a treatment for other
malignancies, including HCC, are of great clinical interest and under current
investigation (NCT01356628, NCT02524119).

Tivantinib
Tivantinib (ARQ197) is a selective, orally available, non-ATP competitive c-MET
inhibitor currently under clinical investigation in patients with cancer[135,136]. Indeed,
upregulation of the c-MET pathway, including its only known ligand HGF, is found
in multiple cancers, such as HCC, and is associated with poor prognosis and
metastases[136-139]. Conversely, tivantinib also revealed an anti-proliferative activity that
was not restricted to only c-MET–dependent cell lines[140]. In fact, several in vitro and in
vivo studies have demonstrated that tivantinib can affect microtubule dynamics by
disrupting mitotic spindles. It also can promote G2/M cell cycle arrest and apoptosis
by inhibiting the anti-apoptotic molecules myeloid cell leukemia-1 and B-cell
lymphoma-extra large and increasing Cyclin B1 expression[140-144]. Indeed, despite
controversies regarding its mechanism of action, two phase II clinical trials
(NCT01575522, NCT00988741) have demonstrated that tumors with high levels of
MET present a high degree of response to tivantinib treatment [145,146] . In term of
pharmacokinetics, tivantinib is metabolized by CYP2C19, CYP3A4/5, UGT1A9, and
alcohol dehydrogenase isoform 4 [147] . CYP2C19 shows catalytic activity for the
formation of the hydroxylated metabolite (M5), whereas CYP3A4/5 catalyzes
formation of M5 and its stereoisomer (M4). Moreover, CYP3A4/5 represents the
major cytochrome isoform involved in the elimination of M4, M5, and the ketometabolite (M8), and together with UGT1A9, involved in the glucuronidation of M4
and M5[147]. Finally, the alcohol dehydrogenase isoform 4, through a sequential ketometabolite of M4 and M5 and through M8, leads to the formation of M6[147]. Between
2010 and 2014, two phase I trials (NCT01069757, NCT01656265) in Japanese patients
with advanced solid tumors examined the safety, pharmacokinetics, and preliminary
efficacy of tivantinib as a single agent to determine recommended phase II dose
according to CYP2C19 polymorphisms[148,149]. Recently, two Phase III trials, the METIVHCC (NCT02029157) and the JET-HCC (NCT01755767), were conducted to determine
if tivantinib is effective as a second-line treatment MET in patients with diagnostichigh HCC who have already been treated once with another systemic therapy. This
trial also further evaluated the safety profile of the experimental drug in this
population [12,150] . Unfortunately, no statistically significant differences between
tivantinib and placebo in terms of OS or PFS were identified in either trial.
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CONCLUSION AND FUTURE DIRECTIONS
Despite the advantage in patient survival resulting from the introduction of targeted
agents in the therapeutic scenario of HCC, a significant inter-individual heterogeneity
in therapy outcome persists and constitutes a crucial problem in HCC management.
Moreover, with the increasing number of therapeutic options, selection of the most
appropriate treatment for each patient is a great challenge. The identification of
genetic markers that predict which patients will benefit from a specific intervention
could significantly affect decision-making and therapy planning
Most of the pharmacogenetic studies published to date have focused on sorafenib,
which has the longest track record in HCC treatment. However, these investigations,
conducted for the most part in small cohorts, have generated only quite sparse,
unreplicated data that do not permit drawing conclusions about their clinical validity.
Moreover, comparison among studies is difficult because of the high heterogeneity in
regard to the ethnic and clinical-demographic characteristics of the cohorts, study
design (e.g., retrospective/prospective analyses, low statistical power, adoption of an
internal data validation), panel of investigated genes and related variants, method of
controlling for confounding and environmental factors, and parameters for measuring
clinical outcomes. For these reasons, the pharmacogenetic data published to date
should be considered only hypothesis-generating. These data could be useful,
however, for indicating specific genes and related pathways as potential candidate
predictors of sorafenib therapy, guiding future research efforts.
Regarding the discovery of potential markers of toxicity risk after sorafenib
administration, CYP and UGT1A polymorphisms are associated with different risks
for severe adverse events. Although these findings should be considered preliminary
because of small sample sizes, lack of replication, and some negative results[151], they
surely support the need for additional pharmacogenetic research efforts to deeply
understand the real clinical utility of CYP and UGT1A markers. Other published data,
although mainly hypothesis-generating, have pointed out the clinical contribution in
determining the sorafenib-related toxicity risk of polymorphisms in ABC/SLC
membrane transporter genes. Some caveats are necessary, however. Given the
complex enterohepatic recirculation in which sorafenib appears to be involved (see
above)[31], it could be supposed that the evaluation of the combinatorial effect of
multiple ABC/SLC carriers with respect to single gene/variant analysis is a more
effective strategy for identifying inter-individual differences in the pharmacological
profile of sorafenib. Moreover, based on the results of a pilot study, evaluating
UGT1A1*28 carriers with two distinct phenotypes in relation to sorafenib exposure
based on ABCC2 rs717620 genotypes[46], the integration of inherited variability in
multiple metabolic processes, such as phase I and II metabolism and membrane
translocation, could further improve prediction of therapy outcome. Moreover, the
investigation of other pathways with closer links to the drug mechanism of action,
such as angiogenesis (e.g., VEGFA) and inflammation (e.g., tumor necrosis factor-α),
could be useful for discovering additional novel genetic markers that could contribute
to stratifying patients based on individual toxicity risk[36].
Concerning potential genetic determinants of sorafenib efficacy, recent studies have
highlighted the potential utility of inherited variability in the VEGF/VEGFR cascade
and related pathways to identify patients who could benefit from sorafenib
administration. This information can help clinicians in the selection of the most
appropriate treatment and improve clinical outcome. For example, patients with a
favorable genetic background could be administered sorafenib as soon as clinically
indicated, instead of delaying it with other therapy; patients with an unfavorable
background could be preferably included in clinical trials exploring new or upcoming
treatment options. At present, the multicenter prospective INNOVATE study is
ongoing to validate the contribution of polymorphisms in genes encoding VEGF,
eNOS, Ang-2, and HIF-1α in determining clinical outcomes in patients with advanced
HCC receiving sorafenib (NCT02786342)[152].
Only a few pharmacogenetic data, obtained for the most part in a non-HCC tumor
setting, have been published regarding the recently approved regorafenib. Globally,
these data, are only of hypothesis-generating value, but they have indicated potential
candidate genes related to the regorafenib metabolism (e.g., ABC/SLC transporters,
UGT1As) and mechanism of action (e.g., VEGFA and its receptors; the CCL5/CCR5
pathway). Their predictive power for therapy outcome could be useful to investigate
in the HCC setting. Moreover, the similar pharmacological proprieties of regorafenib
and sorafenib suggest that the genetic determinants of therapy outcome described for
sorafenib could apply for regorafenib treatment and should be further investigated.
For the more recently developed multikinase kinase inhibitors (e.g., lenvatinib,
cabozantinib), immune checkpoint inhibitors (e.g., nivolumab, pembrolizumab), and
selective CDK4/6inhibitors (e.g., palbociclib, ribociclib), no pharmacogenetic markers
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have been identified in the HCC setting. Research efforts should respond to this lack
of information.
The discovery of biomarkers, subsequently validated in large prospective studies, is
a compelling need because they are expected to allow for more accurate selection of
patients with HCC who are potential candidates for a specific targeted agent. This
stratification could mean the ability to limit treatment to potentially responding
patients and sparing unnecessary toxicity to those who are unlikely to benefit.
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Abstract
Globally, 69.6 million individuals were infected with hepatitis C virus (HCV)
infection in 2016. Of the six major HCV genotypes (GT), the most predominant
one is GT1, worldwide. The prevalence of HCV in Central Asia, which includes
most of the Commonwealth of Independent States (CIS), has been estimated to be
5.8% of the total global burden. The predominant genotype in the CIS and
Ukraine regions has been reported to be GT1, followed by GT3. Inadequate HCV
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epidemiological data, multiple socio-economic barriers, and the lack of regionspecific guidelines have impeded the optimal management of HCV infection in
this region. In this regard, a panel of regional experts in the field of hepatology
convened to discuss and provide recommendations on the diagnosis, treatment,
and pre-, on-, and posttreatment assessment of chronic HCV infection and to
ensure the optimal use of cost-effective antiviral regimens in the region. A
comprehensive evaluation of the literature along with expert recommendations
for the management of GT1-GT6 HCV infection with the antiviral agents
available in the region has been provided in this review. This consensus
document will help guide clinical decision-making during the management of
HCV infection, further optimizing treatment outcomes in these regions.
Key words: Antiviral agents; Commonwealth of Independent States; Genotype; Hepatitis
C virus; Sustained virologic response; Ukraine
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Core tip: A high prevalence of hepatitis C virus (HCV) infection has been reported in
Ukraine and most of the Commonwealth of Independent States regions. The scarcity of
adequate epidemiological data, the lack of national guidelines, and multiple socioeconomic barriers hinder the effective management of HCV infection in these regions.
The current consensus document intends to guide clinicians and healthcare providers on
the diagnosis, treatment, and pre-, on-, and posttreatment assessment of HCV infection
and to help optimize the treatment outcomes in the region.
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INTRODUCTION
Epidemiology of hepatitis C virus infection in Ukraine and Commonwealth of
Independent States countries
Hepatitis C is a liver disease caused by hepatitis C virus (HCV), which manifests
clinically as acute and chronic hepatitis[1,2]. There are six different genotypes of HCV
(GT1-GT6)[1].
In the latest nationwide HCV disease burden estimation by the Polaris Observatory
HCV collaborators in about 113 countries, the global prevalence of HCV infection was
estimated to be about 1.0% in 2015 (71.1 million viremic HCV-infected individuals)[3].
In a separate analysis of the prevalence data from 109 countries estimated by the
World Health Organization, the global epidemic size of HCV infection was found to
be 69.6 million HCV-infected individuals in 2016[4]. In another recent, systematic
review, the global genotype distribution pattern revealed the predominance of GT1
(49.1%), followed by GT3 (17.9%), GT4 (16.8%), GT2 (11.0%), GT5 (2%), mixed (1.8%),
and GT6 (1.4%)[5]. In the same review, the prevalence of HCV infection in Central
Asia, which included the Commonwealth of Independent States (CIS) regions of
Armenia, Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and
Uzbekistan, besides Mongolia and Georgia, was found to be 5.8%[5]. The predominant
genotype in this region was reported to be GT1 (70.4%), followed by GT3 (19.6%) and
GT2 (8.6%). The prevalence of mixed GTs was noted to be rare in this region, with a
complete absence of cases of GT4, GT5, and GT6. In the Eastern European zone, which
includes, among other countries, Ukraine and the three CIS regions of Belarus,
Moldova, and Russia, the prevalence of HCV infection was found to be 3.1%. GT1 was
the most predominant genotype (68.1%), followed by GT3 (26.6%), GT2 (4.3%), mixed
GTs (0.5%), and GT4 (0.5%). No GT5 and GT6 cases were reported in this region[5]. The
lack of robust epidemiological data at a national level and in some extended regions
of Central Asia was cited as one of the major setbacks in this review[5].
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Another survey was conducted by the Alliance for Public Health (Alliance,
Ukraine) in collaboration with the Saint Petersburg-based International Treatment
Preparedness Coalition in 11 Eastern Europe and Central Asian countries (including
Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Moldova, Russia,
Tajikistan, Ukraine, and Uzbekistan)[6]. Among the CIS regions and Ukraine, the
highest prevalence of HCV infection was reported in Uzbekistan (6.5%), followed by
Ukraine (5%); Russia, Armenia, and Kyrgyzstan (4% each); Azerbaijan (3.2%),
Tajikistan (2.3%), Belarus (2%-3%), Moldova (1.7%-4.0%), and Kazakhstan (1.5%3.0%)[6]. Furthermore, the survey reported the lack of adequate HCV epidemiological
data required to plan services and resources in the CIS region[6].

Regional unmet needs in the management of HCV infection
The dearth of data pertaining to HCV epidemiology, coupled with the disparity in the
genotype distribution across Ukraine and the various CIS regions, highlights a clear
unmet need in the optimal management of HCV infection in this region[5,6]. Several
other unmet needs in the management of HCV infection in the CIS region have also
been described in the literature. These include: (1) Lack of awareness on the disease
and modes of transmission and weak epidemiological surveillance[7,8]; (2) Barriers in
providing access to diagnostics and surveillance systems[7,9]; (3) Lack of adequate and
updated national guidelines/strategies or other regulatory directives on the diagnosis
and management of viral hepatitis and HCV infection[6-10]; (4) Fear of treatment side
effects [8] ; and (5) High treatment cost and lack of reimbursement coverage for
treatment[8,9].
This primary aim of this consensus document is to guide physicians on the
diagnosis and treatment of chronic HCV infection and to ensure the optimal use of
cost-effective regimens in resource-limited settings in Ukraine and CIS countries.

METHODOLOGY OF CONSENSUS DEVELOPMENT
On 9 April 2018, on the sidelines of the European Association for the Study of the
Liver 2018 conference, a panel of experts in the field of hepatology from four countries
in the Ukraine/CIS region (Uzbekistan, Ukraine, Belarus, and Kazakhstan) convened
at Holiday Inn Paris-St. Germain des Près to review the updated literature on the
management of HCV infection and to provide recommendations to optimize the: (1)
Diagnosis of HCV infection; (2) Use of cost-effective treatment regimens for the
management of HCV infection in resource-limited settings in Ukraine and CIS
regions; and (3) Pre-, on-, and posttreatment assessments during HCV management.
The recommendations for the use of optimal treatment regimens in the
management of HCV infection in Ukraine and the CIS region were graded by the
expert panel as “Preferred,” “Alternative,” or “Not Recommended” (Table 1).

OPTIMIZING THE DIAGNOSIS OF HCV INFECTION
Diagnosis of HCV infection
Consensus recommendations on the diagnosis of HCV infection: (1) Anti-HCV
testing is recommended for the screening/initial testing of HCV infection. If the result
is positive, the current infection should be confirmed with a sensitive HCV
ribonucleic acid (RNA)/core antigen test; (2) Qualitative HCV RNA testing is a
reasonable, good, and cost-effective method; it can replace quantitative testing in most
patients; (3) It is important to consider quantitative viremia in immunocompromised
patients; and (4) Genotyping is recommended to guide appropriate selection of the
antiviral regimen.
Key international guidelines recommend initial HCV serological testing for the
detection of anti-HCV antibodies and the diagnosis of HCV infection[11-13]. In case of a
positive HCV test result, the diagnosis of chronic HCV infection may be established
with a nucleic acid test or a sensitive nucleic acid diagnostic assay that detects HCV
RNA[11-13]. In low- and middle-income countries, the use of a qualitative HCV RNA
assay has been found to be feasible for providing broader access to HCV diagnosis
and care[12]. A less sensitive alternative to the HCV RNA test for the diagnosis of HCV
infection is the detection of the HCV core antigen [12] . The results of initial HCV
serological testing may be negative in some HCV-infected cases (e.g., in case of early
acute infection, in immunocompromised patients, or in patients on hemodialysis). In
these patients, HCV RNA testing should be a part of the initial assessment[12].
Whenever the staging of hepatitis C is deemed necessary, the degree of liver
fibrosis/cirrhosis should be assessed using liver biopsy or other noninvasive tests[1,13].
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Table 1 Definitions of the grading of the recommendations
Grading

Definition

Preferred

Treatment can be used in most patients and recommendation is based on
optimal efficacy, favorable tolerability, toxicity profiles, treatment duration,
and pill burden

Alternative

Treatment can be the one that is effective but with potential
disadvantages/limitations in certain patient populations or with less
supporting data as compared with the recommended regimens. In certain
situations, an alternative regimen may be an optimal regimen for a specific
patient population

Not recommended

Treatment is clearly inferior compared with the recommended or alternative
regimens because of factors such as lower efficacy, unfavorable tolerability,
toxicity, longer duration, and/or higher pill burden. Unless otherwise
indicated, such regimens should not be administered in HCV-infected
patients

HCV: Hepatitis C virus.

In resource-limited settings, however, the use of liver biopsy may be limited due to
cost, invasiveness, and plausible complications, whereas the use of noninvasive tests,
such as transient elastography, may be limited by cost and availability constraints. In
these settings, serum noninvasive tests, such as the aminotransferase/platelet ratio
index (APRI) or fibrosis-4 score, may be useful[11,13]. The APRI has been found to have
sufficient sensitivity and specificity for predicting cirrhosis[14]. Besides the detection of
liver fibrosis/cirrhosis, testing and detection of the HCV genotype should also be
conducted to guide decisions on the choice of treatment[1,13].

Screening of HCV infection
Owing to the high prevalence of HCV infection in Ukraine and the CIS region,
periodic screening programs should be conducted to detect infected individuals and
to ensure a timely management of the disease. According to the Centers for Disease
Control and Prevention, routine HCV screening is not recommended for the general
population, pregnant women, healthcare workers, or nonsexual contacts of HCVpositive individuals[2]. Serological testing for HCV may be offered to adults born
between 1945 and 1965, high-risk individuals, and those with a history of HCV risk
exposure or behavior[2,11,13]. In individuals with a positive anti-HCV test result, further
confirmation of the diagnosis of HCV infection should be made with an HCV RNA or
HCV core antigen assay. Rapid diagnostic tests using serum, plasma, fingerstick
whole blood, or saliva may be considered as alternatives to standard enzyme immunoassays[12].

OPTIMIZING THE MANAGEMENT OF HCV INFECTION
The treatment of HCV infection should focus on: (1) Achievement of sustained
virologic response (SVR); (2) Education in liver-associated adverse effects, such as
hepatic cirrhosis, end-stage liver disease, and hepatocellular carcinoma (HCC); (3)
Management of extrahepatic manifestations; and (4) Reduction in mortality rate[11].
SVR is defined as the continued absence of detectable HCV RNA and/or HCV core
antigen for at least 12 wk after the completion of therapy[11].

Pretreatment assessments
Consensus recommendations on pre-treatment assessments: (1) Liver fibrosis
assessment: The use of liver biopsy and/or noninvasive markers is recommended for
deciding on the regimen and the need for initiating additional measures for the
management of cirrhosis (e.g., HCC screening); (2) Assessment for potential drugdrug interactions with concomitant medications is recommended; and (3)
Recommended laboratory tests: Complete blood count; hepatic function tests
[albumin, total and direct bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase, and alkaline phosphatase levels], international normalized ratio,
calculated glomerular filtration rate (GFR), creatinine levels, hepatitis B surface
antigen (HBsAg) test, tests for hepatitis B surface antibody (anti-HBs) and antibody to
hepatitis B core antigen, additional test for PCR hepatitis B virus (HBV) DNA
(quantitative, if the qualitative test yields positive results) in patients with HBsAg
and/or antibody to hepatitis B core antigen positivity, and alpha-fetoprotein in
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patients with cirrhosis.
Pretreatment assessments for optimizing the choice of therapy should include the
assessment of virologic parameters and the severity of liver disease. Other important
parameters that must be assessed to guide treatment selection include alcohol intake,
HBV/human immunodeficiency virus (HIV) co-infection, renal impairment, diabetes
mellitus, autoimmunity, and cardiac diseases[12]. Alcohol consumption should be
assessed, and, if needed, counseling should be provided to correct the same[12].
Treatment of HCV infection with direct-acting antivirals (DAAs) may result in
reactivation of HBV infection in patients with HCV-HBV co-infection[13,15-18]. Patients
with HCV-HBV co-infection have been noted to have accelerated progression of liver
disease and an increased risk of HCC[11,13,19,20]. However, reactivation of HBV and
subsequent hepatitis has been found to be rare in HCV-HBV co-infected patients who
are HBsAg-negative or those who have baseline HBV DNA < 2000 IU/mL prior to
DAA therapy[21-24]. Therefore, the expert panel recommended that all HCV patients
with positive HBsAg/anti-HBs should be tested for HBV DNA (quantitative, if the
qualitative test yields positive results). Patients who fulfil the standard treatment
criteria for HBV should be initiated on HBV antiviral treatment. Other patients should
be monitored periodically by the assessment of HBV DNA and ALT during HCV
DAA therapy. Antiviral therapy for HBV infection should be initiated if patients
develop HBV reactivation (presence of HBsAg and HBV DNA plus elevation in ALT
more than the upper limit of normal[12]. A recent systematic review and meta-analysis
has suggested that anti-HBV prophylaxis with tenofovir or entecavir may
significantly reduce the risk of HBV reactivation in patients receiving DAA-based
treatment[24].
Rapid progression of fibrosis has been noted in individuals with HCV-HIV coinfection. Persistent elevation of liver enzymes, especially aspartate aminotransferase,
has been found to be a useful marker to predict the progression of fibrosis in these
individuals[25]. Therefore, all individuals with HCV infection should be evaluated for
HIV infection prior to deciding on the choice of therapy[11-13]. The plausibility of drugdrug interactions between DAAs and anti-retroviral therapy should be carefully
considered in HCV-HIV-co-infected patients, and the choice and dose of DAAs
should be optimized accordingly[11,12].
Several extrahepatic manifestations may occur in patients with HCV infection.
Hence, these individuals should be assessed for plausible comorbidities, such as renal
impairment, diabetes mellitus, autoimmunity, and cardiac diseases[12]. Additionally,
assessment of HCV RNA or HCV core antigen and staging of fibrosis/cirrhosis are
also important prior to the initiation of treatment for HCV infection. Furthermore,
HCV genotype testing may be useful in guiding treatment selection and optimizing
treatment outcomes[11,12].

Who should be treated?
Treatment should be initiated in all individuals with chronic HCV infection, except in
patients with a limited life expectancy that cannot be improved by treatment or
transplantation. Patients with decompensated cirrhosis should be managed by an
expert with relevant clinical experience[11].

DAAs available in Ukraine and the CIS region
Pegylated interferon (peg-IFN) and ribavirin are still used and listed as first-line
medications in Ukraine and some CIS countries. First-generation DAAs, such as
boceprevir and telaprevir, that are no longer recommended are also registered in most
CIS countries. One or more second-generation DAAs are available in Ukraine and in
the majority of CIS regions[6]. A summary of the DAA regimens available in Ukraine
and in some CIS regions, as compiled by the expert panel, is presented in Table 2. The
pharmacological features of the DAAs available in this region have been described in
Figure 1[26-29].

Treatment of patients with HCV GT1 infection
The regimens proposed for the treatment of patients with chronic HCV GT1 infection
are listed in Table 3.
Sofosbuvir + ledipasvir ± ribavirin: Sofosbuvir in combination with ledipasvir, with
or without ribavirin, has been evaluated for the treatment of HCV GT1 infection in
several clinical studies worldwide. The phase III ION-1 trial studied the efficacy of
this regimen taken for 12 wk or 24 wk in previously untreated, chronic HCV GT1infected patients (n = 865). About 67% of the patients had GT1a infection, and 16%
had cirrhosis. Eligible patients were randomized in a 1:1:1:1 ratio to receive ledipasvir
and sofosbuvir fixed-dose combination once daily for 12 wk or 24 wk, or ledipasvirsofosbuvir + ribavirin for 12 wk or 24 wk. The primary endpoint of SVR at 12 wk after
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Figure 1

Figure 1 Pharmacological features of direct-acting antiviral agents available in Ukraine and some Commonwealth of Independent States regions. DAA:
Direct-acting antiviral agents; CIS: Commonwealth of Independent States; HCV: Hepatitis C virus; RNA: Ribonucleic acid; Tmax: Time required to reach the peak
plasma concentration of the drug; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir; ESRD: End-stage renal disease; OD: Once-daily; CYP: Cytochrome P; MOA:
Mechanism of action.

the end of treatment was 99%, 98%, 97%, and 99%, respectively, in the four treatment
groups. In patients with cirrhosis, the rates of SVR ranged from 94% to 100% in the
four treatment groups[30]. Several other clinical and real-world studies and metaanalyses have also reported the efficacy of this regimen in treating HCV GT1-infected
patients, including: (1) Both treatment naïve and treatment-experienced patients[31-49];
(2) Patients with compensated cirrhosis or advanced liver disease[31,36,38,40,44-46,48,50-52]; and
(3) Liver transplantation cases (the transplantation cases studied included treatmentnaïve as well as treatment-experienced and those with cirrhosis and HCC prior to
transplantation)[50,53-59]. The presence of fibrosis, cirrhosis, or HCC has been found to
lower the SVR rates with sofosbuvir and ledipasvir combination in HCV GT1-infected
patients in a few studies[56,58-62].
The phase III, open-label, randomized, ION-3 trial demonstrated that sofosbuvir in
combination with ledipasvir given for a shorter duration of 8 wk to treatment- naïve
HCV GT1-infected patients without cirrhosis achieved a 94% SVR rate, comparable to
the same regimen given for 12 wk, or given in combination with ribavirin for 8 wk[63].
The effectiveness of the 8-wk regimen in the specified population has also been
proven in other clinical and real-world studies[31,64-68].
The ION-4 trial was a multicenter, single-group, open-label study conducted to
assess the effectiveness of sofosbuvir and ledipasvir fixed-dose combination in
patients co-infected with HIV-1 and HCV GT1 or GT4 infection (n = 335; 55% were
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Table 2 Direct-acting antivirals available in Ukraine and specific Commonwealth of Independent
States countries
Country

SOF

LDV/SOF

DCV

Uzbekistan

√

√

√

Ukraine

√

√

Belarus

√

√

√

Kazakhstan

√

√

√

SOF: Sofosbuvir; DCV: Daclatasvir; LDV: Ledipasvir.

previously treated for HCV infection, and 20% had cirrhosis). The study
demonstrated a 96% SVR rate at 12 wk after the treatment in patients with HCV GT1a
and a 96% SVR rate in patients with HCV GT1b infection. The SVR rates were not
affected by previous treatment or cirrhosis status[69]. High SVR rates have also been
reported with this regimen in several other clinical and real-world studies in HCV
GT1 individuals co-infected with HIV, including: (1) Both treatment-naïve and
treatment-experienced patients[42,70-72] and (2) Those with cirrhosis[73,74].
The use of a ribavirin-free sofosbuvir and ledipasvir combination regimen has been
found to be associated with a significant improvement in the quality of life in HCV
GT1-infected patients, regardless of the treatment history or the presence of cirrhosis
or HIV co-infection[75-78]. An increase in toxicity has been noted with the inclusion of
ribavirin in the treatment regimen[75,79].
The efficacy and safety of sofosbuvir and ledipasvir combination has also been
tested in HCV GT1-infected patients with severe renal insufficiency, including those
undergoing dialysis and kidney transplantation with favorable tolerability and SVR
rates[56,80-85]. Of note, the safety and SVR rates with this regimen have been noted to be
better among noncirrhotic versus cirrhotic HCV GT1-infected patients with renal
conditions, in a few studies[56,84].
Sofosbuvir + daclatasvir ± ribavirin: Sofosbuvir + daclatasvir with or without
ribavirin has been evaluated in several clinical studies in varied HCV GT1-infected
patient populations. This regimen, provided for 12 wk or 24 wk to treatment-naïve (n
= 126) and for 24 wk to treatment-experienced (n = 41) HCV GT1-infected patients,
has been found to result in high SVR rates (98%) in the open-label AI444040 trial[86].
Another open-label, phase III trial, viz. ALLY-1, included 76% HCV GT1-infected
patients with: (1) Cirrhosis (compensated/decompensated) or (2) Postliver
transplantation recurrence. The study evaluated the sofosbuvir, daclatasvir, and
ribavirin combination regimen for 12 wk. In patients with cirrhosis interrupted by
liver transplantation, treatment was extended for an additional period of 12 wk after
transplantation. The SVR rates were 82% and 95% in patients with cirrhosis and liver
transplant recipients, respectively. The regimen was well-tolerated, with no
treatment-related serious adverse events[87]. In real-world settings and large-scale,
multicentric studies, an optimal duration of 12 wk and 24 wk has been suggested with
this regimen in noncirrhotic and cirrhotic HCV GT1-infected patients, respectively, for
achieving favorable SVR rates[47,88]. The efficacy and safety of this regimen have also
been proven in other clinical and real-world studies and meta-analyses that enrolled
HCV GT1-infected patients, including treatment-experienced patients, patients with
cirrhosis or advanced liver disease, and liver transplant recipients[46,49,57,89-95]. The SVR
rates in a few studies were found to be lower in cirrhotic versus noncirrhotic HCV
GT1-infected patients treated with this regimen[46,96].
The daclatasvir + sofosbuvir regimen has also been found to be effective, with high
SVR rates in HCV GT1 patients co-infected with HIV, including treatmentexperienced patients, patients with advanced liver disease, and patients undergoing
liver transplantation[74,97-103].
Several studies have evaluated the use of this regimen in HCV GT1-infected
patients with renal conditions. The combination of sofosbuvir and daclatasvir has
been found to be well-tolerated and effective for the treatment of HCV GT1-infected
patients with severe renal insufficiency, including those on dialysis or undergoing
renal transplantation[80,85,104-107]. Furthermore, a pangenotypic regimen of daclatasvir
and half-daily dose of sofosbuvir has been found to be effective for the treatment of
HCV GT1-infected patients with an estimated GFR (eGFR) < 30 mL/min with
favorable SVR rates (SVR12: 90%-100%)[105,108]. In pharmacokinetic studies, it has been
noted that an impaired eGFR (30-60 mL/min) may not lead to the dose accumulation
of sofosbuvir in HCV-positive kidney transplant recipients or hemodialysis
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Table 3 Recommended treatment regimens for hepatitis C virus GT1 infection
Recommendation category

Treatment option/s

Treatment regimens

Preferred

LDV + SOF ± RBV

LDV + SOF for 12 wk
In treatment-naïve patients having HCV RNA < 6
million IU/mL in whom cirrhosis has been
conclusively ruled out by transient elastography
(FibroScan) or biopsy: LDV + SOF for 8 wk
In treatment-experienced cirrhotic
patients/patients with decompensated liver
disease/postliver transplant patients: LDV + SOF
+ RBV for 12 wk (or) LDV + SOF for 24 wk if RBV
is ineligible

Alternative

SOF + DCV ± RBV

SOF + DCV for 12 wk (addition of RBV may be
considered if cirrhosis has not been conclusively
ruled out)
In patients with compensated cirrhosis: SOF +
DCV ± weight-based RBV for 24 wk
In patients with decompensated cirrhosis: SOF +
DCV + RBV for 12 wk (or) SOF + DCV for 24 wk if
RBV is ineligible

Not recommended

Due to the advent of newer DAAs, pegylated interferon, boceprevir, and telaprevir-based regimens are
not recommended.

SOF: Sofosbuvir; LDV: Ledipasvir; DAAs: Direct-acting antivirals; DCV: Daclatasvir; RBV: Ribavirin; RNA: Ribonucleic acid.

patients[109,110]. Studies may be needed in future to understand further the kinetic
profile of sofosbuvir-based treatment in HCV-positive end-stage kidney disease
patients or renal transplant recipients.

Treatment of patients with HCV GT2 infection
The preferred regimens recommended by the expert panel for the treatment of
patients with chronic HCV GT2 infection are given in Table 4.
Sofosbuvir + daclatasvir ± ribavirin: The AI444040 trial (cited earlier) also included
26 treatment-naïve HCV GT2-infected patients who were treated with the sofosbuvir
+ daclatasvir regimen with or without ribavirin for 24 wk. SVR was attained in about
92% of these patients [86] . In the ALLY-1 trial, the SVR rate in HCV GT2-infected
patients with cirrhosis treated with the sofosbuvir, daclatasvir, and ribavirin
combination for 12 wk was 80%[87]. One hundred percent SVR rate was noted in
another retrospective study conducted in HCV GT2-infected patients treated with the
sofosbuvir and daclatasvir regimen (n = 13), regardless of the degree of baseline
fibrosis. The treatment was also found to induce improvement in fibrosis in these
patients[111]. The effectiveness of this regimen in treating HCV GT2-infected patients
has been proven in routine clinical settings, with an SVR of 88.1%-100% and 94.5%100% with daclatasvir and sofosbuvir combination with and without ribavirin,
respectively[112,113]. Studies have also evaluated the efficacy and safety of this regimen
in patients with recurrent HCV GT2 infection post liver transplantation and have
reported favorable SVR rates, but the number of patients tested is very low to draw
any clinically relevant conclusions in this setting[103].
In HCV GT2-infected patients who cannot tolerate ribavirin, the use of sofosbuvir
and daclatasvir for 12 wk in noncirrhotic patients, and for 24 wk in cirrhotic patients,
including those with decompensated disease, has been found to achieve high SVR
rates 12 wk after the treatment[114].The efficacy of the 12 wk sofosbuvir + daclatasvir
regimen has also been proven in patients with HCV GT2 infection, co-infected with
HIV-1[97,98].
One hundred percent SVR rate was achieved and no deterioration of renal function
was noted in HCV GT2-infected patients with chronic kidney disease treated with
sofosbuvir + daclatasvir ± ribavirin regimen[113], and 100% SVR rate was noted in HCV
GT2-infected patients with end-stage renal disease (eGFR < 30 mL/min) with
daclatasvir full dose plus low-dose sofosbuvir regimen[105]. However, the number of
patients evaluated in these studies is too small, and the results need to be
substantiated with larger, well-designed studies in future.
Sofosbuvir + ribavirin: The VALENCE trial enrolled HCV GT2- or GT3-infected
patients (n = 419; 58% were previously treated with an IFN-based regimen and 21%
had cirrhosis). Of the 419 patients, about 91 HCV GT2-infected patients were
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Table 4 Recommended preferred treatment regimens for hepatitis C virus GT2 infection
Recommendation category

Treatment option(s)

Treatment regimen

Preferred

SOF + DCV ± RBV

SOF + DCV for 12 wk in noncirrhotics
In decompensated cirrhosis and previous failures:
SOF + DCV + RBV for 12 wk

SOF + RBV

SOF + RBV for 12 wk in noncirrhotics
To be extended to 24 wk in cirrhotics and
treatment failures (Data are not available for
patients with decompensated cirrhosis.)
Should be considered as an alternative regimen
when DCV is not available

Not recommended

Due to the advent of newer DAAs, pegylated interferon, boceprevir, and telaprevir-based regimens are
not recommended.

DAAs: Direct-acting antivirals; DCV: Daclatasvir; RBV: Ribavirin; SOF: Sofosbuvir.

randomized in a 4:1 ratio to receive sofosbuvir + ribavirin or placebo for 12 wk. The
primary endpoint was SVR at 12 wk after the therapy. The study findings revealed
that the SVR rate was 93% in HCV GT2-infected patients treated with the sofosbuvir +
ribavirin regimen[115]. Several other randomized and real-world studies have also
reported high SVR rates with the sofosbuvir and ribavirin regimen (12 wk or 16 wk
duration) in HCV GT2-infected patients, regardless of the treatment history or the
presence of cirrhosis[96,116-120]. However, the presence of cirrhosis or a history of HCC
was found to influence negatively the SVR rates in some real-world studies[121-124].
The efficacy of 48 wk of sofosbuvir and ribavirin combination regimen, given prior
to liver transplantation (due to HCC), on the prevention of HCV recurrence post
transplantation was assessed in an open-label study in 61 HCV-infected patients (GT2;
n = 8). A total of 46 liver transplantations were done, of which 43 had HCV RNA level
< 25 IU/mL at the time of transplantation (GT2; n = 6). The primary endpoint of HCV
RNA level < 25 IU/mL at 12 wk after transplantation was achieved by all GT2infected patients, with no evidence of HCV recurrence[125]. In a separate case study, a
patient with liver transplant graft re-infected with HCV GT2 infection was safely and
successfully treated with sofosbuvir and ribavirin combination regimen[126].
In randomized phase III studies, a treatment extension of about 24 wk with
sofosbuvir and ribavirin regimen has been found to result in 100% SVR rates in
treatment-experienced, cirrhotic HCV GT2-infected patients[118]. An extended-duration
regimen has also been tested in real-world settings; treatment of treatment-naïve or
treatment-experienced HCV GT2-infected patients with cirrhosis for up to 20 wk with
this regimen resulted in 94.9% SVR rates[127].
The use of this regimen for the treatment of previously untreated and treatmentexperienced HCV GT2-infected patients co-infected with HIV-1 for 12 wk and 12 wk
or 24 wk, respectively, has been found to yield high SVR rates[128,129].
A recent study evaluated the efficacy and safety of sofosbuvir and ribavirin
regimen in 231 HCV GT2-infected patients with renal dysfunction (82.8% and 17.2%
with chronic kidney disease stage G1/2, and G3, respectively). While the overall SVR
rate was 97%, the SVR rate in chronic kidney disease stages G1, G2, G3a, and G3b
were 98.1%, 98.6%, 87.9%, and 100%, respectively. Multivariate analysis revealed that
baseline renal dysfunction significantly and negatively influenced the SVR rates, thus
suggesting the need for monitoring of baseline renal function in HCV GT2-infected
patients treated with this regimen[130].

Treatment of patients with HCV GT3 infection
The preferred and alternative regimens for the treatment of HCV GT3 infection are
listed in Table 5.
Sofosbuvir + daclatasvir ± ribavirin: While the AI444040 trial reported an 89% SVR
rate in 18 treatment-naïve HCV GT3-infected patients treated with this regimen for 24
wk, the ALLY-1 trial that enrolled both treatment-naïve and treatment-experienced
patients reported an 83% SVR rate in HCV GT3-infected patients with cirrhosis (n = 6)
and a 91% SVR rate in liver transplant recipients with posttransplant recurrence of
HCV GT3 infection (n = 11)[86,87]. The phase III ALLY-3 trial evaluated the once-daily,
12 wk sofosbuvir + daclatasvir regimen in HCV GT3-infected patients [previously
untreated (n = 101) and treatment-experienced (n = 51)]. The SVR rates were 90% and
86% in treatment-naïve and treatment-experienced patients, respectively. About 19%
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Table 5 Recommended treatment regimens for hepatitis C virus GT3 infection
Recommendation category

Treatment option(s)

Treatment regimen

Preferred

SOF + DCV ± RBV

SOF + DCV for 12 wk (addition of RBV may be
considered if cirrhosis has not been conclusively
ruled out)
In patients with compensated cirrhosis
Treatment-naïve patients: SOF + DCV + RBV for
24 wk if patients can tolerate ribavirin well, if not
SOF+DCV for 24 wk
Treatment-experienced patients: SOF + DCV +
RBV for 24 wk if patients tolerated ribavirin well,
if not SOF + DCV for 24 wk
In patients with decompensated cirrhosis:
SOF + DCV + RBV for 12 wk
If RBV is ineligible: SOF + DCV for 24 wk

Alternative

Not recommended

SOF + RBV

SOF + RBV for 24 wk (should be considered only
when preferred regimens are not available)

LDV + SOF + RBV

LDV + SOF + RBV for 12 wk (should be
considered only when preferred regimens are not
available)

Due to the advent of newer DAAs, pegylated interferon, boceprevir, and telaprevir-based regimens are
not recommended.

DAAs: Direct-acting antivirals; DCV: Daclatasvir; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir.

of patients in the treatment-naïve and 25% of patients in the treatment-experienced
groups had cirrhosis in this study. The SVR rates were 96% and 63% in patients
without and with cirrhosis, respectively[131]. The ALLY-3+ trial was a randomized,
phase III trial that included both treatment-naïve and treatment-experienced GT3infected patients with advanced fibrosis or compensated cirrhosis. The efficacy and
safety of daclatasvir + sofosbuvir with ribavirin given for either 12 wk or 16 wk were
assessed in this trial. The SVR rates were 88% and 92% in the groups treated with the
12-wk regimen and the 16-wk regimen, respectively. In patients with cirrhosis, the
corresponding SVR rates were 83% and 89%, respectively. Previous treatment had no
influence on the SVR rates[132]. The ALLY-3C trial was a single-arm, phase III study
that evaluated the efficacy and safety of sofosbuvir + daclatasvir + ribavirin regimen
given for 24 wk in HCV GT3-infected patients with compensated cirrhosis. While the
SVR12 rate was 87% in the primary analysis, the rates in treatment-naïve and
treatment-experienced patients were 93% and 79%, receptively. The regimen was
well-tolerated[133]. In real-world settings, treatment of HCV GT3-infected patients,
including cirrhotic and treatment-experienced patients, and liver transplant recipients
(with a history of HCC prior to transplantation) with recurrent cirrhosis, with this
regimen has been found to result in high SVR rates[46,56,57,91,112,134-144].
The efficacy and safety of the daclatasvir + sofosbuvir regimen have also been
proven in treatment-naïve and treatment-experienced HCV GT3-infected patients coinfected with HIV-1, including those with advanced liver disease and recurrent HCV
after liver transplantation[73,97-99,101,103,140].
High SVR rates have been reported with the use of this regimen in HCV GT3infected patients with advanced chronic kidney disease with an eGFR < 30 mL/min
or those on dialysis[80-82,104]. Further, a regimen comprising low-dose sofosbuvir and full
dose daclatasvir has been found to be safe and effective in achieving high SVR rates in
HCV GT3-infected patients with eGFR < 30 mL/min or those on maintenance
hemodialysis[105,108,145]. Full or half-dose sofosbuvir + daclatasvir regimen has also been
evaluated in HCV GT3-infected renal transplant recipients with 100% SVR rates[85].
However, the number of patients included in all these studies are small, and largescale studies may be needed to corroborate the significance of these findings.
Sofosbuvir + ribavirin: The VALENCE trial enrolled HCV GT2 (n = 91) or GT3 (n =
328)-infected patients and randomized them in a 4:1 ratio to receive sofosbuvirribavirin or placebo. The duration of treatment for GT3-infected patients was 24 wk.
The study findings revealed high SVR rates (85%) in HCV GT3-infected patients[115].
The response rates were 91% and 68% in GT3-infected patients without and with
cirrhosis, respectively[115]. Another prospective study reported an overall SVR rate of
99.2% in GT3-infected HCV patients who received sofosbuvir and ribavirin for 24
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wk[146]. In a Russian phase IIIb study, treatment of HCV GT3-infected patients with
sofosbuvir + ribavirin for 16 wk or 24 wk was found to be safe and associated with
87% and 90% SVR12 rates, respectively[147]. In a recent real-world study, treatment of
HCV GT3-infected patients (n = 110) (51 with compensated and 59 with
decompensated cirrhosis) with sofosbuvir + ribavirin for 24 wk resulted in
achievement of SVR in 83.3% and 71.4% of treatment-naïve and treatmentexperienced patients with compensated cirrhosis, respectively; and 77.8% and 75% of
treatment-naïve and treatment-experienced patients with decompensated cirrhosis,
respectively. The combination was well-tolerated; however, the outcomes in
decompensated and treatment-experienced patients were noted to be suboptimal[148].
This combination regimen given for 24 wk was safe and effective in achieving 95%
SVR12 and 94% SVR24 in HCV GT3-infected liver transplant recipients with recurrent
HCV infection[149]. Administration of this regimen 48 wk before liver transplantation
resulted in 80% of HCV GT3-infected patients achieving HCV RNA < 25 IU/mL 12
wk post transplantation[125].
In HCV GT3-infected patients co-infected with HIV, sofosbuvir and ribavirin
regimen has been reported to be associated with significantly lower SVR12 when
compared to daclatasvir and sofosbuvir regimen[150]. Literature is sparse on the safety
and efficacy of this combination in HCV GT3-infected patients with renal conditions.
Sofosbuvir + ledipasvir + ribavirin: In an open-label trial, 12 wk of the sofosbuvir,
ledipasvir, and ribavirin regimen administered to treatment-naïve (n = 26) and
treatment-experienced (n = 50) HCV GT3-infected patients resulted in 100% and 82%
SVR rates, respectively[151]. In another open-label trial, treatment-naïve HCV patients
with and without compensated cirrhosis were treated with sofosbuvir, ledipasvir, and
weight-based ribavirin for 12 wk. About 95% of the patients had GT3a infection. The
overall SVR rate was 89%, with 79% and 94% SVR rates in patients with and without
cirrhosis, respectively[152]. Real-world studies have reported ≥ 90% SVR12 rate with
this regimen in HCV GT3-infected patients, including those with cirrhosis and
advanced or compensated liver disease[46,134,140-142,153].
Evidence on the efficacy and safety of this regimen in HCV GT3-infected patients
co-infected with HIV is limited to a few real-world studies[73,140,153], in which the SVR
rates have been reported to be 100%, > 90%, and 80% in patients without and with
compensated or decompensated cirrhosis, respectively[73].
Studies on the efficacy and safety of this regimen in HCV GT3-infected liver
transplant recipients or patients with renal conditions are limited.

Treatment of patients with HCV GT4 infection
The treatment options for HCV GT4-infected patients listed in Table 6 have been
recommended by the expert panel.
Sofosbuvir + ledipasvir + ribavirin: Several phase II studies have established the
efficacy of the 12-wk sofosbuvir and ledipasvir regimen in the treatment of HCV GT4infected patients, regardless of the treatment history or the presence of cirrhosis[154,155].
Administering the combination of this regimen with ribavirin for 12 wk or 24 wk also
resulted in high SVR rates in phase II studies on HCV GT4-infected patients with
advanced liver diseases[77]. Similarly, high SVR rates have been noted in a phase III
study that used a 12-wk sofosbuvir and ledipasvir regimen with or without ribavirin
for the treatment of HCV GT4-infected and cirrhotic patients (including both
treatment-naïve and treatment-experienced patients)[156]. In another cohort study, the
sofosbuvir and ledipasvir combination administered for 12 wk was associated with a
99% SVR rate in HCV GT4-infected patients[157]. In real-world studies and metaanalyses, favorable SVR rates have been noted with the sofosbuvir and ledipasvir
regimen with or without ribavirin given for 12 wk or 24 wk in HCV GT4-infected
patients, including treatment-naïve and treatment-experienced patients[49,158,159] and
patients with advanced liver fibrosis and compensated and decompensated
cirrhosis[158,159]. The addition of ribavirin has not been found to improve the efficacy of
the combination regimen[158,159]. In a recent real-world study, an 8-wk regimen of
ledipasvir + sofosbuvir was found to be well-tolerated and effective in treatmentnaïve and noncirrhotic HCV GT4-infected patients (n = 45) (SVR12: 97.8%)[160]. Studies
evaluating the efficacy of sofosbuvir + ledipasvir + ribavirin regimen in HCV GT4infected liver transplant recipients are limited.
The ION-4 trial was a large phase III trial that enrolled HCV GT1- or GT4-infected
patients co-infected with HIV-1 who were treated with the sofosbuvir and ledipasvir
regimen for 12 wk. About 55% of the patients were treatment-experienced, and 20%
had cirrhosis. The SVR rate was noted to be 100% in the GT4-infected patients[69]. In
real-world studies, treatment of HCV GT4-infected patients co-infected with HIV with
ledipasvir and sofosbuvir regimen was associated with 96%, 94%, and 80% SVR rate
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Table 6 Recommended treatment regimens for hepatitis C virus GT4 infection
Recommendation category

Treatment option(s)

Treatment regimen

Preferred

LDV + SOF ± RBV

LDV + SOF for 12 wk [Addition of RBV may be
considered based on the physician’s discretion in
treating difficult-to-treat patients (treatmentexperienced patients, patients with cirrhosis)].
In case of previous SOF treatment failure: LDV +
SOF + RBV for 12 wk

Alternative

SOF + DCV ± RBV

SOF + DCV for 12 wk (Addition of RBV may be
considered if cirrhosis has not been conclusively
ruled out.)
Cirrhosis of any class: SOF + DCV + RBV for 12
wk
If RBV is ineligible, SOF + DCV for 24 wk

Not recommended

Due to the advent of newer DAAs, pegylated interferon, boceprevir, and telaprevir-based regimens are
not recommended.

DAAs: Direct-acting antivirals; DCV: Daclatasvir; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir.

in patients without cirrhosis and with compensated and decompensated cirrhosis,
respectively[73].
Very few studies have evaluated the efficacy of sofosbuvir + ledipasvir ± ribavirin
in HCV GT4-infected renal transplant recipients. One hundred percent SVR12 rates
have been noted in these studies with good safety profile of the regimen [83,85] .
However, the number of patients evaluated in these studies is too small, and results
from studies in larger patient populations may be needed to translate these findings
to clinical practice.
Sofosbuvir + daclatasvir ± ribavirin: In the ALLY-1 trial, the combination of
sofosbuvir + daclatasvir with ribavirin for 12 wk or 24 wk was associated with a 100%
SVR rate in GT4-infected patients with cirrhosis [87] . In another cohort study, the
sofosbuvir and daclatasvir combination for 12 wk was associated with a 96% SVR in
HCV GT4-infected patients[161]. A separate prospective study categorized HCV GT4infected patients into two groups: Group 1 included treatment-naïve patients treated
with sofosbuvir + daclatasvir for 12 wk; and group 2 included treatment-experienced
patients treated with sofosbuvir + daclatasvir + ribavirin for 12 wk (sofosbuvirexperienced patients were treated for 24 wk). The SVR12 rate was 93.3% and 87.5% in
groups 1 and 2, respectively. A significant improvement in liver fibrosis was also
noted with the treatment in this study[162]. Real-world studies have also supported the
efficacy of this combination regimen (with or without ribavirin) with high SVR rates
in HCV GT4-infected patients[103,163,164], including those with decompensated cirrhosis
and HCV recurrence after liver transplantation[103,163].
Daclatasvir + sofosbuvir has also been found to result in favorable SVR rates in
HCV GT4-infected patients co-infected with HIV-1, including those with cirrhosis and
advanced liver disease[73,97-101].
Studies evaluating the efficacy and safety of this regimen in HCV GT4-infected
patients with renal conditions are limited.

Treatment of patients with HCV GT5 or GT6 infections
The preferred and alternative regimens for the treatment of HCV GT5 or GT6
infections are listed in Table 7.
Sofosbuvir + ledipasvir ± ribavirin: The regimen of sofosbuvir and ledipasvir
without ribavirin was evaluated in a single-arm, open-label, phase II trial, in GT5infected treatment-naïve and treatment-experienced patients, including those with
cirrhosis (n = 41). The treatment was provided for 12 wk. While the overall SVR rate
with the combination was found to be 95%, the SVR rates in patients with and
without cirrhosis were 89% and 97%, respectively[165]. Another prospective, open-label,
multicentric study evaluated the efficacy and safety of ledipasvir and sofosbuvir
combination given for 8 wk or 12 wk in 60 HCV GT6-infected patients. There were
two patients with decompensation, three with liver cancer, and 14 with prior
treatment exposure in the 12-wk group. The SVR12 rate was 95% in both the 8- wk
and 12-wk treatment groups, and the regimen was found to be safe[166]. In another
study conducted by Gane et al[151], the combination was evaluated with or without
ribavirin for 12 wk in 126 treatment-naïve or treatment-experienced patients with
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Table 7 Recommended treatment regimens for hepatitis C virus GT5 or GT6 infections
Recommendation category

Treatment option(s)

Treatment regimen

Preferred

LDV + SOF ± RBV

LDV + SOF for 12 wk [Addition of RBV may be
considered based on the physician’s discretion in
treating difficult-to-treat patients (treatmentexperienced patients, patients with cirrhosis)].
In case of previous SOF treatment failure: LDV +
SOF + RBV for 12 wk

Alternative

SOF + DCV ± RBV

SOF + DCV for 12 wk (Addition of RBV may be
considered if cirrhosis has not been conclusively
ruled out.)
Cirrhosis of any class: SOF + DCV + RBV for 12
wk
If RBV is ineligible, SOF + DCV for 24 wk

Not recommended

Due to the advent of newer DAAs, pegylated interferon, boceprevir, and telaprevir-based regimens are
not recommended.

DAAs: Direct-acting antivirals; DCV: Daclatasvir; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir.

HCV GT3 or GT6 infection (n = 25 for GT6). The SVR rate in patients with HCV GT6
infection was 96%. Recent real-world studies, systematic reviews, and meta-analyses
have also reported high SVR rates (up to 100%) in HCV GT6-infected patients treated
with this combination[47,49,167].
There is limited evidence on the efficacy and safety of this combination in HCV
GT6-infected patients undergoing liver transplantation or with concomitant renal
conditions.
Sofosbuvir + daclatasvir ± ribavirin: Data on the use of this regimen in the treatment
of HCV GT5- or GT6-infected patients are limited. In the open-label ALLY-1 study,
SVR was achieved in a single GT6-infected liver transplant recipient treated with the
combination[87]. Real-world studies and systematic reviews have reported 94%-100%
SVR rate with daclatasvir and sofosbuvir combination in HCV GT6-infected
patients[47,167,168]. Data on the efficacy of this combination in HCV GT6-infected kidney
transplant recipients are limited to studies with very limited patient population[169].

On- and posttreatment assessments
The expert panel recommended several on- and posttreatment assessments that
should be conducted during the management of HCV infection (Table 8).
On-treatment assessments help monitor treatment efficacy and safety, evaluate
drug-drug interactions, and ensure medication adherence. In all HCV-infected
patients receiving DAA-containing regimens (with or without ribavirin or peg-IFN),
complete blood count, renal function tests, and hepatic function panel test should be
conducted 4 wk after therapy initiation. Assessment for any side effects or drug-drug
interactions, and treatment adherence, is also recommended in the fourth week of
treatment[13]. In patients treated with ribavirin-containing regimens, complete blood
count should be conducted at 4 wk and 8 wk of therapy to assess for any significant
drop in hemoglobin levels[12,13]. Considering the resource-limited settings in the CIS
and Ukraine regions, and the lack of any standard recommendations, the expert panel
did not recommend HCV RNA testing during treatment[12,13]. However, the panel
recommended HCV RNA testing at the end of therapy[11].
Posttreatment follow-up and assessment help confirm the elimination of the virus
and prevent relapses. The expert panel recommended the assessment of HCV RNA at
12 wk or 24 wk after completion of therapy, for evaluation of SVR12 or SVR24, in line
with the other international recommendations[11-13]. Furthermore, the panel provided
posttreatment assessment recommendations for two categories of patients: (1) Those
who have failed the therapy and (2) Those who achieved SVR.
Patients who fail the therapy not only remain carriers of the virus but also
experience continued liver injury and fibrosis progression[170]. The incidence of death
or liver transplantation can be as high as 12.2% in patients with advanced fibrosis and
31.5% among patients with cirrhosis[170]. Therefore, it is important to systematically
assess reasons for failure of therapy in these patients. Such patients should also be
followed up regularly to assess disease progression. Furthermore, patients with
advanced fibrosis (Metavir stage F3 or F4) should be evaluated for HCC every 6 mo
using ultrasound surveillance[12].
Among patients who have achieved SVR, those with advanced fibrosis (Metavir
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Table 8 On- and posttreatment assessments during the management of hepatitis C virus infection
Assessments

Expert recommendations

On-treatment

In patients with cirrhosis, CBC, creatinine level, estimated GFR, and hepatic
function panel may be repeated after 4 wks
All patients on RBV should have CBC done at four and 8 wk to monitor for
hemolysis
HCV RNA testing (qualitative/quantitative) may not be required, as there
are no current recommendations for response-guided therapy. Testing at the
end of treatment is mandatory
Assessment of potential drug-drug interactions with concomitant
medications is recommended
A periodic review of therapy compliance and the general condition of the
patient is recommended

Posttreatment

SVR should be assessed at 12 wk or 24 wk after the end of treatment
In patients who have failed therapy:
Disease progression (hepatic function panel, CBC, and INR) should be
assessed once in 6-12 mo
In patients with advanced fibrosis (Metavir stages F3 or F4), screening for
hepatocellular carcinoma with ultrasound is recommended every 6 mo
Endoscopic screening for esophageal varices is recommended in cirrhotic
patients
In patients who achieve SVR:
In patients with advanced fibrosis (Metavir stage F3 or F4), screening for
hepatocellular carcinoma with ultrasound is recommended in every 6 mo
Endoscopic screening for esophageal varices is recommended in cirrhotic
patients with pretreatment varices or portal hypertensive gastropathy
AFP as a screening test for HCC is recommended in cirrhotic patients

CBC: Complete blood count; GFR: Glomerular filtration rate; RBV: Ribavirin; RNA: Ribonucleic acid; SVR: Sustained virologic response; AFP: Alphafetoprotein; HCC: Hepatocellular carcinoma.

stage F3 or F4) should be evaluated for HCC every 6 mo using ultrasound
surveillance. Furthermore, patients with cirrhosis should be screened endoscopically
for esophageal varices and evaluated with alpha-fetoprotein test to screen for
HCC[12,13].

A SHORT NOTE ON HCV DRUG RESISTANCE
The emergence of HCV variants with substitutions associated with resistance to
DAAs is critical and is particularly noted with NS5A inhibitor-containing regimens.
These substitutions are termed resistance-associated substitutions (RAS). Resistant
HCV viruses that are enriched in patients with DAA therapy failure contain
substitutions termed treatment-emergent RAS. Both baseline and treatment-selected
RAS may negatively impact the response rate and treatment outcomes[11,13]. The RAS
in the NS5A position for HCV genotypes 1a and 3 are currently considered clinically
significant. Methods to detect RAS include population (Sanger) sequencing and deep
sequencing [next generation sequencing], with 15% prevalence of RAS as the
recommended cutoff[11].
Access to reliable HCV resistance testing techniques is limited in the resource
constraint settings of Ukraine and CIS regions. Hence, no consensus could be formed
on the methods of HCV resistance testing and reporting, and no recommendations
could be made on the systematic testing for HCV resistance prior to DAA treatment
or monitoring for HCV drug resistance during or after therapy. However, the
following approaches were proposed to help overcome resistance: (1) Optimal risk
stratification of patients, based on prior treatment, or degree of cirrhosis; (2)
Determination of HCV genotype and subtype so as to help optimize the treatment
approach; (3) Optimization of treatment duration and careful selection of patients for
short-duration therapy; (4) Addition of ribavirin in selected populations, such as those
with prior DAA failure or at risk of treatment failure, and those with baseline NS5A
RAS; and (5) Optimal selection of DAA therapy combinations[11,13].
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CONCLUSION
In Ukraine and the CIS regions, several challenges hinder the optimal management of
HCV infection, including the lack of sufficient epidemiological data, the disparity in
genotype distribution, barriers in access to diagnostics, lack of updated national
guidelines, and financial constraints. The use of peg-IFN, ribavirin, and firstgeneration DAAs is still prevalent in these regions, with very few second-generation
DAAs being available in most of the regions. There is a clear unmet need for the
development of a guidance document for the optimal screening, diagnosis,
monitoring, and management of HCV infection with the use of cost-effective,
available DAA regimens. The current consensus document compiles the evidencebased recommendations on the diagnosis and management of HCV infection
provided by key opinion leaders (from Ukraine and the CIS regions) in the field of
hepatology. This document will help guide clinical decision-making on the diagnosis,
treatment, and pre-, on-, and posttreatment assessments of HCV infection, further
optimizing the treatment outcomes in these regions.
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Abstract
In contrast to other tumor types, immunotherapy has not yet become a relevant
part of the treatment landscape of unselected colorectal cancer. Beside the small
subgroup of deficient mismatch repair or microsatellite instable tumors (about
5%) as a surrogate for high mutational burden and subsequently high neoantigen
load and immunogenicity, inhibitors of programmed death 1 (PD-1),
programmed death ligand 1 (PD-L1) and/or cytotoxic T lymphocyte-associated
antigen-4 were not or only modestly effective in metastatic colorectal cancer.
Thus, a variety of combination approaches with chemotherapy, targeted therapy,
toll-like receptor agonists, local ablation or oncolytic viruses is currently being
evaluated in different disease settings. Despite several encouraging single arm
data already presented or published, available randomized data are
unimpressive. Adding PD-1/PD-L1 inhibitors to fluoropyrimidines and
bevacizumab maintenance showed no beneficial impact on delaying progression.
In refractory disease, the combination of PD-1/PD-L1 and MEK inhibitor was not
different from regorafenib, whereas a PD-1/PD-L1 and cytotoxic T lymphocyteassociated antigen-4 inhibitor combination demonstrated better overall survival
compared to supportive care alone. Clinical trials in all disease settings applying
different combination approaches are ongoing and may define the role of
immunotherapy in colorectal cancer.
Key words: Immunotherapy; Combination; Colorectal cancer; Metastatic; Adjuvant
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Core tip: Colorectal cancer is not responsive to single agent programmed death 1/ligand 1
or cytotoxic T lymphocyte-associated antigen-4 inhibitors. Thus, a variety of
combination approaches with chemotherapy, targeted therapy, toll-like receptor agonists,
local ablation or oncolytic viruses are currently being evaluated to enhance
immunogenicity of mismatch repair proficient colorectal cancers. Here we review
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INTRODUCTION
The first clinical evidence for the effectiveness of immunotherapy in solid tumors
dates back to 1891 when Coley et al[1] first injected streptococcal bacteria into patients
with inoperable sarcomas and observed shrinkage of some tumors. Despite this early
success it took over a century and the breakthrough discovery of immune
checkpoints, namely programmed death 1 (PD-1), programmed death ligand 1 (PDL1) and cytotoxic T lymphocyte-associated antigen-4 (CTLA–4), to relevantly change
the treatment of different malignancies like melanoma, renal, bladder and lung cancer
or Hodgkin’s disease. This breakthrough discovery was recently rewarded by the
Nobel Prize for James P Allison and Tasuku Honjo in 2018.
In metastatic colorectal cancer (MCRC), only a minority of patients respond to
immune checkpoint inhibition[2]. However patients who had a high tumor mutational
burden and a high infiltration of T cells expressing checkpoint receptors (e.g., PD-1,
PD-L1 or CTLA–4) mainly found in the subset of mismatch repair-deficient (dMMR)
tumors with high levels of microsatellite-instability (MSI-H) responded to the
immunotherapy[3-5]. Intriguingly, activated T cells directly recognized neoantigens that
evolved from somatic mutations in gastrointestinal malignancies[6] or melanoma[7,8].
The highest rates of neoantigen load were observed in frameshift mutated tumors
through insertions or deletions[9].
In an attempt to define molecular subgroups of CRC, dMMR and MSI-H tumors
cluster into the consensus molecular subtype (CMS) 1 of CRC [10] , named as the
immune subtype due to the high infiltration of lymphocytes. However, some CMS1
CRCs show a proficient mismatch repair (pMMR) system but harbor polymerase
proofreading domain mutations that lead to even greater tumor mutational burden.
Therefore they may be susceptible to immunotherapy as well[11,12]. These findings led
to the approval of both PD-1 inhibitors pembrolizumab and nivolumab for the
treatment of dMMR or MSI-H treatment-refractory MCRC in 2017.
Immunotherapy has no relevance in the canonical (CMS2), metabolic (CMS3) or
mesenchymal subgroup (CMS4) of CRC[13]. Therefore the majority of CRC patients
will not respond to this therapy. Combinatorial strategies to enhance the
immunogenicity and infiltration by lymphocytes (e.g., combination with EGFR
antibodies, radiotherapy, oncolytic viruses, adoptive cell therapy, tyrosine kinase
inhibitors or toll-like receptor (TLR) agonists) have been recently addressed although
their clinical relevance has yet to be determined. The present article summarizes
current clinical evidence of immunotherapy in CRC and reviews ongoing clinical
challenges and novel approaches. Published clinical data from PubMed, ESMO
(Annual Symposium, World Congress on Gastrointestinal Cancer) and ASCO
(Annual Meeting, Gastrointestinal Cancers Meeting) have been systematically
collected and reviewed for the years 2012–2019.

IMMUNOTHERAPY IN DMMR/MSI-H MCRC
Monotherapy with PD-1 inhibitors (pembrolizumab or nivolumab)
The first interim data reported from the KEYNOTE (KN)-016 trial of pembrolizumab
in treatment-refractory dMMR/MSI-H MCRC showed an overall response rate (ORR)
of 40% (n = 10) in comparison to a missing response in pMMR or microsatellite stable
(MSS) tumors (n = 18)[5]. In total, 40 MCRC patients (dMMR/MSI-H) were treated in
KN-016 as part of 86 patients (dMMR/MSI-H) with 11 tumor types that led to the first
ever agnostic (i.e. histology and tumor-site independent) approval of a cancer drug in
2017 in the United States[14]. The second cohort came from a part of the Check-Mate
(CM)-142 phase II clinical trial with 74 MCRC patients (dMMR/MSI-H) after at least
one prior systemic treatment who were treated with nivolumab. This trial led to the
approval of nivolumab in 2017 in the United States[15]. These studies together with
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data from 61 treatment-refractory MSI-H patients (KN-164)[16] provided the current
clinical evidence for treating dMMR/MSI-H MCRC patients with PD-1 inhibitors. An
ORR of 31% in CM-142 or 28% in KN-164 were observed. Strikingly, progression free
survival (PFS) at 12 mo was high with 50% and 34%, respectively as well as 1-year
overall survival (OS) of 73% and 72%, respectively. Although generally well tolerated,
the clinical response came at a cost of all grade drug-related adverse events (AEs) like
fatigue (23%), diarrhea (21%), pruritus (14%) or rash (11%). Increase in lipase (8%) or
amylase (3%) were the most frequent observed grade 3 or 4 AEs[15].

Combination of PD-1 (nivolumab) and CTLA-4 inhibitors (ipilimumab)
Recent evidence for the combination of nivolumab and ipilimumab in MCRC patients
(dMMR/MSI-H) came from two further cohorts of the CM-142 study. In the treatment
refractory cohort comprising of 119 patients with at least two prior therapies, an ORR
of 55% and a 12-wk disease control rate of 80% were reported. Moreover, PFS rates of
71% and OS of 85% after one year were reached independent of KRAS or BRAF
mutational status, PD-L1 tumor expression or family history of Lynch syndrome.
Although no randomized data is currently available, ORR of 55% and 1-year OS of
85% compares favorably to an ORR of 31% and 1-year OS of 72% in single-agent PD-1
inhibitor treatment. Despite the expected increase in treatment-related AEs that
occurred as grade 3 or 4 AEs in 32% of all patients, all AEs were manageable in the
chosen regimen of nivolumab (3 mg/kg week 1 and every 2 wk from week 13) and
ipilimumab (1 mg/kg on week 1, 4, 8 and 11). Recently, a third cohort with 45
previously untreated dMMR/MSI-H MCRC patients was reported showing an ORR
of 60% (27/45), 1-year PFS of 77% and 1-year OS of 83%[17]. Notably, a low dose
ipilimumab regimen was applied with 1 mg/kg every 6 wk continuously in
combination with nivolumab 3mg/kg every 2 wk resulting in a very low rate of
treatment-related grade 3/4 AEs of 16%.
In the nonmetastatic setting, 4 wk of neoadjuvant treatment with nivolumab 3
mg/kg (day 1 and 15) and ipilimumab 1 mg/kg (day 1) was tested in seven
dMMR/MSI-H (stage II and III) CRC patients[18]. Four out of those seven patients
showed non-vital tumor cells after resection whereas all remaining patients showed
relevant downstaging and histological regression of their tumors (1%-2% vital tumor
cells). Although limited by the small number, this dramatic pathological regression
after 4 wk of treatment questions the objective response rates determined by imaging
with checkpoint inhibition in dMMR/MSI-H MCRC. Data for selected PD-1 inhibitor
+/- CTLA–4 inhibitor trials are displayed in Table 1.

Combination of PD-L1 inhibitor (atezolizumab) with anti-angiogenic VEGF-antibody
(bevacizumab)
The combination of PD-L1 inhibitors and anti-angiogenic antibody bevacizumab
showed favorable results in renal cancer. Recently, this combination was tested in ten
dMMR/MSI-H MCRC patients in a phase Ib study. The combination was well
tolerated and disease control was reached in 90% of patients with an ORR of 30%[19].

Ongoing clinical trials
A phase III study is currently observing the combination of atezolizumab, 5fluorouracil, folinic acid and oxaliplatin (FOLFOX) in the adjuvant setting of stage III
lymph node metastasized CRC (ATOMIC trial-NCT02912559). In MCRC, the KN-177
trial is investigating the addition of pembrolizumab to the first line standard of care
therapy with FOLFOX or 5-fluorouracil, folinic acid and irinotecan alone or in
combination with bevacizumab or cetuximab (NCT02563002). After completing the
recruitment, results are expected this year. Furthermore, another phase II study is
evaluating FOLFOX and bevacizumab and/or atezolizumab compared to FOLFOX
and bevacizumab in the first line treatment of CRC (NCT02997228). In the second line
treatment setting, the FFCD SAMCO trial is investigating the PD-L1 inhibitor
avelumab compared to standard chemotherapy (NCT03186326).

IMMUNOTHERAPY IN PMMR/MSS MCRC
Monotherapy or combination of PD-1 (nivolumab and pembrolizumab) or PD-L1
(durvalumab) inhibitors and CTLA–4 (ipilimumab and tremelimumab) inhibitors
The above mentioned studies (KN-016 and CM-142) that evaluated pembrolizumab
(KN-016) or the combination of nivolumab and ipilimumab (CM-142) also included
some pMMR/MSS MCRC patients [5,15] . In contrast to the appealing results in
dMMR/MSI-H MCRC, pMMR/MSS MCRC patients did not respond to checkpoint
inhibition, highlighting the predictive value of the dMMR/MSI-H status.

WJG

https://www.wjgnet.com

3922

August 7, 2019

Volume 25

Issue 29

Tintelnot J et al. Immunotherapy in colorectal cancer

Table 1 Selected trials on immunotherapy in mismatch repair-deficient/microsatellite-instability metastatic colorectal cancer
Setting

Clinical trial Drugs and regimen
[18]

n

ORR

PFS rate at 12 mo Median PFS, mo OS rate at 12 mo

Nivolumab (3) + Ipilimumab (1)

7

pCR 57% (4/7) NR

NR

NR

First line

CM-142[17]

Nivolumab (3) + Ipilimumab (1/6
wk)

45

60%

77%

NR

83%

≥ Second
line

CM-142[14]

Nivolumab

74

31%

50%

14.3

73%

KN-164[16]

Pembrolizumab

61

28%

34%

2.3

72%

Nivolumab (3) + Ipilimumab (1/3
wk)

119

55%

71%

NR

85%

Neoadjuvant

[15]

CM-142

ORR: Overall response rate; pCR: Pathological complete response rate; PFS: Progression free survival; OS: Overall survival; NR: Not reported.

A phase I study further evaluated the combination of durvalumab (PD-L1) and
tremelimumab (CTLA–4) in 18 unselected MCRC patients. Although an ORR of 11%
(2/18) was observed results can hardly be interpreted due to missing MMR/MSIstatus [ 2 0 ] . Recently, a randomized trial comparing best supportive care +/durvalumab and tremelimumab in 180 patients, excluding patients with known MSIH status, was presented[21]. Despite similar ORR and PFS, OS was improved [4.1 vs 6.6
mo, hazard ratio: 0.72, 90% confidence interval: 0.54-0.97], reawakening the interest in
this combination in pMMR/MSS MCRC.

COMBINATION STRATEGIES TO ENHANCE
IMMUNOGENICITY IN PMMR/MSS OR UNSELECTED
MCRC PATIENTS
As indicated by the results of the above-mentioned clinical studies, response to
checkpoint inhibition is restricted to dMMR and MSI-H tumor patients.
Unfortunately, this subset of patients only accounts for approximately 5% of MCRC
cases. Because of the infiltration and activation of T cells, the recognition of
neoantigens or tumor associated antigens has led the way to effective immunotherapy
of solid tumors. Different combinatorial studies have been conducted or are still
ongoing with the ultimate goal to enhance immunogenicity of CRC.

Checkpoint inhibition and local ablation
The abscopal effect was first described by Mole in 1953[22] as a phenomenon observed
by local radiation of immunogenic tumors (renal cell carcinoma, melanoma or
hepatocellular carcinoma) that led to shrinkage of distant tumors through the
activation of immune effector cells [23] . It is unknown whether non-immunogenic
tumors like CRC respond in a similar fashion. However, local ablation or
radiotherapy may lead to cell death and the release of antigens and type I interferon,
which induces maturation of dendritic cells and activation of CD8+ T cells[24].
A small phase II clinical study used radiotherapy or radiofrequency ablation in
addition to pembrolizumab in heavily pre-treated MCRC patients. Unfortunately, the
ORR was as low as 5%. Similarly, an approach using a PD-L2-Fc fusion protein in
combination with radiotherapy did not result in a relevant response[25]. Still, the dual
checkpoint inhibition with durvalumab (PD-L1) and tremelimumab (CTLA–4)
combined with local ablation is currently being evaluated in the EORTC ILOC phase
II study (NCT03101475).

Checkpoint inhibition with chemotherapy +/– VEGF-inhibitor (bevacizumab) or
EGFR-antibody (cetuximab)
The induction of immunogenic cell death by oxaliplatin or changes in the immune
contexture by 5-fluouracil showed synergistic effects with checkpoint inhibition in
mice models of CRC[26]. Further, the addition of the EGFR antibody, cetuximab may
lead to antibody dependent cellular cytotoxicity[27], and anti-angiogenic treatment
with bevacizumab may lead to favorable changes in the microenvironment[28]. A
combination of pembrolizumab (PD-1) with chemotherapy FOLFOX in 30 MCRC
patients (including 3 MSI-H patients)[29] resulted in a 43% ORR and 16.9 mo PFS.
Further, FOLFOX and VEGF-inhibitor bevacizumab in combination with
atezolizumab (PD-L1) led to a 52% ORR and 14.1 mo PFS in 23 patients[30].
However, the addition of atezolizumab to maintenance therapy with fluoro-
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pyrimidines and bevacizumab after 3-4 mo induction treatment with FOLFOX and
bevacizumab did not result in an improvement of PFS [7.2 mo in the experimental
arm vs 7.4 mo in the control arm (hazard ratio: 0.96, 95% confidence interval: 0.771.20), measured from randomization] (MODUL study, NCT02291289)[31] after median
follow up of 18.7 mo. In total 445 MCRC patients (BRAF wildtype) were included and
randomized (2:1 for atezolizumab treatment) in the largest randomized trial on
immunotherapy in MCRC. Notably, OS curves split late after a similar median of 22.1
versus 21.9 mo resulting in a hazard ratio of 0.86 (95% confidence interval: 0.66-1.13).
Interesting results came from a single arm trial in the first line treatment of MCRC
of applying an upfront combination of avelumab (PD-L1) with FOLFOX and the
EGFR antibody cetuximab. An interim ORR of 75% in the first 20 patients[32] has been
reported. Further clinical trials will evaluate the combination of avelumab and
cetuximab in first line treatment setting or in the advanced disease setting with 5fluorouracil, folinic acid and irinotecan (planned FIRE 6 study)[33].

Checkpoint inhibitors with tyrosine kinase inhibitors
In preclinical studies, enhanced T cell infiltration, upregulation of major
histocompatibility complex and activation of antigen presenting cells was seen by
combining MEK-inhibitors with PD-1/PD-L1 inhibitors[34,35]. In line with these results,
a phase Ib study showed meaningful results using the combination of cobimetinib
(MEK inhibitor) and atezolizumab (PD-L1) in 20 pretreated KRAS mutated MCRC
patients with an ORR of 20% (4/20)[36]. However, the consecutive phase II clinical trial
(IMblaze 370) did not show any difference in comparison to regorafenib (tyrosine
kinase inhibitor) alone[37]. Although results from the maintenance treatment with
cobimetinib and atezolizumab in comparison to 5-fluouracil and bevacizumab after 34 mo of FOLFOX treatment (MODUL study-NCT02291289) are still pending, the
combination of MEK inhibitors with checkpoint inhibition is not expected to enter
clinical use due to results from the IMblaze 370 trial.

TLR agonists
The innate immune system and especially dendritic cells are critical to mount proper
immune responses under immune checkpoint inhibition[38]. TLR agonists stimulate the
maturation of dendritic cells and account for the production of pro-inflammatory
cytokines like IFN- This stimulates the adaptive immune system[39]. The IMPALA
study (NCT02077868) evaluated maintenance treatment with MGN1703 (TLR-9
agonist) in comparison to investigator choice after at least stable disease following
first line standard induction. Despite promising preliminary results from a single arm
phase II study[40], results from the confirmatory IMPALA study are still pending.

Checkpoint inhibition and oncolytic viruses
A variety of viruses termed oncolytic viruses are used in clinical trials to specifically
lyse tumor cells and stimulate the anti-cancer immune reaction, thereby acting as an
in situ tumor vaccine [41] . Heavily pretreated CRC patients were treated with the
oncolytic vaccinia virus (engineered to express GM-CSF, a hematopoietic growth
factor that increases dendritic cell differentiation, maturation and function and
induced tumor reactive T cells[42] and β-galactosidase) and reached stable disease in
67% (n = 10) of patients. The biweekly injection did not lead to dose-limiting toxicities
in this phase Ib study alone[43] or in a phase I/II study in combination with checkpoint
inhibitors tremelimumab (CTLA–4) and durvalumab (PD-L1) [ 4 4 ] . As seen in
melanoma[45], the combination with checkpoint inhibitors further promises an increase
in effectiveness. However, the first results using the combination of the vaccinia virus
with checkpoint inhibitors are still pending (NCT03206073).

Adoptive cell therapy
In 2017, the FDA licensing of two chimeric antigen receptor (CAR) T cell products
targeting CD19 for the treatment of acute refractory leukemia in children and B cell
lymphoma in adults opened the field of adoptive cell therapy in clinical use.
However, treatment of solid tumors is much more challenging due to limited
trafficking and persistence of T cells into the tumor and an immunosuppressive
environment[46,47]. Evidence for the impact of adoptive cell therapy in CRC comes from
isolation, ex vivo expansion and re-infusion of tumor infiltrating lymphocytes[48].
Despite this elaborate work some quite encouraging results have been obtained. For
example, after re-infusion of tumor reactive lymphocytes from tumor draining lymph
nodes of MCRC patients an increase in OS from 14 mo (control, n = 16) to 28 mo (n =
9) was observed, although statistical significance was not reached[49]. More specifically,
Tran et al[50] isolated, expanded and reinfused polyclonal CD8+ T cells from metastatic
lung lesions of a MCRC patient reactive against mutant KRAS G12D. Subsequently six
out of seven lung metastasis were eradicated with one remaining that lost the
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chromosome 6 haplotype to escape reactive T cells.
Another approach transferring ex vivo expanded natural killer cells after treatment
with IgG1 antibodies trastuzumab (HER2) or cetuximab (EGFR) and chemotherapy
was well-tolerated, showed anti-tumor immune induction, and preliminary antitumor activity. Stable disease was observed in 67% (n = 6) of patients with advanced
gastric or CRC[51].
CAR T cells in CRC are limited to the target antigen because tumor specific
neoantigens are promising but not conserved between different patients. Tumorassociated antigens like CEA, EGFR or MUC1 are rather unspecific and could lead to
AEs as seen by one death induced by ERBB2-specific CAR T cells[52] or respiratory
toxicity by CEACAM5-specific CAR T cells[53]. However, the ERBB2-related death may
have been due to the use of an excessive number of CAR T cells because ERBB2specific CAR T cells were recently proven safe in sarcoma patients[54]. These potential
toxicities in addition to the complex production of CAR T cell products further limit
the breakthrough in CRC (despite the clinical potential that was validated for CEAspecific CAR T cells after percutaneous intra-artery infusion in a phase I study with an
average decrease in CEA levels of 37% in 3 patients with high hepatic metastatic
burden)[55]. In essence, CAR T cells, transfer of tumor infiltrating lymphocytes or
natural killer cells are not yet ready for clinical use, but phase I or II studies may open
up new avenues for future developments and are reviewed elsewhere[48].

FUTURE DEVELOPMENT
Future treatment strategies using immunotherapy to treat CRC will integrate the everimproving knowledge about the molecular mechanisms that exclude or dampen the
immune response in MCRC. Immune signatures revealed that TGF-β signaling is key
in the development of CMS4 CRC and led to enhanced tumor metastatic capacities[13].
Preclinical models could show that targeting TGF-β can reset this immune excluding
phenotype and may restore susceptibility to checkpoint inhibition[56]. Therefore, it
presents an interesting target in future immune oncology of CRC.
Other promising strategies to target the “cold” lymphocyte excluded tumor
microenvironment of pMMR/MSS CRC like chemotherapy, targeted therapy,
oncolytic viruses, local ablation or TLR agonists already show some promise in early
clinical or pre-clinical studies in combination with checkpoint inhibitors but are not
yet ready for clinical use. Novel checkpoints like LAG-3[57] may further add to the
arsenal of immune oncology in MCRC.
Together, targeting the immune exclusive microenvironment and the quality of
tumor reactive T cells of pMMR/MSS CRC is promising, but most approaches still
have to find their way from pre-clinical to clinical use. Therefore, approaches that
combine already licensed targeted treatments, e.g., EGFR-antibodies or VEGFantibodies, and chemotherapy with checkpoint inhibitors might enter clinical use
earlier if results can be confirmed.
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Abstract
Hepatocellular carcinoma (HCC) is a common and deadly malignancy. The
disease usually develops on a background of chronic liver disease. Until recently,
the most common etiology was infection with the hepatitis C virus (HCV). The
advent of direct-acting antiviral (DAA) therapies has been a major breakthrough
in HCV treatment. Sustained virologic response can now be achieved in almost
all treated patients, even in patients with a high risk for the development of HCC,
such as the elderly or those with significant fibrosis. Early reports raised concerns
of a high risk for HCC occurrence after DAA therapy both in patients with
previous resection of tumors and those without previous tumors. As the World
Health Organization’s goals for eradication of HCV are being endorsed
worldwide, the elimination of HCV seems feasible. Simultaneous to the decrease
in the burden of cirrhosis from HCV, non-alcoholic fatty liver disease (NAFLD)
incidence has been increasing dramatically including significant increased
incidence of cirrhosis and HCC in these patients. Surprisingly, a substantial
proportion of patients with NAFLD were shown to develop HCC even in the
absence of cirrhosis. Furthermore, HCC treatment and potential complications
are known to be influenced by liver steatosis. These changes in etiology and
epidemiology of HCC suggest the beginning of a new era: The post–HCV era.
Changes may eventually undermine current practices of early detection,
surveillance and management of HCC. We focused on the risk of HCC
occurrence and recurrence in the post–HCV era, the surveillance needed after
DAA therapy and current studies in HCC patients with NAFLD.
Key words: Hepatocellular carcinoma; Hepatitis C virus; Direct-acting antivirals; Nonalcoholic fatty liver disease; Non-alcoholic steatohepatitis
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Core tip: Hepatocellular carcinoma (HCC) is a common and deadly malignancy. One of
the leading risk factors for HCC occurrence is liver cirrhosis secondary to hepatitis C
virus (HCV) infection. Direct-acting antiviral therapy has revolutionized HCV
eradication due to high sustained virologic response rates. However, early reports argued
an increased risk of HCC occurrence and recurrence. Recently, non-alcoholic fatty liver
disease has become the most common liver disorder in Western countries and a major
cause of HCC. We aimed to review the changes in HCC management in the face of the
changing epidemiology in the post-HCV era.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second
most frequent cause of cancer-related death globally[1]. The incidence of HCC in all
populations increases progressively with age, reaching a peak in the eight's decade[2].
Cirrhosis is a risk factor for tumor development regardless of its etiology[3]. One of the
most common risk factors for HCC worldwide is cirrhosis secondary to chronic
infection with either hepatitis C virus (HCV) or hepatitis B virus (HBV) [1] . The
incidence of HCC shows high geographical divergence as most cases in Asia and
Africa are attributable to HBV while HCV represents a major risk factor in western
countries. The annual risk of HCC is as high as 3% in patients with cirrhosis and
active HCV infection[4]. Direct-acting antiviral (DAA) therapy has revolutionized the
treatment of HCV infection, because of its high efficacy and an excellent safety profile
which enabled its use even in patients with decompensated liver disease, in whom
interferon (IFN)-based regimens were not recommended[5]. The introduction of DAA
agents has improved sustained virologic response (SVR) rates to more than 95% in all
HCV genotypes and shortened treatment duration[6]. DAAs have shown high efficacy
and safety even in special populations, as patients with human immunodeficiency
virus coinfection, dialysis patients and patients with recurrent HCV infection after
liver transplantation (LT)[5,7]. SVR reduces patients’ risk of developing liver cirrhosis
and was shown to cause regression of fibrosis[8,9]. In patients with decompensated
cirrhosis that achieved SVR, reduction in Model for End-Stage Liver Disease scores
and hepatic venous pressure gradient were observed[10-12]. Recent data has also shown
that SVR reduces liver specific and all-cause mortality[13]. The WHO’s goal to eradicate
HCV might induce HCC risk reduction by preventing advancement of cirrhosis,
allowing fibrosis regression and avoiding the carcinogenic effect of the virus[14,15].
However, early reports argued an increased risk of HCC occurrence and recurrence in
patients achieving SVR [16-18] . In addition, financial resources needed for both
simultaneously scaling up coverage of testing services and costs of therapy are major
limitations, especially in resource limited countries[19].
Since 2014, the use of DAAs has decreased the burden of chronic HCV.
Nonetheless, this decrease has been countered by a marked increase in the prevalence
of nonalcoholic fatty liver disease (NAFLD)[20]. It is currently the second leading cause
for LT and waitlist registration in males and females[21]. We aimed to review the
changes in HCC management in the face of the changing epidemiology brought about
by the advances in HCV therapy and the rise in incidence of NAFLD.

THE EFFECT OF DIRECT-ACTING ANTIVIRALS ON HCC
The introduction of DAA therapy led to short and long-term clinical benefits as a
result of HCV elimination[14]. Previous prospective studies with IFN-based therapy
concluded that treatment was strongly associated with a reduction in HCC risk[22-24]. A
meta-analysis of 12 studies quantitatively evaluated the presumed benefit and
showed that achieving an SVR with IFN was associated with a 76% reduction of HCC
risk[22]. However, early studies of DAAs raised concerns that DAA-induced SVR didn't
reduce occurrence of HCC and suggested a high risk of short-term recurrence in
patients previously treated for HCC [16-18] . Conti et al [17] followed 344 consecutive
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cirrhotic patients, without HCC, who were treated with DAA for 24 wk and reported
HCC occurrence in 9/285 patients (3.2%) and HCC recurrence in 17/59 patients
(28.8%) previously treated for HCC. Child-Pugh class and a history of HCC were
independently associated with HCC development but neither HCV genotype nor
therapeutic DAA regimen correlated to HCC occurrence. Additional reports
suggested an alarmingly high rates of HCC occurrence with de-novo HCC diagnosis
in 6/66 patients (9%) within 6 months of DAA therapy[16] and 4/54 patients (7.4%)
after a median follow-up of 12 mo [18] . These studies were small, single-centered,
uncontrolled, retrospective cohorts without long term follow up period which
precluded definite conclusions. In contrast, multiple large cohort studies have since
demonstrated that DAA-induced SVR is associated with reduced risk of HCC
occurrence[25-27]. Among 22500 patients treated with DAA in the national Veterans
Health Administration system, there were 271 new cases of HCC which developed
after DAA treatment, including 183 in patients with SVR[25]. Additional 79/22579
(0.34%) cases developed during the course of DAA treatment and were excluded from
primary analysis. The risk for HCC was higher in patients with cirrhosis than noncirrhotics [adjusted hazard ratio (HR) = 4.73; 95% confidence interval (CI), 3.34-6.68]
and SVR was associated with a 76% reduction in the risk of HCC compared with
those who did not achieve SVR. Moreover, HCCs that were diagnosed during
treatment were not more aggressive than those that occurred after the end of
treatment. In a retrospective study by Ioannou et al. more than 60000 United States
veterans with HCV that were treated with antiviral therapy between 1999-2015
including therapy with DAAs, IFN-based regimens or combined regimens were
assessed [27] . HCC cases diagnosed within 6 months of treatment initiation were
excluded. After adjustment to baseline characteristics, patients with DAA-induced
SVR showed a 71% reduction in the risk for HCC compared to DAA-treatment
failures. Furthermore, the reduction in HCC risk associated with SVR was similar
irrespective of whether SVR was achieved by DAA-only, IFN alone or combined
regimens, suggesting that eradication of HCV reduces the risk of HCC regardless of
the antiviral regimen. A systematic meta-analysis of observational studies including
26 studies on HCC occurrence (IFN = 17, DAA = 9) reported higher HCC incidence in
patients with DAA induced SVR than after IFN induced SVR (2.96/100 patient years
and 1.14/100 patient years, respectively) but patients treated with DAAs were older
and had a shorter follow-up [28] . In a meta-regression, after adjustment for study
follow-up and age, DAA therapy was not associated with higher HCC occurrence
compared to IFN. Additionally, a large national cohort of 17836 HCV-infected United
States veterans (ERCHIVES database), compared DAA treated patients to IFN treated
patients and untreated patients[26]. DAA-treated patients had a significantly higher
HCC incidence rate than IFN treated patients but they also had a significantly higher
rate of known risk factors for HCC, including cirrhosis, older age, and higher baseline
Alfa-Feto protein level. A sub-analysis in cirrhotic patients (baseline FIB-4 score > 3.5)
who achieved SVR, showed no significant difference in HCC incidence rate between
the DAAs and IFN-treated groups (22.8 vs 21.2 cases per 1000 person-years, P = 0.7).
Moreover, untreated cirrhotics had a twofold higher incidence rate than both
treatment groups (45.31 cases per 1000 person-years, P = 0.03). Mariño et al[29] reported
a 3.73% per 1000 person-years risk of developing HCC in 1123 cirrhotic patients
treated with DAA during a median clinical follow-up of 19.6 mo. In agreement with
results from the veterans' cohorts, the risk was higher in patients without SVR than
those achieving SVR and with more severe disease (Child B or C, high liver stiffness
measurement, the presence of clinically significant portal hypertension or
decompensation). Moreover, Mariño et al[29] reported increased HCC risk (up to 3
times) with the presence of non-characterized nodules before DAAs treatment than in
patients without or with well-defined benign nodules and concluded that a timeassociation to therapy is possible. It seems that the most important determinant of a
lower HCC risk is HCV eradication, with a similar risk reduction irrespective of
whether it is achieved by DAAs or IFN. However, greater absolute numbers of HCCs
might be observed after DAA-based therapy because more patients are treated, and
higher proportion are older with more advanced liver disease[14].
More controversial is whether there is a higher risk of tumor recurrence in patients
with HCC treated with curative intent (either with resection or radio-frequency
ablation) after achieving SVR. Unexpectedly high rates of HCC recurrence were
reported in patients with complete radiologic response following DAA therapy[16,17].
HCC recurrence was detected in 17/59 (28.8%) patients in an Italian study[17] and in
16/58 (27.6%) patients in a Spanish population[16], during a median follow-up of 6
months. However, the small cohort size, lack of an untreated control arm, and short
median duration of follow-up limited any definitive conclusions regarding the "pro"malignant potential of anti-HCV treatment and the risk factors for recurrence[16,17].
Furthermore, the Spanish study also included patients treated with non-curative
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therapies such as chemoembolization, characterized by high early recurrence rates[16].
Two large controlled studies as well as one propensity-score–adjusted analysis
reported no increase in HCC recurrence in patients with adequately treated HCC who
received DAAs compared to untreated patients[30-32]. In the French CUPILT cohort
(Compassionate use of Protease Inhibitors in viral C Liver Transplantation), 314 HCCliver transplant recipients were treated with DAAs[30]. The mean time between LT and
the initiation of DAA was 67 ± 60 mo. HCC recurrence was observed in only seven
patients (2.2%). Most of these patients (5/7) had factors predictive of a recurrence
based on histologic criteria in the native liver. Moreover, two patients experienced
recurrence after LT but before the introduction of DAA. Hence, incomplete treatment
or mistaken initial staging of tumor burden might induce interpretation biases in
retrospective studies. This may lead to an erroneous attribution of DAAs being
responsible for HCC recurrence[16,30].
In order to further assess the risk of HCC recurrence after DAA it was compared
with the risk after IFN treatment[28,33,34]. The same meta-analysis and meta-regression of
studies comparing HCC incidence evaluated 17 studies on HCC recurrence after DAA
and IFN therapy[28], there was no difference in HCC recurrence after adjusting for
study follow-up and age. Furthermore, a Propensity score analysis from Japan also
showed no significant difference in HCC recurrence rates between patients treated
with IFN-based regimens or DAAs[33]. Cumulative incidence of HCC recurrence in
patients who achieved an SVR was significantly lower than in patients without an
SVR in both arms of treatment. Another study from Japan reported recurrence rate
after DAA therapy of 39% and 61% at 1 and 2 years, respectively, without significant
difference from IFN based therapy including the patterns of recurrence between
groups[34]. Achievement of an SVR was not significantly associated with the risk of
early HCC recurrence in a multivariate analysis but tumor factors such as a history of
multiple HCC treatments or short recurrence-free period were found as independent
risk factors for recurrence after antiviral therapy.
More evidence against an association of DAA therapy with HCC recurrence arises
from a propensity-score weighted analysis of 149 LT candidates with HCV and HCC
with initial complete response to loco-regional therapies [35] . DAA use was not
associated with increased risk of HCC recurrence but rather was associated with
reduced risk of waitlist dropout due to tumor progression or death. In addition, DAA
use was not associated with decreased probability of LT or overall survival. Thus, the
data suggests a significant net-benefit ratio for DAA use even in this special
population.

POST-SVR HCC SURVEILLANCE
Nowadays, most patients with known chronic HCV have either received antiviral
treatment or are expected to receive DAAs in the near future. Successful antiviral
therapy leading to SVR in chronic HCV, decreases, but does not eliminate the risk of
HCC[36]. Surveillance for HCC must therefore be continued following SVR for all HCV
patients with advanced fibrosis (F3) and cirrhosis (F4) [ 3 7 , 3 8 ] . Despite this
recommendation a cost-effectiveness analysis suggested that HCC surveillance is very
unlikely to be cost-effective after achieving SVR in patients with advanced fibrosis,
whereas both annual and biannual modalities were likely to be cost-effective for
patients with cirrhosis[39]. Whether fibrosis regression translates into a reduced HCC
risk beyond the benefit of achieving SVR is still unknown and further long term
studies are needed to determine if patients who are proven to have marked reduction
in fibrosis could discontinue surveillance[40]. D'Ambrosio et al[41] followed a small
group of HCV patients treated with IFN-based regimens for almost 8 years after SVR
but failed to prove any benefit of fibrosis regression on HCC occurrence. Furthermore,
surveillance recommendations in HCV infected patients are currently based on a
survival benefit for patients whose predicted HCC incidence exceed 1.5% per year but
are based on older studies. With the advances in both antiviral therapy and current
therapies of HCC, survival benefit may be seen with a lower threshold[36]. Recent
studies tried to identify risk factors for HCC incidence after DAA therapy[26,42,43]. Lack
of SVR was repeatedly found as the strongest predictor of HCC incidence after DAA
therapy [26,36,42,43] . In a single center, longitudinal 3-years follow-up study, which
included 565 cirrhotic patients, male gender, diabetes mellitus, and liver stiffness or
FIB-4 score > 9 were found to be independent predictors of de-novo HCC.
Nevertheless, diabetes mellitus was the only independent predictor of HCC
recurrence[43]. Data from almost 2000 patients with 1-year follow-up suggested that
age (> 50 years) and the presence of esophageal varices may predict HCC
occurrence[44]. In contrast, patients within the “Extended Baveno Criteria” (Platelets >
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110000/ µL and Liver Stiffness Measurement < 25 kPa), had a very low probability of
developing HCC and could be candidates to a different surveillance program.
Multivariate Cox regression analysis based on prospectively collected data from Italy
showed that albumin level < 3.5 mg/dL and platelet count < 120 × 103/dL as well as
absence of an SVR were independently associated with higher risk of HCC
development[42]. Apparently, patients with a substantial risk for HCC after DAA
induced SVR have other risk factors for HCC occurrence such as age, male sex or
features of a severe liver disease[45]. Additionally, the metabolic syndrome showed an
additive risk effect in patients with chronic viral hepatitis[38,46,47]. Patients with obesity,
diabetes mellitus or the metabolic syndrome are probably still at risk for HCC, in spite
of HCV eradication. Thus, it is important to estimate the risk of HCC occurrence in
order to establish a proper and cost-effective screening strategy (Figure 1). Ioannou et
al. developed and internally validated models for prediction of the risk for HCC by
using baseline characteristics prior to antiviral treatment[36]. They identified four
separate subgroups by cirrhosis and SVR status. HCC incidence was highest in the
cirrhosis/no SVR subgroup and lowest in patients with no cirrhosis/SVR. Age,
platelet count, aspartate aminotransferase/alanine aminotransferase ratio and
albumin accounted for most of the prediction while other characteristics as sex,
ethnicity, HCV genotype, body mass index (BMI), hemoglobin and INR had a smaller
contribution. The risk model-based screening strategy showed superior net benefit
than screening all cirrhotic patients or screening none of the non-cirrhotics. There is
an intensive effort to validate sensitive and specific HCC blood-based biomarkers[48,49].
Potentially, these markers may be efficient in early HCC detection and may stratify
patients according to their HCC risk. Thus, the strategy of one surveillance program
fits all is being challenged as a result of the HCV revolution and stratifying patients
according to risk factors seems reasonable but needs to be further validated. Figure 2
illustrates our suggested algorithms for HCC surveillance in HCV patients after DAA
therapy according to HCC occurrence (Figure 2A) or recurrence (Figure 2B).

THE RISING INCIDENCE OF NAFLD INDUCED HCC
The global incidence of obesity has markedly increased in the last decades and so has
the prevalence and incidence of NAFLD. It is estimated that in the United States, over
64 million people will be diagnosed with NAFLD, with annual direct medical costs of
over $100 billion as a result of the high prevalence of the metabolic syndrome and its
complications [50] . The definition of NAFLD is based on the evidence of hepatic
steatosis (HS) and the absence of other known risk factors for hepatic fat accumulation
(i.e., daily alcohol consumption, steatogenic medication usage, etc.)[38,51]. The liver
histology differentiates between nonalcoholic fatty liver (NAFL) (less than 5%
steatosis and no evidence of injury to hepatocytes) and nonalcoholic steatohepatitis
(NASH) (steatosis is present in more than 5%, and so does hepatocellular injury, such
as ballooning)[38,51]. Thus, the definitive diagnosis of NASH requires a liver biopsy.
NAFLD is the most common liver disorder in Western countries; Its prevalence is
constantly rising from 15% in 2005 to 25% nowadays[52,53]. In 2016, a meta-analysis of
729 studies (a sample size of over 8 million subjects from 22 countries) estimated that
the global prevalence of NAFLD is 25.24% (95%CI: 22.10-28.65) with the highest
prevalence in the Middle East (31.79%, 95%CI: 13.48-58.23) and South America
(30.45%, 95%CI: 22.74-39.440) while the lowest prevalence was reported from Africa
(13.48%, 95%CI: 5.69-28.69)[54]. The prevalence of biopsy confirmed NASH among
NAFLD patients ranged between 6.67%-29.85% in random biopsies to 60.64%-69.25%
among patients with indicated biopsies. NAFLD is commonly referred to as the
hepatic manifestation of the metabolic syndrome. It is associated with metabolic
comorbidities such as obesity, diabetes mellitus type 2, and dyslipidemia[54,55]. Current
recommendations by the European association for the study of the liver (EASL)[51]
state that all individuals with steatosis should be screened for features of the
metabolic syndrome and all individuals with metabolic features and persistently
abnormal liver enzymes should be screened for NAFLD, because NAFLD is the main
reason for unexpectedly elevated liver enzymes. Those metabolic comorbidities also
correspond with the liver disease severity. In a Veterans Health Administration study
of almost 400 patients, type 2 diabetes mellitus and BMI were the most significant
predictors of advanced NAFLD [odds ratio (OR) 11.8, P < 0.001 and OR 1.4, P < 0.001,
respectively][55]. The western diet is also a significant risk factor for NAFLD due to its
high-calorie content, excess saturated fats, refined carbohydrates, sugar-sweetened
beverages and high fructose intake[56,57]. Another risk factor is sedentary lifestyle
which is more prevalent among NAFLD patients[58]. Several disease modifying genes
have been investigated but only patatin like phospholipase domain containing 3
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Figure 1

Figure 1 Risk factors and their association with hepatocellular carcinoma in patients with chronic hepatitis C
virus infection. SVR: Sustained virologic response.

(PNPLA3) I148M variant at rs738409 was confirmed in multiple cohorts. It was
initially identified from genome-wide association studies and was later correlated
with disease severity, level of fibrosis and HCC development in patients with
histologically proven NAFLD [59,60] . Recently, the transmembrane 6 superfamily
member 2 (TM6SF2) gene has been reported as another disease modifier and the
E167K variant was suggested to have clinical implication on progression to cirrhosis
and HCC[61] and a possible protective effect regarding cardiovascular morbidity[62].
Moreover, a study by Koo et al[63] found that PNPLA3 and TM6SF2 risk variants have
an additive effect on the risk for NASH (OR per risk allele, 2.03, 95%CI: 1.50-2.73, P <
0.001) and significant fibrosis (1.61, 95%CI: 1.19-2.17, P = 0.002) even when the model
was adjusted for age, sex, CRP and insulin resistance. However, there are no current
recommendations regarding HCC surveillance for carriers of these variants and
genotyping in general is not yet recommended routinely[51].
Approximately 40% of NASH patients experience fibrosis progression[54]. According
to a meta-analysis of 11 cohort and 411 patients with biopsy-proven NAFLD the
fibrosis advancement rate is twofold higher in NASH compared to NAFL,
corresponding to one fibrosis stage every 14.3 years in NAFL (95%CI: 9.1-50.0) and
one every 7.1 years in NASH (95%CI: 4.8-14.3)[64]. In a study by Angulo et al[65] the
stage of liver fibrosis and not the histologic features of steatosis was the determinant
of overall mortality and liver-transplantation free-survival in patients with NAFLD.
HCC occurrence significantly correlates with the degree of steatosis and stage of
fibrosis[65]. In a recent large retrospective cohort study of nearly 600000 patients, the
risk of HCC was 7-fold higher in patients with NAFLD than in matched controls
(Adjusted HR 7.62 (5.76-10.09), P < 0.0001)[66]. In non-cirrhotic NAFLD patients HCC
incidence rate per 1,000 PYs was 0.04 if FIB-4 was low (95%CI: 0.04-0.05) and 0.39
when FIB-4 was high (95%CI: 0.31-0.47). The presence of cirrhosis significantly
increased the risk to 4.82 if FIB-4 was low (95%CI: 3.52-6.46), and 13.55 if FIB-4 was
high (95%CI: 11.93-15.33)[66]. In a meta-analysis by Younossi et al[54] HCC incidence was
0.44 per 1000 person-years (95%CI: 0.29-0.66) in NAFLD patients and more than 12fold higher in patients with NASH [5.29 per 1000 person-years (95%CI: 0.75-37.56)].
Although this incidence is significantly lower than that of chronic HBV or HCV[67],
due to the high absolute number of patients with NAFLD and NASH worldwide this
will obviously result in meaningful implications. Moreover, the incidence of NAFLDrelated HCC has increased by 9% annually[68]. The incidence of HCC in patients with
NAFLD is increased by associated features of the metabolic syndrome[69-71]. In terms of
HCC-related mortality, in a large retrospective cohort study of the Surveillance,
Epidemiology and End Results registries (2004-2009) which included approximately
5000 patients with HCC and 15000 matched-controls, NAFLD-HCC patients were
older at diagnosis with shorter survival time than patients with viral hepatitisassociated HCC (1-year mortality: NAFLD-61.2%, HCV-51.3%, HBV-43.7%). NAFLDHCC was found to be an independent risk factor for 1-year mortality with an OR of
1.21 (95%CI: 1.01-1.45)[68]. Some studies estimated that almost half of the cases of
NASH-induced HCC arise in non-cirrhotic patients[72,73]. In a study by Mittal et al[74],
around 13% of HCC reported in veterans did not have cirrhosis. Among other factors,
having NAFLD was independently associated with HCC in the absence of cirrhosis.
Nevertheless, according to the American association for the study of liver disease
(AASLD) recommendations the risk of HCC is significantly lower in patients with
NAFLD but without cirrhosis compared to NAFLD with cirrhosis, and surveillance is
currently not recommended for these patients[67].

WJG

https://www.wjgnet.com

3934

August 7, 2019

Volume 25

Issue 29

Meringer H et al. HCC’s changing epidemiology
Figure 2

Figure 2 Our suggested algorithm for hepatitis C virus patients after antiviral therapy. A: Suggested algorithm
for hepatitis C virus patients [without previous hepatocellular carcinoma (HCC)] after treatment with direct-acting
antiviral according to their risk to develop HCC and recommended surveillance strategy; B: Our surveillance strategy
for HCC recurrence after DAA therapy. SVR: Sustained virologic response; AFP: Alpha-fetoprotein; CT: Computed
tomography; MRI: Magnetic resonance imaging; HCC: Hepatocellular carcinoma.

Abdominal ultrasound is the first-line diagnostic procedure for HCC due to its
relatively low-cost and absence of radiation exposure. The ultrasound sensitivity for
HCC detection is 58%-89% and the specificity exceeds 90% in the general cirrhotic
population[75]. However, its diagnostic ability is frequently limited in NAFLD patients
due to excess weight and HS. The increased BMI leads to attenuation of the
ultrasound beam by subcutaneous fat and the HS might attenuate the ultrasound
pulse and reduce deep hepatic structures visualization[76]. In a study of 941 cirrhotic
patients who underwent abdominal ultrasound, 20% of the ultrasound studies were
considered inadequate for HCC exclusion[77]. NASH related cirrhosis (OR 2.87, 95%CI:
1.71-4.80), and BMI category (OR 1.67, 95%CI: 1.45-1.93), were found to be
independent risk factors for an inadequate study. Other radiological methods, such as
computed tomography scans or magnetic resonance imaging, can be utilized for HCC
screening but since the population at risk is so large, they are not cost-effective and
there is no current evidence to support the use of these modalities for initial HCC
screening.
Once HCC is diagnosed, treatment options and potential complications are
influenced by the liver steatosis as well. The risk profile of liver resection with
curative intent in NAFLD patients with metabolic syndrome and no advanced fibrosis
is similar to cirrhotic patients[78]. Co-morbidities such as dyslipidemia, hypertension,
diabetes mellitus, obesity, heart and lung chronic dysfunction are commonly observed
in these patients and play a significant and negative prognostic role. NASH is also the
second leading etiology of HCC-related LT. Between 2002 to 2012, the prevalence of
NASH related HCC as an indication for LT increased by nearly 4-fold, while the
prevalence of LT due to HCV related HCC increased only by 2-fold[20].
These worrisome findings raise some questions regarding proper HCC screening in
the NAFLD population and screening for NAFLD in the general population. As
mentioned, in the western countries the average prevalence of NAFLD is reaching a
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quarter of the adult population, while our screening tools and appropriate treatment
strategy are still inadequate. The EASL recommendations 2016[51] endorse screening
for NAFLD in high-risk groups such as patients in diabetes mellitus or obesity clinics
by liver enzymes and/or ultrasound as part of a routine work-up. On the other hand,
the AASLD[38] recommendations recommend against routine screening for NAFLD
because of the uncertain diagnostic accuracy and the limited treatment options
alongside lack of cost-effectiveness of screening. A Markov model analysis suggested
that screening for NASH in diabetic patients is currently not cost-effective due to a
lack of an established effective treatment[79]. These data calls for establishment of a
specific high-risk cohort within the NASH population which should undergo HCC
surveillance.

CONCLUSION
DAA therapy is efficacious for HCV eradication with few side effects. The absolute
risk of HCC occurrence or recurrence is mainly attributed to the more severe liver
disease and older age of patients which can now be treated. There is no evidence that
HCC occurrence or recurrence is different between patients treated with DAA or IFN
therapy and the reduced risk is mainly associated with SVR. HCC surveillance is
currently recommended after DAA therapy in all patients with cirrhosis albeit the risk
might be reduced. Stratifying patients according to risk factors seems reasonable but
needs further validation. In the last decades, NAFLD is becoming a major etiology of
HCC in developed regions. The risk of HCC occurrence is increased by other features
of the metabolic syndrome, evidence of NASH or advanced fibrosis. Moreover, NASH
is an independent risk factor and can promote HCC development in non-cirrhotic
patients. NAFLD associated fat depositions and inflammation can hinder HCC
detection and treatment effectiveness. The HCC screening and surveillance protocols
in the NAFLD population should be re-evaluated in this post-HCV era.
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BACKGROUND
Cholangiocarcinoma or biliary tract cancer has a high mortality rate resulting
from late presentation and ineffective treatment strategy. Since immunotherapy
by dendritic cells (DC) may be beneficial for cholangiocarcinoma treatment but
their efficacy against cholangiocarcinoma was low. We suggest how such antitumor activity can be increased using cell lysates derived from an honokioltreated cholangiocarcinoma cell line (KKU-213L5).
AIM
To increase antitumour activity of DCs pulsed with cell lysates derived from
honokiol-treated cholangiocarcinoma cell line (KKU-213L5).
METHODS
The effect of honokiol, a phenolic compound isolated from Magnolia officinalis, on
choangiocarcinoma cells was investigated in terms of the cytotoxicity and the
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expression of damage-associated molecular patterns (DAMPs). DCs were loaded
with tumour cell lysates derived from honokiol-treated cholangiocarcinoma cells
their efficacy including induction of T lymphocyte proliferation,
proinflammatory cytokine production and cytotoxicity effect on target
cholangiocarcinoma cells were evaluated.
RESULTS
Honokiol can effectively activate cholangiocarcinoma apoptosis and increase the
release of damage-associated molecular patterns. DCs loaded with cell lysates
derived from honokiol-treated tumour cells enhanced priming and stimulated T
lymphocyte proliferation and type I cytokine production. T lymphocytes
stimulated with DCs pulsed with cell lysates of honokiol-treated tumour cells
significantly increased specific killing of human cholangiocarcinoma cells
compared to those associated with DCs pulsed with cell lysates of untreated
cholangiocarcinoma cells.
CONCLUSION
The present findings suggested that honokiol was able to enhance the
immunogenicity of cholangiocarcinoma cells associated with increased
effectiveness of DC-based vaccine formulation. Treatment of tumour cells with
honokiol offers a promising approach as an ex vivo DC-based anticancer vaccine.
Key words: Cholangiocarcinoma; Dendritic cells; Honokiol; Damage-associated
molecular patterns; Tumor cell lysates
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We constructed dendritic cells (DCs) loaded with cell lysates derived from
honokiol-treated cholangiocarcinoma cells, with the aim of eliciting apoptosis in tumour
cells and creating a broad array of tumour associated antigents in the form of dead and
dying cells. Our data demonstrated that DCs primed with tumour cell lysates derived
from honokiol-treated cholangiocarcinoma cells could improve the fuction of effector T
lymphocytes in killing of the cancer cells. This suggested that honokiol enhanced the
immunogenicity of cholangiocarcinoma antigens with increased effectiveness of DCbased vaccine formulation.

Citation: Jiraviriyakul A, Songjang W, Kaewthet P, Tanawatkitichai P, Bayan P, Pongcharoen
S. Honokiol-enhanced cytotoxic T lymphocyte activity against cholangiocarcinoma cells
mediated by dendritic cells pulsed with damage-associated molecular patterns. World J
Gastroenterol 2019; 25(29): 3941-3955
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3941.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3941

INTRODUCTION
Cholangiocarcinoma (CCA) is the most common biliary tract tumour and second
commonest primary hepatic malignancy[1]. High incidence of CCA in Southeast Asia
is strongly associated with liver fluke Opisthorchis viverrini infection, while numbers of
cases in Europe and North America have significantly increased in recent decades.
CCA has poor prognosis with high mortality rates since patients with early stages of
cancer are often asymptomatic and no specific biomarkers for clinical diagnosis
currently exist[2,3]. Unfortunately, surgical resection is also limited by advanced cancer
metastasis and chemotherapeutic drugs have shown unsatisfactory outcome for
survival in inoperable patients. Therefore, a new therapeutic strategy for CCA
treatment and prevention should be urgently addressed.
Dendritic cells (DCs) are potent inducers of antitumour responses and they are
often used as tumour antigen delivery vehicles in cancer therapy. DC cancer vaccines
are aimed to stimulate anticancer immunity in patients through their capacity to
activate tumour-specific T cells[4]. Incubating DCs with whole tumour lysates or killed
cancer cells generates a broad array of tumour-associated antigens (TAAs) on DCs.
Previous preclinical and clinical studies indicated that DCs loaded with tumour cell
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lysates exhibit antitumour activity and can induce tumour regression in various
cancers such as colon cancer[5], breast cancer[6], hepatocellular carcinoma[7] and CCA[8].
The efficacy of DCs loaded with whole CCA cell lysates has been argued in terms of
tumour antigen properties and antitumour treatment[8]. Therefore, an improvement of
tumour preparation protocol to enhance CCA immunogenicity for a putative DC
cancer vaccine approach is urgently required.
Honokiol is a bioactive, biophenolic phytochemical compound extracted from
Magnolia officinalis that has shown multiple pharmacological anti-inflammatory, antioxidant, anti-anxiety, anti-depressant, anti-stress and anti-tumour effects[9]. Previous
studies have shown that honokiol can inhibit tumour growth both in vitro and in
animal models by induction of cell apoptosis in many types of colon, breast,
glioblastoma and liver cancers[9]. Interestingly, one recent study demonstrated that
herbal-derived compounds can enhance the antitumour response of DCs loaded with
tumour cell lysates by induction of cancer cell apoptosis and expression of damageassociated molecular patterns (DAMPs)[10]. Pulsing of DCs with DAMP components
results in full activation of MyD88 signaling of DCs and activation of CD8+
lymphocytes leading to subsequent antitumour immune response [11] . Moreover,
honokiol potentially suppresses the immunoresistant ability of glioblastoma without
disrupting T lymphocyte function and may be recommended for combined immunotherapy[12].
Taken together, the efficacy of DC cancer vaccines against CCA requires
improvement but untill now there have been no reports on the effect of pulsing DCs
with tumour antigen generated by honokiol. Hence, here, we constructed DCs loaded
with cell lysates derived from honokiol-treated CCA tumour cells, with the aim of
eliciting apoptosis in tumour cells and creating a broad array of TAAs in the form of
dead and dying cells. Effects of honokiol on the CCA cell line associated with
Opisthorchis viverrini, the Southeast Asian liver fluke, were studied in terms of cell
cytotoxicity and apoptosis inducer. Furthermore, CCA cell lysates were used as
tumour antigens for loading into DCs grown ex vivo and the DCs were then
characterised for their phenotypic features. Moreover, the efficacy of DCs pulsed with
tumour cell lysates derived from honokiol-treated CCA cells was investigated in
terms of stimulating T lymphocyte proliferation, type I cytokine production and
cytotoxic activity. Our model improved cancer vaccine efficacy against CCA based on
DCs and demonstrated the use of honokiol as a herbal-derived compound in
combination with tumour antigen pulsed DCs to stimulate cytotoxic antitumour T
lymphocytes.

MATERIALS AND METHODS
Cell lines
Well differentiated human CCA cell line, KKU-213L5 was obtained from the Japanese
Collection of Research Bioresources Cell Bank (Osaka, Japan). The immortalized
cholangiocyte, MMNK1 cell line was a gift from Prof. Naoya Kobayashi. The cell lines
were maintained in Dulbecco’s modified Eagle’s medium (Gibco, Thermo Fisher
Scientific, MA, United States), supplemented with 5% fetal bovine serum, 100
units/mL of penicillin, 100 μg/mL of streptomycin, and 0.25 μg/mL of amphotericin
B. Cell grown in a humidified incubator at 37 °C with 5% CO2.

Cell cytotoxicity
CCA cell line was seeded at a density of 5 × 103 cells/well in 96-well plate. After
cultivation for 12 h, 0-100 μM honokiol were added at different concentrations. The
cells were then further incubated for 24 and 48 h. Subsequently, 0.5 mg/mL of MTT
reagent was added and incubated for another 4 h. After that, the formazan product
was dissolved by DMSO and the light absorbance was read at 540 nm using
microplate spectrophotometer (PerkinElmer, MA, United States). The percentage of
cell viability was calculated following the formula [(honokiol treated
Abs540)/(control Abs540)] × 100 (%).

Apoptosis analysis
Cell apoptosis was determined using the Muse™ Cell Analyzer from Millipore (MA,
United States) following manufacturer’s instruction. Briefly, honokiol treated cells
were washed with phosphate buffered saline (PBS) and resuspended using the
Annexin V and Dead Cell Reagent (7-AAD, Millipore, MA, United States). This was
incubated for 20 min before assessment. The results were presented as the percentage
of live cell, apoptotic cell and dead cell.

Western blot analysis
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KKU-213L5 cells were incubated with honokiol at indicated concentrations for 20 h.
For the analysis of intracellular proteins, treated cells were washed with ice-cold PBS
before cell lysis using RIPA lysis buffer plus protease inhibitor cocktail (AMRESCO,
OH, United States). Then, protein lysates were collected by centrifugation and the
total protein concentration was qualified by using Bradford assay. In addition, the
secreted protein was collected from conditioned medium, which was concentrated
using Amicon ® Ultra-2 Centrifugal Filter units (Millipore, MA, United States)
following the manufacturer’s instruction for 20× final concentration. The protein was
then separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and
transferred onto the polyvinylidene fluoride membranes. After that, the non-specific
binding was blocked with 5% skim milk buffer for 1 h before washing with TBST
buffer. The membranes were then incubated with each primary antibody, anti-caspase
3 (Cell Signaling, MA, United States), anti-HMGB1 (ELabScience, TX, United States)
and anti-HSP90 (Merck, Darmstadt, Germany) antibodies with gentle shaking at 4 °C
overnight. Then, membranes were washed with TBST and incubated with horseradish
peroxidase-linked anti-rabbit antibody (Cell Signaling, MA, United States) for 1 h at
room temperature, and washed again before incubated with detection reagent. The
image was developed by Chimidoc™ XRS (Bio-rad, CA, United States) and analyzed
by Image Lab (Bio-rad, CA, United States).

Generation of human monocyte-derived DCs
Peripheral blood monocytes were isolated from healthy donors by gradient
centrifugation using Ficoll-Hypaque and Percoll (GE Healthcare, Freiburg, Germany).
The use of human blood with informed consent was approved by the ethics
committee of Naresuan University (protocol No.0846/60). The monocyte fraction was
resuspended in RPMI 1640 medium containing 10% foetal bovine serum (FBS) and 2
mM L-glutamine (Gibco, Thermo Fisher Scientific, MA, United States) in cell culture
flask for 2 h. The non-adherent cells were gently removed before washing with PBS
for 3 times. The adherent cells were then cultured in RPMI 1640 complete medium
supplemented with 100 ng/mL of human recombinant granulocyte-macrophage
colony-stimulating factor (GM-CSF, Miltenyi Biotec, Bergisch Gladbach, Germany)
and 50 ng/mL of human recombinant interleukin-4 (IL-4, Miltenyi Biotec, Bergisch
Gladbach, Germany) for 6 d. The medium was replaced every 3 d with fresh medium
containing the same concentration of GM-CSF and IL-4.

Flow cytometric analysis
Flow cytometric analysis was carried out using the following antibodies: antihuman
CD11c antibody-PE (eBioscience, CA, United States) and antihuman CD14 antibodyFITC (Abcam, Cambridge, United Kindom). Monocytes and DCs were harvested and
washed with PBS containing 3% FBS before staining with fluorescent-conjugated
antibodies for 45 min. After that cells were washed with PBS containing 3% FBS and
suspended in FACs buffer (PBS containing 10% FBS). Stained cells were analyzed on
Cytomics FC 500 using CXP software (Beckman Coulter, IN, United States).

Preparation of honokiol-derived tumor cell lysates
The CCA cell line were stained with CellTracker™ Red CMPTX (Thermo Fisher
Scientific, MA, United States). Briefly, 6 × 106 cells were washed with PBS solution
before incubation with fluorescent dye for 15 min. After that, the stained cells were
washed twice with PBS and seeded at 6 × 106 cells per 100 mm dish. Then, 50 µM
honokiol was add into the culture and incubated for 24 h. The honokiol treated cells
were harvested and resuspended with 500 µL RPMI1640 serum free medium. Cell
suspension was frozen in liquid nitrogen for 1.5 min and thawed in 37 °C water-bath
for 5 min. This step of freezing and thawing was repeated for 3 times. Then, cell
debris was removed by centrifugation at 5000 rpm for 10 min before collecting cell
supernatant. In addition, the conditioned medium of honokiol treated tumor cells was
collected and concentrated using Amicon® Ultra-2 Centrifugal Filter units (Millipore,
MA, United States) for 20X final concentration. The protein concentration of tumor
cell lysates and conditioned medium were measured using Bradford assay. These
protein preparations were then used as honokiol derived-tumor cell lysates plus
secreted protein.

Preparation of DCs pulsed with honokiol-derived tumor cell lysates
Immature DCs were harvested from induction medium and stained with
CellTracker™ Green CMFDA (Thermo Fisher Scientific, MA, United States) following
the protocol described above. After that, DCs were suspended in RPMI1640 complete
medium, supplemented with tumor cell lysates derived from honokiol treated tumor
cells at the amount of 2 × 105 DCs per 100 µg of tumor cell lysate and 20 µg of secreted
protein. The DCs alone and DCs cocultured with tumor cell lysates were studied as
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control and comparative groups, respectively. After 24 h, the DCs were maturated by
adding 50 ng/mL of tumor necrosis factor alpha and 50 ng/mL of interferon gamma
(IFN-γ) (ImmunoTool, Friesoythe, Germany) for another 24 h.

Fluorescence microscopic analysis
DCs-loaded with tumor cell lysates derived from honokiol-treated tumor cells were
washed twice with PBS before they were seeded onto chamber slide and incubated for
12 h to allow cell adhesion. Then, adherent cells were fixed with 2% formadehyde for
20 min and mounted with prolong gold antifade reagent with DAPI (Invitrogen, CA,
United States). Co-expression of green and red fluorescent was observed using EVOS
fluorescent system (Invitrogen, CA, United States).

Effector T lymphocyte activation
To activate the effector cell T lymphocytes, autologous T lymphocytes were isolated
using Ficoll-Hypaque and Percoll gradient centrifugation as described above. For T
lymphocyte enrichment, lymphocyte fraction was resuspended in RMPI1640 medium
and incubated with nylon wool column for 1 h. Non-adhered cells were collected by
gently eluting with RMPI1640 medium. The samples of autologous T lymphocytes
with CD3-positive cells of more than 70% as analyzed by flow cytometry were used in
T lymphocyte activation study.
After loading of tumor cell lysates into DCs, different groups of DCs (unpulsed,
pulsed with tumor cell lysates and pulsed with honokiol derived tumor cell lysates)
were harvested as stimulator cells. The stimulator cells were then cocultured with
autologous T lymphocytes in a 96 well culture plate at a ratio of 1:10. They were
continually cultured for 5 d. The lymphocyte culture alone was set as a control. The
proliferation of activated of T lymphocytes was measured using direct counting by
trypan blue exclusion and MTT assays. The absorption (A) at 540 nm was used to
calculate relative T lymphocyte proliferation rate as: A experiment/A control.

Cytokine analysis
During stimulation of effector T lymphocytes, the conditioned medium of different
DCs (unpulsed, pulsed with tumor cell lysates and pulsed with honokiol derived
tumor cell lysates) was collected at day 1, 3 and 5 for measurement of cytokines. IFN-γ
and IL-12 concentrations in supernatants were measured by specific sandwich ELISA
(PeproTech, NJ, United States) according to the manufacturer’s instruction.

Cytotoxicity assay
DCs (unpulsed, pulsed with tumor cell lysates and pulsed with honokiol derived
tumor cell lysates) were harvested as stimulator cells and cocultured with autologous
T lymphocytes at a ratio of 1:10 for 5 d. Then, differently treated effector T cells were
added to the target KKU-213L5 and MMNK-1 cells at ratios ranking from 1:10 to 1:20
and they were cultured for 24 and 48 h. The unbound cells were washed with PBS and
the cells were photographed under microscopy. The viability of target cell was
measured using MTT assay. The absorbance at 540 nm of effector cells only was set as
control, and the absorption of different groups relative to control was calculated as
the percentage of cell viability.

RESULTS
Honokiol induced CCA cell apoptosis and caused of DAMPs secretion
Results showed that honokiol significantly caused cell death in a dose- and timedependent manner (Figure 1A and B). The IC50 of this compound at 24 and 48 h was
49.99 and 26.31 µM respectively with the underlying mechanism of cell death
investigated using annexin V/PI staining. Treatment of honokiol for 24 h induced
apoptosis of KKU-213L5 cells with significant increase in apoptotic cells in a dosedependent manner (control = 3.93%, 50 µM honokiol = 30.4% and 70 µM honokiol =
52%) (Figure 1C). Increased apoptosis was confirmed by decrease of intact caspase-3,
whereas cleaved caspase-3 increased (Figure 1D). Results suggested that honokiol was
capable of inducing CCA death via cell apoptosis.
We investigated both intracellular and secreted protein expression of two DAMPs
as the high mobility group box 1 (HMGB1) and heat shock protein90 (HSP90)
molecules[13]. Results showed that treatment with honokiol at 50 µM concentration
induced release of HMGB1 and HSP90 proteins in the conditioned medium.
However, levels of intracellular HMGB1 and HSP90 did not change (Figure 1D). Data
suggested that honokiol was able to induce CCA apoptosis with secretion of DAMPs.

DCs morphology and immunophenotype
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Figure 1

Figure 1 Honokiol induced cholangiocarcinoma cell apoptosis and cause of Damage- associated molecular pattern secretion. A: Chemical structure of
honokiol; B: KKU-213L5 cells were treated with various concentrations of honokiol. After 24 and 48 h, cell viability was accessed using MTT assay. Negative control
was cells treated with dimethyl sulfoxide and all groups were normalised with the control group. Results were presented as mean ± SD of three independent
experiments; C: Treated KKU-213L5 cells were analyzed using Muse™ Cell Analyser with annexin V/PI staining. Annexin V versus propidium iodide from the gated
cells revealed cell populations as live, early apoptotic, late apoptotic/dead and dead; D: Protein samples and conditioned medium were collected and analysed using
Western blot. HMGB1: High mobility group box1; HSP: Heat shock protein.

This study used monocyte-derived DCs as a model to construct DCs loaded with
tumour cell lysates. Peripheral blood monocytes were induced to become mature DCs
and the differentiation was indicated by changing cell morphology from spherical to
large dendritic shape and a more expanded shape of mature DCs (Figure 2A). The
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cellular phenotype was confirmed by the expression of DC marker CD11c that
dramatically increased from day 0 to day 6, whereas expression of the monocyte
marker CD14 markedly decreased (Figure 2B). These results indicated that mature
DCs were successfully generated in vitro from human peripheral blood.

Fluorescent microscopy evaluation of DCs loading with CCA tumor cell lysates
The ability of DCs to uptake honokiol-derived CCA tumour cell lysates was
confirmed using fluorescence microscopy. Both immature DCs and tumour cell
lysates were fluorescently labelled and cocultured for 24 h. Image analysis revealed
co-localisation of green and red fluorescence in DCs pulsed with honokiol-derived
tumour cell lysates (Figure 3), whereas green and red fluorescence appeared
separately in DCs and honokiol-derived CCA tumour cell lysates only groups (Figure
S1). Localisation of tumour antigen was indicated by 100× magnification which
showed cytoplasmic localisation of tumour antigen on DCs, suggesting that generated
immature DCs had phagocytic activity and were able to uptake honokiol-derived
CCA tumour cell lysates.

DCs loaded with honokiol-derived tumor cell lysates induced T lymphocyte
proliferation
To determine the effect of DCs loaded with honokiol-derived CCA tumour cell lysates
on T lymphocyte proliferation, autologous T lymphocytes were cocultured with
various types of DCs including unpulsed DCs, DCs pulsed with tumour cell lysates
and DCs pulsed with honokiol-derived tumour cell lysates. After 5 d, lymphocyte
number was reflected. Results showed that DCs loaded with honokiol-derived
tumour cell lysates tended to increase T lymphocyte number compared with
unpulsed DCs and DCs loaded with tumour cell lysates (Figure 4A). As well as
relative lymphocyte proliferation (Figure 4B), DCs pulsed with honokiol-derived
tumour cell lysates induced significantly higher T lymphocyte proliferation than
untreated CCA antigen, suggesting that tumour cell lysates derived from honokioltreated CCA cells may differentially activate DCs and mediate T lymphocyte
proliferation.

DCs pulsed with tumor cell lysates derived from honokiol-treated CCA cells
induced cytokines production
IFN-γ and IL-12 production were measured in supernatants collected from a culture
system containing autologous T lymphocytes and DCs unloaded or loaded with
tumour cell lysates and or tumour cell lysates derived from honokiol-treated CCA
cells. Figure 5 shows that production of IFN-γ by DCs loaded with tumour cell lysates
derived from honokiol-treated CCA cells significantly increased at day 1, 3 and 5
compared with control and unloaded DC groups (Figure 5A). Moreover, IL-12
production in similar conditions also significantly increased at day 3 and 5 (Figure
5B). Interestingly, between DCs-loaded with tumour cell lysates groups, production of
both cytokines by DCs loaded with tumour cell lysates derived from honokiol-treated
CCA cells was significantly higher than DCs loaded with tumour cell lysates. Results
indicated that tumour cell lysates derived from honokiol-treated CCA cells enhanced
cytokine production by DCs and activated T lymphocytes.

Tumor cell lysates derived from honokiol-treated CCA cells enhanced T lymphocyte
killing of CCA cells
We further investigated the effect of DCs loaded with tumour cell lysates derived
from honokiol-treated CCA cells on specific T lymphocyte killing effect of CCA cells.
Autologous T lymphocytes were stimulated with different groups of DCs before
collecting as effector cells and continually cocultured with KKU-213L5 at indicated
ratios. After coculture, numbers of remaining target cells in the honokiol-treated
group markedly decreased compared to unloaded DCs and DCs loaded with tumour
cell lysates (Figure 6A). Moreover, results of specific killing effect measured using
MTT assay showed that DCs primed with honokiol-derived tumour cell lysates and
tumour cell lysates gave significantly more enhanced killing activity on target cells
than naïve T lymphocytes, unloaded DCs and DCs loaded with tumour cell lysates
(Figure 6B and C). Moreover, this specific killing of CCA cells by effector T
lymphocytes activated by DCs loaded with CCA KKU-213L5 cell lysates was
confirmed because coculturing of these T cells with the human cholangiocyte cell line
(MMNK1) for 48 h did not significantly increase MMNK-1 cell death (Figure 6D).
These findings suggested that DCs primed with cell lysates from honokiol-treated
CCA cells specifically enhanced cytotoxic activity of effector T lymphocytes.
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Figure 2

Figure 2 Morphology and immunophenotype of human monocyte-derived dendritic cells. Human monocytes were cultured in RPMI1640 medium
supplemented with granulocyte-macrophage colony-stimulating factor and interleukin-4 for 6 d. Immature dendritic cells were then stimulated to become mature by
adding tumor necrosis factor-α and interferon-γ for 1 d. A: Cell morphology of monocytes. Immature and mature dendritic cells were observed under inverted
microscopy at 40×; B: Expressions of CD14 and CD11c human monocytes and mature DCs were presented as percentage of gated cells using flow cytometry CXP
software. DCs: Dendritic cells.

DISCUSSION
In the last decade, incidence of CCA has globally increased. Advanced metastatic
stages of CCA cannot be treated by surgery. Moreover, palliative treatment by
chemotherapy is generally unsuccessful because extreme chemoresistance leads to
poor prognosis and high mortality rates[3]. Immunotherapy is used in cancer clinical
trials. For CCA, DC cancer vaccines have been studied in non-Opisthorchis viverriniassociated CCA, including loading of DCs with synthetic peptide antigens[14] and
tumour lysate-pulsed DCs plus ex vivo adoptive transfer T cells[15]. Recently, DCs
loaded with pooled mRNA and tumour cell lysates of Opisthorchis viverrini-associated
CCA were shown to effectively kill human CCA in vitro[8]. DCs loaded with whole
tumour antigen could probably activate polyclonal effector immune cells since the
broad array of tumour antigens would effectively eliminate the heterogeneous
tumour. In particular, use of tumour cell lysates would be most feasible because the
preparation process is easy to manipulate and inexpensive compared with other
procedures. However, the efficacy of DCs loaded with tumour cell lysates is limited
by antigen processing and presentation, mostly mediated by MHC class II to CD4+ T
cells[16]. Here, using tumour cell lysates from honokiol-treated CCA cells to prime
DCs, we demonstrated specific T lymphocyte killing enhancement of CCA cells
mediated by primed DCs. Honokiol is known to have diverse pharmacological effects,
including antitumour activities[9]. It also has immunoadjuvant activity. One previous
study reported that honokiol activates cancer cell apoptosis either by receptor- or
mitochondria-mediated mechanisms[17]. Moreover, honokiol could avtivate cancer
cells death by other mechanism such as autophagy and necrosis [ 1 8 , 1 9 ] . We
demonstrated that honokiol exhibited a cytotoxic effect on CCA that is likely to be
mediated by activation of caspase-3. Moreover, the IC50 of honokiol on cholangiocyte
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Figure 3

Figure 3 Investigation of tumour antigen on dendritic cells by fluorescence microscopy. Dendritic cells were
stained with CellTracker™ Green CMFDA before loading with honokiol-derived tumour cell lysates pre-stained with
CellTracker™ Red CMPTX. Antigen load was verified by visualisation of tumour antigen (red) within dendritic cells
(green). Arrowheads indicate co-expression of green and red fluorescence. DCs: Dendritic cells.

and human derived-macrophage is higher than KKU-213L5, meaning that this
compound shows less cytotoxicity on normal cells compared with cancer cells
(manuscript in preparation). Immunogenic cell death is mainly mediated by
expression of DAMPs which release or expose molecules of injured, damaged and
apoptotic cells[13]. We examined the expression of two members of DAMPs as secreted
HMGB1 and HSP90. The results indicated that both molecules were expressed when
CCA cells were treated with honokiol at sub IC50, the same concentration that caused
cell apoptosis. Therefore, we concluded that honokiol exhibited cytotoxicity against
CCA cells by induction of cell apoptosis and caused DAMP expression in these cells.
HMGB1 is a non-histone nuclear protein that responds to damage signals by
translocation from the nucleus to extracellular space which then activates the immune
system[20]. HMGB1 proficiently interacts with pattern recognition receptors including
advanced glycosylation end product-specific receptor and toll-like receptor 4
(TLR4)[21]. Binding of extracellular HMGB1 with TLR4 on the surface of DCs can
stimulate the MYD88-dependent signalling pathway that leads to optimal antigen
processing[22]. Moreover, loading of tumour cell lysates plus immunogenic cell death
molecules including HMGB1 can enhance DC maturation and antitumour activities in
DC-based anticancer vaccine[10]. HSP90 is a molecular chaperone and an important
driver for the posttranslational modification process. High expression of HSP90 is
associated with poor prognosis in CCA patients[23]. Recently, a DC vaccine based on
immunogenic cell death molecules including HMGB1 and HSP90 was shown to elicit
danger signals and T cell activation, resulting in rejection of high-grade glioma in an
animal model [11] . These data suggest that DAMPs plus tumour cell lysates may
provide maximal efficacy of DC-based cancer vaccines.
To study the significance of honokiol-derived tumour cell lysates, DCs were pulsed
with tumour cell lysates from KKU-213L5 cell line derived from Opisthorchis viverriniassociated CCA of a Thai patient. Peptide loading procedure is an important
parameter for DC-based cancer vaccines and coculturing with tumour cell lysates or
peptide antigens is the most commonly used strategy in clinical trials[24]. In coculture
systems, a tumour antigen is recognised by phagocytic receptors, resulting in
phagocytosis and subsequent processing and presentation on the MHC molecule[25].
Here, we demonstrated the localisation of tumour cell lysates in the cytoplasmic area
of DCs. KKU-213L5 cell lysates might be engulfed by DCs; we were successful in
constructing DCs loaded with honokiol-derived tumour cell lysates. Although we
focus only on one CCA cell line, KKU-213L5, this cell is the representative of highly
metastasis CCA cells that mimic the characteristic of lung metastatic CCA cells in
CCA patients[26].
Presentation of tumour antigen either on class I or class II MHC molecules triggers
the activation of T lymphocyte receptors and co-stimulatory molecules. DAMPsassociated tumour cell lysates can enhance effector T cell activation that mediates
fully mature DCs loaded with tumour cell lysates[27]. We showed that autologous T
lymphocytes were efficiently activated after coculture with DCs loaded with
honokiol-derived tumour cell lysates. These activated T lymphocytes increased
proliferation and production of type I cytokines. Interestingly, DCs loaded with
tumour cell lysates from honokiol-treated CCA cells activate T lymphocytes better
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Figure 4

Figure 4 Honokiol-derived tumour cell lysates pulsed dendritic cells significantly stimulated T lymphocyte proliferation. KKU-213L5 cells were pretreated
with honokiol or left untreated before they were lysed and loaded into dendritic cells (DCs). T lymphocytes were stimulated with different types of DCs (unpulsed,
pulsed with tumour cell lysates and pulsed with honokiol-derived tumour cell lysates) at 1:10 ratios for 5 d. Lymphocyte number was reflected by direct counting (A)
and relative lymphocyte proliferation (B). T lymphocytes cultured alone were set as control and all experiments were performed in triplicate. Results are shown as
mean ± SD, A P value < 0.05 was considered significant; aP < 0.05, bP < 0.01 and cP < 0.001. DCs: Dendritic cells; HOK: Honokiol; TCL: Tumour cell lysate.

than DCs loaded with tumour cell lysates from untreated cells. Triggering DCs with
HMGB1 through TLR-4 leads to full expression of co-stimulatory receptor molecules
including CD80 and CD86 and increased production of proinflammatory
cytokines[10,20]. In this study, we demonstrated that honokiol-derived tumour cell
lysates enhanced IFN-γ and IL-12 secretion from DCs and effector T cells. Secretion of
IL-12 from stimulated DCs preferentially drives Th1 effector T cell development,
leading to high IFN-γ production[28]. Moreover, IL-12 is a key cytokine for activation of
CD8+ T cells and crucial for the change of Th17 to Th1-like phenotype that can be
armed to destroy cancer cells[29,30]. Therefore, we concluded that cell lysates from
honokiol-treated CCA cells may modulate maturation of DCs that were then able to
effectively activate T lymphocytes to differentiate and become effector Th1 and CD8+
T cells.
When the antitumour activity of effector immune cells was examined, T cells
stimulated by honokiol-derived tumour cell lysate-primed DCs showed greater
efficiency in killing KKU-213L5 cells compared with those stimulated by DCs primed
with tumour cell lysates of untreated cells. Moreover, cytotoxicity against human
cholangiocytes was not significantly changed, indicating this antitumour cytotoxicity
as specific on CCA cells. Although the HLA typing was not performed in this study,
KKU213L5 cell line was established from Thai CCA patients and the immune cells
were also separated from Thai healthy donors, of which the chance for their
compatibility would be high as being HLA-A2[8]. Patients with multiple myeloma
have an impaired DC function when loaded with tumour cell lysates. This may be
associated with abnormality of STAT3 and the NF-kappaB signalling pathway[31]. On
the other hand, DAMPs function to trigger DC maturation via TLR4/2, which
involves p38 MAPK and NF-kappaB downstream signalling pathways[32]. Moreover,
honokiol could down-regulate the expression of CRT mediated by ER-stress and
inhibit gastics tumour growth through reduction of epithelial-to-mesenchymal
transition mechanisms[33]. This would explain why the antitumour response of effector
T cells mediated by DCs loaded with honokiol-derived tumour cell lysates is superior
to those mediated by DCs loaded with tumour cell lysates from cells not exposed to
honokiol.
Although we focused only on HMGB1 and HSP90 molecules, several other proteins
responsible for damage or danger signals include calreticulin, adenosine triphosphate
and other members of the heat shock protein family. Interestingly, DAMPs could
activate innate immune cells via many types of receptors as either membrane bound
(e.g., TLR4) or intracellular (e.g., TLR3, TLR79, all NOD-like receptors and RIG-I-like
receptors) [34] . For example, previous studies reported that the HSP family could
activate the TLR-4 signalling pathway leading to facilitation of optimal tumour
antigen processing that subsequently elicits antitumour immune response [35,36] .
Moreover, treatment with anthracyclines on some cancer cell lines including prostate
cancer, ovarian cancer and acute lymphoblastic leukemia cells could induce nuclear
translocation of calreticulin, HSP70 and HSP90 as well as the release of HMGB1,
causing maturation of DCs. These DCs could then stimulate tumour-specific IFN-γproducing T cells[37]. Antitumour activity facilitated by the function of DCs loaded
with honokiol-derived tumour cell lysates may, however, not involve only HMGB1
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Figure 5

Figure 5 Type I cytokines interferon-γ and interleukin-12 production. Autologous T lymphocytes were cocultured either with unloaded or loaded tumour cell
lysates or tumour cell lysates derived from honokiol-treated CCA cells for 1-5 days before measurement of cytokines. Levels of interferon-γ (A) and interleukin-12 (B)
in conditioned medium were analysed by ELISA. Results are shown as mean ± SD of three independent experiments. A P value < 0.05 was considered significant; aP
< 0.05, bP < 0.01 and cP < 0.001. DCs: Dendritic cells; HOK: Honokiol; TCL: Tumour cell lysate.

and HSP90 and roles of other molecules cannot be excluded. DAMPs may contribute
to cancer progression and promote resistance to anticancer treatments[38]. Further in
vivo study is required to ensure the effectiveness of this treatment and to differentiate
the double-edged sword potential of DAMPs.
In summary, we demonstrated the immunoadjuvant effect of honokiol-derived
CCA tumour antigens on a DC-based cancer vaccine approach, which enhanced
tumour specific T lymphocyte responses including cell proliferation, cytokine
production and cytotoxicity against human CCA cells. Antitumour T cell immunity
might be mediated by induced expression of DAMPs in honokiol-treated KKU-213L5
cells. Therefore, in vitro and in vivo studies are urgently needed to assess for the use of
honokiol in tumour antigen preparation as one promising approach to discover an
effective DC-based vaccine against CCA.
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Figure 6

Figure 6 Dendritic cells pulsed with tumour cell lysates derived from honokiol-treated cholangiocarcinoma cells significantly enhanced T lymphocyte
killing of cholangiocarcinoma cells. Differently primed effector T lymphocytes were cocultured with target KKU-213L5 cell line at ratios of 1:10 and 1:20. Killing
capacity was evaluated using the MTT assay. A: Remaining target cells after coculture with effector cells for 48 h at 1:20 ratio photographed at 100×. Cytotoxic effect
of T lymphocytes on KKU-213L5 is shown as % viability of target cells at (B) 24 h, (C) 48 h and for MMNK1 (D) at 48 h. Results are presented as mean ± SD of three
independent experiments. A P value < 0.05 was considered significant; aP < 0.05, bP < 0.01 and cP < 0.001. DCs: Dendritic cells; HOK: Honokiol; TCL: Tumour cell
lysate.
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ARTICLE HIGHLIGHTS
Research background
Cholangiocarcinoma (CCA) is a biliary tract malignancy. As no specific biomarkers are available,
CCA patients frequently present with a disseminated tumour too late for curative treatment.
Honokiol is a hydroxylated biphenyl compound isolated from Magnolia offinalis. Many studies
have reported that honokiol has anti-tumour properties on various types of cancer by induction
of cell apoptosis. A dendritic cell (DC)-based cancer vaccine is a vaccine that aims to stimulate
anticancer immunity in patients through the capacity to activate tumour-specific T cells.
However, pulsing DCs with whole tumour cell lysates have shown low efficacy against CCA
cells in vitro.

Research motivation
Evidence suggests that the efficacy of DC-based cancer vaccines on CCA is low, especially DCs
loaded with tumour cell lysates strategy. In addition, the anti-tumour activity of honokiol could
be due to the induction of cancer cell apoptosis. This effect may be associated with the release of
damage-associated molecular patterns (DAMPs) from cancer cells, which increases the
immunogenicity of tumour antigens. Therefore, the authors of this study were interested in the
construction of DCs loaded with cell lysates derived from honokiol-treated CCA tumour cells
with the aim of eliciting apoptosis in tumour cells as well as creating a broad array of TTAs in
the form of dead and dying cells.

Research objectives
The aim of this study was to maximise the anti-tumour activities of DCs loaded with cell lysates
from honokiol-treated CCA cells.

Research methods
Anti-tumour activity of honokiol was studied, including the cytotoxicity and cell apoptosis
assay. The effects of honokiol on DAMPs expression from CCA cells were also investigated.
Then, CCA cells with or without honokiol treatments were derived to obtain tumour cell lysates
used to pulse the DC cells, after which the latter were used to further stimulate T cells. Finally,
the stimulated T cells were exposed to CCA cells and the killing of CCA cells by T cells was
determined.

Research results
The data showed that honokiol was cytotoxic to human CCA cells KKU-213L5 via intrinsic or
extrinsic apoptotic pathways. Interestingly, the induction of cell apoptosis by honokiol was
associated with DAMPs release, including HMGB1 and HSP90. DCs loaded with tumour lysates
derived from honokiol-treated KKU-213L5 cells enhanced priming and stimulated T lymphocyte
proliferation as well as type I cytokine production. Importantly, T lymphocytes stimulated with
DCs pulsed with cell lysates of honokiol-treated tumour cells, which significantly increased the
specific killing of human CCA cells compared to those associated with DCs pulsed with cell
lysates of untreated CCA cells.

Research conclusions
These findings provide new evidence that honokiol may have anticancer properties against CCA
cells. Further, honokiol may possess the potential to enhance DC-based cancer vaccines, most
probably by enhancing the immunogenicity of CCA, which further promotes DCs and T cell
stimulation.

Research perspectives
Our model showed the improvement of cancer vaccine efficacy against CCA based on DCs and
demonstrated the use of honokiol as a herbal-derived compound in combination with tumour
antigen pulsed DCs to maximise the antitumour response of cytotoxic antitumour T
lymphocytes.
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Abstract
BACKGROUND
Irritable bowel syndrome (IBS) is a common chronic non-organic disease of the
digestive system. Berberine (BBR) has been used to treat patients with IBS, but
the underlying therapeutic mechanism is little understood. We believe that BBR
achieves its therapeutic effect on IBS by preventing stress intestinal inflammation
and visceral hypersensitivity and reducing bowel motility.
AIM
To test the hypothesis that BBR achieves its therapeutic effect on IBS by
preventing subclinical inflammation of the intestinal mucosa and reducing
visceral hypersensitivity and intestinal motility.
METHODS
IBS was induced in rats via water avoidance stress (WAS). qRT-PCR and
histological analyses were used to evaluate the levels of cytokines and mucosal
inflammation, respectively. Modified ELISA and qRT-PCR were used to evaluate
the nuclear factor kappa-B (NF-κB) signal transduction pathway. Colorectal
distention test, gastrointestinal transit measurement, Western blot, and qRT-PCR
were used to analyze visceral sensitivity, intestinal motility, the expression of Ckit (marker of Cajal mesenchymal cells), and the expression of brain derived
neurotrophic factor (BDNF) and its receptor TrkB.
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RESULTS
WAS led to mucosal inflammation, visceral hyperalgesia, and high intestinal
motility. Oral administration of BBR inhibited the NF-κB signal transduction
pathway, reduced the expression of pro-inflammatory cytokines [interleukin (IL)1β, IL-6, interferon-γ, and tumor necrosis factor-α], promoted the expression of
anti-inflammatory cytokines (IL-10 and transforming growth factor-β), and
improved the terminal ileum tissue inflammation. BBR inhibited the expression
of BDNF, TrkB, and C-kit in IBS rats, leading to the reduction of intestinal
motility and visceral hypersensitivity. The therapeutic effect of BBR at a high
dose (100 mg/kg) was superior to than that of the low-dose (25 mg/kg) group.
CONCLUSION
BBR reduces intestinal mucosal inflammation by inhibiting the intestinal NF-κB
signal pathway in the IBS rats. BBR reduces the expression of BDNF, its receptor
TrkB, and C-kit. BBR also reduces intestinal motility and visceral sensitivity to
achieve its therapeutic effect on IBS.
Key words: Irritable bowel syndrome; Visceral hypersensitivity; Berberine; Rifampicin;
Nuclear factor kappa-B; Brain-derived neurotrophic factor; Cajal mesenchymal cells; Ckit
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Irritable bowel syndrome (IBS) is a common chronic non-organic disease of the
digestive system and the pathophysiology of IBS is still not completely understood.
Berberine has been used to treat patients with IBS, but little is known regarding to its
therapeutic mechanism. This study aimed to determine the therapeutic effect of berberine
on IBS and its underlying mechanisms. The results demonstrated that the therapeutic
efficacy of berberine was dose-dependent and may be associated with the inhibition of
the intestinal nuclear factor kappa-B signal pathway, the expression of brain derived
neurotrophic factor and its receptor TrkB, and the expression of C-kit to reduce intestinal
motility and visceral sensitivity.
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INTRODUCTION
Berberine (BBR) is an isoquinoline alkaloid extracted from various Chinese medicinal
herbs, e.g., Huanglian and scutellaria. BBR has abundant medicinal value, such as
biological effects on the central nervous system, anti-tumor, anti-inflammatory, and
anti-Alzheimer’s disease effects, and reducing blood fat. A large number of basic and
clinical studies have also shown the efficacy of BBR in the treatment of irritable bowel
syndrome (IBS). The common dosage of BBR for treating diarrhea in adults is 100-300
mg, three times a day[1-4].
The pathophysiology of IBS is still not completely understood. In the past decade,
there has been increasing focuses on the possible connection of IBS with increased
intestinal mucosal permeability, inflammation, intestinal bacterial overgrowth,
dysfunction of the cerebral intestinal axis, and visceral hypersensitivity[5]. At present,
the pathogenesis of IBS is explained by the mechanism of environment-psychoneuroendocrine-immunity[6,7].
The immunologic disorder of the intestinal tract is closely associated with the
pathogenesis of IBS, and the nuclear factor kappa-B (NF-κB) signal pathway plays a
very important role in the immune response[8,9]. NF-κB can regulate the transcription
of the genes related to inflammation and pain, activate the transcription of
inflammatory factors, affect intestinal inflammation, and lead to abdominal pain[10].
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Cytokines are an essential part of intestinal immune regulation. According to the
performance of cytokines in the immune response, they can be divided into two
categories: (1) Th1 cell-secreted pro-inflammatory cytokines, including interleukin-1β
(IL-1β), IL-6, tumor necrosis factor-α (TNF-α), and interferon γ (IFN-γ); and (2) Th2
cell-secreted anti-inflammatory cytokines, including IL-10 and transforming growth
factor-β (TGF-β). The immune response in IBS is not just limited to the intestine.
Systemic immune activation characterized by the elevation of pro-inflammatory
cytokines and the decrease of anti-inflammatory cytokines is also involved in IBS[11-14].
BBR can reduce visceral hypersensitivity in IBS rats and regulate intestinal motility,
but the underlying mechanism is not yet fully understood [1] . Brain derived
neurotrophic factor (BDNF) plays an important role in the visceral hypersensitivity
and intestinal hyperdynamics of IBS through the brain-gut axis. The increased
expression of BDNF in the colonic mucosa and central nervous system may contribute
to the visceral hyperalgesia in IBS[15,16]. Higher expression of BDNF in colonic mucosa
and central nervous system would indicate the greater degree of abdominal pain in
patients[15].
Cajal mesenchymal cells (ICC) can affect the intestinal motility and visceral
sensitivity in IBS patients through the brain-gut axis. The corresponding receptors of
many neurotransmitters are expressed on ICC, which are an important intermediary
for the central nervous system to regulate visceral sensitivity and intestinal
dynamics [17] . At the same time, some studies suggest that abnormalities in the
structure and number of ICC in the intestinal tract of IBS patients can lead to
abnormal electrophysiological activity in the intestinal tract[18]. C-Kit signaling plays a
vital role in the development and maintenance of ICC. Thus, C-kit has also been used
as a cell marker of ICC[19,20].
Rifaximin has achieved a good therapeutic effect for IBS patients without
constipation[21]. It has been shown that rifaximin relieves symptoms of IBS by reducing
visceral hypersensitivity in rats[22]. However, rifaximin has disadvantages, e.g., high
prices. Furthermore, long-term oral administration may lead to cross-resistance to
similar antibiotics such as rifampicin and rifabutin[23,24]. This study aimed to explore
the possible mechanism of BBR in the treatment of IBS at the level of brain and
intestinal axis through the study of the high visceral sensitivity and intestinal
dynamic mechanism in rats with experimental IBS.

MATERIALS AND METHODS
Animals
All experiments were performed on adult male Wistar rats weighing 200-225 g. Rats
were obtained from the Guangdong experimental animal center. Animals were
housed in plastic cages, with three rats per cage at room temperature (22 ± 1 °C) and
65%-70% humidity. Animals were maintained on a 12 h light/12 h dark cycle, with
free access to water and feed. External oblique muscle electrode implantation was
implemented after 5-7 d. Surgical preparations involved anesthetization with a
xylazine/ketamine mixture. The period of postoperative recovery of rats was 4-6 d.
Experimental animals were maintained in accordance with internationally accepted
principles for laboratory animal use.

Chronic water avoidance stress protocol
Chronic exposure of adult rats to water avoidance stress (WAS) was conducted as
described previously[25]. Briefly, animals were placed on a block in the middle of a
Plexiglas tank filled with sterile water (25 °C; 1 cm below the platform height). They
were maintained on the block for 1 h daily for 10 consecutive days (Figure 1). Control
rats were placed similarly in a tank without water for 1 h daily for 10 d. In separate
studies, rats were treated by oral gavage of 3 mL rifaximin suspension (150 mg/kg,
twice daily 6 h apart), 3 mL water once a day, 3 mL low dose BBR suspension (25
mg/kg, once a day), or 3 mL high dose BBR suspension (100 mg/kg, once a day) for
10 consecutive days. The rats were then submitted to daily sessions of WAS or sham
WAS 3 h after each AM gavage for 10 d. Specific rifaximin and BBR doses were based
on previous studies[22,26,27].

Visceromotor response to colorectal distention
The protocol for measuring electromyogram (EMG) in response to colorectal
distention (CRD) has been previously described[28]. Briefly, rats with a surgery had 5 d
for recovery, and were fasted for 24h before intracolonic infusion, CRD, and EMG.
EMG of rats were detected on day 0 and day 11 under different pressures. The
baseline was the average of EMG amplitudes measured in the control group at the 0-
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Figure 1

Figure 1 A rat model of irritable bowel syndrome was established by using water avoidance stress.

day CRD pressure of 60 mmHg. The amplitudes of EMG under different CRD
pressures were compared with the baseline (% of control). We took the average EMG
amplitude measured on day 11 subtracted by the average EMG amplitude detected on
day 0, and express it as EMG.

Determination of gastrointestinal motility
The protocol for detecting the gastrointestinal transit has been previously described[29].
For total gastrointestinal transit, after the animals were fasted overnight, activated
carbon ink was orally administered at a dose of 10 mL/kg. The time that animals first
defecated black feces was recorded. For small intestinal transit, after an overnight fast,
activated carbon ink was orally administered at a dose of 10 mL/kg to each animal.
After 30 min, the rats were sacrificed by cervical dislocation. The small intestine was
immediately excised carefully without stretching and the distance traveled by ink was
measured as well as the total length of the small intestine. Data are expressed as the
proportion (%) of the distance traveled by the ink along the entire length of the small
intestine.

Evaluation of intestinal inflammatory response in rats
Hematoxylin and eosin (HE) staining was carried out in rat distal ileum tissue, and
the inflammatory changes were observed under a microscope.

Enzyme-linked immunosorbent assay
Distal ileum tissue (50 mg) was homogenized in a glass homogenizer containing 2 mL
cold saline. The homogenates were centrifuged at low temperature for 20 min at 3000
rpm. The protein concentration in the supernatant was quantified on a Nanodrop
2000 (Thermo Fisher Scientific, Waltham, MA, United States). The concentrations of
IL-1β, IL-6, TNF-α, IFN-γ, IL-10, and TGF-β were determined according to the
manufacturer’s instructions.

Modified enzyme-linked immunosorbent assay
Cytoplasmic protein and nuclear protein were extracted from the rat ileum.
Expression of NF-κB (P65) DNA-binding protein was measured with a commercially
available modified ELISA kit [Cayman NF-κB (P65) Transcription Factor Assay Kit].

Western blot analysis
Cytoplasmic protein and nuclear protein were extracted and quantified. Protein (20
μg) was separated on an SDS-PAGE gel and then electro-transferred onto a
nitrocellulose membrane (0.2μm pore; WHATMAN, England). The membrane was
incubated with primary antibodies overnight at 4°C, followed by incubation with
secondary antibodies labeled with horseradish peroxidase. Signals were quantified
using ImageJ software. Antibodies used included anti-NF-kappa B P65 antibody
(mouse, 1:1000, Santa Cruz, United States), anti-C-kit antibody (mouse, 1:1000, Santa
Cruz, United States), anti-Trkb monoclonal antibody (rabbit 1:1000, Cell signaling
Technology, United States), anti-GAPDH antibody (1:1000, Proteintech, United
States), and horseradish peroxidase-conjugated anti-rabbit/mouse secondary
antibodies (1:10000, Zhongshan Gold Bridge, Beijing, China).

Quantitative real-time polymerase chain reaction
Total RNA was extracted from distal ileum samples using TRIzol reagent (Thermo
Scientific, United States). cDNA was synthesized using a reverse transcription kit
(Thermo Scientific, United States). Quantitative PCR for inflammatory cytokines and
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C-kit mRNA was performed with an iCycler IQ real-time detection system (Bio-Rad
Laboratories, Hercules, CA, United States) and detected with SYBR Green in a
fluorescence thermocycler (LightCycler; Roche Diagnostics, Mannheim, Germany).
Primer sequences used for PCR are listed in Table 1. The double standard curve
method was used to calculate the results.

Statistical analysis
Changes of EMG under different CRD pressures before and after experiments were
analyzed using SPSS13.0. The statistical data are represented by the mean with
standard deviation. We conducted normal test and variance homogeneity test for each
group of experimental data. If the variance is homogeneous, the one-factor ANOVA
was adopted, and the Bonferroni test was used to compare the two groups for the
overall difference. If the variance was not homogenous, Kruskal Wallis H test was
adopted and the Mann Whitney U test was used to compare each group for the
overall difference. P < 0.05 was considered statistically significant.

RESULTS
WAS induces intestinal inflammation in rats
Compared with the control group, the WAS group showed a low inflammatory
response in the intestinal tract (Figure 2). The expression levels of P65 DNA binding
protein and NF-κB (P65) were significantly increased in the WAS group (P < 0.05)
(Figure 3). The levels of pro-inflammatory cytokines IL-1β, IL-6, TNF-α, and IFN-γ
were increased, while the levels of anti-inflammatory cytokines IL-10 and TGF-β were
decreased (P < 0.05) in the WAS group compared with the control group (Figures 4
and 5).

Chronic WAS induces visceral hyperalgesia and intestinal hyperdynamics
After 10 d of WAS or sham WAS (control group), the rats showed a pressuredependent increase in EMG amplitude in response to CRD. On day 11, chronic WAS
induced a greater increase in EMG amplitude in response to CRD compared to sham
WAS. Such increase was significantly different at 40 mmHg (ΔEMG response after
WAS over baseline: 46.14 ± 11.1 vs 3.8 ± 13.8 after sham WAS over baseline, P < 0.05),
and 60 mmHg (ΔEMG response after WAS over baseline: 59.58 ± 17.8 vs 0.45 ± 9.6
after sham WAS over baseline, P < 0.05) (Figure 6). Gastrointestinal motility assay
showed that the time to the first black feces in the WAS group was significantly
shorter than that in the control group (457.47 ± 25.99 min vs 580.40 ± 40.44 min, P <
0.05). The proportion (%) of the distance traveled by the ink along the entire length of
the small intestine in the WAS group was significantly lower than that in the control
group (63.77 ± 2.77% vs 49.03 ± 4.60%, P < 0.05) (Figure 7). Compared with the control
group, the expression of BDNF and its receptor Trkb was significantly increased in the
WAS group (P < 0.05) (Figure 8). C-kit expression in the WAS group was also
significantly increased in the WAS group compared to the control group (P < 0.05)
(Figure 9).

BBR prevents mucosal inflammation
Compared with the WAS group, after oral administration of rifaximin, 25 mg/kg
BBR, or 100 mg/kg BBR, the tissues were intact, and there were no significant
neutrophils at the distal ileum (Figure 2). In the treatment group, the expression level
of DNA-binding protein and NF-κB (P65) in distal ileum tissues was significantly
reduced compared to the WAS group (P < 0.05). The therapeutic effect of oral
administration of rifaximin or 100 mg/kg BBR was superior to that of 25 mg/kg BBR
(P < 0.05) (Figure 3). The expression levels of pro-inflammatory cytokines in the
treatment groups were lower than those in the WAS group (P < 0.05), and the
therapeutic effect of rifaximin or 100 mg/kg BBR was superior to that of 25 mg/kg
BBR (P < 0.05). The expression levels of anti-inflammatory cytokines IL-10 and TGF-β
in the treatment groups were higher than those in the WAS group (P < 0.05) (Figures 4
and 5).

BBR regulates intestinal motility and visceral hypersensitivity
On day 11, rifaximin, 25 mg/kg BBR, or 100 mg/kg BBR treatment reduced the
increased level of visceromotor response to CRD induced by both forms of stress at 40
and 60 mmHg (P < 0.05). Furthermore, rifaximin or 100 mg/kg BBR resulted in
smaller EMG compared to 25 mg/kg BBR (P < 0.05) (Figure 6). The time to the first
black feces was significantly shorter in the rifaximin and 100 mg/kg BBR groups than
that in the WAS and 25 mg/kg BBR groups (P < 0.05). There was no significant
difference between the rifaximin group and 100 mg/kg BBR groups. The proportion
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Table 1 Sequences of primers used for qRT-PCR
Gene

Forward sequence

Reverse sequence

IL-1β

AGTCTGCACAGTTCCCCAAC

TTAGGAAGACACGGGTTCCA

IL-6

CCAACTTCCAATGCTCTCCT

GGTTTGCCGAGTAGACCTCA

IL-10TGF-βIFN-γTNF-aBDNFTrkbCkitRat Β-actin

GACTGCTATCTTGCCTGCTCTTAC
ATTCCTGGCGTTACCTTGG
TCTGTGGGTTGTTCACCTCG
CCTCCTCTCTGCCATCAACA
CTTGGAGAAGGAAACCGCCT
AGAGCTTCCCTGTCCCTCAG
AATCCGACAACCAAAGCAAC
TGTCACCAACTGGGACGATA

GGGTCTGGCTGACTGGGAAG AGCCCTGTATTCCGTCTCCT
TATGGAAGGAAAGAGCCTCC GCAATGACTCCAAAGTAGACCTG
GTCCACACAAAGCTCTCGGA TTGGGAAGGTAACCAGATCG
TGTCACGGAAGCACTGACAT GGGGTGTTGAAGGTCTCAAA

(%) of the distance traveled by the ink along the entire length of the small intestine in
the rifaximin and 100 mg/kg BBR groups was significantly lower than that in the
WAS group and 25 mg/kg BBR groups (P < 0.05). There was no significant difference
between the rifaximin and 100 mg/kg BBR groups (Figure 7).
Compared with the WAS group, the expression levels of BDNF and its receptor
Trkb showed no significant difference in the 25 mg/kg BBR treatment group (P >
0.05). Compared with the WAS group, the expression levels of BDNF and its receptor
Trkb were significantly decreased in the rifaximin group and 100 mg/kg BBR
treatment group (P < 0.05). Compared with the 25 mg/kg BBR group, the expression
levels of BDNF and its receptor Trkb were significantly reduced in the rifaximin
group and 100 mg/kg BBR group (P < 0.05). The expression levels of BDNF and its
receptor Trkb were not significantly different between the rifaximin group and 100
mg/kg BBR group (P > 0.05) (Figure 8).
Compared with the WAS group, C-kit expression was not significantly different in
the 25 mg/kg BBR group (P > 0.05). Compared with the WAS group, the expression
levels of C-kit were significantly decreased in the rifaximin and 100 mg/kg BBR
groups (P < 0.05). Compared with the 25 mg/kg BBR group, the expression levels of
C-kit were significantly decreased in the rifaximin and 100 mg/kg BBR groups (P <
0.05). There was no significant difference in C-kit expression between the rifaximin
group and 100 mg/kg BBR group (P > 0.05) (Figure 9).

DISCUSSION
We exposed adult rats to chronic WAS to study the effects of BBR on mucosal
inflammation, visceral hypersensitivity, and intestinal motility. Similar to previous
studies, chronic exposure of adult rats to WAS induced mucosal inflammation, and
the amplitude of EMG induced by CRD in rats of the WAS group was significantly
enhanced, suggesting that the visceral sensitivity was enhanced. Further analysis also
showed that intestinal motility was enhanced[22,30,31].
Our experiments showed that the mucosal inflammation occurred in the distal
ileum in WAS group rats. Previous studies have shown that there is positive feedback
regulation between the NF-κB signaling pathway and inflammatory cytokines. On
one hand, activated NF-κB can promote the expression of pro-inflammatory
cytokines. On the other hand, the released pro-inflammatory cytokines react to the
activation state of the NF-κB, leading to a cascade of inflammatory response in the
intestinal tract, and pro-inflammatory cytokines are further released[10,32-34]. Thus, it is
reasonable to consider that the activation of the NF-κB signaling pathway and the
activation of inflammatory cytokines in IBS rats lead to low mucous mucosal
inflammation in the distal ileum. Our experiments showed that oral administration of
high-dose BBR or rifaximin can decrease the expression levels of NF-κB (P65) DNAbinding protein and NF-κB (P65) in IBS rats, which suggests that BBR or rifaximin
may restrain the NF-κB signaling pathway, inhibit the activation of pro-inflammatory
cytokines, increase the expression of anti-inflammatory cytokines, and reduce the
inflammatory response in the distal ileum of rats. As mentioned above, high-dose
BBR effectively inhibited mucosal inflammation by interdicting the positive feedback
between the NF-κB signal pathway and inflammatory factors in IBS rats (Figure 10).
Studies have shown that mucosal inflammation can lead to visceral hypersensitivity[35]. Therefore, oral high-dose BBR reduced visceral sensitivity possibly by
controlling mucosal inflammation in the intestine.
The expression levels of BDNF and its receptor TrkB were increased in WAS group
rats. Previous studies have shown that BDNF plays an important regulatory role in
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Figure 2

Figure 2 Effects of berberine on histological score of the distal intestine in rats (×200). A: Control group; B: Water avoidance stress group; C: Rifaximin group;
D: 25 mg/kg berberine (BBR) group; E: 100 mg/kg BBR group (the labeled cells are neutrophils). Compared with the control group (A), rats in the water avoidance
stress (WAS) group (B) showed low-grade intestinal inflammatory reaction. Microscopically, the tissues of the terminal ileum were intact, the mucosal structure and
epithelium were intact, and the crypt was intact. Compared with the WAS group, after treatment with rifaximin (C), 25 mg/kg BBR (D), or 100 mg/kg BBR (E), the
tissues of the terminal ileum of rats were intact, the mucosal structure and epithelium were intact, the crypt was intact, and no obvious neutrophil infiltration was
observed. WAS: Water avoidance stress; BBR: Berberine.

IBS patients’ visceral sensitivity and intestinal motility through the braingut axis.
BDNF activates the signal transduction pathways of CaMK and MAPK after binding
the high affinity receptor protein Trkb[36,37]. High-dose BBR or rifaximin can reduce the
visceral hypersensitivity and intestinal motility of IBS rats and decrease the
expression levels of BDNF mRNA, Trkb mRNA, and Trkb protein in the distal ileum.
BBR reduces visceral hypersensitivity and intestinal dynamics by reducing BDNF and
its receptor Trkb expression perhaps via the following mechanisms: (1) The increased
expression of BDNF may damage the ultrastructure of intestinal nerve fibers, and
result in a higher density of nerve fibers in the intestinal tract and the release of
excitatory neurotransmitters, leading to the allergy of intestinal neurons[38]. BBR
inhibits the expression of BDNF in the IBS rats to maintain the normal form of the
enteric nervous system, keeps normal operation of the enteric nervous system, and
eventually prevents the visceral hypersensitivity; (2) BDNF promotes the release of
pain mediators in the intestinal tract[38], and BBR alleviates the pain of the IBS rats by
reducing the expression of BDNF; and (3) BBR reduces the activity of serine protease
by reducing the expression of BDNF in the intestinal tract, thereby improving the
symptoms of diarrhea in IBS patients, as well as the severity and frequency of
abdominal pain.
C-kit mRNA and protein expression levels increased in the distal ileum of WAS
group rats, suggesting that the C-kit signaling pathway in rats was activated. C-kit
activation may affect the regulatory effect of ICC cells on intestinal sensitivity and
intestinal motility in rats. ICC can spontaneously produce rhythmic slow wave,
transmit the intestinal nerve signals to the smooth muscle cells to ensure the normal
movement of the intestinal tract, and regulate the intestinal motility and visceral
sensitivity of IBS patients through the brain-gut axis[20,39,40]. The C-kit signal pathway
plays an important role in the proliferation and development of ICC cells. Thus, C-kit
protein expression is an important marker for ICC cells[41,42]. Stem cell factor (SCF), an
important ligand of C-kit, is one of the important cytokines that induce IBS[19,43]. Highdose BBR or rifaximin can reduce the visceral hypersensitivity and intestinal motility
of IBS rats, and decrease the expression levels of C-kit in the distal ileum. BBR reduces
visceral hypersensitivity and intestinal dynamics by reducing C-kit expression, which
may be associated with the following mechanisms: (1) Through both SCF and C-kit,
the JAK/STAT signaling pathway is activated, and STAT translocates into the
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Figure 3

Figure 3 Effects of berberine on NF-κB (P65) protein and NF-κB (P65) DNA-binding protein expression.
Expression of NF-κB (P65) protein and DNA-binding protein of NF-κB in 1: Control group; 2: Water avoidance stress
(WAS) group; 3: Rifaximin group; 4: 25 mg/kg berberine (BBR) group; 5: 100 mg/kg BBR group. Letters a, b, and c: P
< 0.05 compared with those in the control group, WAS group, and 25 mg/kg BBR group, respectively. WAS: Water
avoidance stress; BBR: Berberine.

nucleus, leading to the proliferation of ICC cells. Pathological changes occur in the
new ICC, leading to abnormal intestinal electrophysiological pacing. BBR may inhibit
the activation of the JAK/STAT signaling pathway by decreasing the expression of Ckit, reducing the abnormal regeneration of ICC, inhibiting the generation of abnormal
electrical signals, and ultimately reducing the intestinal motility; (2) SCF and C-kit
activate the P13K-AKT signaling pathway, which increases the expression of gap
junction proteins in the intestinal smooth muscle cells. The electrical signals generated
by the ICC are more likely to be transmitted to each other, which increases intestinal
movement. Reduction in the expression level of C-kit can inhibit the activity of the
P13K-AKT signaling pathway, leading to a decline of the expression levels of gap
junction proteins in the intestinal smooth muscle cells and transmission efficiency of
abnormal electrical signals being reduced, which eventually causes reduction of the
intestinal motility; and (3) Activation of the RAS-ERK signaling by SCF and C-kit
increases the sensitivity of the neurotransmitter receptors on the ICC surface, making
them easier to bind the neurotransmitter secreted by the central nervous system and
the enteric nervous system. Thus, intestinal sensitivity and intestinal motility are
increased. BBR inhibits the RAS-ERK signaling pathway by reducing the expression of
C-kit, decreases the sensitivity of neuron receptors on the surface of ICC cells, and
ultimately reduces visceral sensitivity and intestinal motility[6,44,45].
Our results showed that BBR can reduce inflammation of the distal ileum in IBS
rats by inhibiting NF-κB signal pathways, and regulate visceral sensitivity and
intestinal motility in the treatment of IBS by reducing the expression of BDNF, its
receptor TrkB, and C-kit. Recent studies have shown that when patients experience
the colon expansion test (CRD), IBS patients not only show increased abdominal
withdrawal reflex, but also increased range of brain activity reflex. These results
suggest that IBS patients not only have visceral hypersensitivity, but also have
increased sensitivity of the central system. This interaction may be achieved through
the axis of the brain. First, hormones and neurotransmitters secreted by the
neuroendocrine system act on immune cells and mast cells in the intestinal mucosa.
Mast cells release SCF and inflammatory media. Subsequently, inflammation reduces
intestinal sensitivity and intestinal motivation via influencing the intestinal smooth
muscle cells and neurons[46-49]. Second, in the stress state, the primary afferent neurons
in the gastrointestinal tract are activated and the spinal cord is sensitized[50], which
increases the permeability of the intestine[51,52]. The increase of intestinal permeability
leads to the defect of mucosal barrier, and enhances bacterial adhesion and infiltration
into the gastrointestinal mucosa[32,48]. DNA of these bacteria can interact with Toll-like
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Figure 4

Figure 4 Effects of berberine on cytokine mRNA levels. Cytokine mRNA levels in the control group, water avoidance stress (WAS) group, rifaximin group, 25
mg/kg berberine (BBR) group, and 100 mg/kg BBR group are shown. Letters a, b, c, and d: P < 0.05 compared with those in the control group, WAS group, 25 mg/kg
BBR group, and rifaximin group, respectively. WAS: Water avoidance stress; BBR: Berberine; IL: Interleukin; IFN: Interferon; TNF-α: Tumor necrosis factor-α; TGF-β:
Transforming growth factor-β.

increases the permeability of the intestine[51,52]. The increase of intestinal permeability
leads to the defect of mucosal barrier, and enhances bacterial adhesion and infiltration
into the gastrointestinal mucosa[32,48]. DNA of these bacteria can interact with Toll-like
receptors[53] to regulate cytokines such as TNF and IFN[54] and activate intestinal
mucosal immune response[55]. Third, anatomically, the gut immune cells are closely
linked to the axons of the gut neurons. The inflammatory factors may change the
structure of the nerve and increase the visceral sensation through the distal end of the
afferent nerve and the activated spinal dorsal horn[56,57]. Ultimately, the intestinal
motility is enhanced[58]. The three pathways studied in this study were also connected
through the brain-gut axis. The immune activation of IBS is not only limited to the
intestinal wall, but also the whole body, which is manifested by the increase of the
pro-inflammatory cytokines and the reduction of anti-inflammatory cytokines
mediated by the NF-κB signal pathway[13,14]. Cytokines are involved in the interaction
of the brain-gut axis, and these inflammatory factors can act on smooth muscle cells
and neurons in the gut, leading to the changes in intestinal motility and visceral
sensitivity[13,59]. Stress stimulates intestinal smooth muscle cells to release SCF. Binding
of SCF and C-kit activates C-kit kinase and promotes the secretion of mast cells to
release a series of inflammatory mediators and inflammatory factors, leading to low
inflammatory response in the intestinal tract. In the central nervous system, BDNF
promotes the release of pro-inflammatory cytokines by activating nerve cells such as
astrocytes, and the inflammatory response also causes BDNF to increase in dorsal root
ganglia. Therefore, BDNF interacts not only with the intestinal nervous system, but
also with the intestinal immune system, which can affect the visceral sensitivity and
intestinal dynamics of IBS rats[60,61]. These pathways reinforce each other through the
brain-gut axis, resulting in intestinal inflammation, visceral hypersensitivity, and
increased intestinal motility in IBS patients. BBR can treat IBS patients by regulating
these three pathways and blocking the interaction among them.
In conclusion, BBR inhibits the mucosal inflammation of the intestinal tract by
inhibiting the intestinal NF-κB signal pathway in the IBS rats. BBR reduces the
expression of BDNF and its receptor TrkB, and the expression of C-kit to reduce
intestinal motility and visceral sensitivity and produce a therapeutic effect on IBS. The
therapeutic effect of 100 mg/kg BBR is superior to that of 25 mg/kg BBR.
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Figure 5

Figure 5 Effects of berberine on cytokine protein levels. Cytokine protein levels in the control group, water avoidance stress (WAS) group, rifaximin group, 25
mg/kg berberine (BBR) group, and 100 mg/kg BBR group are shown. Letters a, b, c, and d; P < 0.05 compared with those in the control group, WAS group, 25 mg/kg
BBR group, and rifaximin group, respectively. WAS: Water avoidance stress; BBR: Berberine; IL: Interleukin; IFN: Interferon; TNF-α: Tumor necrosis factor-α; TGF-β:
Transforming growth factor-β.
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Figure 6

Figure 6 Effects of berberine on visceromotor response to colorectal distention in rats. We took the average EMG amplitude measured on day 11 subtracted
by the average EMG amplitude detected on day 0, and express it as EMG. A: The amplitude of electromyogram (EMG) was changed in the control group and water
avoidance stress (WAS) group under different pressures of colorectal distention (CRD); B: The amplitude of EMG in the control group, WAS group, rifaximin group, 25
mg/kg berberine (BBR) group, and 100 mg/kg BBR group under 60 mmHg of CRD on day 11; C: EMG of different group rats under different pressures of CRD. Letters
a, b, and c: P < 0.05 compared with those in the control group, WAS group, and 25 mg/kg BBR group, respectively. WAS: Water avoidance stress; BBR: Berberine;
CRD: Colorectal distention; EMG: Electromyogram.
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Figure 7

Figure 7 Effects of berberine on total gastrointestinal transit and small intestinal transit. Total gastrointestinal transit and small intestinal transit in the control
group, water avoidance stress (WAS) group, rifaximin group, 25 mg/kg berberine (BBR) group, and 100 mg/kg BBR group are shown. Letters a, b, and c: P < 0.05
compared with those in the control group, WAS group, and 25 mg/kg BBR group, respectively. WAS: Water avoidance stress; BBR: Berberine.
Figure 8

Figure 8 Effects of berberine on brain derived neurotrophic factor and Trkb mRNA and protein expression. Expression of brain derived neurotrophic factor
and Trkb mRNA and protein in 1: control group; 2: water avoidance stress (WAS) group; 3: rifaximin group; 4: 25 mg/kg berberine (BBR) group; and 5: 100 mg/kg BBR
group. Letters a, b, and c: P < 0.05 compared with those in the control group, WAS group, and 25 mg/kg BBR group, respectively. BDNF: Brain derived neurotrophic
factor; WAS: Water avoidance stress; BBR: Berberine.
Figure 9

Figure 9 Effects of berberine on C-kit mRNA and protein expression. Expression of C-kit mRNA and protein in 1: control group; 2: water avoidance stress (WAS)
group; 3: rifaximin group; 4: 25 mg/kg berberine (BBR) group; and 5: 100 mg/kg BBR group. Letters a, b, and c: P < 0.05 compared with those in the control group,
WAS group, and 25 mg/kg BBR group, respectively. WAS: Water avoidance stress; BBR: Berberine.
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Figure 10

Figure 10 Relationship among NF-kB signaling, brain derived neurotrophic factor, and C-kit and the underlying role of berberine. IBS: Irritable bowel
syndrome; BDNF: Brain derived neurotrophic factor; SCF: Stem cell factor.

ARTICLE HIGHLIGHTS
Research background
Irritable bowel syndrome (IBS) is a common chronic non-organic disease of the digestive system.
Rifaximin has been used in clinical treatment of patients with IBS and has achieved good
efficacy. However, rifaximin is expensive, and long-term oral administration may lead to crossresistance to rifabutin and rifampicin. A large number of basic and clinical studies have also
shown the efficacy of berberine in the treatment of IBS.

Research motivation
Many studies have demonstrated that the pathogenesis of IBS may be related to the disorder of
brain-gut axis, visceral hypersensitivity, intestinal immune abnormality, intestinal motility
change, increased intestinal mucosal permeability, and intestinal flora disorder. The treatment
mechanism of berberine for IBS is still unclear. In this study, we tried to investigate the effect of
berberine on intestinal inflammation, intestinal motility, and intestinal sensitivity in rats with IBS
and explore the therapeutic mechanism of berberine for IBS.

Research objectives
The purpose of this study was to investigate the effect of berberine on the NF-κB signaling
pathway in rats with IBS, which may improve intestinal inflammation in rats with IBS. And we
studied the influence of berberine on the expression levels of brain-derived neurotrophic factor
(BDNF) and C-kit in the intestinal tract of rats, which may affect the intestinal motility and
visceral sensitivity of rats.

Research methods
Water avoidance stress (WAS) was used to establish an IBS rat model, and the rats were divided
into a control group, a WAS group, a rifaximin group, a 25 mg/kg BBR group, and a 100 mg/kg
BBR group. We evaluated the histopathological changes of the terminal ileum in rats by
hematoxylin and eosin (HE) staining. We measured the expression levels of NF-Κb (P65) DNA
binding protein in the terminal ileum tissues of rats of each group by modified ELISA and
Western blot. The mRNA expression levels of IL-1β, IL-6, IFN-γ, TNF-α, IL-10, and TGF-β were
determined by qRT-PCR. ELISA was used to detect the inflammatory cytokines. Intestinal
motility of rats in each group was detected by total gastrointestinal and small intestinal transit
functions. The mRNA expression levels of BDNF and its receptor TrkB were detected by qRTPCR. Western blot was used to detect the expression level of TrkB protein in the terminal ileum
tissues in each group of rats. The mRNA expression levels of C-kit in ileum terminal tissues of
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rats in each group were detected by qRT-PCR. The expression level of C-kit protein in ileum
terminal tissues of each group of rats was detected by Western blot.

Research results
We successfully applied the WAS model to induce visceral hypersensitivity in rats, changes in
intestinal inflammation, and intestinal motility, which are consistent with the characteristics of
IBS. Berberine can effectively improve the inflammation of in terminal tissues. Berberine can
inhibit the activated NF-κB signal pathway in the intestinal tract of IBS rats, significantly reduce
the expression of inflammatory IL-1β, IL-6, IFN-γ, and TNF-α in the terminal ileum tissues of IBS
rats, and significantly increase the expression levels of anti-inflammatory cytokines IL-10 and
TGF-β. Berberine can effectively regulate the intestinal motility of IBS rats and inhibit the
expression of BDNF and its receptor TrkB as well as C-kit in ileum terminal tissues of IBS rats.
The treatment effect of large dose (100 mg/kg) berberine on IBS rats was significantly better than
that of small dose (25 mg/kg) berberine.

Research conclusions
Berberine can inhibit the mucosal inflammation of the intestinal tract by inhibiting the intestinal
NF-κB signal pathway in IBS rats. Berberine reduces the expression of BDNF and its receptor
TrkB as well as C-kit to reduce intestinal motility and visceral sensitivity and produce a
therapeutic effect on IBS. The therapeutic effect of 100 mg/kg berberine is superior to that of 25
mg/kg berberine.

Research perspectives
This study confirms the exact therapeutic effect of berberine on IBS at the level of animal
experiments, discusses the possible mechanism of its therapeutic effect, and provides a
theoretical basis for the clinical application of berberine in the treatment of IBS. However, the
optimal dosage of berberine in the clinical treatment of IBS still needs further pharmacological
and toxicological studies
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Abstract
BACKGROUND
Colorectal cancer (CRC) is the third most prevalent malignancy and has the
fourth highest global cancer mortality rate. Early diagnosis and prompt medical
attention can improve quality of life and the prognosis of CRC patients.
Accumulating evidence reveals that long non-coding RNAs (lncRNAs) function
as oncogenes or anti-oncogenes, as well as biomarkers in various cancers.
AIM
To investigate the levels and molecular mechanism of the lncRNA maternally
expressed gene 3 (MEG3) in CRC.
METHODS
The levels of lncRNA MEG3 in CRC tissue, serum and cell line samples were
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explored via qRT-PCR. The relationship between MEG3 levels and
clinicopathological features in CRC was investigated. The diagnostic and
prognostic values of serum MEG3 levels were analyzed with ROC curves and
KaplanMeier survival curves, respectively.
RESULTS
Significant decreased levels of MEG3 existed in CRC tissue, cell lines and serum.
CRC patients with down-regulated serum MEG3 levels had larger tumor sizes,
and advanced clinical stages. The sensitivity and specificity of serum MEG3
levels in CRC detection was 0.667 and 0.875, respectively. Tumor size, T stages,
and serum MEG3 levels are indie factors that produce an effect on CRC patients'
prognosis. KaplanMeier survival curves suggested that CRC patients with high
levels of MEG3 had a remarkably better overall survival rate.
CONCLUSION
LncRNA MEG3 is down-regulated in CRC, and regulates cell functions by
targeting adenosine deaminase’s effect on RNA 1 in CRC.
Key words: LncRNA; Maternally expressed gene 3; Biomarker; Colorectal cancer;
Adenosine deaminase acting on RNA 1
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Long non-coding RNA (LncRNA) maternally expressed gene 3 (MEG3) is
down-regulated in tissue, cell lines and serum. Colorectal cancer (CRC) patients with
down-regulated serum MEG3 levels were had larger tumor sizes, and advanced clinical
stages. LncRNA MEG3 functions as a diagnostic and prognostic marker in CRC.
LncRNA MEG3 promotes cell proliferation and induced apoptosis in CRC. The effect of
adenosine deaminase on RNA 1 may be the target of lncRNA MEG3 in CRC.

Citation: Wang W, Xie Y, Chen F, Liu X, Zhong LL, Wang HQ, Li QC. LncRNA MEG3 acts
a biomarker and regulates cell functions by targeting ADAR1 in colorectal cancer. World J
Gastroenterol 2019; 25(29): 3972-3984
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3972.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3972

INTRODUCTION
Colorectal cancer (CRC), which is the third most prevalent malignancy and causes the
fourth highest cancer mortality rate globally, is a severe disease and significant threat
to human health[1]. Worldwide, there are an estimated 1.2 million new cases and 0.6
million deaths from CRC each year[2]. Nevertheless, the clinical methods for screening,
diagnosing, and treating CRC are limited. For example, early course screening of
CRC, such as fecal occult blood tests and carcinoembryonic antigens, are often
affected by other health disorders and factors, resulting in low specificity and
sensitivity, as well as inaccurate clinical diagnoses. At malignancy stages, the tumor
node metastasis (TNM) staging system can be used to describe the stage of
malignancy and assess patient prognosis. However, TNM suffers from difficulties in
invasion and specimen collection, limiting the application of this method for the
prediction and prognosis of CRC. Previous studies have highlighted the need for
better clinical methods, revealing that nearly 90% of patients with early-stage CRC
were alive five years following prognosis, while 14% of patients with advanced-stage
CRC were alive five years later. However, only 39.6% of CRC cases are diagnosed at
early stages[3,4], thus indicating a need for clinical markers with high sensitivity and
specificity that can be used in the early detection and prognosis of CRC.
Typically consisting of more than 200 nucleotides, long non-coding RNAs
(lncRNAs) are referred to as endogenous cellular RNAs[5]. LncRNAs lack classicallydefined open reading frames, and thus have limited or no protein-coding potential[6-8],
yet a large number of aberrant lncRNAs are known to be involved in carcinogenesis,
dissemination, and metastasis[9,10]. Moreover, investigations into the roles of lncRNAs
as oncogenes or anti-oncogene factors, and their potential as serum biomarkers for the
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detection of various cancers including CRC, have increasingly garnered the attention
of experts[11-14]. For example, CRC tissues up-regulate the lncRNA SPINT1-AS1, which
is associated with partial clinical features (e.g., regional lymph node metastasis,
distant metastasis, and shorter relapse-free survival time), suggesting that SPINT1AS1 is a prognostic marker for CRC[3].
One of the best-studied lncRNAs called maternally expressed gene 3 (MEG3) was
reported to be aberrantly expressed in multiple types of malignancies, such as
hemangioma, glioma, cervical cancer, and bladder cancer[15-18]. In addition, MEG3 was
recently found to act as an anti-oncogene in CRC, specifically by targeting the
clusterin in CRC cells to inhibit cell proliferation and migration[19]. Another study
revealed that down-regulation of MEG3 in CRC cells activates sphingosine kinase 1,
accelerating cell proliferation and suppressing transforming growth factor β1mediated apoptosis [11] . However, the potential biomarker applications and the
mechanisms underlying the roles of MEG3 in CRC require further investigation. Here,
we aimed to determine the levels of MEG3 in CRC tissue, cell lines, and serum,
further exploring the roles of MEG3 in cellular processes. We uncovered the
diagnostic and prognostic value of MEG3 in CRC.

MATERIALS AND METHODS
Tissue and serum specimens
Forty-two CRC tissue specimens and corresponding normal tissues were collected
from the First Affiliated Hospital of China Medical University. Among the 42 patients
in this study, none of them received any therapy pre-operation. All patients
diagnosed with CRC had been verified via pathological methods, and patients with
other tumors or diseases were excluded from our study. Fresh surgical specimens
were processed within half an hour, and then submerged in RNAlater reagent
(Qiagen) for half an hour. After that, CRC tissue specimens were stored in liquid
nitrogen until RNA extraction.
Serum samples were obtained from 126 CRC patients, as well as 48 healthy control
individuals. Serum from 35 paired pre- and post-operative CRC individuals was also
collected. All venous blood was disposed within 1 h after extraction. Briefly, serum
samples were isolated by centrifugation (1200 × g, 10 min) followed by another
centrifugation (10000 × g, 10 min) to discard residual cellular debris. All centrifugations were performed at 4 °C. Similarly, serum samples were stored in liquid
nitrogen until RNA extraction.
Our research was managed under the Ethics Committee of the First Affiliated
Hospital of China Medical University. Every participant in our study provided full
consent. Table 1 shows the clinical characteristics of the CRC patients.

Cell culture and cell transfection
Human CRC cell lines (HCT-116 and HT29) and normal colorectal mucosa epithelial
cells (NCM460) were obtained from the American Type Culture Collection. All cells
were cultivated with DMEM (Gibco; Thermo Fisher Scientific) supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific), 5% antibiotics (penicillin
and streptomycin sulfates), and 20mM glutamine. HCT-116, HT29, and NCM460 cells
were maintained in an incubator (37 °C, 5% CO2). For cell transfection, a pCDNA3.1
vector containing the MEG3 sequence was purchased from Invitrogen. HCT-116 and
HT29 cells were pre-seeded in 6-well plates and cultivated until they reached 50-60%
confluency. After that, HCT-116 and HT29 cells were transfected with pCDNA-MEG3
or empty vector using the X-tremeGENE HP DNA transfection reagent (Roche).

RNA isolation
For RNA isolation of tissue specimens, TRIzol reagent (Invitrogen) was used
according to the manufacturer’s procedures. For RNA isolation of serum samples, the
miRNeasy Serum/Plasma Kit (Qiagen) was used. The quantity of RNA in all samples
was measured with a NanoDrop 2000c (Thermo Fisher Scientific), and any RNA
samples that exhibited an optical density ratio (260/280) of less than 1.8 or over 2.0
were excluded from further experiments. RNA samples were either stored in liquid
nitrogen or subsequently used for cDNA synthesis.

Reverse transcription and quantitative real-time polymerase chain reaction (RTqPCR)
cDNA was synthesized via the PrimeScript RT Master Mix (Takara Biotechnology)
with 0.1 μg of sample-derived RNA, then used for RT-qPCR to detect and quantify the
levels of lncRNA MEG3 in tissues and serum. This assay was conducted on the Roche
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Table 1 Correlation of maternally expressed gene 3 levels and clinicopathological features in
colorectal cancer
Clinical features

Cases

Serum MEG3 expression

≥ 60

54

0.678 ± 0.013

< 60

72

0.679± 0.043

P value
0. 956

Age in yr

0.400

Gender
Male

85

0.665 ± 0.032

Female

41

0.696 ± 0.038

Colon

58

0.671 ± 0.044

Rectum

68

0.676 ± 0.032

≥5

43

0.748 ± 0.031

<5

83

0.567 ± 0.039

T1+T2

93

0.617 ± 0.025

T3+T4

33

0.693 ± 0.019

Positive

71

0.717 ± 0.046

Negative

55

0.662 ± 0.034

III

72

0.867 ± 0.049

I+II

54

0.562 ± 0.018

Well/moderate

59

0.665 ± 0.050

Poor

67

0.710 ± 0.032

0.843

Tumor site

Tumor size in cm

0.001

0.098

pT, TNM

0.236

Lymph node metastasis

Clinical stage, TNM
0.001

Pathological differentiation
0.322

TNM: Tumor node metastasis; MEG3: Maternally expressed gene 3.

Lightcycler 480 Real-Time PCR system (Roche Diagnostics) with SYBR-Green PCR
master mix (Roche). After normalization to GADPH, changes in lncRNA MEG3
expression were calculated using the 2−ΔCt method. The primers used were as follows:
MEG3 forward, 5′-CTGCCCATCTACACCTCACG -3′ and reverse, 5′CTCTCCGCCGTCTGCGCTAGGGGCT- 3′; GAPDH forward, 5′-AGCCACAT
CGCTCAGACAC-3′ and reverse, 5′-GCCCAATACGACCAAATCC-3′.

Cell proliferation assays
A CCK-8 kit (US Everbright, lnc.) was used for evaluating cell proliferative capacity.
After transfection, we plated CRC cells (HCT-116 and HT29) in a 96-well plate, and
measured the optical density (OD) every 24 h according to the manufacturer’s
protocol. Before each detection, the CCK-8 kit (10 μL) was added to each well, and an
enzyme immunoassay instrument (Bio Rad Laboratories) was used for value
readings.

Flow cytometry assay
Annexin V (Invitrogen; Thermo Fisher Scientific, Inc.) was used to assess the
apoptosis rate of HCT-116 and HT29 cells. After transfection with pCDNA-MEG3 or
empty vector, CRC cells (HCT-116 and HT29) were grown to 100% confluency, then
collected via centrifugation and washed with phosphate buffered saline. After
resuspending in binding buffer, the cells were stained with 5 μL Annexin V. Fifteen
min later, apoptotic cells were detected by flow cytometry (EPICS XL 4; Beckman
Coulter, Inc.).

Protein extraction and western blotting
After rinsing with pre-cooled phosphate buffered saline, total protein in CRC (HCT116 and HT29) cells was extracted with RIPA buffer (Thermo Fisher Scientific) and a
protease/phosphatase inhibitor cocktail (Roche). Protein concentration was evaluated
with a Bio-Rad BCA assay system, and equal amounts of protein were loaded into
each lane of a polyacrylamide gel. Proteins were separated via SDS-PAGE, transferred
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to polyvinylidene difluoride membranes (Millipore, Billerica), and blocked with 5%
skim milk. Membranes were stained with primary antibodies [anti-adenosine
deaminase acting on RNA 1 (ADAR1) 1:500, Proteintech; anti-GAPDH 1:1000,
Proteintech] for 16 h, then rinsed with TBST (3 × 10 min), and stained with secondary
antibody (HRP conjugated goat anti-rabbit 1:1000, Sigma) at room temperature for 60
min. An enhanced chemiluminescence kit (Merck Millipore) and Kodak film (Kodak)
was used to detect the blots. ADAR1 protein abundance was normalized to GAPDH.

Statistical methods
All reported statistics were visualized with SPSS 21.0 and Graphpad Prism 7 software.
Significance values were determined by student’s t-test. Associations between MEG3
levels and clinicopathological features were analyzed with a Chi-square test and
Fisher’s exact test, and receiver operating characteristic (ROC) curves were drawn to
evaluate the value of serum MEG3 for CRC detection. The Kaplan-Meier method was
applied for assessing the value of serum MEG3 in the prognosis of CRC. A P value <
0.05 is indicated as a significant difference.

RESULTS
Decreased levels of lncRNA MEG3 in CRC
MEG3 levels in CRC tissue, serum, and cell lines were first detected by qRT-PCR.
Neither age nor gender appeared to affect MEG3 expression when comparing
between the CRC group and healthy group (Table 2). As expected, lncRNA MEG3
expression was significantly decreased in CRC tissues versus corresponding colorectal
tissue (P < 0.01; Figure 1A). Results from cell lines agreed with these findings, and
revealed significant down-regulation of MEG3 in CRC cell lines compared to
NCM460 cells (P < 0.01 for HCT-116, P < 0.05 for HT29; Figure 1B). Moreover,
significant down-regulation of MEG3 existed in serum samples of CRC patients versus
the NC (P < 0.05; Figure 1C).

Association between lncRNA MEG3 levels and clinic pathological features
We next investigated the relationship between MEG3 levels and clinical pathological
features of CRC patients. In our study, the 126 CRC patients were divided into two
equal-sized groups of high and low MEG3 expression, with a cut-off point at the
median MEG3 level (63 high serum MEG3 level, and 63 low serum MEG3 level). The
comparisons displayed in Table 1 reveal that no statistically significant associations
were uncovered between the serum MEG3 concentration and age (P = 0.956), gender
(P = 0.400), tumor site (P = 0.843), T stage (P = 0.098), lymph node metastasis (P =
0.236) or pathological differentiation (P = 0.322). However, serum MEG3 levels clearly
correlated with tumor size (P = 0.001) and clinical stage (P = 0.001). Thus, our results
demonstrate that CRC patients with down-regulated serum MEG3 levels are more
prone to developing larger tumors and reaching advanced clinical stages.

Diagnostic value of serum lncRNA MEG3 in CRC
In order to assess the value of measuring MEG3 expression in diagnosing CRC, the
ROC method was applied. As shown in Figure 2A, no significant difference was
observed between the serum MEG3 levels in samples 24 h post-operation and serum
MEG3 levels in the preoperative samples (P > 0.05). The opposite result was obtained
in the samples 1 mo after surgery, which revealed that the serum MEG3 levels were
significantly elevated compared to the preoperative samples (P < 0.01). A ROC curve
was applied to the results, which demonstrated that the sensitivity and specificity of
serum MEG3 levels in CRC detection was 0.667 and 0.875, respectively [area under
the curve (AUC) 0.798; 95% confidence interval (CI) 0.730-0.866, P < 0.001; Figure 2B].
Overall, lncRNA MEG3 is a reliable marker for CRC diagnosis.

Prognostic value of lncRNA MEG3 in CRC
KaplanMeier survival curves and Cox proportional hazard regression analyses were
applied to assess the prognostic value of lncRNA MEG3 in CRC. Data from univariate
analysis showed that tumor size [hazard ratio (HR) = 0.576, 95%CI = 0.342-0.968, P =
0.037], T stage (HR = 0.572, 95%CI = 0.122-0.414, P = 0.044), clinical stage (HR = 0.225,
95%CI = 0.122-0.414, P = 0.001), pathological differentiation (HR = 0.440, 95%CI =
0.258-0.752, P = 0.003) and serum MEG3 levels (HR = 2.789, 95%CI = 1.615-4.816, P =
0.001) are indeed factors that affect a CRC patient’s prognosis. In multivariate
analysis, tumor size (HR = 0.436, 95%CI = 0.236-0.806, P = 0.008), T stage (HR = 0.039,
95%CI = 0.012-0.124, P = 0.001), and serum MEG3 levels (HR = 0.173, 95%CI = 0.0630.480, P = 0.002) were identified as factors affecting CRC patient prognosis (Table 3).
KaplanMeier survival curves (Figure 3) were plotted, and suggested that CRC
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Figure 1

Figure 1 Long non-coding RNA MEG3 in tissue, serum and cell lines. A: Relative levels of MEG3 in CRC tissues and normal tissues; B: Relative levels of MEG3
in cell lines; C: Relative levels of serum MEG3 in CRC patients and healthy controls. All data were repeated three times; aP < 0.05, bP < 0.01, cP < 0.001. CRC:
Colorectal cancer; MEG3: Maternally expressed gene 3.

patients with high levels of MEG3 had remarkably better overall survival (OS) rates (P
< 0.001). These data demonstrate that lncRNA MEG3 is a reliable marker for CRC
prognosis.

Cell transfection efficiency
Changes in lncRNA MEG3 expression in two different CRC cell lines (HCT-116 and
HT29) after transfection with pcDNA MEG3 were measured with RT-qPCR. The
amount of lncRNA MEG3 present in transfected HCT-116 cells was 9.87 times higher
than the control group (P < 0.01; Figure 4A), and MEG3 expression in similarly
transfected HT-29 cells was increased 7.32 times compared to cells transfected with an
empty vector (P < 0.001; Figure 4B).

MEG3 promotes cell proliferation and induces apoptosis in CRC
In our study, CCK-8 and flow cytometry assays were conducted to evaluate cell
proliferation and apoptosis, respectively. As expected, the CCK-8 assay revealed that
up-regulation of MEG3 could suppress cell proliferation both in HCT-116 (P < 0.05;
Figure 5A) and HT29 (P < 0.01; Figure 5B) cell lines compared with the control group.
Flow cytometry showed that elevated expression of MEG3 induced a significant
amount of cell apoptosis compared with the control group [(HCT-116, P < 0.01; Figure
5C) (HT-29, P < 0.05; Figure 5D)].

MEG3-regulated ADAR1 expression in CRC cells (HCT-116 and HT29)
Western blotting was conducted on cells that were transfected to overexpress MEG3.
From these blots, we were able to elucidate that ADAR1 protein expression in both
HCT-116 (P < 0.01; Figure 5E) and HT29 (P < 0.01; Figure 5F) cells was elevated when
MEG3 was expressed at higher levels. MEG3 levels were up-regulated in HCT-116
cells.

DISCUSSION
The carcinogenesis and progression of CRC is an extremely complex process
involving multiple steps of cellular reprogramming. In recent years, despite many
efforts to improve clinical treatments, the prognosis of CRC patients has not
significantly improved. Early detection of CRC is one of the main prerequisites for
satisfactory therapy, and can help significantly improve a patient’s chances for
survival. Thus, it is an issue of particular significance and urgency to explore and
understand the mechanism behind the carcinogenesis and progression of CRC, so as
to unearth relevant biomarkers for diagnosis and prognosis, as well as enable the
accurate monitoring of CRC progression.
Previous studies have revealed that lncRNAs exert significant effects on numerous
biological processes, such as neoplastic angiopoiesis, cell migration, and drug
resistance[20,21]. An estimated 1 × 105 lncRNAs have been identified thus far, but it is
difficult to determine the precise number due to many factors, such as varying tissues
and stages[22]. Despite extensive research conducted on the role of lncRNAs, fewer
than 2% of lncRNA species have been ascribed to a particular biological role [23] .
Moreover, how lncRNAs exert their functions at the molecular level, and how
lncRNAs are targeted to specific genomic sites remains elusive[24]. In addition to the
important functions of lncRNA in tissues and cells, the function of lncRNAs in serum
has also interested many researchers, who agree that lncRNAs in serum have great
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Table 2 Clinicopathological characteristics in our study
Serum samples
Tissue samples, n = 42
Colorectal cancer, n = 126

Healthy controls, n = 48

Age
mean ± SD

56.8 ± 6.5

56.9 ± 5.9

56.3 ± 6.4

Median (range)

57 (44-73)

58 (38-74)

58 (38-73)

Male

27

85

33

Female

15

41

15

Colon

17

58

Rectum

25

68

≥5

12

43

<5

30

83

T1+T2

33

93

T3+T4

9

33

Positive

18

71

Negative

22

55

III

13

72

I+II

29

54

Pathological differentiation

26

59

Well/moderate Poor

16

67

Gender

Tumor site

Tumor size in cm

pT, TNM

Lymph node metastasis

Clinical stage, TNM

high vs low
Lymph node metastasis, positive vs negative

0.988
0.225

Clinical stage of

0.440

TNM, III vs I + II

2.789

Pathological differentiation, well/moderate vs poor
Serum lncRNA
MEG3 expression,

TNM: Tumor node metastasis.

potential for clinical use in diagnosing tumors and predicting patient prognosis.
Previous studies have demonstrated that dysregulated lncRNA MEG3 was
widespread in malignancies. It was found that MEG3 levels were reduced in the
tissues of prostate cancer patients, and that the MEG3 inhibitory role in various
cellular functions (invasion, proliferation and migration) relied on regulating the miR9-5p/QKI-5 axis[25]. Decreased levels of MEG3 were found in bladder cancer tissues,
and increased levels of MEG3 could hinder the ability of BC cell migration and
invasion. Furthermore, bladder cancer cells with up-regulated MEG3 were sensitized
to cisplatin, which is a drug used for bladder cancer chemotherapy[26]. Likewise,
MEG3 levels were significantly reduced in liver cancer tissues, and hepatoma cell
proliferation and invasion could be promoted by down-regulation of MEG3[27]. In
gastric cancer, MEG3 was lowly expressed in tumor tissue, and up-regulation of
MEG3 suppressed cancer cell proliferation, metastasis, and p53 levels[28]. MEG3 also
plays a fatal role in kidney cancer, chronic myeloid leukemia, thyroid carcinoma, and
endometrial carcinoma[29-32]. In our study, MEG3 was significantly reduced in CRC
tumor tissue, serum, and cell lines. Up-regulation of MEG3 by transfection inhibited
CRC cellular proliferation and induced apoptosis.
ADAR1, a significant member of the ADAR protein family, has been reported to
participate in multiple biological functions, such as cell proliferation and
apoptosis[33,34]. There are two major isoforms of ADAR1: An interferon-inducible
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Figure 2

Figure 2 Results of MEG3 in the diagnosis of colorectal cancer. A: Serum maternally expressed gene 3 levels in the sample of 1 d and 1 mo after surgery; B:
Receiver-operator characteristic curve for colorectal cancer detection. All data were repeated three times; bP < 0.01. 1 d: The 1st d after surgical removal of the tumor;
1 mo: The 30th d after surgical removal of the tumor; ROC: Receiver-operating characteristic curve; AUC: Area under curve; MEG3: Maternally expressed gene 3.

ADAR1 p150 that contains both the Za and Zb Z-DNA-binding domains and a
constitutive ADAR1 p110 that lacks the N-terminal Za Z-DNA-binding domain[35].
ADAR1 has emerged as a biomarker in numerous solid tumors, including gastric
cancer and esophageal cancer [36,37] . In our study, StarBase 3.0 (http://starbase
.sysu.edu.cn/index.php) was used, and ADAR1 was found to be co-expressed with
MEG3 in CRC. Thus, we assume that ADAR1 is a potential target regulated by MEG3
in CRC cells. Western blotting was then performed to test our hypothesis. As
expected, the cells overexpressing MEG3 exhibited increased ADAR1 expression, thus
implicating ADAR1 as a target of MEG3 in CRC cells. These results agree with the
StarBase data.
Previous studies demonstrated that MEG3 acts as a diagnostic biomarker in
malignancies. In bladder cancer, the AUC of the three lncRNA panel (MEG3, SNHG16
and MALAT1) in detecting bladder cancer was 0.828, and the diagnostic
performances of the lncRNA panel for Ta, T1, and T2-T4 were 0.778, 0.805, and 0.880,
respectively. This thus identified a three lncRNA panel for use in diagnosing bladder
cancer[38]. In our study, MEG3 could discriminate between CRC patients and healthy
controls with a sensitivity and specificity of 0.667 and 0.875, respectively, thus
demonstrating that lncRNA MEG3 was a reliable marker for CRC diagnosis.
Previous studies demonstrated that lncRNA MEG3 acts as a prognostic biomarker
in malignancies. Bioinformatics analysis revealed that high MEG3 levels were a
suitable prognostic factor for patients with lung cancer, especially in younger patients
(≤ 60 years old), indicating MEG3 as a promising prognostic factor in lung cancer[39]. In
breast cancer, MEG3 levels are closely related to the TNM stage differentiation grade,
and lymph node metastasis. MEG3 levels were an insusceptible undesirable factor of
prognosis [5-year OS and 5-year progression-free survival (PFS)] in BC patients.
Breast cancer patients that had MEG3 levels would experience a poor prognosis (poor
OS and PFS) [40] . In osteosarcoma, MEG3 levels were particularly lower in tumor
tissues, and correlated with both clinical stage and metastasis. The results of KaplanMeier analysis suggested that patients with high MEG3 levels generally live longer.
These data therefore demonstrate that MEG3 acts as a prognostic biomarker in
osteosarcoma[38]. In our study, we found that MEG3 expression was indeed a factor
affecting the prognosis of CRC patients, and that patients with high levels of MEG3
had a remarkably higher OS rate, which demonstrated that lncRNA MEG3 was a
good marker for the prognosis of CRC. In conclusion, lncRNA MEG3 is downregulated in CRC, and regulates cell function by targeting ADAR1 in CRC.
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Table 3 Univariate and multivariate survival analysis
Univariate analysis

Multivariate analysis

Variables
HR

95%CI

P value

HR

95%CI

P value

Age in yr, ≥ 60 vs < 60

0.806

0.481-1.352

0.414

---

---

---

Gender, male vs female

1.265

0.757-2.178

0.396

---

---

---

Tumor site, colon vs rectum

0.681

0.405-1.143

0.146

---

---

---

Tumor size in cm, ≥ 5 vs < 5

0.576

0.342-0.968

0.037

0.436

0.236-0.806

0.008

pT of TNM, T1 + T2 vs T3 + T4

0.572

0.332-0.986

0.044

0.942

0.477-1.861

0.863

Lymph node metastasis, positive vs negative

0.988

0.591-1.651

0.964

---

---

---

Clinical stage of TNM, III vs I + II

0.225

0.122-0.414

0.001

0.039

0.012-0.124

0.001

Pathological differentiation, well/moderate vs poor

0.440

0.258-0.752

0.003

0.641

0.324-1.267

0.201

Serum lncRNA MEG3 expression, high vs low

2.789

1.615-4.816

0.001

0.173

0.063-0.480

0.002

TNM: Tumor node metastasis; lncRNA: Long non-coding RNAs; MEG3: Maternally expressed gene 3; CI: Confidence interval; HR: Hazard ratio.

Figure 3

Figure 3 Results of MEG3 in the prognosis of CRC in KaplanMeier survival curves. All data were repeated three times. CRC: Colorectal cancer; MEG3:
Maternally expressed gene 3.
Figure 4

Figure 4 Result of transfection efficacies. A: Transfection efficacies of pcDNA MEG3 in HCT-116 cells; B: Transfection efficacies of pcDNA MEG3 in HT29 cells.
All data were repeated three times; bP < 0.01, cP < 0.001. MEG3: Maternally expressed gene 3.
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Figure 5

Figure 5 The role of MEG3 in cell function. A: Cell proliferation in HCT-116 cells after overexpression of MEG3; B: Cell proliferation in HT29 cells after
overexpression of MEG3; C: Apoptosis in HCT-116 cells after overexpression of MEG; D: Apoptosis in HT29 cells after overexpression of MEG; E: Protein expression
of ADAR1 after overexpression of MEG3 in HCT-116 cells; F: Protein expression of ADAR1 after overexpression of MEG3 in HT29 cells. All data were repeated three
times; aP < 0.05, bP < 0.01, cP < 0.001. OD: Optical density; ADAR1: Adenosine deaminase acting on RNA 1; MEG3: Maternally expressed gene 3.
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ARTICLE HIGHLIGHTS
Research background
Among common types of gastrointestinal malignancies, colorectal cancer (CRC) has seen a
dramatic increase in annual global incidence rate. Many recent studies have demonstrated the
molecular mechanisms involved in the transcriptional regulation in CRC, and shown that long
non-coding RNAs (lncRNAs) play an irreplaceable role in the initiation and progression of CRC,
such as maintaining cell growth, evasion of apoptosis, promotion of invasion and metastasis,
stemness maintenance and EMT.

Research motivation
To identify more biomarkers for the diagnosis and treatment of CRC.

Research objectives
To investigate the underlying mechanisms of lncRNA maternally expressed gene 3 (MEG3) in
CRC.

Research methods
LncRNA MEG3 expression was observed by qRT-PCR assays on CRC tissue, cell lines and
serum. Clinicopathological characteristics were collected, arranged and combined with
expression analysis of CRC to evaluate the functions of lncRNA MEG3. Cell function assays were
performed to explore the functions of MEG3 in CRC cell lines. Moreover, western blots were
performed to explore the targeted regulation by MEG3 in CRC cell lines.

Research results
We found that levels of LncRNA MEG3 decreased in CRC tissues, cell lines and serum, and
exhibited a significant negative relation with tumor size, TNM stage, and lymph node
metastasis. Cell experiments showed that MEG3 levels declined during CR cell line proliferation
and invasion, and that ADAR1 may be the target regulated by lncRNA MEG3 in CRC cells.
Importantly, CRC patients with higher lncRNA MEG3 levels have a better overall survival rate.

Research conclusions
Our study demonstrated that lncRNA MEG3 can significantly inhibit cell growth, migration and
invasion of gastric cancer. Furthermore, it can work through ADAR1. Therefore, our study
provides some molecular mechanism and two new biomarkers for CRC.

Research perspectives
In the future, research may reveal the important role of lncRNA MEG3 that enhances the
sensitivity of CRC detection, and further develop its application for anti-cancer treatments. The
identification of the lncRNA MEG3/ADAR1 molecular axis may further explain the underlying
mechanism.
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Abstract
BACKGROUND
Hepatitis B is a major public health problem in China. Accurate liver injury
assessment is essential for clinical evidence-based treatment. Liver biopsy is
considered the gold standard method to stage liver disease, but it is not widely
used in resource-limited settings. Therefore, non-invasive liquid biopsy tests are
needed.
AIM
To assess liver injury in hepatitis B patients using quantified cell free DNA
combined with other serum biomarker as a liquid biopsy-based method.
METHODS
A cohort of 663 subjects including 313 hepatitis B patients and 350 healthy
controls were enrolled. Ultrasound-guided liver biopsies followed by
histopathological assessments were performed for the 263 chronic hepatitis B
patients to determine the degree of liver injury. Cell-free DNA was quantified
using a novel duplex real-time polymerase chain reaction assay.
RESULTS
Compared with healthy controls, patients with hepatitis B virus (HBV) infection
had significantly higher plasma DNA, serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin, and HBV DNA levels (P < 0.01).
Serum ALT, AST, bilirubin, and plasma DNA levels of patients with markedsevere inflammation were significantly higher than those with mild-moderate
inflammation (P < 0.01). There was a statistically significant correlation between
hepatocyte inflammation severity and serum bilirubin (R2 = 0.673, P < 0.01) or
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Core tip: Our study used quantified cell free DNA combined with other serum biomarker
as a liquid biopsy-based method to assess liver injury in hepatitis B patients. A cohort of
663 subjects including 313 hepatitis B patients and 350 healthy controls were enrolled.
Ultrasound-guided liver biopsies followed by histopathological assessments were
performed for the 263 chronic hepatitis B patients to determine the degree of liver injury.
Cell-free DNA was quantified using a novel duplex real-time polymerase chain reaction
assay. Our results demonstrated that the combination of plasma DNA, serum alanine
aminotransferase, and bilirubin could be a candidate liquid biopsy for non-invasive
assessment of liver injury in hepatitis B patients.
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INTRODUCTION
The liver, playing an important role in many bodily functions from protein
production and blood clotting to cholesterol, glucose, and iron metabolism, is the
most important detoxification organ in human body [1] . Because of this, the liver
becomes the vulnerable organ to be injured in various kinds of diseases, including
pathogen infection, inherited metabolic disease, alcoholic hepatitis, drug-induced
liver disease, autoimmune liver disease, and fatty liver disease. In clinical practice,
accurate liver injury assessment is necessary for the evidence-based treatment.
Liver biopsy, which is thought to be the gold standard method for the assessment
of liver injury severity, has been used to ascertain the degree of necroinflammation
and fibrosis[1]. Unfortunately, liver biopsy is not always an available option for many
patients with liver disease. It is also impractical to monitor the disease by frequent
biopsy. Blood biomarkers, such as liver aminotransferases and bilirubin, are the
routine assessments as liquid biopsy to monitor patients and to guide clinical
treatment[1]. However, it is widely known that the degree of liver injury is quite
different in various types of liver diseases. It is also thought that serum alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) concentrations are not
necessarily a reliable index of hepatocyte necrosis, and this is especially seen in
massive hepatic necrosis [2] . To assess liver injury more accurately, more reliable
biomarkers for liquid biopsy are required.
In this study, we focused on hepatitis B caused by the hepatitis B virus (HBV)
which is a DNA virus that infects the liver. There are approximately two billion
people exposed to HBV and more than 350 million chronically infected people
worldwide[3,4]. Hepatitis B is a major public health problem worldwide, especially in
China[5]. HBV infection can be either asymptomatic or symptomatic depending on the
severity of liver injury, which is important for patients’ outcome and to help guide the
choice of clinical therapy. The aim of the present study was to quantify cell released
DNA, a sensitive biomarker for cell death assessment, in hepatitis B patients using the
duplex real-time quantitative polymerase chain reaction (PCR) to explore its potential
use as a liquid biopsy-based biomarker combined with other liver function tests for
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assessment of liver injury.

MATERIALS AND METHODS
Patients and clinicopathological characteristics
This study included a total of 313 HBV-infected patients (median age, 36 years; range,
12-78 years; 89 females) with chronic (n = 263) or acute (n = 50) infection. Chronic
HBV infection was defined as a continuous positive hepatitis B surface antigen
(HBsAg) test result for more than 6 months, while acute HBV infection was a positive
HBsAg test result for less than 6 months. Clinical information including demographic
characteristics was obtained from the patients’ medical records. Healthy volunteers (n
= 350; median age, 36 years; range, 18-72 years; 100 females) who attended the First
Affiliated Hospital of Nanjing Medical University for an annual health check-up were
recruited as a control group.

Liver biopsy
Ultrasound-guided liver biopsies followed by histopathological assessment were
performed for the 263 chronic HBV infected patients to determine the degrees of liver
injury including inflammation (grade) and fibrosis (stage) according to the Grading
and Staging System in China[6], which was established based on the Ishak system[7]. In
this study, mild or moderate portal area inflammation and spotty or piecemeal
necrosis without bridging and multi-acinar necrosis were categorized as
mild–moderate inflammation, while marked portal area inflammation, marked spotty
or piecemeal necrosis, and/or bridging and multi-acinar necrosis were categorized
marked-severe inflammation. The fibrosis stages range from 0 to 4, where Stage 0 is
for no fibrosis, Stage 1 for portal fibrosis without septa, Stage 2 for portal fibrosis with
few septa, Stage 3 for numerous septa without cirrhosis, and Stage 4 for cirrhosis.

Blood sample collection and processing
After informed consent was obtained and the research protocol was approved by the
Ethics Committee of Nanjing Medical University, a 2-mL peripheral blood sample
was collected into an ethylenediamine tetraacetic acid-containing tube from each
participant at the time of preliminary diagnosis. All of the blood samples were
centrifuged (1600 g, 10 min) within 2 h after collection and plasma was carefully
transferred into EP tubes. After an additional centrifugation at 16000 g for 10 min, 200
µL of plasma supernatant without blood cells was collected and 5 × 104 copies of
recombinant internal standard plasmid DNA were added as described previously[8].
The mixed samples were stored at -80 °C until further processing. Serum samples
were recovered from serum-separator tubes following centrifugation of whole blood
at 3000 g for 10 min at room temperature.

Plasma DNA extraction and quantification
DNA was extracted from the 200 µL plasma samples containing the internal standard
using the BILATEST DNA/RNA kit (BILATEC, Viernheim, Germany), following the
manufacturer’s recommendations. After DNA extraction, plasma DNA was detected
with plasma cell-free DNA quantitative detection kit (Code Biotech, Jiangsu, China)
using duplex real-time PCR, which was performed for both the human β–actin gene
and the internal control recombinant plasmid DNA in the same tube. Duplex
ampliﬁcation curves were analyzed with Sequence Detection System Software (Ver.
1.4, Applied Biosystems). Specific probes and primers were described in our previous
report[8].

Detection of other serum biomarkers
The routine clinical chemistry panel, including ALT, AST, bilirubin, and albumin was
measured on an automatic biochemistry analyzer (AU5800, Beckman-Coulter, United
States). Serum HBV DNA was quantified by real-time PCR assay (ABI7500, Applied
Biosystem, United States). ALT and AST activities were measured using the
recommended IFCC method. Bilirubin was measured using the vanadic acid
oxidation method. Albumin was measured using the bromocresol green colorimetry
method. Serum HBV DNA was extracted using an HBV nucleic acid quantitative
detection kit (KHB, China) and quantified by real-time PCR assay (ABI7500, Applied
Biosystem, United States).

Statistical analysis
Results are presented as the median and interquartile range. Data were analyzed
using the Kruskal–Wallis rank test and Mann–Whitney U test. Spearman’s rank
correlation was performed to estimate the correlation between the degree of liver
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injury and plasma DNA, serum ALT, or bilirubin, respectively. The area under
receiver operator characteristic (ROC) curve (AUC) was calculated to evaluate the
diagnostic efficacy. All of these data were analyzed using Stata 9.2 software (Stata
Corporation, College Station, TX, United States). A P-value < 0.05 was considered
statistically significant.

RESULTS
Serum ALT, AST, bilirubin, albumin, plasma DNA, and HBV DNA levels in healthy
controls and HBV-infected patients
The concentrations of serum ALT, AST, bilirubin, albumin, total plasma DNA, and
HBV DNA in healthy controls and patients with HBV infection are shown in Table 1.
There were statistically significant differences in serum ALT, AST, and plasma DNA
levels between healthy males and females (P < 0.01). Healthy controls with a history
of drinking alcohol had higher serum ALT, AST, bilirubin, and plasma DNA levels
than those who rarely drank alcohol (P < 0.01).
Compared with healthy controls, patients with HBV infection had significantly
higher plasma DNA, serum ALT, AST, bilirubin, HBV DNA levels, and lower serum
albumin levels (P < 0.01). There were no statistically significant differences in the six
blood-based biomarkers between patients with different sex or drinking history (P >
0.05). Although there were significant differences in serum ALT and HBV DNA levels
between patients younger and older than 36 years, the Spearman’s rank correlation
analysis showed that there were no statistical correlations between patient age and the
blood-based biomarkers. Serum HBV DNA levels in HBeAg positive patients were
significantly higher than those with negative HBeAg results (P < 0.01).

Quantification of serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV
DNA for assessment of liver injury in patients with chronic HBV infection
As shown in Table 2, serum ALT, AST, bilirubin, and plasma DNA levels of patients
with marked-severe inflammation were significantly higher than those of patients
with mild–moderate inflammation (P < 0.01). However, serum ALT or AST levels of
42 patients with severe liver injury were lower than those of patients with marked
inflammation. There was no statistically significant difference in serum HBV DNA or
albumin levels between patients with mild–moderate and marked-severe
inflammation (P > 0.05). The positive correlation between serum ALT and
inflammation severity was statistically significant but weak (R2 = 0.214, P < 0.01;
Figure 1A) because the severe patients had low ALT levels. Inflammation severity
determined by liver biopsy was correlated with serum bilirubin (R2 = 0.673, P < 0.01;
Figure 1B) and plasma DNA (R2 = 0.597, P < 0.01; Figure 1C), but had no statistically
significant correlation with HBV DNA (R2 = 0.004, P = 0.281; Figure 1D).
As shown in Figure 2, the AUC of using plasma DNA to distinguish between
patients with mild–moderate and marked-severe inflammation was 0.7921, which was
similar to the AUCs of using serum ALT and bilirubin (0.8059 and 0.7910). The AUCs
of using serum AST, albumin, and HBV DNA to distinguish between patients with
mild-moderate and marked-severe inflammation were 0.6530, 0.4877, and 0.4952,
respectively. After the combination of serum ALT, bilirubin, and plasma DNA (blue),
there was a statistically significant increase of AUC (0.9564). There was also a
significant difference in plasma DNA levels or bilirubin between patients with and
without cirrhosis (P < 0.01), but there was no difference in serum ALT, AST, albumin,
or HBV DNA (P > 0.05; Table 2).
As shown in Figure 3A, there was no statistically significant correlation between
plasma DNA and serum ALT (R2 = 0.012, P = 0.08). Most of the patients with high
serum ALT levels (> 100.0 U/L) had marked-severe liver injury (red), suggesting a
high specificity (89.3%) and positive predictive value (84.0%). However, there were
still 33.5% of patients with low serum ALT levels (≤ 100.0 U/L) who had markedsevere liver injury, which suggests a low sensitivity (55.3%) of serum ALT. For
example, patient 85 in Figure 3A was a 20-year-old man with chronic hepatitis B
(CHB). Laboratory studies showed an HBV DNA level of 2.04 × 107 IU/mL and an
ALT level of only 40 U/L. However, a needle biopsy of the liver showed severe
piecemeal necrosis (marked portal inflammation, Grade 3; Figure 3B). These false
negative patients could be further distinguished from patients with mild–moderate
inflammation by plasma DNA with a sensitivity of 97.5% and specificity of 68.6% at
the cutoff value of 95 ng/mL, as shown in Figure 3A. After the combination of serum
ALT, bilirubin, and plasma DNA, there was a statistically significant increase in AUC
(0.9564), with a maximum sensitivity and specificity of 88.64% and 80.15%,
respectively (the blue line in Figure 2).
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Table 1 Correlation between clinicopathological characteristics and serum alanine aminotransferase, alanine aminotransferase,
bilirubin, albumin, plasma DNA, or hepatitis B virus DNA levels in the 350 healthy controls and 313 patients

Group

Serum
Number
ALT
of cases
(U/L)

Healthy 350
controls

P

Bilirubin
P
(μM)

19.1
(15.1)
< 0.01

Sex

Plasma
DNA
P
(ng/mL)

HBV
DNA
(IU/mL)

25.5
(17.6)

0.0 (0.0)

0.865

< 0.01

Serum
AST
(U/L)

P

Albumin
P
(g/L)

P

16.4
(14.3)
---

46.0
(22.2)
< 0.01

0.062

Male

250

22.3
(14.1)

10.6 (5.8)

30.0
(16.1)

0.0 (0.0)

19.6
(14.1)

46.4
(20.8)

Female

100

12.6 (7.6)

10.2 (5.5)

16.7 (8.1)

0.0 (0.0)

10.1 (5.5)

45.5
(20.1)

0.819

Age (yr)

0.833

0.056

---

0.916

0.066

< 36

175

18.9
(17.9)

9.7 (5.4)

23.6
(16.4)

0.0 (0.0)

16.0
(15.9)

47.6
(20.3)

≥ 36

175

19.8
(13.7)

10.5 (5.7)

26.8
(19.3)

0.0 (0.0)

16.7
(12.2)

45.8
(23.4)

166

18.7
(15.1)

10.3 (5.6)

27.3
(19.1)

0.0 (0.0)

15.8
(15.1)

45.7
(22.5)

Positive 184

19.1
(15.0)

10.3 (5.6)

24.2
(16.0)

0.0 (0.0)

16.5
(15.2)

46.2
(21.6)

0.263

HBsAb
Negative

0.439

< 0.01

Drinking
history

0.060

0.002

---

0.000

0.549

---

0.884

0.000

0.711

No

278

18.6
(12.1)

10.4 (5.7)

22.8
(15.5)

0.0 (0.0)

15.8
(11.1)

46.1
(20.9)

Yes

72

34.1
(29.2)

21.0
(19.2)

38.3
(19.0)

0.0 (0.0)

33.5
(27.4)

45.4
(23.7)

Hepati- 313
tis B
patients

103.3
(118.5)

< 0.011

85.6
(77.2)

0.972

Sex

0.0001

132.9
(253.7)

0.606

< 0.011

6.1 (2.9)

0.772

< 0.011

97.0
(101.6)

0.149

< 0.011

42.7
(31.2)

0.656

0.761

Male

224

101.4
(114.4)

88.3
(91.6)

134.2
(260.2)

6.2 (2.7)

95.3
(99.5)

42.4
(32.7)

Female

89

113.5
(143.8)

82.9
(89.1)

132.2
(170.7)

5.6 (2.8)

101.7
(116.6)

43.0
(33.2)

< 36

155

89.2
(120.0)

86.3
(90.4)

135.9
(256.6)

6.7 (3.0)

96.5
(98.3)

42.2
(30.4)

≥ 36

158

115.9
(124.9)

83.9
(91.5)

115.8
(244.5)

5.6 (2.6)

97.8
(103.2)

43.1
(29.7)

159

109.7
(126.6)

84.4
(89.4)

126.3
(294.0)

5.4 (3.1)

97.7
(101.8)

43.3
(32.5)

Positive 154

101.4
(117.0)

86.1
(90.7)

135.7
(228.9)

6.5 (2.3)

97.4
(99.6)

40.6
(34.6)

0.011

Age (yr)

0.236

HBeAg
Negative

0.221

0.173

0.487

Drinking
history

0.312

< 0.01

0.833

0.577

0.831

< 0.01

0.574

0.591

0.742

0.200

< 0.011

0.070

0.433

0.654

No

187

107.0
(122.8)

85.0
(87.3)

126.3
(255.4)

6.2 (2.7)

95.8
(98.5)

42.0
(30.8)

Yes

126

100.6
(118.0)

86.9
(90.3)

142.8
(243.6)

6.0 (3.0)

98.3
(100.1)

43.2
(30.7)

1

Compared with the healthy controls. All continuous data are expressed as medians (interquartile range). ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; HBV: hepatitis B virus; HBsAb: Hepatitis B surface antibody; HBeAg: Hepatitis B E-antigen.

Comparison of serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV
DNA levels in patients with chronic or acute HBV infection
Serum ALT, AST, bilirubin, albumin, total plasma DNA, and HBV DNA levels in
patients with chronic or acute HBV infection are shown in Table 2. There was no
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Figure 1

Figure 1 Correlations of blood biomarkers with severity of hepatocyte inflammation in 263 chronic hepatitis B patients. The scatter plots show that there are
statistically significant correlations between the severity of hepatocyte inflammation and levels of serum biomarkers. A: Alanine aminotransferase; B: Bilirubin; C:
Plasma DNA; D: Hepatitis B virus DNA. ALT: Alanine aminotransferase; HBV: Hepatitis B virus.

statistically significant difference in HBV DNA levels between patients with chronic
and acute HBV infection (P > 0.05). However, total plasma DNA, bilirubin, serum
ALT, AST, and albumin levels in patients with acute HBV infection were significantly
higher than those of patients with chronic HBV infection (P < 0.01). ROC curve
analysis showed that the AUC of using serum ALT levels to distinguish between
patients with chronic and acute HBV infection was 0.8702, which was significantly
higher than that of using plasma DNA (0.7800; P = 0.01).

DISCUSSION
Hepatitis B is a viral infectious disease caused by the HBV which primarily interferes
with the functions of the liver by replicating in hepatocytes[5]. During HBV infection,
the host immune response causes both viral clearance and hepatocellular damage[9]. In
clinical practice, hepatitis B patients usually need to undergo a liver biopsy, which is
the current gold standard method for liver injury assessment by direct cell
morphological observation[1,10]. However, biopsy results are too dependent on the
representation of the punctured sample and show significant variability which can
lead to a wrong diagnosis[11]. Besides, liver biopsy requires a skilled expert and wellequipped hospital, and still has the risk of potentially lethal complications, such as
pneumothorax and bleeding[12]. Therefore, liver biopsy is not always the best option
for monitoring disease and some other more reliable techniques to assess liver injury,
such as liquid biopsy focusing on biomarkers in body fluids, are required.
HBV infection can stimulate the body to produce various kinds of cell and humoral
immunity responses to virus antigens and lead to persistent or massive hepatocellular
apoptosis and necrosis[9,13,14]. As a result of cell damage, the components of liver cells
including proteins and nucleic acids are released into the peripheral blood stream.
This could increase the reference values and the quantitative detection of these
substances released from damaged liver cells into body fluids may serve as a
noninvasive liquid biopsy to evaluate and monitor hepatitis-related liver damage[15].
Liver-specific enzymes such as ALT and AST are the most common serum
biomarkers for liver function assessment[16]. However, the point of using ALT or AST
for liver cell injury assessment remains controversial. Desmet et al[17] found that the
serum ALT level rose in almost all chronic liver diseases, yet this marker could not
reliably reflect the degree of inflammatory injury. Kew suggested that serum ALT was
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Table 2 Serum alanine aminotransferase, alanine aminotransferase, bilirubin, albumin, plasma DNA, and serum hepatitis B virus DNA
levels in different patient groups

Group

Serum
Number
ALT
of cases
(U/L)

Healthy 350
controls
Acute
HBV
infection

50

Chronic 263
HBV
infection

Bilirubin
P
(μM)

19.1
(15.1)
213.8
(355.9)

88.3
(98.0)

121.6
(207.0)

< 0.011

73.9
(88.3)

< 0.01

Inflam
-mation
Mild

P

< 0.011

Plasma
DNA
P
(ng/mL)

HBV
DNA
(IU/mL)

25.5
(17.6)

0.0 (0.0)

16.4
(14.3)

46.0
(22.2)

336.8
(179.5)

5.5 (2.4)

197.6
(312.5)

45.4
(24.6)

106.4
(174.1)

< 0.01

< 0.011

6.2 (2.9)

< 0.01

Serum
AST
(U/L)

P

0.059*

90.6
(93.7)

0.893

Albumin
P
(g/L)

P

< 0.011

40.2
(41.3)

< 0.01

0.444

68

59.9
(41.5)

30.6
(31.4)

46.9
(29.5)

5.7 (2.5)

51.2
(50.6)

41.7
(28.6)

Modera- 70
te

62.8
(68.0)

45.4
(50.4)

106.1
(127.2)

6.4 (3.1)

61.3
(72.9)

40.9
(30.4)

Marked 83

152.8
(114.7)

130
(125.5)

141.1
(77.4)

5.8 (2.8)

153.2
(160.8)

39.5
(32.6)

Severe

99.9
(148.0)

228
(254.9)

862.5
(1213.6)

6.8 (2.8)

91.7
(135.1)

39.8
(33.2)

42

0.552

Fibrosis

0.015

< 0.01

0.060

0.121

0.606

No
212
cirrhosis

88.0
(106.4)

65.2
(58.2)

131.0
(235.8)

6.3 (3.1)

87.0
(93.0)

40.8
(38.6)

Stage 0

59

83.5
(98.6)

71.9
(70.3)

111.8
(477.0)

6.6 (3.0)

87.7
(91.6)

41.6
(38.5)

Stage 1

72

96.6
(81.2)

60.2
(66.7)

179.6
(235.3)

6.5 (3.0)

88.4
(90.3)

40.1
(38.3)

Stage 2

46

87.4
(89.0)

64.8
(79.6)

98.8
(90.1)

6.0 (2.7)

79.1
(82.5)

40.1
(38.7)

Stage 3

35

91.7
(110.3)

77.7
(72.4)

87.2
(77.7)

6.0 (2.7)

84.6
(88.0)

40.2
(39.9)

91.4
(73.5)

92.0
(99.4)

73.1
(44.8)

5.7 (2.1)

91.9
(94.5)

39.9
(43.8)

Cirrho- 51
sis
(Stage 4)

0.0041

1

Compared with the acute hepatitis B virus infection patients. All continuous data are expressed as medians (interquartile range). ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; HBV: Hepatitis B virus.

not a reliable indicator in extensive hepatic necrosis in severe hepatitis, when
decreasing serum ALT concentrations might signify a paucity of hepatocytes from
which the enzymes could leak, rather than recovery[2]. Our current findings also
demonstrate that serum ALT and AST levels are not always correlated with
hepatocyte inflammation, especially in the patients with severe hepatocyte injury
(Figure 1). The sensitivity of serum ALT or AST is less than 60%, which will lead to
missed diagnosis and delay in clinical treatment.
Circulating plasma DNA, a kind of cell-free extracellular nucleic acid present in
normal healthy individuals at low concentrations, is believed to derive primarily from
apoptosis of normal cells[18]. The short half-life of plasma DNA in the circulation
suggests a model of continuous release from apoptotic cells and rapid clearance[19]. In
the context of various disease states characterized by abnormal cell death, such as
cancer, trauma, and transplant rejection, a large amount of nucleic acids are released
from necrotic cells into blood stream and significantly increase the level of plasma
DNA[20-26]. Although plasma DNA quantification was proved to be a potential marker
for cell damage, various preanalytical factors and lack of accurate and precise
quantitative methods have become a considerable pitfall, hampering its application
for liver injury assessment in clinical laboratories[30,31,32]. In our previous study, a
duplex real-time PCR assay with a novel internal standard was developed for plasma
DNA quantification and proved to be able to eliminate variations and allow for more
sensitive, repeatable, accurate, and stable quantitative measurements of plasma
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Figure 2

Figure 2 The receiver operator characteristic curves of using four blood biomarkers to assess hepatocellular
injury severity in 263 chronic hepatitis B patients. The areas under the curves (AUCs) of using serum alanine
aminotransferase (ALT, black), bilirubin (yellow), plasma DNA (orange), serum aspartate aminotransferase (green),
albumin (purple), and hepatitis B virus DNA (gray) to distinguish between patients with mild-moderate and markedsevere inflammation were 0.8059, 0.7910, 0.7921, 0.6530, 0.4877, and 0.4952, respectively. After the combination of
serum ALT, bilirubin, and plasma DNA (blue), there was a statistically significant increase of AUC (0.9564). ALT:
Alanine aminotransferase; HBV: Hepatitis B virus; AST: Aspartate aminotransferase; AUC: Area under the curve.

DNA[8].
In the current study, we quantified total plasma DNA in 350 healthy controls and
313 HBV infected patients by using our novel assay, combined with several other
serum biomarkers, to develop a novel liquid biopsy for non-invasive assessment of
liver injury. Among healthy controls, higher serum ALT, AST, and plasma DNA
levels were found in males and people with a history of drinking alcohol. While males
have a higher basal metabolic rate than females, a higher activity rate of liver cells can
lead to more ALT, AST, and genomic DNA released from apoptotic liver cells into the
blood[27]. Drinking alcohol causes mild hepatocellular damage, which can lead to
hepatocyte necrosis followed by ALT, AST, and genomic DNA release. We also
demonstrated that HBV infected patients had statistically significantly higher serum
ALT, AST, and total plasma DNA levels than healthy controls.
In 263 CHB patients with varying degrees of liver injury, we demonstrated
statistically significantly higher serum ALT, AST, bilirubin, albumin, total plasma
DNA, and HBV DNA levels than those of healthy controls. We then compared these
blood-based biomarker levels in patients with different degrees of liver injury
according to liver biopsy. While HBV is a noncytopathic virus and its replication does
not directly damage the liver cells, the degree of hepatocyte injury has no direct
correlation with the number of HBV DNA copies[28]. In this study, the HBV DNA level
did not reflect the severity of liver injury in hepatitis B patients (Table 2). As to serum
ALT, it had a high specificity (89.3%) but low sensitivity (55.3%) to discriminate
between mild–moderate and marked-severe inflammation. Similar results were found
for serum AST. This suggests that nearly half of patients, which were diagnosed with
severe liver injury based solely on serum ALT or AST levels, may be misdiagnosed
(e.g., patient 85 in Figure 3). By using our novel duplex real-time PCR assay with
internal standard, it was demonstrated that plasma DNA concentration was more
correlated with the severity of hepatocyte injury than serum ALT levels (Figure 1) and
more sensitive to assess the severity of liver injury in patients with low serum ALT (≤
100.0 U/L; Figure 3A). Cell-free plasma DNA, a superior indicator of cell death, was
shown to be a good complement to serum aminotransferases to improve sensitivity. It
has been estimated that when 1% of liver cells are damaged, enzymes such as ALT are
released into the peripheral blood and this could increase the reference value about
one-fold. Considering that 1% of genomic DNA out of the total 2500000000 liver cells
is released into plasma, the concentration of plasma DNA would increase by
approximate 66 ng/mL, which is 2.6-fold higher than the median value of healthy
people. Here, we suggest that this might be an explanation for the effectiveness of
plasma DNA in assessing the severity of liver injury in patients with low serum ALT.
However, because of the low specificity (68.6%), plasma DNA alone is not sufficient to
evaluate hepatic cell injury. After the combination of plasma DNA, serum ALT, and
bilirubin, there was a significant improvement in AUC (Figure 2).
Because of the invasiveness and risk of complications, there are many limitations
for liver biopsy in clinical practice. Certain conditions, including thrombocytopenia,
bleeding diathesis, cirrhosis, ascites, and amyloidosis, are recognized relative or
absolute contraindications to biopsy[29]. Therefore, noninvasive liquid biopsy is the
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Figure 3

Figure 3 Quantitative analysis of serum alanine aminotransferase and plasma DNA of 263 chronic hepatitis B patients to assess hepatocellular injury
severity. A: The scatter plot of serum alanine aminotransferase (ALT) and plasma DNA levels of chronic hepatitis B patients with mild-moderate (blue dots) or
marked-severe (red dots) inflammation. Most (84.0%) of the patients with high serum ALT levels (> 100.0 U/L) had marked-severe hepatocyte injury, while the other
patients with marked-severe hepatocyte injury and low serum ALT levels (≤ 100.0 U/L) can be distinguished from patients with mild-moderate hepatocyte injury by
plasma DNA quantification (e.g., Case 85); B: The hematoxylin and eosin stained microscopic image (× 400) of hepatic tissue of the case 85 showed severe
piecemeal necrosis (marked portal inflammation) (Grade 3). ALT: alanine aminotransferase.

necessary and useful substitution for patients who are not suitable to undertake liver
biopsy. According to the WHO’s guidelines[1], there are several non-invasive tests
(NITs) based on blood or serum now available and increasingly used for evaluating
and staging liver fibrosis. However, except for serum ALT, AST, and bilirubin, few
new NITs has been developed for assessment of liver injury, which can reduce the
need for liver biopsy in persons with hepatitis B. In this study, by quantifying serum
ALT and plasma DNA, clinicians can assess the severity of liver injury and evaluate
the patient's condition to determine the best course of treatment. For example, as
shown in Figure 4, low levels of serum ALT, bilirubin, and plasma DNA indicate that
there is no significant liver injury, while persistent high level of plasma DNA
combined with elevated bilirubin can indicate the severity of hepatocellular injury in
the case of severe liver cell damage with the “enzyme bilirubin separate”
phenomenon. Furthermore, liquid biopsy can be repeated and present a dynamic
change throughout the clinical treatment. But as to liver biopsy, that is impossible.
This liquid biopsy for non-invasive assessment of liver injury in hepatitis B patients
may be an important supplement be written into the guideline in the future. It is also
believed that this kind of non-invasive liquid biopsy can be applied for liver injury
assessment in many other liver diseases besides hepatitis B.
This is believed to be the first study about combination of plasma DNA, serum
ALT, and bilirubin as a sensitive and unique liquid biopsy for the noninvasive
assessment of degree of liver injury. This novel liquid biopsy technique is expected to
assist in making more precise diagnoses for hepatitis B patients.
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Figure 4

Figure 4 Pattern diagram of liquid biopsy with serum alanine aminotransferase, bilirubin, and plasma DNA for assessment of hepatocellular injury in
hepatitis B patients. Serum alanine aminotransferase levels in patients with severe hepatocellular injury may not be very high and plasma DNA combined with serum
bilirubin may be a good complementary biomarker for these patients. ALT: Alanine aminotransferase.

ARTICLE HIGHLIGHTS
Research background
Hepatitis B is a major public health problem in China. It is important that the severity of liver
injury is evaluated accurately for clinical treatment. Liver biopsy is considered the gold standard
method to stage liver disease. However, it is not widely used in resource-limited settings.
Therefore, the methods of non-invasive liquid biopsy need to be explored for assessment of liver
injury.

Research motivation
Plasma DNA quantification was proved to be a potential marker for cell damage, which may be
a non-invasive method for evaluating the severity of liver injury. However, the application of
plasma DNA quantification still needs to be investigated in patients with hepatitis B.

Research objectives
The aim of this study was to evaluate liver injury in hepatitis B patients using quantified cell free
DNA combined with other serum biomarker as a liquid biopsy-based method.

Research methods
A cohort of 663 subjects including 313 hepatitis B patients and 350 healthy controls were
enrolled. Ultrasound-guided liver biopsies followed by histopathological assessments were
performed for the 263 chronic hepatitis B patients to determine the degree of liver injury. Cellfree DNA was quantified using a novel duplex real-time polymerase chain reaction assay.

Research results
Compared with healthy controls, patients with hepatitis B virus (HBV) infection had
significantly higher plasma DNA, serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), bilirubin, and HBV DNA levels (P < 0.01). Serum ALT, AST, bilirubin,
and plasma DNA levels of patients with marked-severe inflammation were significantly higher
than those of patients with mild-moderate inflammation (P < 0.01). There was a statistically
significant correlation between hepatocyte inflammation severity and serum bilirubin (R2 =
0.673, P < 0.01) or plasma DNA (R2 = 0.597, P < 0.01) levels. The area under the curves of serum
ALT, bilirubin, plasma DNA, and their combination to distinguish between patients with
mild–moderate and marked-severe inflammation were 0.8059, 0.7910, 0.7921, and 0.9564,
respectively.

Research conclusions
The combination of plasma DNA, serum ALT, and bilirubin could be a candidate liquid biopsy
for non-invasive assessment of liver injury in hepatitis B patients.

Research perspectives
The combination of plasma DNA, serum ALT, and bilirubin as a novel liquid biopsy technique is
expected to assist in making more precise diagnoses for hepatitis B patients, which will be
validated in multiple clinical centers in the future.
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Abstract
BACKGROUND
The necessity of additional gastrectomy for early gastric cancer (EGC) patients
who do not meet curative criteria after endoscopic submucosal dissection (ESD)
is controversial.
AIM
To examine the clinicopathologic characteristics of patients who underwent
additional laparoscopic gastrectomy after ESD and to determine the appropriate
strategy for treating those after noncurative ESD.
METHODS
We retrospectively studied 45 patients with EGC who underwent additional
laparoscopic gastrectomy after noncurative ESD from January 2013 to January
2019 at the Cancer Hospital of the Chinese Academy of Medical Sciences. We
analyzed the patients’ clinicopathological data and identified the predictors of
residual cancer (RC) and lymph node metastasis (LNM).
RESULTS
Surgical specimens showed RC in ten (22.2%) patients and LNM in five (11.1%).
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Multivariate analysis revealed that positive horizontal margin [odds ratio (OR) =
13.393, 95% confidence interval (CI): 1.435-125, P = 0.023] and neural invasion
(OR = 14.714, 95%CI: 1.087-199, P = 0.043) were independent risk factors for RC.
Undifferentiated type was an independent risk factor for LNM (OR = 12.000,
95%CI: 1.197-120, P = 0.035). Tumors in all patients with LNM showed
submucosal invasion more than 500 µm. Postoperative complications after
additional laparoscopic gastrectomy occurred in five (11.1%) patients, and no
deaths occurred among patients with complications.
CONCLUSION
Gastrectomy is necessary not only for patients who have a positive margin after
ESD, but also for cases with neural invasion, undifferentiated type, and
submucosal invasion more than 500 µm. Laparoscopic gastrectomy is a safe,
minimally invasive, and feasible procedure for additional surgery after
noncurative ESD. However, further studies are needed to apply these results to
clinical practice.
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Core tip: It is controversial whether additional gastrectomy is necessary for all patients
who do not meet the curative criteria after endoscopic submucosal dissection (ESD).
Therefore, it would be valuable to determine which factors could increase the risk of
residual cancer or lymph node metastasis in patients after noncurative ESD in order to
avoid unnecessary surgery. We found that gastrectomy was necessary not only for
patients who had a positive margin in ESD, but also for cases with neural invasion,
undifferentiated type, and submucosal invasion more than 500 µm. Laparoscopic
gastrectomy is a safe, minimally invasive, and feasible procedure for additional surgery
after noncurative ESD.
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INTRODUCTION
Gastric cancer is the fourth most common cancer and the second leading cause of
cancer-related death in the world[1]. Early gastric cancer (EGC) is defined as a tumor
confined to the mucosa or submucosa, regardless of the regional lymph node
metastasis (LNM)[2]. The detection rates of EGC have been improved with the increase
in cancer surveillance and widespread endoscopic examinations [3] . Endoscopic
submucosal dissection (ESD) as a treatment for EGC has been rapidly spreading due
to the advantages of this technique including reduced postoperative complications,
decreased medical cost, fast recovery, and improved quality of life[4]. As ESD is now
performed more frequently, noncurative ESD is also becoming more and more
frequent, thus warranting appropriate treatment[3].
For patients who have undergone noncurative ESD, some reports[5-9] recommend
additional surgery to prevent residual cancer (RC) or LMN. However, high morbidity,
poor quality of life, and medical cost of gastrectomy for these patients cannot be
neglected, and it is controversial whether additional gastrectomy is necessary for all
patients who do not meet the curative criteria after ESD[10,11]. Therefore, it would be
valuable to determine which factors could increase the risk of RC or LNM in patients
after noncurative ESD in EGC patients in order to avoid unnecessary surgery.
Laparoscopic gastrectomy (LG) has been accepted as a standard procedure for the
treatment of EGC because it is minimally invasive, results in decreased postoperative
pain, and has a shorter recovery time than other procedures [12,13] . ESD-induced
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inflammation causes edema, fibrosis, and intraabdominal adhesions, which might
increase the difficulties and the risk of complications during subsequent LG [3,14] .
However, relatively few data are available on the influence of previous ESD on
LG[15-17].
In the present study, we aimed to examine the predictive factors for LNM and RC
as well as to explore the appropriate strategy for treating these patients after
noncurative ESD. We also aimed to assess the feasibility and safety of LG as
additional surgery after ESD.

MATERIALS AND METHODS
In this retrospective cohort study, the clinical data of consecutive EGC patients who
underwent additional gastrectomy after ESD at the Cancer Hospital of the Chinese
Academy of Medical Sciences, Chinese National Cancer Center between January 2013
and January 2019 were reviewed. The rate of LNM or RC was investigated. The
associations between various clinicopathological factors and RC or LNM were
examined by univariable and multivariable analyses. This retrospective study was
approved by the Institutional Review Board at the Cancer Hospital of the Chinese
Academy of Medical Sciences. The need for informed consent was waived due to the
retrospective nature of the study, and the data were anonymously analyzed. The
datasets in the current study are available from the corresponding author on
reasonable request.

Indications and procedures for ESD
Depth of tumor invasion and tumor stage were assessed initially before ESD by
endoscopic ultrasonography and contrast-enhanced computed tomography of the
abdomen and pelvis. The extended indications for ESD were as follows: (1)
Differentiated mucosal cancer without ulceration regardless of lesion size; (2)
Differentiated mucosal cancer, with ulceration, < 3 cm in diameter; (3) Differentiated
minimally invasive submucosal cancer < 3 cm in diameter; and (4) Undifferentiated
mucosal cancer ≤ 2 cm in size.
ESD was performed by one experienced gastrointestinal endoscopist in our
hospital. An incision line were made at about 5 mm lateral to the margin of the
cancerous lesion using a needle. Hypertonic saline mixed with epinephrine (1:10000)
and sodium hyaluronate were injected into the submucosal layer to lift the lesion. A
circumferential mucosal incision surrounding the marking dots was performed. The
submucosa beneath the target lesion was dissected and the entire lesion was
completely removed with a surgical electronic knife.

Histopathological evaluation
After being fixed in 10% formalin, resected specimens were sectioned perpendicularly
at 2-mm intervals. The histological evaluation was based on the World Health
Organization classification of gastric cancer. Gross types were categorized into
elevated, flat, or depressed type. Well or moderately differentiated tubular
adenocarcinoma and papillary adenocarcinoma were classified as differentiated
adenocarcinoma type, while poorly differentiated adenocarcinoma, signet ring cell
carcinoma, and mucinous adenocarcinoma were classified as undifferentiated type.
Tumor involvement in the lateral or vertical resection margin, tumor size,
lymphovascular invasion, neural invasion, and the depth of tumor invasion were
evaluated. The depth of tumor invasion was measured and quantified and was
classified as M (mucosal invasion), SM1 (submucosal invasion < 500 μm of the lower
margin of the muscularis mucosae), and SM2 (tumor invasion into submucosa > 500
μm from the muscularis mucosa).

Criteria for noncurative resection of ESD
The lesions that were considered not to meet the noncurative criteria for ESD were
defined as lesions that met at least one of the following criteria based on
histopathologic findings of the ESD specimens: (1) Positive horizontal margin; (2)
Positive vertical margin; (3) Presence of lymphovascular involvement; (4) SM2 or
deeper invasion; (5) Differentiated mucosal cancer with ulceration and size ≥ 30 mm;
(6) Differentiated SM1 cancer ≥ 30 mm; and (7) undifferentiated cancer accompanied
by submucosal invasion, size > 20 mm, or ulceration.

Statistical analysis
Univariate analyses by the χ2 test or Fisher’s exact test were performed to explore the
clinicopathological differences between the RC and non-RC groups, and between the
LNM and non-LNM groups. Furthermore, multivariate logistic regression analysis
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was used to identify independent risk factors for RC and LNM, including those
factors with P < 0.3 in univariate analysis. A P-value < 0.05 was considered
significant. All analyses were performed with SPSS for Windows version 22.0.

RESULTS
Demographics and clinicopathological characteristics of the patients
A total of 640 ESDs were performed, and 45 (7.0%) noncurative ESDs were found
during the study period. The demographics and clinicopathological characteristics of
the patients who received additional gastrectomy because of noncurative ESD are
summarized in Table 1. The reasons for additional gastrectomy consisted of positive
horizontal margin (7 cases), positive vertical margin (29 cases), SM2 (31 cases),
lymphovascular invasion (19 cases), and undifferentiated type (14 cases). And two
cases were suspected recurrence on esophagogastroduodenoscopy at the 3-month
follow-up after ESD. Of the 45 patients, 34 (75.6%) were male and 11 (24.4%) were
female. The mean age was 58.2 ± 9.3 years. The median interval between ESD and
additional gastrectomy was 47 ± 26 d. The final depth of tumor invasion was M in 9
patients, SM1 in 5, SM2 in 26, muscularis propria in 2, and subserosa in 3.

Associations between clinicopathological characteristics and RC
RC was found in 10 (22.2%) of the 45 patients. The patients who did and did not have
RC were compared in terms of their clinicopathological characteristics, as shown in
Table 2. Univariate analyses determined that horizontal margin (P = 0.034) and neural
invasion (P = 0.007) were significant factors for RC. In contrast, tumor location,
macroscopic type, tumor size, histological differentiation, Lauren type, vertical
margin, depth of invasion, and lymphovascular invasion did not show significant
correlations. Multivariate analysis showed that horizontal margin [ (odds ratio OR) =
13.393, 95% confidence interval (CI): 1.435-125, P = 0.023] and neural invasion (OR =
18.495, 95%CI: 1.585-215, P = 0.020) were associated with a higher incidence of RC
within specimens after surgery (Table 3).

Associations between clinicopathological characteristics and LNM
LNM was detected in 5 (11.1%) out of 45 cases. Relationships between
clinicopathological characteristics and LNM are summarized in Table 4. Undifferentiated type was the only significant factor for LNM (P = 0.027). Macroscopic
type and depth of tumor invasion had weak relationships. Multivariate analysis
revealed that undifferentiated type (OR = 12.000, 95%CI: 1.197-120, P = 0.035) was
associated with a higher incidence of LNM within specimens after surgery. All five
patients showed tumor depth of more than SM1 in the specimen from the initial
endoscopic resection. Of the five patients with LNM, four previously exhibited
undifferentiated type post-ESD treatment.

Operative data and postoperative outcomes
Details of the intraoperative course and postoperative course are shown in Table 5.
The type of LG was determined based on the tumor location. Proximal gastrectomy
was performed in 15 (33.3%) cases and distal gastrectomy in 23 (51.1%). Total
gastrectomy was performed in five (11.1%) cases and partial gastrectomy in two
(4.4%). The mean number of harvested lymph nodes was 29.7 ± 13.7. The mean
operative time and mean estimated blood loss were 180 ± 47 min and 107 ± 69 mL,
respectively. The time to first flatus was 3.4 ± 0.8 d, the time to recommencement of
oral intake was 5.3 ± 1.4 d, and the length of hospital stay was 9.9 ± 2.9 d.
Postoperative complications occurred five (11.1%) patients. Two patients developed
leakage from the anastomotic site, and one each developed wound infection,
hemorrhage, and abdominal infection. These complications were conservatively
treated and consequently improved. None of these patients died.

DISCUSSION
The rate of RC in our series (22.2%) was similar to those in the previous reports (5.2%28.6%)[3,4,18-24]. LNM was detected in 5 (11.1%) out of 45 cases. The majority of these
cases harbored neither RC nor LNM, indicating that additional surgery may be
unnecessary. Therefore, it is important to identify which patients will benefit the most
from additional gastrectomy after noncurative ESD for EGC. However, the studies of
predictive factors for RC and LNM in additional surgery gastrectomy specimens after
ESD have been very limited. Our study revealed that positive horizontal and neural
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Table 1 Demographic characteristics of the patients
All patients (n = 45)
Characteristic
Number
Age (yr)

Percent

58.24 ± 9.3

Gender
Male

34

75.6

Female

11

24.4

Yes

8

17.8

No

37

82.2

I-II

34

75.6

III-IV

11

24.4

Any comorbidity

15

33.3

Hypertension

10

22.2

Diabetes

5

10.5

Coronary artery disease

2

11.1

Others

4

8.9

Vertical margin positive

29

64.4

SM2

31

68.9

Horizontal margin positive

7

15.6

Lymphovascular invasion

19

42.2

Undifferentiated type

14

31.1

Suspected recurrence 3 mo after ESD

2

4.4

Interval (d)

47 ± 26

Abdominal operation history

ASA score

Comorbidity

Surgical indication

RC
Yes

10

22.2

No

35

77.8

Yes

5

11.1

No

40

88.9

T1a

9

20.0

T1b SM1

5

11.1

T1b SM2

26

57.8

T2

2

4.4

T3

3

6.7

LNM

Depth of invasion

RC: Residual cancer; LNM: Lymph node metastasis; ASA: American Society of Anesthesiologists; ESD:
Endoscopic submucosal dissection.

invasion were independent risk factors for RC. Undifferentiated type was an
independent risk factor for LNM.
Regarding RC, positive vertical margin and positive horizontal margin were
independent predictors in some previous studies[18], while many authors also reported
only positive horizontal margin as a risk factor for RC, as found in our study[4,21,22].
Hyuk et al thought that the possibility of the tumor cells in the corresponding area
opposite an involved resection margin being completely removed by the cautery
effect was much lower in the horizontal rather than in the vertical direction[4,5]. The
feasibility of secondary ESD for local control in positive horizontal margin cases has
been reported; however, the management of these patients is debated[25]. If there is an
additional noncurative factor combined with the positive horizontal margin,
additional surgery should be considered. Neural invasion is a way of cancer
spreading and is related to advanced stage, higher risk of recurrence, and poor long-
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Table 2 Characteristics of cases with and without residual cancer, n (%)
Residual cancer
Characteristic

P-value
Yes (n = 10)

No (n = 35)

Upper third

4 (23.5)

13 (76.5)

Middle third

2 (18.2)

9 (81.8)

Lower third

4 (23.5)

13 (76.5)

Elevated type

1 (25.0)

3 (75.0)

Surface type

9 (23.1)

30 (76.9)

Depressed type

0 (0)

2 (100)

< 3 cm

5 (19.2)

21 (80.8)

≥ 3 cm

5 (26.3)

14 (73.7)

Differentiated

7 (22.6)

24 (77.4)

Undifferentiated

3 (21.4)

11 (78.6)

Intestinal

4 (18.2)

18 (81.8)

Diffused/Mixed

6 (26.1)

17 (73.9)

Location

1.000

Macroscopic appearance

0.694

Tumor size

0.720

Differentiation

1.000

Lauren type

0.722

Depth of invasion

0.469

Mucosal invasion/SM1

2 (14.3)

12 (85.7)

> SM1 invasion

8 (25.8)

23 (74.2)

Horizontal margin

0.034

Positive

4 (57.1)

3 (42.9)

Negative

6 (15.8)

32 (84.2)

Positive

8 (27.6)

21 (72.4)

Negative

2 (12.5)

14 (87.5)

Yes

4 (21.1)

15 (78.9)

No

6 (23.1)

20 (76.9)

Yes

6 (54.5)

5 (45.5)

No

4 (11.8)

30 (88.2)

Vertical margin

0.292

Lymphovascular invasion

1.000

Neural invasion

0.007

term survival in gastric cancer [ 2 6 , 2 7 ] . In the stomach, the nerve plexuses are
concentrated in the Meissner’s plexus in the submucosa and Auerbach’s plexus
between the circular and longitudinal fibers of the muscularis propria[28]. Thus, neural
invasion is observed more frequently in advanced gastric cancer. Interestingly, neural
invasion has not been established as a predictor of RC after noncurative ESD, while
our study confirmed that neural invasion was an independent risk factor for RC.
Although the number of cases was limited, it is a reminder that RC might be detected
for those patients with neural invasion and additional gastrectomy may be needed.
In previous studies of patients who underwent additional surgery following
noncurative ESD of EGC, the LNM rates ranged from 5.1% to 9.8%[4,18,19,21,23,24,29,30], which
are similar to the present finding of 11.1%. Previous reports have indicated that
lymphovascular invasion, SM2 invasion, lesion size > 3 cm, and positive vertical
margin were associated with a greater risk of LNM in patients with EGC [31-33] .
Lymphovascular invasion has been proven to be an independent risk factor for LNM
in those patients who underwent noncurative ESD[18,21,34,35]. However, lymphovascular
invasion was not correlated with LNM in the present study and two patients without
lymphovascular invasion were found to have LMN. Previous studies have demonstrated that the rate of LNM was higher in patients with differentiated EGC with
undifferentiated components than in those with EGC without undifferentiated
components [4,36]. Lee et al[37] reported that the rate of LNM increased with the increase
in undifferentiated components in differentiated type mucosal cancers. Kim et al[38]
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Table 3 Multivariate analysis of the risk factors for residual cancer
Risk factor

OR

95%CI

P-value

Vertical margin positive

0.670

0.065-6.909

0.737

Depth of invasion: > SM1

0.637

0.075-5.423

0.680

Horizontal margin positive

13.393

1.435-125

0.023

Neural invasion positive

18.495

1.585-215

0.020

OR: Odds ratio; CI: Confidence interval.

and Abdelfatah et al[39] demonstrated that undifferentiated histology was an important
risk factor for LNM. In the present series, undifferentiated histology was a major risk
factor for LNM. SM2 invasion was another factor reported to be associated with a
greater risk for LNM in patients with EGC[30,40]. This was thought to be due to the
presence of larger diameter lymphatic vessels in the deeper third of the lamina
propria, and the progressive increase in diameter as these vessels go deeper into the
submucosal layer, where the lymphatic network is richer[39]. In our study, tumors in
five lymph node-positive patients showed invasion deeper than SM1 in the surgical
pathology specimen. Therefore, cases with submucosal invasion deeper than SM1
require additional gastrectomy and lymphadenectomy.
ESD in EGC causes an artificial gastric ulceration, local inflammation, subsequent
fibrosis, and even adhesions in the outer gastric wall, which has a negative
intraprocedural impact on additional LG in patients who have undergone noncurative ESD[14]. Previous studies have demonstrated that ESD is not associated with
postoperative complications during or after an additional LG in patients who
underwent noncurative ESD[15-17]. Our study found that LG can achieve good shortterm surgical outcomes for gastric cancer after noncurative ESD.
This study had several limitations. First, it was a retrospective study conducted in a
single center and the sample size was relatively small. Such limitations may lead to
issues of selection bias and heterogeneous patient group. Second, we did not report
long-term outcomes of patients with noncurative ESD because the mean follow-up
period was too short.
In conclusion, gastrectomy is necessary not only for patients who have a positive
margin in ESD, but also for cases with neural invasion, undifferentiated type, and
submucosal invasion more than 500 µm due to the risk of RC or LMN. In terms of
short-term surgical outcomes, LG is a safe, minimally invasive, and feasible procedure
for additional surgery after noncurative ESD. However, further studies are needed to
apply these results to clinical practice.
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Table 4 Characteristics of patients with and without lymph node metastasis in surgical specimens, n (%)
LNM
Characteristic

P-value
Yes (n = 5)

No (n = 40)

Upper third

3 (17.6)

14 (86.7)

Middle third

0 (0)

11 (100)

Lower third

2 (11.8)

15 (88.2)

Elevated type

1 (25)

3 (75)

Surface type

3 (7.7)

36 (92.3)

Depressed type

1 (50)

1 (50)

Location

0.417

Macroscopic appearance

0.125

Tumor size

1.000

< 3 cm

3 (11.5)

23 (89.5)

≥ 3 cm

2 (10.5)

17 (89.5)

Differentiated

1 (3.2)

30 (96.8)

Undifferentiated

4 (28.6)

10 (71.4)

Intestinal

3 (13.6)

19 (86.4)

Diffused/Mixed

2 (8.7)

21 (91.3)

Mucosal invasion/SM1

0 (0)

14 (100)

> SM1 invasion

5 (16.1)

26 (83.9)

Positive

0 (0)

7 (100)

Negative

5 (13.2)

33 (86.8)

Differentiation

0.027

Lauren type

0.665

Depth of invasion

0.305

Horizontal margin

0.577

Vertical margin

1.000

Positive

3 (10.3)

26 (89.7)

Negative

2 (12.5)

14 (87.5)

Yes

3 (15.8)

16 (84.2)

No

2 (7.7)

24 (92.3)

Yes

1 (9.1)

10 (90.9)

No

4 (11.8)

30 (88.2)

Lymphovascular invasion

0.636

Neural invasion

1.000

LNM: Lymph node metastasis.
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Table 5 Operative data and postoperative outcomes
Variable

n (%)

Type of gastrectomy
Proximal

15 (33.3)

Distal

23 (51.1)

Total

5 (11.1)

Partial

2 (4.4)

Retrieved lymph node

29.7 ± 13.7

Complications
Any

5 (11.1)

Wound infection

1 (2.2)

Postoperative bleeding

1 (2.2)

Anastomotic leakage

2 (4.4)

Abdominal infection

1 (2.2)

30-day mortality

0

Estimated blood loss (mL)

107 ± 69

Operation time (min)

180 ± 47

Time to resume soft diet (d)

5.3 ± 1.4

Time until the first flatus (d)

3.4 ± 0.8

Postoperative hospital stay (d)

9.9 ± 2.9

ARTICLE HIGHLIGHTS
Research background
Endoscopic submucosal dissection (ESD) as a treatment for early gastric cancer (EGC) has been
rapidly spreading. As ESD is now performed more frequently, noncurative resection after ESD is
also becoming more frequent. It is controversial whether additional gastrectomy is necessary for
all patients who do not meet the curative criteria after ESD.

Research motivation
It would be valuable to determine which factors could increase the risk of residual cancer (RC) or
lymph node metastasis (LNM) in patients after noncurative ESD of EGC in order to avoid
unnecessary surgery.

Research objectives
The objectives of this study were to identify the predictive factors for LNM and RC as well as to
explore the appropriate strategy for treating those after non-curative ESD. We also aimed to
assess the feasibility and safety of LG as additional surgery after ESD.

Research methods
We analyzed the patients’ clinicopathological data and identified the predictors of RC and LNM.

Research results
Surgical specimens showed RC in ten patients and LNM in five. Multivariate analysis revealed
that positive horizontal margin and neural invasion were independent risk factors for RC.
Undifferentiated type was an independent risk factor for LNM. Tumors in all patients with LNM
showed submucosal invasion more than 500 µm. Postoperative complications after additional
laparoscopic gastrectomy occurred in five patients, and no deaths occurred among patients with
complications.

Research conclusions
Our study revealed that positive horizontal and neural invasion are independent risk factors for
RC. Undifferentiated type is an independent risk factor for LNM. Laparoscopic gastrectomy is a
safe, minimally invasive, and feasible procedure for additional surgery after noncurative ESD.
Gastrectomy is necessary not only for patients who have a positive margin in ESD, but also for
cases with neural invasion, undifferentiated type, and submucosal invasion more than 500 µm
due to the risk of RC or LMN. Laparoscopic gastrectomy is a safe, minimally invasive, and
feasible procedure for additional surgery after noncurative ESD.

Research perspectives
A study of larger sample size is needed. Long-term outcomes of patients with noncurative ESD
need to be investigated in a prospective multicenter trial.
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BACKGROUND
Anti-epidermal growth factor receptor therapy is associated with skin adverse
events not previously reported with conventional chemotherapy. Prophylactic
actions are recommended, but routine clinical management of these toxicities and
their impact on quality of life remain unknown.
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AIM
To assess the dermatological toxicities reported after panitumumab initiation,
their impact on the quality of life and the clinical practices for their management.
METHODS
Patients included in this prospective multicenter observational study were over
18 years of age and began treatment with panitumumab for wild-type KRAS
metastatic colorectal cancer. The incidence of dermatological toxicities, clinical
practices for their management and impact on quality of life were recorded
during a 6-mo follow-up.
RESULTS
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Overall, 229 patients (males, 57.6%; mean age, 66.2 years) were included. At day
15, 59.3% of patients had dermatological toxicity; the rate peaked at month 2
(74.7%) and decreased at month 6 (46.5%). The most frequent dermatological
toxicities were rash/acneiform rash, xerosis and skin cracks. At least one
preventive treatment was administered to 65.9% of patients (oral antibiotics,
84.1%; emollients, 75.5%; both, 62.9%). The rates of patients who received at least
one curative treatment peaked at month 2 (63.4%) and decreased at month 6
(44.8%). The impact of the dermatological toxicities on quality of life was limited
as assessed with Dermatology Life Quality Index scores and inconvenience visual
analogic scale score. The rates of topical corticosteroids administration and visits
to specialists were low.
CONCLUSION
The rates of the different skin toxicities peaked at various times and were
improved at the end of follow-up. Nevertheless, their clinical management could
be optimized with a better adherence to current recommendations. The impact of
skin toxicities on patient’s quality of life appeared to be limited.
Key words: Metastatic colorectal cancer; Epidermal growth factor receptor inhibitors;
Panitumumab; Skin toxicity; Quality of life
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Anti-epidermal growth factor receptor therapy is associated with skin adverse
events not previously reported with conventional chemotherapy. Prophylactic actions are
recommended, but routine clinical management of these toxicities and their impact on
quality of life remain unknown. This observational study describes a cohort of patients
who began treatment with panitumumab for metastatic colorectal cancer. The rates of the
different skin toxicities peaked at various times and were improved at the end of the
follow-up. Nevertheless, their clinical management could be optimized with a better
adherence to current recommendations. The impact of skin toxicities on patient’s quality
of life appeared to be limited.
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INTRODUCTION
Colorectal cancer is the second most common cancer disease in women and the third
most common in men in France. In 2015, the number of new cases was 19500 in
women and 23500 in men (8500 and 9300 deaths, respectively)[1]. The treatment of
metastatic colorectal cancer is based on chemotherapy protocols. The arsenal of anticancer treatments has been expanded by new targeted biotherapies such as epidermal
growth factor receptor (EGFR) inhibitors. Thus, panitumumab is an EGFR inhibitor
which demonstrated its efficacy in wild-type KRAS metastatic colorectal cancer[2-7].
Unlike conventional chemotherapy, EGFR inhibitors are associated with low
hematotoxicity and have a more targeted and specific action on tumor cells than
conventional cytotoxic chemotherapy drugs. Nevertheless, new adverse reactions
have been reported that include cutaneous effects which are observed in two thirds of
patients[8]. These adverse events are not unexpected since EGFR is involved in the
physiology of epidermidis. Thus, acneiform papulo-pustular reactions are observed in
50% to 80% of cases and generally occur after the first or second infusion of the
drug[8-11]. These reactions always regress when treatment is stopped. Other rarer but
also incapacitating skin reactions have been reported, such as eczematiform rashes or
paronychia[8-11]. Excessive sun exposure, concomitant radiotherapy and inadequate
skin hydration are exacerbating factors for dermatological toxicities associated with
EGFR inhibitors.
The dermatological toxicity can have a significant impact on the quality of life of
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patients, especially in inflammatory and extensive forms affecting the face and
leading to poor treatment compliance and need for dosage reduction or even
treatment discontinuation [12,13] . At present, no real standards or official recommendations exist concerning the management of these skin reactions. Therefore, the
management of skin lesions remains empirical and varies according to personal
experience. Nevertheless, some recommendations resulting from meetings with
oncology and dermatology experts have been published[8,13-16]. A therapeutic algorithm
has been proposed by a French interdisciplinary committee[17].
The diagnostic and symptomatic management of these skin toxicities still needs to
be improved in order to limit dosage reductions or treatment discontinuations.
Another goal is to reduce the impact on quality of life in patients treated for long
periods. It is therefore important to describe accurately the skin symptoms and to
identify appropriate dermatological treatments, in order to guarantee both the
physical and psychological well-being of patients as well as optimum cancer
treatment conditions. The purpose of the present study was to assess the
dermatological toxicities reported after panitumumab initiation, their impact on the
quality of life and the clinical practices for their management.

MATERIALS AND METHODS
Study design and patients
This was a national, multicenter, descriptive, observational study (POPEC study).
Gastroenterologists and oncologists treating colorectal cancer patients were selected
and received individual scientific training. A glossary defining precisely the
dermatological toxicity was created by the dermatologist of the Scientific Committee
and given to the physicians. Physicians saw patients within the context of routine
visits, without any special visits being organized for the purposes of the study. The
decision to prescribe treatments was freely taken by the clinician prior to the study.
The physician-patient relationship and patient follow-up were not modified.
The primary objective was to assess, in patients treated with panitumumab, the
incidence, grade and management of the following dermatological toxicities reported
at Day 15 after panitumumab (Vectibix®) initiation and at each monthly visit over the
6-month follow-up period: Rash/acneifom rash, skin cracks, paronychia/perionyxis,
xerosis, mucositis, hypertrichosis or other. The secondary objective was to assess the
impact of dermatological toxicities on quality of life with the 6 dimensions of the
Dermatology Life Quality Index (DLQI) scores and with the inconvenience visual
analogic scale (VAS) score.
The investigating physicians included all consecutive patients seen in consultation
who met the following criteria: patients over 18 years of age, beginning treatment or
treated for less than two weeks with panitumumab (Vectibix®) in monotherapy for
wild-type KRAS metastatic colorectal cancer, after failure of fluoropyrimidine-,
oxaliplatin-, and irinotecan-containing chemotherapy regimens or in combination
with chemotherapy as follows: In first line in combination with FOLFOX (folinic acid,
fluorouracil and oxaliplatin); in second line in combination with FOLFIRI (folinic acid,
fluorouracil and irinotecan) for patients who have received first-line fluoropyrimidine-based chemotherapy (excluding irinotecan). The patients were followed
up for a maximum period of 6 mo. The patients were informed both orally and in
writing on the objectives of the study. This study was conducted according to the
current revision of the 1964 Helsinki declaration and with the French laws and
regulations.

Data collection
All data collected were obtained from the medical records of the patients. Data with
dates before inclusion of the patient (demographic data, medical history, cancer
characteristics, performance status, previous chemotherapies and radiotherapy,
previous dermatological history and concomitant skin conditions) were collected
retrospectively. Prospective data were collected as part of routine patient follow-up:
Cancer treatment, performance status, toxicities and management, DLQI
questionnaire and inconvenience VAS. A glossary defining precisely the dermatological toxicity created by the dermatologist of the Scientific Committee was
given to the physicians.
The DLQI questionnaire included 10 questions scored from 0 (not at all, not
relevant, not answered) to 3 (very much). The DLQI score was calculated by summing
the scores of each question resulting in a minimum of 0 and a maximum of 30. Higher
scores indicate more quality-of-life impairment. DLQI sub-scale scores were:
Symptoms and feelings, daily activities, leisure, work and school, personal
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relationships and treatment. All scores were calculated as recommended by the
author, including handling of missing answers for score computation[18]. The VAS
reflected, on a 10-cm horizontal line, the inconvenience of skin disorders on patient’s
life. Scores ranged from 0 to 10 cm with 0 meaning “no inconvenience at all” and 10
meaning “a great deal of inconvenience”.

Statistical analysis
Due to the observational nature of the study, the statistical analyses were only
descriptive. The primary endpoint was the proportion of dermatological toxicities
observed during the study. The secondary endpoints were the DLQI scores and the
inconvenience VAS score.
In previous studies, dermatological reactions were reported in almost all patients
(around 90%) treated with panitumumab or other EGFR inhibitors. The rates of the
different types of dermatological effects induced by anti-EGFR monoclonal antibodies
ranged from 2%-3% to 60%-80%. It was calculated that a population of 300 patients
guaranteed a precision [half-length of 95% confidence interval (CI)] of 2.5% for
proportions in the region of 5% and 4.5% in the region of 20%; it did not exceed 6% for
higher proportions. In addition, a sample size of 300 patients provided a precision of
3.4% for the 95%CI (86.6%-93.4%) of a proportion of 90%, which corresponds to the
proportion of any dermatological reaction observed in patients treated with
panitumumab.
The analyses were conducted on all patients enrolled into the study who respected
inclusion and exclusion criteria (primary analysis set) and on sub-groups of patients
according to age and gender. Age groups were decided by the Scientific Committee
and defined during the statistical analysis based on the number of patients observed
by age class. The statistical analyses were performed with SAS software (SAS
Institute, Cary, NC, United States).

RESULTS
Disposition of patients
Thirty-nine centers in France included a total of 231 patients from June 2011 to
February 2013. Two patients did not meet inclusion criteria: Patients not beginning
treatment or treated for more than 2 wk with panitumumab in monotherapy or in
combination with chemotherapy for wild-type KRAS metastatic colorectal cancer as
required, n = 1 (0.4%); patients not presenting the wild type KRAS gene, n = 1 (0.4%).
Therefore, the primary analysis set included 229 patients. During the 6-mo follow-up,
142 patients (62.0%) discontinued the study. The reasons for discontinuation were
death (n = 78), disease progression (n = 46), lost to follow-up (n = 4) or others (n = 14).

Characteristics of patients
The primary analysis set included 97 women (42.4%) and 132 men (57.6%) with a
mean age of 66.2 years; 29.7% had an age ≥ 75 years (Table 1). The mean duration
between inclusion and diagnosis of colorectal cancer was 2.9 years and was 2.0 years
for metastatic diagnosis. The most frequent metastatic sites were liver (74.2%) and
lung (40.2%). Serine/threonine-protein kinase B-Raf (BRAF) genotyping was
performed in 31.1% of patients; when performed, mutated BRAF was evidenced in
7.1% of patients. Previous radiotherapy treatment had been received by 27.3% of
patients and previous adjuvant chemotherapy by 44.5%. In the context of the
metastatic disease, 90.4% received chemotherapy and 13.1% radiotherapy (Table 1). A
history of skin disorders was reported for 17.0% of patients and 5.7% of patients had
skin disorders at inclusion.

Dermatological toxicities during the follow-up
The rates of patients with at least one dermatological toxicity during the 6-mo followup are described in Table 2. At day 15, more than half of patients had dermatological
toxicity (59.3%); the rate peaked at month 2 (74.7%) and decreased at Month 6 (46.5%).
Among patients with dermatological toxicity, those with rash/acneiform rash were
the most frequent (at least 3/4 of patients with skin toxicity at each visit) (Figure 1).
Patients with xerosis were also frequent: 21.3% at day 15, 41.1% at month 3 and 27.5%
at month 6. The rate of patients with skin cracks steadily increased from 3.9% at day
15 to 42.5% at month 6.
Other dermatological toxicities (paronychia/perionyxis, mucositis, hypertrichosis,
other) involved lower numbers of patients (Table 2). Most skin toxicities were grade 12. Factors associated with dermatological toxicities have been analyzed: Sex, age,
duration since primary disease, duration metastatic disease, metastatic sites, previous
adjuvant chemotherapy, previous chemotherapy for metastatic disease, previous
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Table 1 Demographic data (primary analysis set, n = 229)
n

Results

Male gender, n (%)

229

132 (57.6)

Age (yr)

229

Mean (SD)

229

66.2 (11.5)

≥ 75, n (%)

229

68 (29.7)

Cancer other than metastatic colorectal cancer, n (%)

228

20 (8.8)

Duration since diagnosis of primary disease (yr), mean (SD)

226

2.9 (2.3)

Duration since diagnosis of metastatic disease (yr), mean (SD)

227

2.0 (1.5)

Liver

229

170 (74.2)

Lung

229

92 (40.2)

Peritoneum

229

38 (16.6)

Lymph nodes

229

59 (25.8)

Bone

229

10 (4.4)

Other

229

29 (12.7)

BRAF genotyping performed, n (%)

225

70 (31.1)

Non-mutated BRAF

70

62 (88.6)

Mutated BRAF

70

5 (7.1)

BRAF not assessable

70

3 (4.3)

Previous radiotherapy treatment (any cancer), n (%)

227

62 (27.3)

Previous adjuvant chemotherapya, n (%)

227

101 (44.5)

229

207 (90.4)

Line 1

207

26.3 (21.9)

Line 2

165

23.0 (20.5)

Line 3

97

19.9 (17.1)

Line 4

24

19.9 (17.6)

Metastatic sites, n (%)

If performed, BRAF genotyping

b

Previous chemotherapy for metastatic disease , n (%)
Total treatment duration, weeks, mean (SD)

Previous radiotherapy for metastatic disease, n (%)

30 (13.1)

Abdominal lymph nodes

218

5 (26.3)

Pelvic

221

10 (45.5)

Other

221

18 (81.8)

a

Most frequent chemotherapy protocols (n = 99): LV5FU2/oxaliplatin FOLFOX (n = 42, 42.4%).
FOLFIRI/bevacizumab (n = 9, 9.1%), LV5FU2 (n = 6, 6.1%), FOLFOX/bevacizumab (n = 5, 5.1%);
b
Most frequent chemotherapy protocols for lines 1 to 4, respectively: LV5FU2/oxaliplatin FOLFOX (22.2%,
13.3%, 8.2%, 16.7%), FOLFIRI/bevacizumab (28.0%, 18.2%, 23.7%, 0%); for lines 5 to 8 (n = 11, 6, 3,1):
LV5FU2/oxaliplatin (27.3%, 0%, 33.3%, 0%). BRAF: Serine/threonine-protein kinase B-Raf; FOLFIRI: Folinic
acid, fluorouracil and irinotecan; FOLFOX: Folinic acid, fluorouracil and oxaliplatin.

radiotherapy for metastatic disease, history of skin conditions, and preventive
treatment for dermatological toxicities. No factor appeared to be more frequently
associated with dermatological toxicities.

Doses of panitumumab and treatment discontinuations
The mean dosage of panitumumab dosage per injection at baseline was 6.0 mg/kg
(recommended dose every two weeks) and it did not significantly change during the
6-mo follow-up. Panitumumab treatment was discontinued in 68.2% (150/220) of
patients during the 6-mo follow-up. For patients with treatment discontinuation, the
mean (SD) duration of treatment before discontinuation was 80.4 (50.8) d. The main
reason for discontinuation was related to disease progression (68.7%, 103/150) and
toxicity (18.7%, 28/150). There was no discontinuation related to allergic episode. Skin
toxicity accounted for 46% (13/28) of all cases of discontinuations related to toxicity.
Doses delayed and/or dose adjustment (decrease) in patients with skin toxicities
occurred mainly from month 3 including grade 1-2 toxicities. Thus, for
rash/acneiform rash grade 1-2, 25.9% (21/81) of patients had delayed dose at month 3
and 25.5% (12/47) had dose adjustment at month 4 (Table 3).
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Figure 1

Figure 1 Rates of the main skin toxicities during the 6-mo follow-up.

Preventive and curative treatments of dermatological toxicities
Study patients frequently received preventive treatment (at least one treatment for
65.9% of them) (Table 4). When preventive treatment was administered, the most
frequent were oral antibiotics (84.1%), emollients (75.5%) or emollients plus oral
antibiotics (62.9%). Topical corticosteroids were administered as preventive treatment
in 9.3% of patients.
The curative treatments of dermatological toxicities are described in Table 5. At
least one curative treatment was administered to a majority of patients during the 6mo follow-up. This rate was maximal at month 2 (63.4%). Antibiotics plus emollients
were administered to a majority of patients (51.7% at month 2) who received curative
treatment (treatment duration was about one mo). Topical corticosteroids were
administered to about one patient out of five who received curative treatment
(treatment duration ranged from 2 wk to one month).

Specialized consultations for dermatological toxicities
A small proportion of patients required at least one specialized consultation for
dermatological toxicities (about 8% for the first two mo and about 5% for the next
months). The specialists consulted by these patients were mainly dermatologists
(70%), psychologists (22%) and oncology estheticians (14%). Patients with
dermatological toxicities consulted more frequently specialists. From 0% to 6.0% at
each monthly visit in the absence of toxicity and from 6.5% to 11.0% in the presence of
toxicity.

Impact of dermatological toxicities on quality of life
A slight increase of mean DLQI total score from baseline was observed for the entire
population with a peak at month 3: From 0.9 at baseline to 3.7 at month 3 (n = 149) for
a maximum score equal to 30. The same analysis was performed only in patients with
dermatological toxicities and comparable results were observed: From 1.0 at baseline
to 4.0 at month 3 (n = 91). The mean inconvenience VAS score increased from 1.5 at
baseline (n = 184) to 3.2 at month 3 (n = 95) and decreased to 2.4 at month 6 (n = 50)
for the entire population, thus indicating a moderate inconvenience during the 6-mo
follow-up. Comparable results were obtained in the sub-group of patients with
dermatological toxicities (1.6 at baseline, n = 140; 3.2 at month 3, n = 87; and 2.5 at
month 6, n = 48).

DISCUSSION
This observational study included 229 patients with wild-type KRAS colorectal cancer
with a mean age of 66.2 years. The inclusion criteria fitted the indications of
panitumumab; demographic data and patient characteristics were representative of
the population of patients treated with panitumumab.
One of the strengths of this study is the assessment of the kinetics of skin toxicities
during a 6-mo follow-up. The rate of patients with dermatological toxicity peaked at
month 2 (74.7%). The most frequent dermatological toxicities were rash/acneiform
rash (at least 3 out 4 patients at each monthly visit). Patients with xerosis were also
frequent. The rate of patients with skin cracks steadily increased from during the
follow-up. These findings confirm previous reports on time-course of the most
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Table 2 Primary endpoint: dermatological toxicities (primary analysis set, n = 229)
Day 15 (n = 214)

Month 1 (n =
208)

Month 2 (n =
186)

Month 3 (n =
153)

Month 4 (n =
122)

Month 5 (n = 93) Month 6 (n = 87)

127 (59.3)

141 (67.8)

139 (74.7)

107 (69.9)

76 (63.3)

52 (57.1)

40 (46.5)

Rash/acneiform 111 (51.9)
rash, n (%)

123 (59.1)

110 (59.1)

85 (55.6)

56 (45.9)

41 (44.1)

34 (39.1)

Grade 1-2

101 (47.2)

115 (55.3)

99 (53.2)

82 (53.6)

51 (41.8)

39 (41.9)

33 (37.9)
1 (1.1)

At least one
dermatological
toxicity, n (%)

Dermatological toxicities

Grade 3-4

10 (4.7)

7 (3.4)

8 (4.3)

2 (1.1)

4 (3.2)

1 (1.1)

Grade missing

0

1

3

1

1

1

0

Skin cracks, n
(%)

5 (2.3)

17 (8.2)

35 (18.8)

34 (22.2)

23 (18.9)

20 (21.5)

17 (19.5)

Grade 1-2

4 (1.9)

16 (7.7)

32 (17.2)

33 (21.6)

22 (18.0)

19 (20.4)

17 (19.8)

Grade 3-4

1 (0.5)

1 (0.5)

3 (1.6)

1 (0.6)

1 (0.8)

0

0

Grade missing

0

0

0

0

0

1

0

Paronychia/Peri 6 (2.8)
onyxis, n (%)

11 (5.3)

22 (11.8)

15 (9.8)

12 (9.8)

9 (9.7)

5 (5.7)

Grade 1-2

6 (2.8)

10 (4.8)

21 (11.3)

15 (9.8)

12 (9.8)

8 (8.6)

5 (5.7)

Grade 3-4

0

1 (0.5)

1 (0.5)

0

0

1 (1.1)

0

Xerosis, n (%)

27 (12.6)

36 (17.3)

53 (28.5)

44 (28.8)

22 (18.0)

15 (16.1)

11 (12.6)

Grade 1-2

27 (12.6)

34 (16.3)

51 (27.4)

43 (28.1)

21 (17.2)

15 (16.1)

11 (12.6)

Grade 3-4

0

2 (1.0)

2 (1.1)

0

1 (0.8)

0

0

Grade missing

0

0

0

1

0

0

0

Mucositis, n (%)

12 (5.6)

15 (7.2)

19 (10.2)

8 (5.2)

3 (2.5)

3 (3.2)

2 (2.3)

Grade 1-2

12 (5.6)

15 (7.2)

18 (9.7)

8 (5.2)

3 (2.5)

3 (3.2)

2 (2.3)

Grade 3-4

0

0

1 (0.5)

0

0

0

0

Hypertrichosis,
n (%)

1 (0.5)

4 (1.9)

5 (2.7)

7 (4.6)

7 (5.7)

2 (2.2)

2 (2.3)

Grade 1-2

1 (0.5)

4 (1.9)

5 (2.7)

7 (4.6)

7 (5.7)

2 (2.2)

2 (2.3)

Other, n (%)

5 (2.3)

5 (2.4)

4 (2.2)

4 (2.6)

3 (2.5)

0

1 (1.1)

Grade 1-2

5 (2.3)

5 (2.4)

4 (2.2)

4 (2.6)

3 (2.5)

0

1 (1.1)

common skin adverse events associated with panitumumab[19]. Thus, the earliest and
most common skin adverse events are rashes/acneiform rashes[19]. These rashes differ
from true acne since no cystic lesions or comedones are associated.
When the study was performed, there was no clinical and patient guidance for
these frequent skin lesions and their management remained empirical. Preemptive
treatments are currently the preferred approach[20]. Emollients and antihistamines are
often used [21] . For acneiform rashes, class II or III topical corticosteroids are
proposed[9,22]. Systemic treatments such as doxycycline have also been proposed. For
widespread eczematiform rashes, treatment is primarily preventive, based on
avoidance of sun exposure and the use of sunscreens with very high protection[9]. Due
to possible spontaneous improvement, it is difficult to assess the efficacy of these
dermatological treatments. However, the STEPP study showed that preemptive
treatment of dermatological toxicities compared with reactive treatment led to more
than 50% reduction skin toxicities with grade ≥ 2 and was associated with an
improvement of the quality of life and no change in response rates[23]. Preemptive
treatment consisted of skin moisturizer, sunscreen, topical steroid and doxycycline
100 mg twice per day[23]. These results were confirmed in a similar study (J-STEPP)
performed in 95 Japanese patients with metastatic colorectal cancer with a 6-wk
follow-up[24]. The cumulative incidence of skin toxicities with grade ≥ 2 were lower for
preemptive treatment compared to reactive treatment (21.3% vs 62.5%; risk ratio: 0.34;
P < 0.001). In a meta-analysis, the rate of skin rash due to anti-EGFR treatment was
significantly decreased in patients with solid tumors who received prophylactic
treatment with antibiotics (odds-ratio, 0.53; 95%CI 0.39-0.72; P < 0.01)[25].
In our study, only 65.9% of patients received at least one preventive treatment; the
most frequent were oral antibiotics (84.1%), emollients (75.5%) or emollients plus oral
antibiotics (62.9%). Only 9.3% of patients were administered topical corticosteroids as
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Table 3 Doses delayed and dose adjustment (decrease) in patients with rash/acneiform rash according to the toxicity grades (Primary
analysis set, n = 229)
Month 1 (n =
208)

Month 2 (n =
186)

Month 3 (n =
153)

Month 4 (n =
122)

Month 5 (n = 93) Month 6 (n = 87)

Rash/acneiform 101
rash, grade 1-2,
n

115

99

82

51

39

33

Doses delayed, n 2 (2.0)
(%)

4 (3.5)

13 (13.1)

21 (25.9)

4 (7.8)

4 (10.3)

9 (27.3)

MD

0

0

0

1

0

0

0

Dose
adjustment, n
(%)

0

7 (6.3)

3 (3.3)

13 (16.9)

12 (25.5)

8 (20.5)

6 (18.2)

MD

1

Day 15 (n = 214)

3

8

5

4

0

3

Rash/acneiform 10
rash, grade 3-4,
n

7

8

2

4

1

1

Doses delayed, n 1 (10.0)
(%)

1 (14.3)

4 (50.0)

2 (100)

1 (25.0)

0

0

MD

0

0

0

0

0

0

0

Dose
adjustment, n
(%)

2 (25.0)

0

2 (33.3)

2 (100)

1 (25.0)

0

0

MD

2

2

2

0

0

0

1

MD: Missing data.

preventive treatment. Indeed, local treatments with corticosteroids are not
recommended in French guidelines [ 1 7 ] . At least one curative treatment was
administered to a majority of patients during the entire 6-month follow-up. Among
patients with curative treatment, antibiotics and emollients were administered to a
majority of them at each visit and corticosteroids were administered to very few
patients (about one patient out of five). Overall, these results indicate that the rate of
preventive treatments, although recommended, was relatively low with two patients
out three; emollient and oral antibiotics were preventively administered together to
62.9% of patients.
The summary of product characteristics of panitumumab recommends the
suspension of treatment for 1 or 2 doses and a possible continuation at a lower dose
only for adverse events grade ≥ 3. In our study, the rates of doses delayed and dose
adjustments were relatively high even in patients with low grade skin toxicity. Thus,
in patients with rash/acneiform rash grade 1-2, the dose was delayed for 25.9% of
them at month 3 and the dose was adjusted for 25.5% at month 4; these rates
remained high for the next months. It remains unclear whether these high rates of
doses delayed/adjustments were related to patient willingness and/or physician
decision. One possibility is that some skin toxicities classified as low grade are
nevertheless unbearable for a number of patients. In contrast, in the STEPP study, the
doses of panitumumab were adjusted in only 1% of patients in patients with skin
toxicities of grade ≥ 2 in the preemptive treatment group and 6% in the curative
treatment group[23].
Previous surveys in Germany, United States and France have been performed in
practitioners treating colorectal cancer patients with EGFR inhibitors[26-28]. Overall
these surveys reported a disparity in terms of grade assessment and management of
skin toxicities. As observed in the present study, consultations to dermatologists were
not frequent; in the French survey of Peuvrel et al[28], visits to dermatologists were
planned for persisting or worsening lesions beyond two weeks, but never at the
initiation of treatment.
The impact of the dermatological toxicities on the quality of life in our study was
limited as assessed with DLQI scores and inconvenience VAS score. No differences
according to age or gender were observed for dermatological toxicities, management
and impact on patient’s quality of life. These results are consistent with the recent
study of Koukakis et al [29] that summarized data from three clinical trials with
panitumumab in patients with metastatic colorectal cancer. No significant difference
was observed between panitumumab and comparator groups for the score of quality
of life and overall health.
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Table 4 Preventive treatments for dermatological toxicities (Primary analysis set, n = 229)
n = 229
At least one preventive treatment, n (%)

151/229 (65.9)

Emollients

114/151 (75.5)

Oral antibiotics

127/151 (84.1)

Emollients and oral antibiotics

95/151 (62.9)

Sunscreen

9/150 (6.0)

Topical corticosteroids

14/151 (9.3)

Other (including topical antibiotics)

33/151 (21.9)

Topical antibiotics

30/33 (90.9)

The limitations of this study are common to any observational study. It was
planned to enroll 300 patients and only 231 were included. In addition, the rate of
study discontinuation was high (62.0%); the main reasons for discontinuations were
death and disease progression. However, the development of cutaneous side effects
during treatment with EGFR inhibitors appears to have a major prognostic
significance. In initial phase II trials, it was shown that patients who developed skin
lesions lived longer than those who did not. In addition, higher response rates and
longer survival times were observed as a function of the severity of the skin rash[9,10,14].
Although this notion remains controversial, it is possible that the rates of
dermatological toxicities were overestimated for the late time points of the study due
to a possible selection of patients with improved outcome over time. When the study
was performed, there was no guidelines for skin toxicities in this setting[20]. Therefore,
the management of patients with dermatological toxicities could have benefited from
their inclusion in the study. Physicians who included patients received information
that could have modify their habits for the management of these dermatological
toxicities.
In conclusion, the rates of the different skin toxicities peaked at various times and
were improved at the end of the follow-up. Nevertheless, their clinical management
could be optimized with a better adherence to current recommendations. The impact
of skin toxicities on patient’s quality of life appeared to be limited.
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Table 5 Curative treatments for dermatological toxicities (Primary analysis set, n = 229)

At least one
curative
treatment, n (%)

Day 15 (n = 214)

Month 1 (n =
208)

Month 2 (n =
186)

Month 3 (n =
153)

Month 4 (n =
122)

Month 5 (n = 93) Month 6 (n = 87)

117/214 (54.7)

124/208 (59.6)

118/186 (63.4)

92/153 (60.1)

63/120 (52.5)

47/92 (51.1)

39/87 (44.8)

24 (61.5)

Emollients

74 (63.2)

82 (66.1)

84 (71.2)

69 (75.0)

45 (71.4)

29 (61.7)

Oral antibiotics

88 (75.2)

90 (72.6)

88 (74.6)

65 (70.7)

43 (68.3)

31 (66.0)

28 (71.8)

Emollients and
oral antibiotics

60 (51.3)

61 (49.2)

61 (51.7)

47 (51.1)

28 (44.4)

17 (36.2)

16 (41.0)

Antiseptics

9 (7.8)

7 (5.6)

11 (9.3)

7 (7.6)

2 (3.2)

1 (2.1)

0 (0.0)

Antihistamines

12 (10.3)

10 (8.1)

11 (9.4)

10 (10.9)

6 (9.5)

5 (10.6)

2 (5.1)

Corticosteroids

19 (16.2)

26 (21.0)

23 (19.5)

19 (20.7)

12 (19.0)

6 (12.8)

9 (23.1)

Other (including 51 (44.0)
topical
antibiotics)

47 (37.9)

35 (29.7)

29 (31.9)

20 (31.7)

16 (34.0)

13 (33.3)

Topical
antibiotics

43 (91.5)

30 (85.7)

25 (86.2)

18 (90.0)

16 (100)

13 (100)

48 (94.1)

ARTICLE HIGHLIGHTS
Research background
Skin adverse events not previously reported with conventional chemotherapy are associated
with anti-epidermal growth factor receptor therapy.

Research motivation
Although prophylactic actions are recommended to prevent these skin toxicities, routine clinical
management and impact on quality of life remain unknown.

Research objective
The present study aimed to assess the dermatological toxicities reported after panitumumab
initiation, their impact on the quality of life and the clinical practices for their management.

Research methods
We performed a prospective multicenter observational study in 229 adult patients who began
treatment with panitumumab for wild-type KRAS metastatic colorectal cancer. The incidence of
dermatological toxicities, clinical practices for their management and impact on quality of life
were recorded during a 6-mo follow-up.

Research results
More than half of patients had dermatological toxicity; this rate peaked at month 2. The most
frequent dermatological toxicities were rash/acneiform rash, xerosis and skin cracks. At least
one preventive treatment was administered to two thirds of patients (oral antibiotics, emollients
or both). The impact of the dermatological toxicities on quality of life was limited.

Research conclusions
The rates of the different skin toxicities peaked at various times and were improved at the end of
follow-up. The impact of skin toxicities on patient’s quality of life appeared to be limited.

Research perspectives
The management of the skin toxicities could be optimized with a better adherence to current
recommendations.
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Abstract
BACKGROUND
Post endoscopic retrograde cholangiopancreatography (ERCP) is comparatively
complex application. Researchers has been investigated prevention of post-ERCP
pancreatitis (PEP), since it has been considered to be the most common
complication of ERCP. Although ERCP can lead various complications, it can also
be avoided.
AIM
To study the published evidence and systematically review the literature on the
prevention and treatment for PEP.
METHODS
A systematic literature review on the prevention of PEP was conducted using the
electronic databases of ISI Web of Science, PubMed and Cochrane Library for
relevant articles. The electronic search for the review was performed by using the
search terms “Post endoscopic retrograde cholangiopancreatography
pancreatitis” AND “prevention” through different criteria. The search was
restricted to randomized controlled trials (RCTs) performed between January
2009 and February 2019. Duplicate studies were detected by using EndNote and
deleted by the author. PRISMA checklist and flow diagram were adopted for
evaluation and reporting. The reference lists of the selected papers were also
scanned to find other relevant studies.
RESULTS
726 studies meeting the search criteria and 4 relevant articles found in the edited
books about ERCP were identified. Duplicates and irrelevant studies were
excluded by screening titles and abstracts and assessing full texts. 54 studies were
evaluated for full text review. Prevention methods were categorized into three
groups as (1) assessment of patient related factors; (2) pharmacoprevention; and
(3) procedural techniques for prevention. Most of studies in the literature showed
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that young age, female gender, absence of chronic pancreatitis, suspected
Sphincter of Oddi dysfunction, recurrent pancreatitis and history of previous PEP
played a crucial role in posing high risks for PEP. 37 studies designed to assess
the impact of 24 different pharmacologic agents to reduce the development of
PEP delivered through various administration methods were reviewed.
Nonsteroidal anti-inflammatory drugs are widely used to reduce risks for PEP.
Rectal administration of indomethacin immediately prior to or after ERCP in all
patients is recommended by European Society for Gastrointestinal Endoscopy
guidelines to prevent the development of PEP. The majority of the studies
reviewed revealed that rectally administered indomethacin had efficacy to
prevent PEP. Results of the other studies on the other pharmacological
interventions had both controversial and promising results. Thirteen studies
conducted to evaluate the efficacy of 4 distinct procedural techniques to prevent
the development of PEP were reviewed. Pancreatic Stent Placement has been
frequently used in this sense and has potent and promising benefits in the
prevention of PEP. Studies on the other procedural techniques have had
inconsistent results.
CONCLUSION
Prevention of PEP involves multifactorial aspects, including assessment of
patients with high risk factors for alternative therapeutic and diagnostic
techniques, administration of pharmacological agents and procedural techniques
with highly precise results in the literature.
Key words: Endoscopic retrograde cholangiopancreatography; Pancreatitis; Prevention;
Treatment; Indomethacin; Stent replacement; Prophylaxis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study systematically reviewed the literature on the prevention and
treatment for post Endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis.
PRISMA checklist and flow diagram were adopted for the evaluation and the reporting.
Prevention methods were categorized in three groups as (1) assessment of patient related
factors; (2) pharmacoprevention; and (3) procedural techniques for prevention. Patients
with high risk factors should be carefully assessed, and alternative therapeutic and
diagnostic techniques may be preferable for them instead of ERCP.

Citation: Pekgöz M. Post-endoscopic retrograde cholangiopancreatography pancreatitis: A
systematic review for prevention and treatment. World J Gastroenterol 2019; 25(29): 40194042
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/4019.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.4019

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) has been a prominent
technological innovation that has advanced in the field of gastrointestinal endoscopy[1]
since its inception in 1968 [2] . ERCP, a comparatively more complicated integral
therapeutic modality among endoscopic techniques, is clinically the most common
and specialized procedure used for the diagnosis and treatment of pancreatic and
biliary system disorders[3-8]. Although it is superior to the traditional operation due to
limited trauma, simplicity of the operation, and short recovery time in the treatment
and diagnosis of duodenal and pancreatobiliary disorders [5,6] , diagnostic and
therapeutic ERCP can cause various complications such as pancreatitis, cholangitis,
perforation, hemorrhage (especially postsphincterotomy), cholecystitis, cardiopulmonary depression, asymptomatic hyperamylasemia, aspiration, hypoxia,
bleeding, sepsis, adverse medication reactions, and death[9-16].
PEP is the most common complication of ERCP,[9,17-19] and itis a crucial factor in
morbidity and mortality [20-25] . Chemical, mechanical, enzymatic, hydrostatic and
thermal causes are considered as the pathophysiology of the PEP[22]. Although its

WJG

https://www.wjgnet.com

4020

August 7, 2019

Volume 25

Issue 29

Pekgöz M. Post-ERCP pancreatitis

determinants are unclear, development of PEP is thought to be based on a proinflammatory cascade caused by pancreatic acinar cell injury that induces to systemic
cytokine release[3].
The incidence rates of PEP have been reported vary from less than 1% up to 40%,
because of its dependence on patient factors, procedures, study definitions and
methodology[9,23,26-30]. Incidence rates of the severe pancreatitis after ERCP changes
between 0.1% and 0.5%[10,27,31-34].
The economic and the social impacts of PEP have been reported to be substantial[35].
The estimated annual cost of PEP in the USA is assessed to be around 200 million
USD[36], while the overall mortality rate of PEP is found to be0,7%[37,38]. Furthermore,
PEP has a crucial impact on endoscopist stress [39] and is considered as the most
common determinant of malpractice lawsuits involving ERCP[40].
The standardized consensus definitions for PEP in the literature [3,9,28,41-43] were
introduced by Cotton, Lehman [44] and Banks, Bollen [45] . The standard definition
proposed by Cotton, Lehman[44] is as follows: “Pancreatitis after ERCP is a clinical
illness with typical pain, associated with at least a threefold increase in serum amylase
(or lipase) at 24 h, with symptoms impressive enough to require admission to hospital
for treatment (or extension of an existing or planned admission).”The Atlanta criteriabased definition of PEP proposed by Banks, Bollen[45] is as follows: “The diagnosis of
acute pancreatitis requires two of the following three features: (1) Abdominal pain
consistent with acute pancreatitis (acute onset of a persistent, severe, epigastric pain
often radiating to the back); (2) Serum lipase activity (or amylase activity) at least
three times greater than the upper limit of normal; and (3) Characteristic findings of
acute pancreatitis on contrast-enhanced computed tomography (CECT) and less
commonly magnetic resonance imaging (MRI) or transabdominal ultrasonography”
PEP was viewed as an inevitable complication, with uncertain outcomes, and with
no practicable strategy for its prevention in the past[35]. Research on the prevention of
PEP has identified various approaches to reduce the occurrence and probability of
PEP. Based on this research, three different strategies for prevention of the PEP
including patient related, procedure related and pharmacological approaches were
developed[3,9,30,35,46].
Development and improvement of efficient, safe, and cost-effective techniques for
the prevention of PEP area crucial focus of endoscopic research [46] and will be
reviewed and assessed in this study. In this context, risk factors and preventative
measures extracted from the literature are identified and categorized to evaluate
recent developments and approaches for the prevention of PEP.

MATERIALS AND METHODS
Literature search strategy
The relevant studies in the literature were searched by the author using the databases
of PubMed, ISI Web of was Science and Cochrane Library. The review was restricted
covering the period between January 2009 and February 2019 in order to focus on the
updates and the recent developments in the relevant field. The search terms for all
databases consisted of the words [“Post endoscopic retrograde cholangiopancreatography pancreatitis” [All Fields] AND “prevention” (All Fields)] OR
“treatment” [(All Fields), ] “post-erpc pancreatitis” [(All Fields) AND “prevention”
(All Fields) OR “treatment” (All Fields)], (“Post endoscopic retrograde
cholangiopancreatography” (All Fields) AND “pancreatitis” (All Fields) AND
“prevention” (All Fields) OR “treatment” (All Fields), (“post-erpc” [(All Fields)] AND
“pancreatitis” (All Fields) AND “prevention” (All Fields) OR “treatment” [ (All
Fields) ].

Inclusion and exclusion criteria
The relevance of the studies was determined by using the hierarchical approach of the
PRISMA 2009 Statement. The assessment of the studies was based on title, abstract,
and the full manuscript of the studies. The references of the selected studies were also
scanned to find out further relevant studies. The inclusion criteria of the studies
assessed in these reviews are as follows: (1) RCTs conducted to analyze prevention of
PEP; (2) Publication in English; (3) Availability of the full text; and (4) Publication date
between 2009 and February 2019.
Exclusion criteria of this review were determined as follows: (1) The article type as
reviews, editorial letters, commentaries, clinical study protocols, retrospective studies
and case reports; (2) Studies with insufficient information and descriptions; and (3)
Duplicate studies in all databases were found by EndNote and excluded manually.
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RESULTS
The stages of the literature review adopted from PRISMA 2009 are presented in
Figure 1. The literature search through databases of PubMed, ISI Web of was Science
and Cochrane Library identified 726 studies that met the search criteria. Additionally,
4 relevant articles found in the edited books on ERCP were included in the review.
Search results were put together in EndNote to check for duplicate studies. 257
studies were found to be duplicates and these studies were removed from the list of
search results. The eligibility of the 473 studies was evaluated by screening the titles
and abstracts to see if they met the inclusion criteria. In this stage, the author only
included RCTs and excluded all other publication types such as reviews, editorial
letters, commentaries, clinical study protocols, retrospective studies and case reports.
381 studies were excluded due to not meeting the inclusion criteria. The full-text of
the 92 remaining studies was reviewed. 38 of these studies were found to be irrelevant
and excluded. The remaining 54 studies were included and assessed in this literature
review.
The literature on the prevention of the PEP has mainly focused on the specific
procedural techniques and pharmacological interventions to reduce the risk for PEP.
Since the identification of risk factors increasing the probability of PEP is crucial for
the prevention of PEP, the review has also focused on the risk factors related to
patients. Therefore, the reviewed studies are categorized in these main topics.

Assessment of patient related factors
Careful patient selection is considered to be the most significant and primary strategy
for the prevention of PEP [26] . Alternative methods providing highly precise
pancreaticobiliary imaging such as endoscopic ultrasound and magnetic resonance
cholangiopancreatography can be preferred to prevent PEP for patients with high risk
factors, particularly for the identification and exclusion of choledocholithiasis[47-49].
Therefore, identification of the patient-related risk factors is one of the most important
aspects of prevention for PEP.
The patient related risk factors for the development of the PEP in the literatureare
summarized in the Table 1. Patient-related factors for developing the PEP found to be
significant in the relevant studies include young age [23,50-53] , female gender [23,51] ,
suspected Sphincter of Oddi dysfunction (SOD)[50], history of previous PEP[51,52] and
recurrent pancreatitis[51,52]. Although female gender has been found to have high risk
for the PEP in the studies, it is not easy to distinguish the impact of SOD, mostly
suspected in women with post-cholecystectomy abdominal pain[54]. On the contrary,
PEP is less likely to occur in patients with chronic pancreatitis[9,30] indicating a partical
loss of sensitivity to PEP stimulation[54], probably because of atrophy and decreased
enzymatic activity[27].
History of ERCP with sphincterotomy is also considered to decrease the risk of
developing PEP, since prior sphincterotomy mostly separates the common bile from
the main pancreatic duct, therefore decreasing the probability of pancreatic duct
cannulation or injection, and enabling comparatively uncomplicated and efficient
cannulation of the common bile duct (CBD) [26] . Regarding gland atrophy and
calcification, chronic pancreatitis is also considered to reduce the risk of developing
PEP[27].
While previous studies indicated that small CBD may be a risk factor for PEP,
recent studies[23,51,52,55] found that it has no independent impact on the risk for PEP.
Periampullary diverticulum, pancreas divisum and allergy to contrast medium are
among the factors which have been found to have no risk on PEP[9,41]. Yet a recent
study[23] analyzed data obtained from 3178 procedures administered on 2691 patients
and concluded that periampullary diverticulum was one of the significant patientrelated risk factors.
DiMagno et al[50] also found that chronic liver disease and smoking were among the
predictors of prophylaxis for PEP.

Pharmacoprevention
More than 35 pharmacologic agents have been analyzed in terms of prevention for
PEP in the literature[56]. These studies focused on the intervention of one or more
hypothesized structures of injury within the framework of the main six fields as
below (adapted from Cheon[57]): (1) The prevention of the inflammatory cascade; (2)
The facilitation of cannulation; (3) The relief of a sphincter of Oddi spasm; (4) The
inhibition of intra-acinartrypsinogen activation; and (5) The decrease of pancreatic
enzyme secretion.
The reviewed articles studied the impact of the rectal indomethacin on the
prevention of PEP are summarized in Table 2. The studies on other pharmacologic
agents are summarized in Table 3.

WJG

https://www.wjgnet.com

4022

August 7, 2019

Volume 25

Issue 29

Pekgöz M. Post-ERCP pancreatitis
Figure 1

Figure 1 PRISMA 2009 Flow diagram describing the selection of the studies reporting prevention for postendoscopic retrograde cholangiopancreatography pancreatitis in our review.

The prevention of the inflammatory cascade
Nonsteroidal anti-inflammatory drugs: Nonsteroidal anti-inflammatory drugs
(NSAIDs) are inexpensive, easily administered and very effective inhibitors of
phospholipase A2, cyclooxygenase and neutrophil–endothelial interactions and are
considered to have a significant impact on the pathogenesis of acute pancreatitis[56].
Given the findings of clinical trials in the literature, rectal indomethacin, an NSAID, is
administered to patients with high risk factors undergoing ERCP to reduce risk for
PEP[58]. Administration of rectal indomethacin right before and after ERCP has been
recommended by European Society for Gastrointestinal Endoscopy guidelines for all
patients without contraindication to prevent the development of PEP[59]. Only two of
eight studies in this review concluded no supporting findings for indomethacin to
prevent PEP (Table 2).
Andrade-Davila et al[56] conducted a controlled RCT between 2012 and 2013 in
Mexico by comparing the administration of 100 mg of rectal indomethacin on 82
patients versus 2.6 g suppository of glycerin on the placebo group of 84 patients
without placement of a pancreatic stent. Patients had at least one major and/or two
minor risk factors for PEP. The PEP rate for the experimental group was 4.87% (4/82)
and was 20.23% (17/84) for the placebo group (P = 0.01). Rectal indomethacin
administered immediately after ERPC decreased the incidence of PEP among patients
with high risk factors.
Elmunzer et al[60] investigated the impact of rectal indomethacin on 602 patients at
high risk for PEP in a multicenter, randomized, placebo-controlled, double-blind RCT
in United States. The rate of PEP was 9.2% among patients who received indomethacin and was 16.9% among patients who received placebo (P = 0.005). Rectal
indomethacin decreased the development of PEP among patients with high risk
factors.
In their placebo-controlled, prospective RCT, Patai et al[61] also found positive
impact of indomethacin on the prevention of PEP. Their study showed that rectally
administered 100 mg indomethacin reduced development of PEP, especially in cases
with patient and procedure-related risk factors and with difficult cannulation.
The administration timing of indomethacin and characteristics of patients can be
significant impact on the clinical applications. Luo et al[62] compared impact of preprocedural administration of 100 mg rectal indomethacin in 1297 patients (universal
group) within 30 min before ERCP versus post-procedural administration of 100 mg
rectal indomethacin in 1303 patients with high-risk factors (risk-stratified group)
immediately after ERCP to prevent PEP. The rate of PEP was 4% in universal group
and was 8% in the risk stratified group (P < 0.0001). Results showed that
administration of rectal indomethacin prior to ERCP in universal group decreased
PEP development in comparison of risk stratified group.
Hosseini et al [63] assessed rectal indomethacin with and without intravenous
perfusion of normal saline to prevent PEP. In this RCT, 406 patients underwent ERCP
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Table 1 Patient-related risk factors
Definite

Possible

No risk

Young age

Absence of CBD stone

Normal/small CBD diameter

Female gender

Normal serum bilirubin

Pancreas divisum

Suspected SOD

Periampullary diverticulum

Allergy to contrast medium

Recurrent pancreatitis
Absence of chronic pancreatitis
History of previous PEP

Adapted from Guda et al[9], Cotton et al[30], Cotton[41], and Srinivasan et al[54]. CBD: Common bile duct; SOD:
Sphincter of Oddi dysfunction; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

and were randomized into four groups with different interventions. Interventions of
(1) rectal indomethacin (100 mg); (2) intravenous (IV) saline perfusion; (3) both rectal
indomethacin and IV saline; and (4) rectal glycerin were administered to groups
before ERCP. The results indicated that intervention of rectal indomethacin and
intravenous normal saline together before ERCP significantly reduced incidence rate
of PEP.
Mok et al[64] performed a randomized, double-blinded, placebo-controlled RCT to
analyze the effectiveness of indomethacin with or without bolus lactated Ringer’s
solution (LR) in patients with high risk factors. Patients were randomized into four
groups and received different interventions, including normal saline solution (NS) +
placebo, LR + placebo, LR + IND NS + IND. Compared with NS + placebo, LR + IND
decreased development of PEP and readmission rates.
There are also contradictory findings in the literature about the impact of
indomethacin on the prevention of PEP. Döbrönte et al[65] conducted a prospective,
randomized, placebo-controlled and multicentred study between 2012 and 2013 in
order to compare 100 mg of rectally administered indomethacin on 347 patients vs an
inert placebo on 318 patients, 10-15 min before ERCP. They found that rectally
administered 100 mg of indomethacin prior to ERCP had no efficacy in preventing the
development of PEP.
A prospective, double-blind, placebo-controlled RCT on the consecutive patients
performed by Levenick et al[58] also found contradictory results about the impact of
indomethacin on the prevention of PEP. 449 consecutive patients undergoing ERCP
between 2013 and 2014 in the United States. 223 patients received a single dose of 100
mg dose of rectal indomethacin and 226 patients were received a placebo suppository
during the ERCP. The incidence rate of PEP for these groups were 7.2% and 4.9%,
respectively. The study revealed that rectally administered indomethacin did not have
positive impact on the prevention of PEP.
The majority of clinical trials investigating impact of NSAIDs on the prevention of
the PEP have been rectally administered[66]. Diclofenac is another NSAID and is often
parenterally administrate because of its faster effect[67]. Park et al[66] administered either
90 mg of diclofenac or placebo to randomized 343 patients by intramuscular injection
immediately after ERCP. PEP rate was 12.7% for the group that received diclofenac
and 11.8% for the placebo group (P = 0.87). The results of the multivariate regression
analysis also failed to demonstrate the prevention impact of diclofenac on the
development of PEP. On the other hand, in their prospective, multicenter, controlled
and RCT Otsuka et al[68] found contradictory results. Patients underwent ERCP were
randomized into two groups and administered either 50 mg of rectal diclofenac with a
saline infusion or only saline infusion 30 min before ERCP. The incidence of PEP was
3.9% (2/51) and 18.9% (10/53) (p = 0.017), respectively. They concluded that low-dose
rectal diclofenac may have preventative impact on the development of PEP.
Aproinflammatory cascade with a little favorable circumstance for intervention will
be induced after the injury of pancreatic acinar cell [69] . Cyclo-oxygenase (COX)
enzymes are considered to have a crucial proinflammatory function in pancreatitis[70].
It was reported that the severity of experimental acute pancreatitis was alleviated
when COX-2 was pharmacologically inhibited [71] . Bhatia et al [70] investigated the
benefits of valdecoxib, a COX-2 inhibitor, and Glyceryltrinitrate (GTN) transdermal
patch on PEP. 121 patients were administered 20 mg intravenous valdecoxib, 124
patients were administered GTN patch (10 mg/h) at the beginning of ERCP and 126
patients were assigned as control group. No significant difference was found in the
frequency of PEP, indicating that valdecoxib and GTN had no beneficial impact on
prophylaxis of PEP.
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Table 2 Brief contents of reviewed articles on rectal indomethacin

Authors
Elmunzer
et al[60]

Year
2012

Country

n

Incidence of PEP1

Intervention

Design

P value
Study group

Control (compared)

United
States

602

2 × 50-mg
indomethacin or 2 ×
placebo
right after
ERCP

Prospective, 27/295 (9.2%) [IND]
multicenter,
placebocontrolled,
doubleblind

52/307 (16.9%) [Placebo]

0.005

Döbrönte et 2014
al[65]

Hungary

665

100 mg
indomethacin or an
placebo 1015 min prior
to ERCP

Prospective, 20/347 (5.76%) [IND]
multicenter,
placebocontrolled

22/318 (6.92%) [Placebo]

0.541

Patai et
al[61]

2015

Hungary

539

100 mg
indomethacin or
placebo 1 h
prior to
ERCP

Prospective, 18/270 (6.7%) [IND]
single
center,
placebocontrolled,
doubleblind

37/269 (13.8%) [Placebo]

0.406

AndradeDavila et
al[56]

2015

Mexico

166

100 mg of
indomethacin or 2.6 g
suppository
of glycerin
right after
ERCP

Prospective, 4/82 (4.87%) [IND]
single
center,
placebocontrolled

17/84 (20.23%) [GS]

0.01

Luo et al[62] 2016

China

2600

100 mg
Prospective, 47/1297 (4%) [Universal
indometha- multicenter, IND]
cin for
single-blind
unselected
patients
within 30
min prior to
ERCP or 100
mg
indomethacin just after
ERCP for
patients
with high
risks

100/1303 (8%) [Riskstratified IND]

< 0.001

Levenick et 2016
al[58]

United
States

449

100 mg
indomethacin or
placebo
during
ERCP

Prospective, 16/223 (7.2%) [IND]
single
center,
doubleblind,
placebocontrolled

11/226 (4.9%) [Placebo]

0.33

Hosseini et 2016
al[63]

Iran

406

100 mg
indomethacin two
hours before
the ERCP or
1 L of ISP
within 2 h
before ERCP
and 2 L
within 16 h
after ERCP
or
indomethacin and ISP
or 2 g of
glycerin in
suppositories

Prospective, 11/100
10/100
single
(11%) [IND] (10%) [ISP]
center,
blinded
subject data

0/101 (0)
[IND+ISP]

-
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Mok et al[64] 2017

United
States

192

LR + IND,
NS + IND,
LR +
placebo or
NS +
placebo

Prospective, 3/48 (6%)
single
[LR+IND]
center,
doubleblind,
placebocontrolled

6/48 (13%)
[NS+IND]

9/48 (19%) 10/48 (21%) 0.04
[LR+Placebo [NS+Placebo
]
]

1

The fractional ratios are “Number of PEP incidences/number of patients in the group”. Rate of PEP incidences are given in the parenthesis. Definitions of
the procedures applied to groups are given in the brackets. n: Number of patients (sample size); IND: Indomethacin; ISP: Intravenous (IV) saline perfusion;
RG: Rectal glycerin; LR: Lactated ringer’s solution; NS: Standard normal saline solution; GS: Glycerin suppository.

Ketoprofen, an effective NSAID, is an inhibitor of both COX1 and COX2, and can
reach serum peak in minutes when received intravenously, while NSAIDS such as
diclofenacor indomethacin can reach serum apex within 2–3 h when received rectally
or orally [72] . Because of these advantages, Onofrio et al [73] tested intravenously
administration of ketoprofen on consecutive patients with naïve papilla. Patients were
randomly assigned to receive saline infusion with or without ketoprofenjust prior to
ERCP. PEP rates were 2.2% in the ketoprofen group and 2 % in the control group (P =
1), indicating intravenously received ketoprofen just before ERCP did not reduced
PEP incidence.
Prophylactic impact of rectal NSAIDs in PEP is considered to occur by inhibiting
cyclooxygenase (COX) and phospholipase A2 enzymes, which are considered
significant part of the primary inflammatory cascade of acute pancreatitis through
regulation of proinflammatory mediators, i.e., platelet-activating factors and
arachidonic acid products[74-76]. Kato et al[77] conducted a prospective, single center,
controlled RCT to assess the prophylactic potential of celecoxib, a cyclooxygenase-2
inhibitor, on PEP. 85 patients received oral 400-mg celecoxib tablets 1 h prior to ERCP
and saline infusion and another 85 patients received only saline infusion. The
incidence of PEP for two groups was 15.3% (13/85) and 11.7% (10/85), respectively (P
= 0.65). The difference between the frequency of PEP of groups was insignificant and
demonstrated that orally administered of celecoxib did not reduced the rate of PEP.
Hydration: The basis of treatment for acute pancreatitis depends on hydration[78].
Animal studies concluded that pancreatic microvascular hypoperfusion developed
necrosis [79] . Clinical researches on patients with acute pancreatitis testing fluid
resuscitation indicated that hemoconcentration and reduced systemic perfusion can
develop risk of pancreas necrosis and adverse results[80]. Wu et al[81] suggested that
hydration with lactated Ringer’s solution (LRS) may reduce the risk for systemic
inflammatory response syndrome. Trypsinogen activation and incidence of
pancreatitis can be triggered by an acidic environment[82]. Buxbaum et al[83] performed
a prospective, multicenter and controlled RCT to determine whether aggressive periprocedural hydration with LRS diminish the incidence of PEP.
Thirty-nine patients received aggressive hydration with LRS (3 cc/kg/h during the
ERCP, a 20 cc/kg bolus after the ERCP, and 3 cc/kg/h for 8 h after ERCP) and 23
patients received standard hydration with the same solution (1.5 cc/kg/hr during and
for 8 h after ERCP). There was no PEP incidence in the first group and 17% of patients
in the second group developed PEP (P = 0.016). Aggressive intravenous hydration
with LRS was found to be effective in decreasing risk of PEP. Their findings also
suggested that LRS is less risky than saline to lead metabolic acidosis, indicating
protective impact of LRS.
The justification for hydration depends on the requirement for resolution of the
hypovolemia[84] . Vigorous intravenous fluid resuscitation (IVFR) with LRS may lead a
better acid-base balance and may induce an anti-inflammatory reaction, when
compared with other crystalloid preparations [85,86] . In a prospective, multicenter,
double-blind RCT Choi et al[87] tested the impact of periprocedural vigorous IVFR on
the prevention of PEP. 510 patients with native papilla in Korea were randomized into
two groups in a1:1 ratio. The first group received vigorous IVFR (LRS in an initial
bolus of 10 mL/kg before the ERCP, 3 mL/kg/h during the ERCP, for 8 h after the
ERCP, and a post-ERCPbolus of 10 mL/kg) and the second group received a standard
IVFR (LRS at 1.5 mL/kg/h during and for 8 h after the ERCP). The incidence rate of
PEP was 4.3% in the first group and 9.8% in the latter one (P = 0.016). The findings
indicated that IVFR with LRS had preventative effect on PEP and reduced severity of
PEP in both high-risk and average-risk cases.
Cytokines and mediators: Regardless of the trigger of pancreatitis, early intracellular
events are followed by initial local and systemic inflammatory reactions which are
increased by proinflammatory cytokines and chemokines. These are considered to
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Table 3 Brief contents of reviewed articles on pharmacological agents
Incidence of PEP1
Agent

Authors

Year

Country

n

Design

Control (or
compared)

Study group

P value

Intraduodenal Acetic
Acid (IAA)

Fang et al[97]

2018

China

210

Prospective,
single center,
double-blind

8/105 (7.6%) [IAA]

11 /105
(10.5%)
[Saline]

Celecoxib

Kato et al[77]

2017

Japan

170

Prospective,
single center

10/85 (11.7%) [Celecoxib]

13/85 (15.3%) 0.65
[Saline]

Raw
Rhubarb
Solution
(RRS)

Wang et al[133] 2017

China

500

Prospective,
single center

5/250 (2%) [RRS]

19/250 (7.6%) 0.003
[Water]

Nitroglycerin +
Glucagon

Katsinelos et
al[106]

2017

Greece

455

Prospective,
single center,
double–blind

7/227 (3.08%) [Nitroglycerin
+ glucagon]

17/228
(7.46%)
[HBW]

0.037

Ketoprofen

Onofrio et
al[73]

2017

Brazil

477

Prospective,
5/224 (2.2 %) [Ketoprofen]
single center,
double-blind,
placebocontrolled

5/253 (2 %)
[Placebo]

1.0

Vigorous
IVFR

Choi et al[87]

2017

South Korea

510

Prospective,
multi center,
double-blind

11/255 (4.3%) [Vigorous
IVFR]

25/255 (9.8%) 0.016
[StandartIVF
R]

Aggressive
Hydration
with
Lactated
Ringer’s
Solution
(AHLRS)

Buxbaum et
al[83]

2014

United States

71

Prospective,
multicenter,
controlled

0/39 (0%) [AHLRS]

4/23 (17%)
[SHLRS]

0.016

Udenafil+Ac Lee et al[109]
-eclofenac

2015

South Korea

216

Prospective,
17/107 (15.8%)
multicenter,
[Udenafil+Aceclofenac]
double-blind,
placebocontrolled

18/109
(16.5%)
[Placebo]

0.901

Somatostatin Bai et al[127]

2015

China

900

Prospective,
multicenter,
open-label

18/445 (4 %) [Somatostatin]

34/455 (7.5
0.03
%) [No
Somatostatin]

2014

Spain

510

Prospective,
single-center,
placebocontrolled,
double-blind

19/255 (7.5 %) [Somatostatin] 17/255 (6.7
%) [Placebo]

0.73

Wang et al[130] 2013

China

124

Prospective,
single-center,
placebocontrolled

6/36 (16.7%) 5/47 (10.6%) 6/41 (14.6%)
[Pre-ERCP
[Post-ERCP
[Placebo]
somatostatin] somatostatin]

0.715

South Korea

343

Prospective,
22/173 (12.7 %)
single center, [Intramuscular Diclofenac]
double-blind,
placebocontrolled

20/170 (11.8
%) [Placebo]

ConcepcionMartin et
al[129]

Intramuscu- Park et al[66]
lar
Diclofenac

2015

0.47

0.87

Rectal
Diclofenac

Otsuka et al[68] 2012

Japan

104

Prospective,
multicenter,
controlled

2/51 (3.9%) [Diclofenac with
Saline]

10/53 (18.9%) 0.017
[Saline]

Nafamostat
Mesilate
(NM)

Kim et al[118]

2016

South Korea

382

Prospective,
single center,
comparative

5/179 (2.8%) [NM - 24 hour
infusion]

4/192 (2.1%)
[NM - 6 hour
infusion]

0.744

Ohuchida et
al[114]

2015

Japan

809

Prospective,
single center,
double-blind

14/405 (3.5) [NM]

27/404 (6.7)
[Glucose
Solution]

0.035

Park et al[115]

2011

South Korea

595

Prospective,
single-center,
controlled

8/198 (4%)
[20 mg of
NM]
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Yoo et al[117]

2011

South Korea

286

Prospective,
4/143 (2.8%) [NM]
single-center,
double-blind,
placebo
controlled

13/143 (9.1%) 0.03
[Dextrose
Solution]

Choi et al[116]

2009

South Korea

704

Prospective,
12/354 (3.3%) [NM]
single-center,
double-blind,
controlled

26/350 (7.4%) 0.018
[Dextrose
Solution]

Ulinastatin + Park et al[121]
Nafamostat

2014

South Korea

159

Prospective,
single center,
placebocontrolled

1/53 (1.9%)
[Ulinastatin]

7/53 (13.2)
[Placebo]

0.037

Risperidone Tsujino et
+ Ulinastatin al[125]

2013

Japan

226

Prospective,
multicenter,
placebocontrolled

6/113 (5.3%) [Risperidone +
Ulinastatin]

10/113 (8.8
%,)
[Ulinastatin]

0.438

2/53 (3.8%)
[Nafamotat]

Udenafil

Oh et al[107]

2011

South Korea

278

Prospective,
11/137 (8.0%) [Udenafil]
multicenter,
double-blind,
placebocontrolled

11/141 (7.8%) 944
[Placebo]

Allopurinol

Abbasinazari
et al[135]

2011

Iran

74

Prospective,
3/29 (10,4%) [Allopurinol]
single-center,
double-blind,
placebocontrolled

5/45 (11,1%)
[Placebo]

0.97

Neurokinin- Shah et al[136]
1 receptor
antagonist
(Aprepitant)

2012

United States

73

Prospective,
7/34 (20.6%) [Aprepitant]
single-center,
double-blind,
placebocontrolled

7/39 (17.9%)
[Placebo]

1.0

Jowell et al[96]

2011

United States

869

Prospective,
36/413 (8.7%) [Secretin]
single-center,
double-blind,
placebo
controlled

65/431
(15.1%)
[Placebo]

0.004

2011

China

941

Prospective,
single-center,
placebo
controlled

9/461 (1.95%) [Epinephrine]

31/480
(6.45%)
[Saline]

0.0086

Valdecoxib Bhatia et al[70] 2011
and
GlycerylTrin
itrate (GTN)

India

371

Prospective,
single-center,
controlled

12/121 (9.9%) 12/124 (9.7%) 13/126
[Valdecoxib] [GTN]
(10.3%) [No
intervention]

Glyceryl
Nitrate

Secretin

Epinephrine Xu et al[143]

0.986

Nøjgaard et
al[100]

2009

Multi
Country

806

Prospective,
18/401 (4.5%) [Glyceryl
multicenter,
Nitrate]
double-blind,
placebocontrolled

29/405 (7.1%) 0.11
[Placebo]

Platelet
Sherman et
Activating
al[91]
Factor (PAF)

2009

United States

600

Prospective,
35/200
multicenter,
(17.5%) [PAF
double-blind, 1 mg/kg]
placebocontrolled

32/201
(15.9%) [PAF
5 mg/kg]

39/199
(19.6%)
[Placebo]

0.59

Interleukin10 (IL-10)

2009

Multi
Country

305

Prospective,
14/91 (15.4%) 24/109 (22%)
multicenter,
[IL-10 8
[IL-10 20
double-blind, µg/kg]
µg/kg]
placebocontrolled

15/105
(14.3%)
[Placebo]

0.83 0.14

Sherman et
al[88]

1

The fractional ratios are “Number of PEP incidences/number of patients in the group”. Rate of PEP incidences are given in the parenthesis. Definitions of
the procedures applied to groups are given in the brackets. HBW: Hyoscine n-butyl plus sterile water; IVFR: Intravenous fluid resuscitation; SHLRS:
Standart hydration with lactated ringer’s solution.

contribute in the progress of pancreatic necrosis[88]. The administration of endogenous
Interleukin-10 (IL-10), a potent inhibitor of cytokines, in animal models of pancreatitis
with cerulein reduced the severity of acute pancreatitis [89] , principally through
inhibition of the development of acinar necrosis[90]. Sherman et al[88] investigated
impact of IL-10 on PEP in patients with high risks. 91 patients received 8 µg/kg and
101 patients received 20 µg/kg of IL-10 and 105 patients received placebo through a
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single intravenous injection 15-30 min before ERCP. PEP incidences were 15%, 22%,
and 14% in research groups respectively (P = 0.83). The study showed administration
IL-10 failed to prevent PEP.
Platelet-activating factor (PAF), potent proinflammatory mediator, was reported to
be related to acute pancreatitis, since its degradation or production is considered to be
dysregulated, leading to inflammation via effector mechanisms that stimulate
systemic or local tissue injury[91]. The release of amylase from isolated pancreatic acini
was observed to increase due to the administration of exogenous PAF[92]. rPAF-AH,
developed to prevent adverse implications of dysregulated PAF activity[91], alleviated
pancreatic injury, cut down the lipase and amylase increment, and reduced
pancreatitis-associated acute lung injury in an animal model of acute pancreatitis[93]. In
their randomized, multicenter, double-blind, placebo-controlled RCT Sherman et al[91]
analyzed prophylactic rPAF-AH administration in reduction of PEP incidence in
high-risk patients. 200 patients received 1 mg/kg of rPAF-AH, 201 patients received 5
mg/kg ofrPAF-AH and another 199 patients received placebo intravenously. They
concluded that rPAF-AH had no preventative impact on PEP.

Facilitation of cannulation
Difficulties in cannulation of the CBD can cause papillary trauma and, thereby
increasing the incidence of PEP[28,55]. Facilitation of cannulation may decrease risk for
complications of ERCP, because difficult cannulation is reported to be a significant
procedure-related risk factor of PEP[23,94]. Secretin, a gastrointestinal peptide endocrine
hormone, can stimulate pancreatic bicarbonate excretion, thereby facilitating the
cannulation[95]. Jowell et al[96] conducted a single center, prospective, double-blind,
placebo-controlled RCT to evaluate effects of synthetic secretin in preventions of PEP.
426 patients were received secretin (16 µg) and 443 patients received placebo before
ERCP. The incidence of PEP in the two groups were 8.7% and 15.1%, respectively (P =
0.004). Results showed that synthetic secretin was effective in prevention of PEP.
The limitations of secretin, such as its high price and limited availability, makes its
use complicated in clinics[97]. Alternatively, intraduodenal acid infusion (ACI) was
used in clinical trials, since it can physiologically stimulate secretin release in the
body[98,99]. Fang et al[97] conducted a single center, double-blind RCT between 2016 and
2017 in China to investigate the impact of ACI on pancreatic duct cannulation during
ERCP. Consecutive patients were randomized into two groups (105 in each group)
and received 50 mL ACI infusion or 50 mL saline. The incidence rate of PEP for two
groups was 7.6% and 10.5%, respectively (P = 0.470). Despite the statistically
insignificant difference in the incidence of PEP in the two groups, ACI infusion
significantly facilitated pancreatic duct cannulation and reduced radiation exposure.

The relief of a sphincter of Oddi spasm
Promoting efficient drainage of the pancreatic duct at the end of ERCP by
administrating pharmacologic agents, instead of procedural techniques such as
pancreatic stent placement, may be effective in ameliorating the adverse impacts of
temporal blockage outflow of pancreatic juice induced by papillary edema and/or
sphincter of Oddi spasm triggered by manipulation during ERCP and papillary
trauma [70] . Glyceryltrinitrate (GTN), a nitric oxide donor, may prevent papillary
edema through facilitating primary cannulation and may support pancreatic duct
drainage after ERCP, ultimately leading relaxation of the sphincter of Oddi [70] .
Glyceryl nitrate (GN), a nitrogen oxide donor, may stimulate dilation of the
microvascular vessels and periampullar sphincter relief, therefore enhancing nutrition
and circulation[100]. However, the results of RCTs conducted by et al[70] and Nøjgaard et
al[100] showed that GTN and GN were not effective for the prevention of PEP.
Nitric oxide (NO) donor is another pharmacologic agent thought to facilitate CBD
cannulation by decreasing the amplitude and baseline pressure caused by the
sphincter of Oddi[101-103]. Additionally, intravenous glucagon, applied throughout the
ERCP for prevention of duodenal motility, can be beneficial for relaxing the sphincter
of Oddi[104,105], and therefore, can improve CBD cannulation[106]. The impact of the
combination of sublingual nitroglycerin and intravenous glucagon administration on
PEP was investigated by Katsinelos et al[106] between 2012 and 2015 in Greece through
a prospective, single center, double–blind RCT study. 227 patients intravenously
received 6 puffs (2.4 mg) sublingual nitroglycerin and glucagon 1mg and another 228
patients intravenously received 6 puffs sterile water and 20mg hyoscine-n-butyl
bromide. PEP rates were significantly lower in the first group than the latter one.
Administration of combined nitroglycerin and glucagon contributed a high selective
CBD cannulation rates, thereby reducing of PEP incidence.
Phosphodiesterase type 5 (PDE-5) inhibitor, smooth-muscle relaxant, is considered
to diminish basal sphincter of Oddi pressure[107]. It can reduce sphincter of Oddi tone,
contribute easy cannulation and eventually decrease risks for PEP[108]. Oh et al[107]
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investigated administration of prophylactic udenafil, a phosphodiesterase-5 inhibitor,
for the prevention of PEP. 280 patients were randomized in a 1:1 ratio and received
udenafil (100 mg) or placebo. They found no significant difference between rates of
PEP incidence of two groups, indicating udenafil had no prophylactic impact on PEP.
Lee et al[109] performed a prospective, randomized, double-blind, placebo-controlled,
multicenter RCT to investigate the efficacy of a combination of a high dose of udenafil
(PDE-5 inhibitor) and aceclofenac (NSAID) on development of PEP in high-risk
patients. Their rationale for this study depended on the potential of the combination
to decrease the pressure of the sphincter of Oddi and inflammation in acute
pancreatitis through modulation of the cytokine cascade. 216 patients were assigned
into two groups in a 1:1 ratio and orally administered either PDE-5 inhibitor udenafil
(200 mg.) and aceclofenac (100 mg.) or placebo. The incidence rate of PEP for two
groups were 15.8% and 16.5%, respectively (P = 0.901). The statistically insignificant
results indicated that administration of combined udenafil and aceclofenac had no
impact to on the prevention of PEP.

The inhibition of intra-acinar trypsinogen activation
The possible contribution of proteolytic enzymes on the development of PEP have
made protease inhibitors (nafamostatmesilate, ulinastatin, gabexate) the focus of
clinical trials [110] . Nafamostatmesilate (NM), a strong synthetic serine protease
inhibitor, was developed by Fujii et al [111] . NM powerfully inhibits trypsin, a
proteolytic enzyme which is thought to have a crucial role in triggering acute
pancreatitis, as well as kallikrein, plasmin, and the complement components C1s and
C1r[111-113]. Only one of five studies in our reviews showed no contribution of NM on
the prevention of the PEP.
In a prospective, single center and double-blind RCT Ohuchida et al [ 1 1 4 ]
administered either 20 mg of NM dissolved in 500 mL of 5% glucose solution to 405
patients or 500 mL of 5% glucose solution to 404 patients, over 2 h from the beginning
of ERCP. The incidence of PEP was found to be 3.5% and 6.7% in the groups,
respectively (P = 0.0349). The findings revealed that 20 mg NM administered in the
short run can prevent PEP.
Park et al[115] conducted a prospective, single-center and controlled RCT to assess the
administration of 50 mg NM for prevention of PEP. Enrolled patients underwent
ERCP were assigned into three groups and intravenously administered 500 mL of 5%
dextrose solution alone or with 20 mg or 50 mg of NM. Incidence of PEP was found
13.0%, 4.0% and 5.1%, respectively (P < 0.0001). They concluded that NM (20 or 50
mg) may effectively prevent PEP.
Choi et al [116] and Yoo et al [117] also found supportive evidence, indicating that
prophylactic intravenous NM may decrease the risk for PEP. However, Kim et al[118]
found contradictory results in their prospective, single center, comparative RCT
investigating the impact of 24 and 6 h intravenous infusions of 20 mg NM. They
randomized 382 patients undergoing ERCP into two groups and administered NM
(20 mg) infusion prior to ERCP and continued for either 6 or 24. The incidence of PEP
were 2.8% (5/179) and 2.1% (4/192), respectively (P = 0.744). They found that NM
infusion had no benefit on the prevention of PEP, regardless of the duration.
Ulinastatin, another protease inhibitor, is obtained by purifying healthy human
urine[118]. It can prevent the onset and development of pancreatitis through inhibition
of the pancreatic enzyme activation pathway[119,120]. In a prospective, single center,
placebo-controlled RCT Park et al [121] compared the impact of ulinastatin and
nafamostat on the prevention of PEP. They assigned 159 patients into three groups
and administered 150000 units of ulinastatin, 20 mg of nafamostat or placebo for a 2-4
h prior to ERCP to 6-8 h after ERCP. The incidence of PEP was 1.9%, 3.8% and 13.2,
respectively (P = 0.037), indicating that both pharmacologic agents reduced the
incidence of PEP.
Serotonin [5-hydroxytryptamine (5-HA)], a monoamine neurotransmitter found in
the platelets, central nervous system and intestinal mucosa and can induce 11
subtypes of the 5-HA receptor which is considered to be related to acute pancreatitis [122,123] . Some research has concluded that 5-HA2A antagonists may have
amendatory effect on acute pancreatitis[124]. Risperidone, a potent 5-HA2A antagonist,
is considered to prevent or decrease the primary events of acute pancreatitis[125]. It was
reported that risperidone mitigated the increase of pancreatic enzymes and cellular
infiltration into the pancreatic interstitial tissues in caerulein-induced acute
pancreatitis [126] . Tsujino et al [125] performed a prospective, multicenter, placebocontrolled RCT in Japan to investigate the prophylaxis of risperidone combined with
ulinastatin for PEP in high-risk patients.
Patients were randomized to receive either ulinastatin with or without risperidone.
An oral risperidone tablet was administered 30–60 min prior to ERCP and ulinastatin
was intravenously administered for 10 min just prior to ERCP. The incidence of PEP
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in these groups was 5.3% and 8.8 %, respectively (P = 0.438). They concluded that
combination of oral risperidone with ulinastatindid did not decrease the rate of PEP
in patients at high-risk.

The decrease of pancreatic enzyme secretion
Somatostatin is considered as a potent inhibitor of pancreatic enzyme secretion[127].
Somatostatin and its synthetic analog, octreotide, can influence exocrine function
directly through decreasing the secretion of digestive enzymes, and indirectly
through causing inhibition of secretin and cholecystokinin production[57]. In addition,
somatostatin and octreotide may adjust the cytokine cascade and may have a
cytoprotective impact on pancreatic cells, while the mechanisms of their
cytoprotective effect are still unclear[128]. However, research investigating the prophylactic effect of somastatin on PEP have shown inconsistent results[127,129,130]. Only
one of three studies reviewed showed that somatostatin was effective and beneficial
for the prevention of PEP. Bai et al[127] conducted a multicenter, open-label RCT in
China. 908 patients underwent ERCP were randomly assigned to administrate
somatostatin 250 μg bolus injection before ERCP and 250 μg/h intravenous infusion
for 11 h after ERCP or no somatostatin treatments. The results of this study showed
that incidence of PEP for these groups were 7.5% and 4.0%, respectively (P = 0.03).
Significant results indicated that somatostatin was effective in preventing PEP. The
other two studies assessed the impact of somatostatin on the prevention of PEP
conducted by Concepcion-Martin et al[129] and Wang et al[130] found contradictory
results.
Concepcion-Martin et al [ 1 2 9 ] administered either an intravenous bolus of
somatostatin followed by a 4-hourcontinuous infusion or a similar placebo to patients
undergoing ERCP. Wang et al[130] administered 0.5 mg/h of somatostatin for 24 h
starting from 1 h before ERCP to 36 patients in the first group, 0.5 mg/h of
somatostatin for 24 h starting from 1 h after ERCP to 47 patients in the second group
and saline for 24 hours starting from 1 hour before ERCP to 41 patients in the third
group. Both of these studies did not find any supportive evidence of the preventive
effect of somastation on PEP.

Other prophylaxis agents
Raw rhubarb is a traditional Chinese medicine and considered to adequately relieve
clinical symptoms, prevent the production of inflammatory mediators and cytokines
and bacterial translocation, and mitigate abdominal compartment syndrome[131,132]. In a
prospective, single center RCT Wang et al[133] assessed the efficiency of raw rhubarb for
prevention of PEP. High risk patients were randomized into two groups. 250 patients
drank a raw rhubarb soak solution per 3 h until defecation after ERCP and another
250 patients drank water after ERCP. PEP incidence was 2% (5/250) and 7.6%
(19/250), respectively (P < 0.01). The results suggested that raw rhubarb solution is
efficient for prevention of PEP in high-risk patients.
Oxygen derived free radicals may damage epithelial cells causing to capillary
permeability and initiation of pancreatitis [134] . Allopurinol, one of inhibitors of
xanthine oxidase, is thought to prevent or mitigate the initial complications caused by
the cascade causing PEP by these agents[135]. In this context, Abbasinazari et al[135]
performed a prospective, single-center, double-blind, placebo-controlled RCT to
assess impact of allopurinol on prevention of PEP. Patients were divided in two
groups and received 2 tablets of allopurinol (300 mg) or 2 tablets of placebo. One of
the tablets was administered 3 h before ERCP and the other one just before the ERCP.
PEP was developed in 3 of 29 patients (10.4%) in the allopurinol group and 5 of 45
patients in the control group (11.1%) (P = 0.97). The results of the study indicated that
allopurinol was not effective in preventing PEP.
Neurogenic inflammation (pathologic activation of sensory neurons) is considered
to contribute to the pathogenesis of acute pancreatitis[136]. Release of substance P,
related to pancreatic vasodilation, edema, and cellular infiltration, can be stimulated
by initiation of the capsaicin receptor (TRPV1) on sensory C and Aδ fibers[137,138].
Complications of neurogenic inflammation, such as pancreatitis, may be initiated
through the attachment of Substance P to the neurokinin-1 receptor in the
pancreas [139,140] . It was reported that intra-ductal administration of a neurokin1
antagonist diminished the severity of inflammation in a rat experiment of PEP[141].
Shah et al[136] conducted a prospective, single-center, double-blind, placebo-controlled
RCT to evaluate the efficacy of aprepitant, a selective neurokinin-1 receptor
antagonist, on the prevention of PEP in high risk patients. 39 patients received
placebo and 34 patients received 125 mg oral aprepitant 4 h before ERCP, 80 mg 24 h
after the first dose, and 80 mg 24 h after the second dose. 7 patients in each group
developed PEP (P = 0.772). It was concluded that aprepitant was not efficient to
reduce the incidence of PEP.
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Papillary edema, triggered by manipulations during endoscopic treatment or
cannulation, may temporarily prevent outflow of pancreatic juice[142], thereby raising
ductal pressure, ultimately causing pancreatitis [143] . It was reported that the
administration of epinephrine on the papilla may decrease papillary edema[144] and
prevent acute pancreatitis after endoscopic balloon sphincteroplasty[142]. Application
of epinephrine on the papilla is considered to mitigate edema, contribute the vascular
permeability, relieve the muscles in the sphincter of Oddiand muscular layer of the
duodenum, preventing increased pressure in the pancreatic duct by stopping the
activation of pancreatic enzymes and the drainage of the pancreatic fluid[143]. In a
hospital-based, prospective, controlled RCT, Xu et al[143] assessed to the impact of
epinephrine sprayed on the papilla on reducing the development of PEP. 941 patients
underwent ERCP were randomized to administer 20 mL of either 0.02% epinephrine
or saline sprayed on the papilla after diagnostic ERCP. PEP occurred in 31 of 480
(6.45%) patients in the control and in 9 of 461 (1.95%) patients in the epinephrine
group (P = 0.0086). They concluded that epinephrine administration on the papilla
reduced the development of PEP.
Procedural techniques for prevention: The reviewed articles investigated the impact
of the procedural techniques on the prevention of PEP are summarized on the Table 4.

Endoscopic nasobiliary drainage
Endoscopic nasobiliary drainage (ENBD) placement ensures dependable biliary
drainage and perfusion, as well as cholangiography[145]. ENBD decreases the necessity
of instrumental stone extraction and repetitive endoscopy and cholangiography to
evaluate whether the stones have been completely removed by transnasalcholangiograms [146] . It was reported that endoscopic sphincterotomy (EST) or
endoscopic papillary balloon dilatation(EPBD) pursued by ENBD diminished
development of PEP, especially in patients with infected bile, lasting stones, or blood
clots in the biliary tree[147-149].
Huang et al[150] assessed whether the placement of an ENBD had any benefits on the
prevention of PEP after endoscopic papillary large balloon dilation together with
endoscopic biliary sphincterotomy. 155 patients with bile duct stones were
randomized to an ENBD group or no-ENBD group. PEP incidences were 1.28% and
10.4%, respectively (P = 0.018). Results showed that administration of ENBD reduced
and was safe for PEP.
Another study conducted by Xu et al[145], evaluated the efficacy of ENBD catheter
placement after clearance of CBD stones, also showed that ENBD was beneficial for
the prevention of PEP only with an accompanying EPBD procedure.

Pancreatic stent placement
It is postulated that pancreatic stent placement (PSP) across the pancreatic sphincter
may maintain flow of pancreatic secretions, which can be interrupted through
papillary edema, and thereby contributing reduction of the PEP[9]. Five studies[151-155] in
our review investigated efficacy of PSP in the prevention of PEP through a control
group administered through non-stent procedure showed that PSP can reduce
incidence rate of PEP.
The study with the largest number of participating patients in the reviewed articles
was conducted by Sofuni et al[152] at 37 endoscopic units in Japan. They performed a
prospective, multicenter and controlled RCT to investigate efficacy of a temporarytype PSP for the prevention of PEP through analyzing data obtained from 426 patients
who underwent ERCP. 213 patients received stents and another 213 patients did not.
PEP incidence was 7.9% and 15.2%, respectively (P = 0.021). The study concluded that
PSP reduced the incidence of PEP.
Fujisawa et al[156] compared the impact of PSP between 3 cm and 5 cm pancreatic
stents on prevention of PEP. 240 patients were randomized in a 1:1 ratio and
underwent prophylactic insertion with 5-Fr unflanged 3 or 5-cm pancreatic stent. Perprotocol analysis showed that 3-cm stents are superior than 5-cm stents for prevention
of PEP
In a prospective, multicenter, blinded RCT Conigliaro et al[157] compared the efficacy
of duration of PSP in prevention of PEP using data obtained from patients receiving
immediate 5-Fr unflanged pigtail pancreatic duct stenting after accidental wireguided pancreatic duct cannulation during ERCP. After the ERCP process, stents were
removed in 21 patients and were left in another 19 patients. PEP incidence was 29% in
the first group and 0% in the second group (P = 0.021). They demonstrated that
leaving pancreatic stents in place until spontaneous dislodgment occurs might reduce
the development of PEP.

Wire-guided biliary cannulation
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Table 4 Brief contents of reviewed articles on procedural techniques
Procedure

Incidence of PEP1
Authors

Year

Country

n

Design

P value
Study group

Control (or compared)
8/77 (10.4%) [No ENBD]

Endosco- Huang et 2018
pic
al[150]
Nasobilia
-ry
Drainage
Xu et al[145] 2015
(ENBD)

China

155

Prospective,
single
center

1/78 (1.28%) [ENBD]

China

218

Prospective,
single
center

0/41 (0%) 2/34
[ENBD
(5.9%)
+EPBD]
[ENBD
+EST]

WireKobayashi 2013
Guided et al[158]
Biliary
Cannulation
(WGC)
Lee et
2009
al[161]

Japan

322

Prospec10/163 (6.1%) [WGC]
tive,
multicenter,
controlled

10/159 (6.3%) [CC]

0.95

South
Korea

300

Prospective,
single
center

17/150 (11.3%)) [CC]

0.001

Asia
Pacific
Region

707

ProspecNA/355 (9.3%) [0.035-inch wire]
tive,
multicenter, singleblinded

NA/357 (7.8%) [0.025-inch wire]

0.51

Pancrea- Fujisawa 2016
tic Stent et al[156]
Placement
(PSP)
Conigliaro 2013
et al[157]

Japan

200

Prospective,
single
center

2/98 (2%) [PSP 3 cm]

9/102 (8.8%) [PSP 5 cm]

0.035

Italy

40

Prospective,
multicenter,
blinded

6/21 (29 %) [Immediate stent
removal]

0/19 [leaving the stent]

0.021

Lee et
al[151]

2012

South
Korea

101

Prospective,
multicenter,

6/50 (12%) [3F PSP]

15/51 (29.4) [Nonstent]

0.031

Sofuni et
al[152]

2011

Japan

407

Prospective,
multicenter

16/203 (7.9%) (PSP)

31/204 (15.2%) [Nonstent]

0.021

Pan et
al[153]

2011

China

40

Prospective,
single
center

4/20 (20%) [PSP]

14/20 (70%) [Nonstent]

< 0.01

Ito et al[154] 2010

Japan

70

Prospective,
single
center

0/35 (0%) [PSP]

9/35 (24%) [Nonstent]

< 0.01

Kawaguchi et
al[155]

2012

Japan

120

Prospective,
single
center

1/60 (1.7%) [PSP]

8/60 (13.3%) [Nonstent]

0.0322

2013

Australia

73

Prospective,
single
center,
single
blind

8/39 (20.5%) [NKS]

6/34 (17.6%) [CSC]

1.0

Bassan et
al[162]

Swan et
Needle
al[164]
Knife
Sphincter
-otomy
(NKS)

2018

5/38
(13.2%)
[Only
ENBD]

6/36(16.7 3/39
%) [EPBD] (7.7%)
[EST]

3/150 (2%) [WGC]

0.018

2/30(6.7% ) [Neither]

1

The fractional ratios indicates “Number of PEP incidences/number of patients in the group”. Rate of PEP incidences are given in the parenthesis.
Definitions of the procedures applied to groups are given in the brackets. n: Number of patients (sample size); EPBD: Endoscopic papillary balloon
dilatation; CC: Conventional cannulation; EST: Endoscopic sphincterotomy; CSC: Continued standart cannulation.

Wire-guided biliary cannulation (WGC) technique has been recommended for the
reduction of PEP development and the facilitation of bile duct cannulation through
using a radiopaque guidewire pierced the tip of a sphincterotome or a catheter[158].
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Accession to bile duct using a guidewire is considered to decrease traumatic injury to
the papilla and the pancreatic duct or prevent from hydrostatic pressure related to
contrast injection, thereby contributing the prevention of PEP[159,160].
Kobayashi et al[158] and Lee et al[161] compared the effect of the WGC procedure
versus conventional cannulation (CC) procedure on the prevention of PEP. Their
findings were inconsistent. While Lee et al[161] found that WGC may be beneficial for
the prevention of PEP, Kobayashi et al[158] concluded that the WGC technique did not
decrease the risk of PEP.
In a single blinded, prospective, multicenter RCT, Bassan et al[162] compared 0.025inch versus 0.035-inch guidewire on prevention of ERCP adverse events. 710 patients,
with a healthy papilla and conventional anatomy, were randomized to either a 0.025inch or 0.035-inch guidewire administration. The difference between the rate of PEP in
these groups was found to be insignificant.

Needle knife sphincterotomy
Needle knife sphincterotomy (NKS) is an advanced therapeutic measure used to
facilitate deep cannulation in cases when traditional deep cannulation is
insufficient[163]. Therefore, NKS is related to PEP, since it is often administered as a last
resort after multiple and repeated failed cannulation attempts[164].
Swan et al[164] conducted a prospective, single center, single blind RCT to assess
efficacy of early application of NKS during difficult cannulation on the prevention of
PEP. 73 patients with an intact papilla underwent ERCP with difficult biliary
cannulation were randomized to groups that administered either NKS or continued
standard cannulation. The difference in rate of PEP between these groups was
insignificant, revealing that early application of NKS during difficult cannulation was
not effective in preventing the development of PEP.

DISCUSSION
PEP remains an important complication of ERCP and may have adverse impacts on
the quality of patient life, morbidity, and mortality[165]. Its pathophysiology is still
unclear and considered to be multifactorial. Clinical trials have analyzed different
approaches for the prevention of PEP. Studies that investigate the prevention of PEP
may be categorized into (1) assessment of patient related risk factors; (2)
pharmacoprevention; and (3) procedural techniques for prevention.
Determination of patients with high risk factors for PEP is one of the most
important aspects for the prevention of PEP. Patients with high risk factors should be
carefully assessed, and alternative therapeutic and diagnostic techniques may be
preferable for them instead of ERCP. EUS, MRCP and the other non-invasive
techniques including percutaneous drain fluid analysis and radionucleotide-labeled
scan, providing very accurate results in diagnosing pancreaticobiliary disorders and
meet the need for diagnostic ERCP[26], can be preferable alternatives to reduce risks of
PEP for these patients.
Pharmacological agents with highly precise results in the literature, such as
NSAIDs, can be beneficial to attenuate development of PEP. Although many
pharmacologic agents has been analyzed through data obtained from patients
undergoing ERCP, NSAIDs (indomethacin and diclofenac) are in widespread use and
the most promising option for the prevention of PEP[57]. NSAIDs should be rectally
administered to all patients with high-risks and considered for patients with averagerisks [3] . Other pharmacological agents, found consistently to have impact on the
prevention of PEP in various studies, can be alternatively considered for the
prevention of PEP (Table 3). Further studies are required for other pharmacological
agents to identify their impacts more accurately.
Among the reviewed studies focused on the procedural techniques, PSP and ENBD
are considered to have most efficacy in preventing PEP (Table 4). PSP and ENBD
should be performed for to all patients with high-risks and considered for patients
with average-risks. These techniques can facilitate the difficult and failed cannulation
cases.
Due to the multifactorial mechanism of the introduction of PEP[57], prevention of
PEP can fail through targeting only one causative factor[35]. Combination of multiple
interventions may be more effective through proper patient selection, administration
of prophylaxis pharmacologic agents and procedural techniques. However, further
studies are needed to consolidate prophylaxis impacts of each of these interventional
approaches on the prevention of PEP. Further researches should focus on performing
meta-analysis to get pool effect and overcome heterogeneity, imprecision, and risk of
publication bias. Thereby the assessment of the evidence quality obtained through the
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studies in the literature can be enhanced.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) has been used in the field of
gastrointestinal endoscopy since its introduction as an important technological innovation. It is
comparatively complex and can lead various complications. Post-ERCP pancreatitis (PEP) has
been on the focus of the researches to investigate its prevention, since it has been considered to
be the most common complication of ERCP.

Research motivation
Clinical trials have investigated different methods for the prevention of PEP. Each of these
studies focused on a specific method. Our review gathered all preventative approaches for PEP
investigated in the last ten years. Due to the conflicting data in the literature, advances in the
reviewed field needed to be updated and supporting evidence needed review.

Research objectives
The objective of this study was to systematically review the literature on prevention of PEP with
different preventive approaches.

Research methods
We conducted an electronic search through databases of PubMed, ISI Web of Science and
Cochrane Library for relevant articles performed via RCTs covering the time span of January
2009 and February 2019. The search was performed through terms “Post endoscopic retrograde
cholangio-pancreatography pancreatitis” AND “prevention”. The reference lists of the identified
papers were also scanned to find out further relevant studies.

Research results
54 studies were finally identified for full text review. The studies were categorized regarding
prevention methods as (1) assessment of patient related factors, (2) pharmacoprevention and (3)
procedural techniques for prevention. Female gender, young age, suspected Sphincter of Oddi
dysfunction, absence of chronic pancreatitis, recurrent pancreatitis and history of previous PEP
were the most common high risk factors for the patients to develop PEP. Rectally administered
NSAIDs has been highly recommended for the prevention of PEP among the pharmacologic
agents, while others had conflicting results and needed further research. Of the procedural
techniques, Pancreatic Stent Placement and Endoscopic Nasobiliary Drainage can be beneficial in
preventing PEP.

Research conclusions
PEP is the most common complication in ERCP procedure and can be risky in patients with high
risk factors. The pathophysiology of PEP is still in dispute. Due to its multifactorial
pathophysiology, prevention of PEP should be assessed in multi aspects through evaluation of
patient related risk factors, prophylaxis pharmacological agents and procedural techniques.

Research perspectives
The multifactorial nature of PEP requires prophylaxis measures in multi facets. Due to its
relation to a combination of various factors, multifactorial approach should be taken into account
to prevent PEP through assessment of patient related risks and prophylaxis preventions of
pharmacologic agents and procedural techniques.
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Abstract
Liver disease is characterized by breath exhalation of peculiar volatile organic
compounds (VOCs). Thanks to the availability of sensitive technologies for breath
analysis, this empiric approach has recently gained increasing attention in the
context of hepatology, following the good results obtained in other fields of
medicine. After the first studies that led to the identification of selected VOCs for
pathophysiological purposes, subsequent research has progressively turned
towards the comprehensive assessment of exhaled breath for potential clinical
application. Specific VOC patterns were found to discriminate subjects with liver
cirrhosis, to rate disease severity, and, eventually, to forecast adverse clinical
outcomes even beyond existing scores. Preliminary results suggest that breath
analysis could be useful also for detecting and staging hepatic encephalopathy
and for predicting steatohepatitis in patients with nonalcoholic fatty liver disease.
However, clinical translation is still hampered by a number of methodological
limitations, including the lack of standardization and the consequent poor
comparability between studies and the absence of external validation of obtained
results. Given the low-cost and easy execution at bedside of the new technologies
(e-nose), larger and well-structured studies are expected in order to provide the
adequate level of evidence to support VOC analysis in clinical practice.
Key words: Exhaled breath analysis; Electronic nose; Gas chromatography; Breath print;
Liver cirrhosis; Nonalcoholic fatty liver disease; Hepatic encephalopathy
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Core tip: Since the liver plays a key metabolic role, different volatile organic compounds
(VOCs) have been identified in the exhaled breath of hepatopathic patients. VOCs have
been already analyzed with promising results concerning disease diagnosis and
characterization. To date, translation to the clinic has been limited by the lack of
standardization and external validation of the results obtained. Since VOC analysis with
new technologies is easy, quick, and cheap, and it was proven to discriminate patients
with liver cirrhosis, identify stage disease severity, and predict important adverse
outcomes, it should be further explored and hopefully exported to clinical practice.
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INTRODUCTION
Liver disease is well-known to be accompanied and clinically characterized by the
exhalation of peculiar volatile organic compounds (VOCs). In ancient times, the
typical musty breath aroma, termed fetor hepaticus, was among the most important
clinical signs that physicians considered for diagnosis of liver insufficiency. In more
recent years, this empiric approach has been supported by stronger evidence, thanks
to the availability of sensitive technologies that have made exhaled breath analysis
possible and reproducible on a large scale. VOCs are chemical intermediates
generated by cellular metabolism and cleared from tissues and blood through the
lungs. Several hepatic metabolic processes may be deranged during the course of
chronic liver disease (CLD) and lead to the production and accumulation of various
VOCs. Many of them can be odorless or be present in concentrations considerably
below human sensorial threshold.
These compounds can be studied using different analytical techniques that are
based on gas-chromatography and mass-spectrometry, which allow determining the
exact concentration of a large spectrum of VOCs. Thus, these techniques are very
useful to clarify biochemical underpinnings of diseases. However, this quantitative
breath analysis can hardly provide a set of disease-specific compounds and is limited
by a list of technical needs and high costs, making it suboptimal for breath profiling
for diagnostic and prognostic purposes in the clinical practice. Conversely, the newer
electronic (e-)nose technologies, which are based on the organization of gas sensors
into arrays (i.e. gas sensor arrays), have been recently introduced for breath analysis.
Although they cannot identify the chemical structure and concentration of each VOC,
they provide a qualitative and semi-quantitative profile of the hundreds of VOCs (a
sort of fingerprint of exhaled breath, breath-print) that can be associated with selected
conditions by pattern recognition. This process mimics the “combinatorial selectivity”
that enables natural olfaction to distinguish multiple different odors (Figure 1). A
number of existing e-noses are already available[1-4], and this approach has been
applied with good results in different clinical contexts [5-7] , including the field of
hepatology.
The aim of this article is to present the bulk of available studies in which the
exhaled breath has been explored in patients with CLD. Starting from work initially
focused on the description of VOCs for pathophysiological purposes, more recent
research has progressively turned towards the comprehensive assessment of exhaled
breath for potential clinical application. The state-of-the-art will be presented, along
with a critical discussion of relevant data and perspectives of breath analysis in the
field of hepatology.

STUDY ANALYSIS AND DISCUSSION
The pertinent studies were retrieved from MEDLINE using the following search
terms: [(exhaled breath analysis OR electronic nose) AND (liver disease OR liver
cirrhosis)]. Only English-language studies were considered. To identify additional
studies, manual searching of bibliographies from gathered articles and reviews was
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Figure 1

Figure 1 Schematic representation of volatile organic compounds origin in chronic liver disease and of the main technologies for exhaled breath analysis.
Many pathophysiological processes can be altered during the course of chronic liver disease, leading to the production of specific VOCs. Oxidative stress secondary
to hepatic inflammation can induce the production of many derivatives of cell membranes peroxidation. With advancing liver fibrosis, other VOCs sources can be
represented by many other metabolic pathways that can be deranged with progressive hepatocellular failure. Peculiar VOCs also derive from the gut microbiome or
directly from peripheral tissues, bypassing the liver through portosystemic shunts, typical of liver cirrhosis. After exhaled through the breath, VOCs can be sampled,
pre-concentrated and stored thanks to dedicated procedures that have been detailed elsewhere[6]. Then, exhaled breath analysis can be carried out through different
techniques: (1) The classical analytic techniques based on GC-MS; (2) The gas sensor arrays, commonly dubbed e-noses. Each method has its own pros and cons.
Analytical techniques have the advantage of exactly identifying the chemical structure of VOCs, but they are expensive and require long time and high economic
resources to be performed on large scale. Conversely, e-noses are portable, cheaper, and easier to perform even in elderly and disabled patients but are less
selective and cannot identify the chemical structure of each VOC. Given their different features, each technique is preferable in different research or clinical scenarios,
as explained in the text. GC-MS: Gas chromatography and mass spectrometry; VOCs: Volatile organic compounds.

also performed. Case reports, letters to editor, and commentaries, when adding
relevant information, were also considered.
The first works date back to 1970, when Chen et al[8] examined the exhaled breath of
two independent groups of 13 and 15 patients with liver cirrhosis (LC), evidencing
increased levels of sulfur compounds (such as mercaptans) and volatile aliphatic acids
(mainly acetic and propionic acid) [9] . These findings were then confirmed by
additional studies [10-16] , which further extended this list to nitrogen compounds,
various aliphatic acids, alkanes, alkenes, terpenes, ketones, and alcoholic derivatives.
Dimethylsulfide was finally identified as the main compound responsible for fetor
hepaticus[12]. The exact origin of all these molecules was barely explored, but many
pathophysiological speculations linking them with different types of liver disease
have been hypothesized involving a wide range of metabolic and inflammatory
derangements (presented in Table 1).
Table 2 summarizes the discriminative performances of exhaled breath analysis
with respect to the characterization of CLD patients. Van den Velde et al[17] analyzed
the breath of 52 patients with established LC. Using gas chromatography mass
spectrometry (GC-MS) techniques, they found that dimethylsulfide, acetone, 2pentanone, and 2-butanone were significantly increased in LC and firstly showed the
quite good discriminative capacities of a set of VOCs to distinguish patients with LC
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Table 1 Summary of the main volatile organic compounds found in the exhaled breath of patients with liver cirrhosis
Compounds and molecules

Metabolic disturbances

Nitrogen derivatives
Ammonia[14]

Altered urea cycle

Trimethylamine[29]

Reduced hepatic catabolism of trimethylamine and/or increased
degradation and absorption of dietary phosphatidylcholine and choline
mediated by altered intestinal microbiome

Ketones[16]

Increased insulin resistance, hepatic glycogen exhaustion, hepatic
gluconeogenesis impairment

Sulfur derivatives[8]

Incomplete metabolism of sulfur-containing amino acids in the
transamination pathway

Dimethylsulfide[12]

Main responsible for fetor hepaticus
[29]

Alkanes, alkenes, terpenes and aliphatic acids

Lipid peroxidation mediated by oxygen radical produced by hepatic CYP
activity

Ethane and pentane[30]

More typical of alcohol induced liver injury

Limonene[13]

Impaired biotransformation by CYP2C (partially dependent on dietary
intake of citrus fruits and vegetable)

Acetic and propionic acid[9]

Reduced hepatic metabolism of short chain fatty acids produced by gut
microbiome

Alcohols
Methanol[22]

Pectin degradation; its levels are partially dependent on dietary intake of
fruits and on a variable role of intestinal microbiome

Ethanol[31]

More typical of NAFLD, even in complete absence of alcohol consumption;
possible role of intestinal microbiome in the production of ethanol in obese
patients

CYP: Cytochrome P450 enzyme activity; NAFLD: Nonalcoholic fatty liver disease.

from healthy subjects (sensitivity of 100% and specificity of 70%). Subsequently, other
studies replicated this finding[18-25], further highlighting the capability of exhaled
breath analysis to discriminate LC also from non-cirrhotic CLD[24,25]. Interestingly, a set
of 11 VOCs discriminated LC significantly better than five serological markers
[alanine aminotransferase (ALT), gamma-glutamyl transferase, bilirubin, albumin and
platelets], which are commonly used in clinical practice for this purpose[24].
Sub-analysis including only patients with LC was carried out in two cases[22,25]. In
the first study, exhaled breath analysis correctly classified subjects with decompensated LC in 92% of the cases[22]. In the second one, a lower accuracy of 70%
was found, while end-stage liver disease was predicted with a sensitivity of 88% and a
specificity of 64%[25]. These results suggest selected VOC patterns to characterize LC
through their patterns changing along with the progressive hepatocellular failure, as
represented by Child-Pugh classes (CPC). Although most of these works were crosssectional, their findings have been recently substantiated by a prospective study in
which specific VOCs breath-prints by e-nose were found to predict hospitalization
and death of patients with LC even in multiple adjusted models[26]. These associations,
independent also of CPC and Model for End-stage of Liver Disease score, suggest
that, in the context of LC, the exhaled breath profile may add relevant prognostic
information that is not properly captured by the available tools.
On the other hand, limited data are available on the diagnosis and grading of
hepatic encephalopathy (HE) by exhaled breath. Khalid et al[21] firstly evidenced 13
VOCS to predict HE with an accuracy of 88% in 33 subjects with alcoholic LC. Later
on, Arasaradnam et al[27] confirmed an accuracy of 84% in a wider cohort. Overall,
exhaled breath analysis was found to identify patients with HE with respect to
healthy controls with sensitivity ranging 88%-91% and specificity ranging 73%87%[21,27]; however, the only study comparing overt and covert HE in LC patients
found a significantly lower diagnostic accuracy (sensitivity of 79%, specificity of 50%,
and area under the curve of 0.71) [27] . It is plausible that the broad metabolic derangements underlying the great clinical heterogeneity of HE (minimal, episodic,
recurrent, and persistent) accounts for the heterogeneous VOC patterns and also for
poor discriminatory potential of exhaled breath analysis within HE patients.
Similarly, exhaled breath analysis cannot be used with confidence for discrimination of liver diseases from different etiologies. A large study, including
patients with infective, alcoholic, and metabolic liver diseases, reported a very poor
sensitivity (29%) for the discrimination of infective etiology[25]. Another work, carried
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Table 2 Discriminative capacities of exhaled breath analysis for clinically relevant applications in hepatology
Study (year)

Methods of breath analysis

Population

Discriminative capacities

Van den Velde et al[17] (2008)

GC-MS

52 LC vs 50 HC

Sens 100%, spec 70%

Netzer et al[18] (2009)

IMR-MS

37 LC vs 35 HC

AUC 0.84

LC diagnosis

[19]

Millonig et al

IMR-MS

37 LC vs 25 HC

AUC 0.88

Dadamio et al[20] (2012)

GC-MS

35 LC vs 49 HC

Sens 82%-88%, spec 96%-100%

Khalid et al[21] (2013)

GC-MS

34 LC vs 7 HC

Sens 100%, spec 86%

[22]

Morisco et al

(2010)

PTR-MS

12 LC vs 14 HC

AUC 0.88

Fernández Del Río et al[23] (2015)

(2013)

PTR-MS

31 LC vs 30 HC

Sens 97%, spec 70%, AUC 0.95

Pijls et al[24] (2016)

GC-MS

34 LC vs 87 CLD

Sens 83%, spec 87%, AUC 0.90

De Vincentis et al[25] (2016)

e-nosea

65 LC vs 39 CLD

Sens 88%, spec 69%

Morisco et al[22] (2013)

PTR-MS

6 CPC B-C vs 6 CPC A

AUC 0.92

De Vincentis et al[25] (2016)

e-nosea

48 CPC A-B vs 17 CPC C

Sens 88%, spec 64%

De Vincentis et al[26] (2017)

e-nosea

89 LC

aHR 2.8, 95%CI 1.1-7 for mortality
and aHR 2.2, 95%CI 1.1-4.2, for
hospitalization (analysis adjusted for
all potential confounder including
CPC and MELD)

Netzer et al[18] (2009)

IMR-MS

34 NAFLD vs 35 HC

AUC 0.90

Netzer et al[18] (2009)

IMR-MS

34 NAFLD vs 20 AFLD

AUC 0.92

Liver function

NAFLD—NASH

[19]

Millonig et al

(2010)

IMR-MS

34 NAFLD vs 35 HC

AUC 0.96

Millonig et al[19] (2010)

IMR-MS

34 NAFLD vs 20 AFLD

AUC 0.95

Verdam et al[28] (2013)

GC-MS

39 NASH vs 26 HC

AUC 0.77

Khalid et al[21] (2013)

GC-MS

11 LC with HE vs 23 LC

Sens 91%, spec 87%, AUC 88%

Arasaradnam et al[27] (2016)

e-nose+

22 LC with HE vs 20 HC

Sens 88%, spec 73%, AUC 0.84

Arasaradnam et al[27] (2016)

e-nose+

13 LC with overt HE vs 9 with covert
HC

Sens 79%, spec 50%, AUC 0.71

Qin et al[32] (2010)

GC-MS

30 HCC vs 36 HC

Sens 83%, spec 92%, AUC 0.75

Qin et al[32] (2010)

GC-MS

30 HCC vs 27 LC

Sens 70%, spec 70%, AUC 0.93

Hepatic encephalopathy

HCC

a

BIONOTE e-nose, biosensor-based system for mimicking multisensorial nose, tongue and eyes. + uvFAIMS e-nose, ultra-violet field asymmetric ion
mobility spectroscopy. LC: Liver cirrhosis; CPC: Child-Pugh class; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; AFLD:
Alcoholic fatty liver disease; GC-MS: Gas chromatography mass spectrometry; PTR-MS: Proton transfer reaction mass spectrometry; IMR-MS: Ion molecule
reaction mass spectrometry; HCC: Hepatocellular carcinoma; HE: Hepatic encephalopathy; AUC: Area under the receiver operating characteristic curve;
Sens: Sensitivity; Spec: Specificity; N/A: Not available; aHR: Adjusted hazard ratio; CI: Confidence interval; MELD: Model for end-stage of liver disease.

out on a much more limited sample, evidenced an accuracy of 65% for the detection of
the alcoholic etiology of liver disease[21].
In apparent contrast with these results, nonalcoholic fatty liver disease (NAFLD)
seemed to retain a more distinctive breath pattern. In a cohort of 89 subjects, patients
with NAFLD were correctly discriminated from healthy subjects in 90% of the cases
and from patients with alcoholic liver disease in 92% of the cases[18]. A subsequent
similar study reported even higher accuracies (96% and 95%, respectively, for the
same comparisons)[19]. Moreover, three VOCs (an alcohol, an alkane, and a nitrogen
derivate) were shown to detect nonalcoholic steatohepatitis (NASH)-defined by liver
histology- with an accuracy of 77%, which was higher than those observed for other
non-invasive biomarkers (e.g., elevated serum ALT or the aspartate aminotransferase
to ALT ratio) [28] . The application of breath analysis reduced the proportion of
undiagnosed cases from 67%-79% to 10% and that of misdiagnosed cases from 49%51% to 18%[28].
Overall, despite encouraging results, some limitations seem to arise from the
critical appraisal of all the above-mentioned studies. First of all, in the great majority
of studies, VOC profiles of patients with CLD were compared to healthy controls
rather than to the more appropriate control population. Indeed, it would be more
sensible to compare patients with LC to those with non-cirrhotic CLD and patients
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with HE to patients with LC without HE. Moreover, study cohorts were often limited
in numerosity, and subjects were generally free from significant comorbidities,
thereby being not particularly representative of the real-life setting. Indeed, when
larger populations with a greater burden of coexisting diseases were analyzed[24,25],
slightly worse results were obtained.
Except for one study[28], the stage of hepatic fibrosis was not determined through
the gold standard method (i.e. liver biopsy). Therefore, we lack data on the relation
between VOCs and hepatic inflammatory activity as well as on the VOCs pattern in
the different stages of liver fibrosis that precedes LC. Worthy of comment is also the
fact that classical analytical GC-MS techniques have been applied in the majority of
these works, while the e-nose technologies have been recently tested in two
studies [25,26] following the good results obtained in respiratory diseases [6] . Both
methods have their own limitations (Figure 1). GC-MS is expensive, is difficult to
execute at bedside, and can hardly detect a set of disease specific VOCs; conversely, enose is poorly selective and cannot identify the chemical structure of selected VOCs.
Hence, this great methodological heterogeneity, as well as the lack of external
validation of findings obtained by each study, and the differences by which data was
statistically analyzed and reported, weakens the overall relevance of these studies and
make them barely comparable.

FUTURE PERSPECTIVES AND CONCLUSIONS
Potential applications of exhaled breath analysis in patients with liver disease seem to
emerge from the bulk of currently available studies and deserve particular
consideration. Staging CLD and diagnosing LC are actually achieved either through
the physician’s judgment based on different clinical, biochemical, or ultrasound data
or by means of liver biopsy, which still represents the gold standard. The former is
susceptible to poor accuracy, while the latter is invasive and expensive, hence, not
feasible on large scale. Newer non-invasive methods based on clinical scores or
elastographic techniques have been recently introduced to overcome these limitations,
but their diagnostic performance seems unsatisfactory in selected disease scenarios
(e.g., in obese and NAFLD subjects). In this context, exhaled breath analysis could
serve as an adjunctive tool to refine diagnosis. In addition, VOCs could qualify as
indicators of disease severity and prognosis in patients with LC. In fact, different
degrees of liver failure are known to be accompanied by several inflammatory and
metabolic derangements, which could be mirrored by different VOC patterns and
interpreted for risk stratification. This could be particularly relevant, because,
although retaining the strongest prognostic information, available scores (i.e. CPC and
Model for End-stage of Liver Disease score) can only moderately capture the great
phenotypical variability, which is typical of advanced liver disease. A major
contribution to this variability is conferred by the onset of HE, which is among the
most invalidating complications of LC with a major impact on health status and
quality of life, possibly presenting with a various blend of cognitive, behavioral, and
motor function alterations. To date, its diagnosis and classification is based on clinical
criteria (West-Haven criteria) and subject to high interobserver variability, and its
predictors have not been fully clarified. VOCs might complement the evaluation of
patients with HE in order to allow a more effective approach in the diagnostic and
prognostic phase. Similarly, VOCs could help in the context of NAFLD for the
detection of NASH, which is currently achievable only by performing a liver biopsy.
Hence, non-invasive alternatives would be eagerly welcomed.
Despite these perspectives, the clinical significance of exhaled breath analysis in
hepatology is still hindered by the absence of a sufficient strength of evidence
allowing definitive conclusions. Indeed, larger studies providing a better characterization of patients in terms of liver fibrosis and of comorbidities (e.g., diabetes
mellitus, obesity, dyslipidemia, chronic kidney disease) and more representative of
real life populations are now needed. These studies are expected to validate the
observed discriminative capacities in external cohorts, clarifying the impact of
coexistent diseases, which might per se influence VOCs, on disease-specific breath
patterns. Aside from better investigating their discriminative capabilities, longitudinal
studies should determine whether VOCs could also reliably predict LC patients at
increased risk of developing overt episodes of HE within a short period. This property
would be clearly invaluable, since HE severely affects the quality of life of patients
and their caregivers. Individuating those patients at higher risk of HE could allow for
tailoring of individualized prophylactic strategies aimed at improving patients’ safety
and social and working related activities.
An associated issue concerns the standardization of exhaled breath analysis
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techniques. If the intention is to promote an application in clinical practice, cheaper
and quicker devices (such as e-noses) should be preferred. In addition, their easy
execution at bedside or also at patients’ home makes them particularly suitable for
elderly, disabled, and more comorbid subjects (see Figure 1). Conversely, “classical”
analytical techniques, based on GC-MS, should be limited only to studies aiming at
raising our pathophysiological understanding of the underlying mechanisms in
hepatopathies.
In conclusion, exhaled breath analysis could be successfully applied for detecting
and monitoring the course of liver diseases only after its diagnostic, classificatory, and
predictive properties are comprehensively defined. Efforts should be directed
towards the enrollment of better characterized cohorts of patients in larger cooperative and prospective studies, providing adequate outcome specific follow-up
periods. An increasing awareness of the potentialities of this technique is eagerly
awaited in order to stimulate future research in this field and involve other research
groups.
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Abstract
Since its original application, gastrointestinal (GI) endoscopy has undergone
many innovative transformations aimed at expanding the scope, safety, accuracy,
acceptability and cost-effectiveness of this area of clinical practice. One method of
achieving this has been to reduce the caliber of endoscopic devices. We propose
the collective term “Miniature GI Endoscopy”. In this Opinion Review, the
innovations in this field are explored and discussed. The progress and clinical use
of the three main areas of miniature GI endoscopy (ultrathin endoscopy, wireless
endoscopy and scanning fiber endoscopy) are described. The opportunities
presented by these technologies are set out in a clinical context, as are their
current limitations. Many of the positive aspects of miniature endoscopy are
clear, in that smaller devices provide access to potentially all of the alimentary
canal, while conferring high patient acceptability. This must be balanced with the
costs of new technologies and recognition of device specific challenges.
Perspectives on future application are also considered and the efforts being made
to bring new innovations to a clinical platform are outlined. Current devices
demonstrate that miniature GI endoscopy has a valuable place in investigation of
symptoms, therapeutic intervention and screening. Newer technologies give
promise that the potential for enhancing the investigation and management of GI
complaints is significant.
Key words: Ultrathin endoscopy; Capsule endoscopy; Single fiber endoscopy
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Core tip: Miniature endoscopic devices play a growing role in the practice of
gastroenterology and can come in many forms. They can offer easier access to the
gastrointestinal tract, are often tolerated better than standard endoscopy and have the
potential to boost diagnostic accuracy. Those properties give promise to advancements in
therapeutic intervention and to screening for luminal disorders. Pitfalls remain,
particularly with regard to cost, but the trend towards the application of miniature
gastrointestinal endoscopy is clear and justifiable.
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INTRODUCTION
Gastrointestinal (GI) endoscopy has for many decades been an essential component in
the practice of diagnosing and managing digestive diseases. Current endoscopic
practice began with Schindler’s development of the flexible gastroscope in 1932[1].
Since that innovative step, approaches have been taken to expand the abilities of
endoscopy, improve its safety and present exciting challenges to what further can be
done. One aspect of this is the development of miniature endoscopes which have
aimed to address various clinical problems. The progress of miniature endoscopic
devices is largely dependent on that of optical technology and its resultant
incorporation of that into clinical application.
The use of an endoscopic device with a smaller caliber has many advantages in
clinical practice. Tolerance and safety of invasive GI procedures can be improved,
potentially leading to greater uptake and enhanced trust in a care provider. This
feature of miniature endoscopy, combined with the potential for more portable
devices, could have benefits for wider access to population screening for various GI
diseases. Devices that demand less sedation and carry fewer complications add to
arguments for the cost-effectiveness of miniature endoscopes. These features as well
as the authors’ vision for future applications are outlined in this Opinion Review.
The authors have both academic and clinical expertise in the development and use
of miniature endoscopes to enhance patient care. They are aware of the present
challenges to clinical practice, including rapid access to screening and diagnostics,
improving early cancer detection rates and developing less invasive therapeutic
interventions. Miniature endoscopy may have a place in addressing all of these
challenges.
The 3 main areas explored in the review are: ultrathin endoscopy; wireless capsule
endoscopy; and scanning fiber endoscopy.

ULTRATHIN ENDOSCOPY
Ultrathin endoscopes have many uses in gastroenterology and they are lauded as safe,
cost-effective and easy-to-use tools which carry benefits that standard endoscopes do
not[2]. The first recorded use of unsedated ultrathin endoscopy (UTE) was in 1994
when twenty healthy volunteers underwent esophagogastroduodenoscopy (EGD)
using an Olympus GIF-N30 device[3]. Since then, its use has expanded into common
practice in most endoscopy departments. In addition to diagnostic procedures, UTE
has been used to varying degrees of success in therapeutic scenarios, such as selfexpanding metal stent insertion, long intestinal tube placement for small bowel
obstruction and some endoscopic retrograde cholangiopancreatography (ERCP)
cases[4-6].
The conventional design of ultrathin endoscopes is similar to that of standard
endoscopes. However, shaft diameters tend to be around 6 mm or less, allowing
insertion through the nasal cavity to perform transnasal endoscopy (TNE)[2]. Portable
and disposable models of ultrathin endoscopes have the potential to change the
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approach taken to clinical practice. The newest devices have disposable sheaths which
eliminate the need for instrument decontamination and allow multiple examinations
to take place using the same device in quick succession. The light source, processor
and screen are integrated into a portable digital processing unit[7] (Figure 1). The
employment of a portable system can obviate transfer to a hospital unit, which in
itself can cause inconvenience and distress to patients and carry significant cost to
time and resources. The endoscopic test can instead take place in a setting that is more
acceptable to such individuals[8]. One therapeutic procedure for which this may be
pertinent is percutaneous endoscopic gastrostomy (PEG) insertion. Ultrathin
transnasal endoscopes can be used to insert feeding tubes using the introducer
method, which inserts the tube directly into the gastric lumen and eliminates the need
for passage through the mouth[9]. This technique, combined with use of a portable
endoscope serves to reduce the risk of cardiorespiratory side effects in selected at-risk
cases[10].
Using tolerability assessment scores, unsedated transnasal endoscopy (TNE) is
reported by patients as comparable to sedated conventional EGD (C-EGD)[11]. The
tolerability, safety and effectiveness of UTE lends itself well to use in endoscopic
screening for esophageal disorders such as Barrett’s esophagus (BE) and esophageal
varices[11-13]. BE can be reliably diagnosed using UTE and the yield for intestinal
metaplasia using smaller biopsy forceps is comparable to those used in C-EGD[14]. The
productivity of a screening program is enhanced by portable, disposable models,
opening up the possibility that screening using UTE can be a cost-effective measure.
In a United States based Barrett’s screening study of 209 patients, unsedated TNE was
significantly lower in cost compared to sedated C-EGD, with mobile endoscopy costs
proving less costly than TNE delivered in a hospital setting[15]. This applied to both
direct and indirect medical costs. Options for the setting of this test could also expand,
with office-based esophagoscopy becoming a potential reality[13].
UTE does carry drawbacks and limitations. Low-caliber endoscopes carry less
capacity for constituent components (such as access channels for biopsy and
therapeutic interventions); relatively lower image resolution and angle of view
compared to C-EGD. There is some evidence that biopsies taken through an ultrathin
channel carry comparable diagnostic yield for dysplasia to standard biopsies but
larger studies are necessary[16]. The diagnostic accuracy of UTE for early superficial
gastric cancers also continues to be prone to scrutiny in countries with high incidence
such as Japan, albeit UTE being used for gastric cancer screening in this region[17].

CAPSULE ENDOSCOPY
The use of wireless capsule endoscopy (WCE) was first described in 2000 and has
enjoyed widespread use since Food and Drug Administration approval in 2001[18]. The
common application of WCE for identifying small bowel bleeding follows evidence
that it is a superior diagnostic test to push enteroscopy and barium contrast studies[19].
It is a reliable test for Crohn’s disease, with a diagnostic yield as high as 71% and a
high safety profile provided the risk of capsule retention is lowered by sufficient
imaging or patency studies[20,21]. Improvements in diagnostic yield continue to be
developed by widening field of view and increasing the number of recorded images,
including the development of adaptive frame rates[22,23]. Various software tools have
been developed to reduce reading time while maintaining the diagnostic yield. Their
properties include omission of almost identical images, provisional selection of the
most standout images and multiple-view modes[24]. The limitations of even very
experienced and skilled readers in identifying pathologies are acknowledged. In
response to this, the place of artificial intelligence in WCE is now recognized as a very
real prospect. Applicable technology remains in the embryonic stages but over time,
this, as well as patient and physician acceptance, are seen as barriers that can be
overcome[25].
Beyond diagnosing small bowel pathology, colon capsule endoscopes (CCE) have
been produced in response to concerns over the resource intensiveness driven by
increased demand for colonoscopies, the chance of failure of cecal intubation and
suboptimal patient uptake due to the poor tolerance of more conventional endoscopy[26]. The second generation CCE-2 has two optical cameras at each end giving a
172° view and adaptive frame rate up to 35 frames per second. This provides
bidirectional views in real time. Its dimensions are 31.5 mm by 11.6 mm and its
recording capacity is ten hours. The software contains a polyp size estimation
function and a flexible spectral imaging color enhancement for enhanced
visualization[27]. Provided bowel preparation is excellent, detection of polyps > 6 mm
and > 10 mm for the CCE-2 carries sensitivity and specificity rates of over 85%,
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Figure 1

Figure 1 The “EG Scan II” system. A: The portable case with four main parts; B: The image processor (top left),
disposable probe (top right), air tube (bottom right) and hand-held controller (bottom left); C: The system connected
and ready for use; D: Close view of the capsule probe tip. Reproduced with permission from Sami SS et al. Copyright
John Wiley and Sons.

supporting claims that this may be applicable in a screening setting[28]. In controlled
settings, CCE have also been comparable to colonoscopy in assessing the colonic
mucosa of those with inflammatory bowel disease[29,30].
Esophageal diseases such as BE and esophagitis may be detected using a capsule
device. A blinded study comparing EGD as gold standard with the PillCam ESO 2
device (Given Imaging Ltd., Yoqneam, Israel) yielded promising detection rates for
BE and esophagitis with a sensitivity of 100% and a specificity of 74%, and a
sensitivity of 80% and a specificity of 87%, respectively[31]. In an attempt to overcome
the impairment to diagnostic sensitivity exacerbated by rapid esophageal transit,
tethered wireless capsule endoscopes have been developed. For the detection of
Barrett’s esophagus, early results have been mixed and further large scale studies in
relevant populations are advocated[32]. WCE has also been trialed in the emergency
setting of acute upper GI bleeding. A prospective study found it to be a feasible and
safe way of detecting and stratifying such cases[33]. It may also have a place in future
practice for screening and surveillance of esophageal varices. The current literature,
with a pooled sensitivity of 72%, does not support its use over EGD[34].
Active locomotion in capsules using mechanical actuation, in a crawling, inchworm or swimming motion has been proposed as a way of controlling transit through
the GI tract and resisting peristalsis in cases where prolonged inspection of an
abnormal lumen is desired. Development of such equipment has not reached clinical
trial stage primarily due to power capacity issues and mechanical complexity[35].
Future development would depend on enhanced power storage or usage technology[36].
Non-actuated wireless capsules have struggled to completely examine the stomach
lumen, owing to its large size impeding full visualization[37]. However, a feasibility
study has suggested that with one liter of simethicone-containing swallowed water,
good views of the upper GI tract can be obtained[38]. More advanced software that
incorporates larger frame rates and artificial intelligence may also potentiate the
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diagnostic accuracy of this approach. Magnetically guided wireless capsules have
been developed to be able to better navigate the device around a fluid distended
stomach. There may also be a role for this test in screening for gastric cancer, with
provisional feasibility studies of asymptomatic patients showing promise [39] .
Magnetically driven capsules also help to lower storage needs for power thus
potentially allowing space for interventional tools [35] . Progress continues on the
development of biopsy models, which have shown promise in in vitro and animal
models[40]. Further application in clinical trials is needed before the potential for
interventional WCE in healthcare can be realized. Robotic assistance in controlling
magnetic wireless capsules has been the subject of some clinical trials, showing
superiority of this method of actuation over manual manipulation of magnetically
guided WCE on viewing installed targets on an ex-vivo colon model[41]. A multicenter
blinded study of patients with upper abdominal complaints examined roboticallyassisted magnetically guided WCE with the gold standard of conventional
gastroscopy and concluded that detection of focal lesions in the upper and lower
stomach had comparable accuracy[42]. This device has also shown better diagnostic
yield than EGD in patients presenting for investigation of iron deficiency anemia[43].
The evidence points towards WCE having a greater future role for diagnosis of GI
disorders although it will require more time and research, particularly on the costeffectiveness front, to determine which manifestations warrant widespread
application[43,44] (Figures 2-4).

SCANNING SINGLE FIBER ENDOSCOPY
Newer forms of optical technology have been developed to meet the demands for
endoscopic imaging that is of higher resolution than UTE can provide[46] (Figure 5).
Scanning single fiber endoscopy (SFE) involves narrow bands of light being projected
onto tissue and reflecting back onto the fiber, before an image is created one pixel at a
time. The resultant image is of a superior quality to those from an ultrathin endoscope
of a similar caliber[47]. In gastrointestinal endoscopy, as well as permitting access to
poorly accessible areas like the upper biliary tree and pancreas, SFE may have a place
as an adjunct to more conventional endoscopes. One example of this could be more
complete visualization of a lesion whenever full views are not obtained on a single
plane.
Spectrally-encoded scanning fiber endoscopy uses polychromatic light emissions
from the endoscopic probe, encoded by wavelength which is then reflected from the
surface and decoded outside the body to produce a one-dimensional impression.
Rotation of the instrument builds information for a two-dimensional image of the
visualized surface[46]. The endoscope can be as thin as 80-250 micrometers in diameter,
limited only by the size of the light-emitting fiber and any accessory instruments[48,49].
Spectral encoded endoscopy using a single fiber can perform three-dimensional
topological analysis and real-time subsurface imaging[50]. This multispectral SFE may
be used in combination with white light endoscopy to collect wide field fluorescence
images which can permit early detection of dysplasia and cancer[51]. Although research
has shown progress in animal models, development of this technology for analyzing
human tissue is required.
SFE has been undertaken in limited cases to perform cholangioscopy in patients
with pancreaticobiliary strictures. It is a feasible technology to directly view such
areas with better resolution than current cholangioscopic tools[52]. A tethered SFE
“capsule” for conducting esophagoscopy has been developed, in what could represent
an evolution of the tethered wireless capsule endoscope[53]. The patient swallows the
device and images are transmitted live up the single fiber into a processor, in contrast
with the tethered WCE which stores images for viewing at a later time. With the SFE
capsule, real time images mean that pathologies and potential problems are identified
at an immediate stage. Research into the application of SFE in real clinical scenarios is
required but this has the potential for gastrointestinal endoscopy to be safer, more
cost-effective, better tolerated and more advanced than current technology allows[47].
The progress of this technology continues at a rapid pace, with prototype devices as
thin as a human hair that carry better resolution, being developed[54].

CONCLUSION
Miniature GI endoscopy has many forms and is in many ways a relative term.
Through the recognition that endoscopy is an invasive procedure to which patients
are prone to experiencing significant discomfort, and that accessibility to areas of the
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Figure 2

Figure 2 Maneuvers of the magnetically guided wireless capsule endoscopy in the stomach. Reproduced with
permission from Ching HL et al[43]. Copyright Thieme Group.

gastrointestinal tract requires development of existing equipment, endoscopes with
narrower calibers have been produced. The three main domains in miniature
endoscopy currently are ultrathin devices, scanning fiber endoscopes and wireless
capsules. Within these domains many products are being developed at a rapid pace.
The role of gastrointestinal endoscopy can be generally categorized into two
aspects- diagnostic and therapeutic. From a healthcare perspective, it is clear that a
suitably accurate means of diagnosing GI diseases, which is better tolerated and
eventually more cost-effective than standard endoscopy warrants major consideration
for future practice. Screening for various luminal GI diseases, in particular, malignant
and pre-malignant conditions is a topical issue. We believe that miniature devices
such as ultrathin endoscopes and capsules can bring a high quality screening service
that satisfies the needs outlined by Wilson et al[55]. As evidenced above, the diagnostic
capabilities of miniature endoscopic devices such as SFE and magnetically guided
WCEs enhance today’s practice. Through the enhanced access provided by miniature
endoscopy, therapeutic interventions like hemostasis and delivery of medication may
be achievable in the future by incorporating robotics and remote controlling systems.
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Figure 3

Figure 3 MicroCam Navi equipment (magnetically-assisted capsule endoscopy). Reproduced with permission from Ching HL et al[38]. Copyright Thieme Group.
Figure 4

Figure 4 Capsule endoscopy. A: Longitudinal view of the gastric body and lesser curve. B: Gastric antrum. C: Pre-pyloric erosion. D: Angioectasia in the cardia. E:
Nonsteroidal anti-inflammatory drug-related erosive gastropathy. F: Fundic gland polyps. Reproduced with permission from Hale MF et al. Copyright Thieme Group.
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Figure 5

Figure 5 Scanning single fiber endoscopy. A: Scanning fiber endoscopy (SFE) endoscope probes showing 9 mm rigid tip length of 1.2 mm diameter prototype and
18 mm capsule length of 6.4 mm diameter TCE. A front view of the distal end of the TCE is shown in (B) illustrating that the TCE is a standard SFE probe with
collection fibers modified for capsule use. The gastroesophageal junction of a human subject is shown in single 500-line RGB image contrast (C) compared to
postprocessed ESI contrast of the same SFE image frame (D). The lighter esophageal tissue is more clearly differentiated from the red-colored gastric mucosa in the
ESI image. Reproduced with permission from Lee CM et al[46]. Copyright John Wiley and Sons, Inc.
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Abstract
The proximal esophagus is rarely examined, and its inspection is often
inadequate. Optical chromoendoscopy techniques such as narrow band imaging
improve the detection rate of inlet patches in the proximal esophagus, a region in
which their prevalence is likely underestimated. Various studies have reported
correlations between these esophageal marks with different issues such as
Barrett’s esophagus, but these findings remain controversial. Conflicting reports
complicate the process of interpreting the clinical features of esophageal inlet
patches and underestimate their importance. Unfortunately, the limited clinical
data and statistical analyses make reaching any conclusions difficult. It is
hypothesized that inlet patches are correlated with various esophageal and
extraesophageal symptoms, diagnoses and the personalized therapeutic
management of patients with inlet patches as well as the differential diagnosis for
premalignant lesions or early cancers. Due to its potential underdiagnosis, there
are no consensus guidelines for the management and follow up of inlet patches.
This review focuses on questions that were raised from published literature on
esophageal inlet patches in adults.
Key words: Inlet patch; Ectopic gastric mucosa; Heterotopic gastric mucosa; Esophageal
cancer; Narrow band imaging; Optical chromoendoscopy; Cervical esophagus; Functional
dyspepsia; Barrett’s esophagus; Helicobacter pylori
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal inlet patches were largely considered to be either asymptomatic or
relatively unimportant. More recently, an increasing array of documented symptoms
have been correlated with these esophageal lesions, which have made them a
controversial subject. Presently, there are no standard guidelines for the management of
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symptomatic heterotopic gastric mucosa of the esophagus. Specifically, diagnosing the
condition through the use of longer scope withdrawal times paired with the routine use
of optical chromoendoscopy in the cervical esophagus could be useful for further
exploring the significance of inlet patches.

Citation: Ciocalteu A, Popa P, Ionescu M, Gheonea DI. Issues and controversies in esophageal
inlet patch. World J Gastroenterol 2019; 25(30): 4061-4073
URL: https://www.wjgnet.com/1007-9327/full/v25/i30/4061.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i30.4061

INTRODUCTION
Esophageal inlet patches (IPs) are a well-circumscribed area of mucosa that is salmonpink in color, variable in size, and oval, round or even geographically shaped. It is
most frequently observed during endoscopic evaluations of the cervical esophagus.
The patch may have either a smooth surface or a slightly raised or depressed surface
with heaped margins. Rarely, the inlet may appear as a protrusive or polypoid lesion.
Small lesions may be covered by the squamous epithelium and present without
evident changes in the overlying esophageal mucosa[1-4]. Barrett’s esophagus has been
widely studied due to its association with adenocarcinoma and gastroesophageal
reflux disease, while IPs, the “less popular relative” of esophageal intestinal
metaplasia, were overlooked to an extent and their pathogenic role could be
underestimated. Similar to Barrett’s esophagus, IPs have often been described as both
a congenital condition (the remnants of the columnar lining of the fetal esophagus)
and as an acquired condition due, for example, to a metaplastic transformation
resulting from chronic acid injury or ruptured cystic glands[5-7]. However, IP, which is
also referred to as esophageal heterotopic gastric mucosa, remains a controversial
topic. Heterotopic gastric mucosa has also been reported in other locations including
the rectum and the anus as well as the duodenum, jejunum, gallbladder, cystic duct,
and the ampulla of Vater[8]. Their etiology and pathological characteristics remain
unexplored and unclear[8]. In addition to the gastric mucosa, other heterotopic tissues
such as bronchial or pancreatic tissues may also occasionally be found in the
esophagus and are typically reported in pediatric studies, which supports the
hypothesis of congenital IPs[5].
This review provides an up-to-date summary of the literature on esophageal IPs in
adult populations and focuses on questions that have been raised in recently
published articles. We then illustrate several ways that heterotopic mucosa might
contribute to a range of digestive issues.

IP - ESOPHAGEAL INCIDENTALOMA OR
UNDERDIAGNOSED LESION
Are IPs an “incidentaloma" of the upper esophagus that can be identified while
performing an endoscopy? Currently, most endoscopists consider esophageal
heterotopic gastric mucosa to be a clinically irrelevant entity. Others performed small
studies on IPs or submitted case reports with interesting yet varied results that
provided isolated incidental findings rather than significant correlations[9,10].
An early description of IP in the upper esophagus from a postmortem examination
dates back to 1805[2,5]. In this report, it was described as an aberrant gastric fundustype epithelium that was situated in the cervical esophagus.
Most instances of IPs consist of heterotopic columnar gastric mucosa that is often
located just below the upper esophageal sphincter or in the postcricoid region of the
esophagus[7]. Cases of similar lesions have been detected in the distal region of the
esophagus as well[4,9].
The previously reported prevalence of IPs in the proximal esophagus ranges from
0.18% to 14% in endoscopic studies[11].
IP might not be as rare as it is described in some previous studies[3,5,12-14] because its
incidence has been increased by attentive scope withdrawal and thorough inspection
of the proximal mucosa as well as by using optical chromoendoscopy such as narrow
band imaging (NBI) evaluations.
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Moreover, autopsy reports show a significant incidence of up to 70%[9].
Therefore, this discrepancy further demonstrates that the esophageal IP detection
rates during endoscopies could be higher as the time spent withdrawing the scope
increases and as the NBI mode is more frequently used. In most cases, the first part of
the esophagus is blindly intubated and this region is then often neglected when
withdrawing the scope.
IPs are often noticed and visualized during endoscopy procedures in patients who
present with complaints of dyspepsia, typical or atypical symptoms of reflux disease
or a persistent globus sensation. Other complaints associated with this lesion include
an unexplained and persistent cough, hoarseness, odynophagia and dysphagia[15,16].
Furthermore, there is a variable prevalence of laryngopharyngeal reflux symptoms
reported for this condition that ranges from 20% to 73.1%[7,15,17], which can be largely
explained by the susceptibility of the laryngopharyngeal mucosa to acid reflux that is
produced by the ectopic gastric mucosa. Mucus secretion has also been taken into
consideration[18] (Figure 1). Associations with chronic ear or sinus disease have also
been reported[9]. In contrast, there are also authors who have found no association
between IPs and the presence or absence of these upper esophageal symptoms in their
patients[19,20]. In another recent study, despite a high prevalence of IPs (10.9% in 239
patients), the authors determined that there were no significant associations with any
type of symptoms[21].
In 2004, von Rahden et al[7] proposed a useful clinicopathologic classification for
heterotopic gastric mucosa of the esophagus ( Supplemental Table 1).
Interestingly, some studies have reported that esophageal IP is more common in
men than in women[16,22]. If we take the distribution of symptoms into account, women
are known to present more often with globus, for instance, which indicates that a
higher incidence of symptomatic IPs might be expected in women. In our experience,
we have noticed that there is an anxious profile for patients that present with inlets
that is predominant in women and can appear as hypochondria. These patients would
typically be classified as type-2 according to von Rahnen’s classification system (Table
1). The most common symptom that we observed was a globus sensation without any
size-dependent correlation. Similarly, other studies found that there was a female
predominance in globus patients but, in contrast, concluded that it was related to
reflux disease[23]. Regardless, they recorded important size-related information and
showed that IPs with longer lengths and larger total areas were more common in
globus patients than in non-globus patients.

IPS AND NON-NEOPLASTIC SYNCHRONOUS LESIONS
The association of IPs with Barrett's esophagus (BE) and gastric lesions such as
Helicobacter pylori (H. Pylori)–associated gastritis lesions has been debated across
multiple studies[5]. The conflicting results on the association between IPs and BE[9,16]
indicate that their interaction is largely speculative. However, a pathogenetic link
between BE and IPs can be argued due to their immunohistological similarity,
including the expression of the same mucin core protein and their cytokeratin
patterns [ 2 4 ] . In contrast, Feurle et al [ 2 5 ] ’s assessment of the neuroendocrine
immunohistochemical staining patterns of IP and BE was that they are distinct parts
of a spectrum of foregut differentiation, with IP representing the embryonic stage of
gastric mucosa, while cells from BE represent more primitive and multipotent cells.
There is also controversy surrounding the speculated association of H. pylori with
IP and reflux. Some authors hypothesized that reflux may be required for H. pylori to
colonize in the IP [26] . However, there a discrepancies in the literature in the
conclusions about the correlation between H. Pylori and the prevalence of
gastroesophageal reflux disease (GERD) itself[27,28]. Other studies hypothesized that
nonulcer dyspepsia, including globus sensation, is due to chronic inflammation
produced by H. pylori in the gastric mucosa of the IP[8]. One case report in particular
found that H. pylori eradication was able to ameliorate the extragastric symptoms
associated with IPs and resulted in beneficial histopathological changes[29], which
suggests that H. pylori and H. pylori-eradication therapy might have different effects in
patients with IP. However, this report was limited by the fact that the patient had
both gastric and esophageal IP- H. pylori colonization. Thus, it is impossible to
determine if the improvement in globus sensation and heartburn are due exclusively
to the eradication of H. pylori or to the proton pump inhibitor (PPI) that is commonly
included in the treatment as well (Figure 2).
The oxyntic mucosa cell type is most commonly reported[5,30] but cardiac, antral and
mixed types (both oxyntic and antral) have also been detected[31,33]. The ectopic gastric
mucosa of the IP has a high probability of H. pylori colonization, with a prevalence of
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Figure 1

Figure 1 A discreet area of flat salmon pink mucosa with mucus on surface typically found in the proximal
esophagus of a 45-year-old anxious woman with globus sensation.

up to 82%[31]. However, this high percentage can be questioned if we consider that the
detection of gastric H. pylori is thought to occur in the antral-type mucosa.
In contrast, another study found that the type of inlet mucosa did not influence the
rate of H. pylori colonization [31] and found that H. pylori density and the type of
mucosa were the only predictors for active inflammation in the IP and there was a
higher chance of active inflammation in patients with active H. PYLORI infections in
the nonoxyntic mucosa (antral or transitional) of the IP.
In 2010, Alagozlu et al[8] found that IPs were H. pylori-positive in 23.5% of patients
with a higher colonization rate in female patients than in male patients (P < 0.05), and
further showed that globus sensation was a persistent symptom. Interestingly, this
study found that H. pylori was most common in the fundic-type mucosa (81.2%) and
that synchronous H. pylori I gastritis was present in all of the patients with an
infection of the IP. The range of sizes was reported, from 5 to 32 mm and between 10%
and 30% of the circumference of the proximal esophagus, but they did not determine
if the increased colonization rate was size-dependent.
However, some reports have shown that the size of the patch can be symptomrelated (e.g., a correlation with dysphagia severity) and hypothesized that it could be a
function of increased acid secretion[33] or due to stricture at the distal end of the IP[34].
The majority of studies have found a correlation between the prevalence of H. pylori
in IPs with their gastric density, which suggests that independent patch colonization
is not possible[4]. However, the isolated colonization of IPs without the involvement of
H. pylori-positive gastritis has recently been described as well[35].
Fortunately, a five-year follow up of 20 patients with both cervical heterotopic
gastric mucosa and H. pylori infection by Latos et al[36] did not find any malignant
transformation, dysplasia or metaplasia. However, their study was potentially limited
by a small patient population.
A retrospective analysis of a larger population found significant associations
between IPs and male gender, globus sensation, dysphagia, upper respiratory
complaints, BE and adenocarcinomas on BE[16]. Interestingly, there was no relationship
between IPs and dysplasia or adenocarcinoma found in women.
In isolated cases, there are reports of complications that include bleeding,
ulceration, strictures, perforation and tracheoesophageal fistulization, and
subcutaneous abscesses[34,37]. In a small case series, the detection of an IP web or ring
suggested the pathogenesis of an acid-induced lesion[38]. Importantly, colonization
with H. pylori may exacerbate these complications[31,36].
Other studies have also described cases of food impaction that were related to IPassociated strictures or rings[39-41].
Concomitant findings of IPs in patients with inflammatory bowel disease, celiac
disease, neurofibromatosis or blue rubber bleb nevus syndrome are likely to be
incidental[42] (Figure 3).
Recently, an isolated case of eosinophilic gastritis was described with involvement
of the polypoid esophageal gastric inlet and it was reported that the dysphagia and
hoarseness was resolved after resection [43] . It should also be noted that the first
reported case of an esophageal xanthoma in the cervical IP can likely be interpreted as
a chronic injury of IP[44].
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Table 1 Clinicopathologic classification of cervical heterotopic gastric mucosa (CHGM) proposed by von Rahden et al[7] and proposed
management
CHGM I

Asymptomatic individuals with esophageal CHGM- reassurance of the
patient+ optional follow up

CHGM II without morphologic changes

Symptomatic individuals with esophageal CHGM (globus sensation, cough,
hoarseness or "extraesophageal manifestations")- reassurance and explain to
the patient possible implication such as esophageal hypersensitivity+ acid
suppression, prokinetic+ select cases to exclude H Pylori if persistence of
symptoms+ endoscopic reevaluation in case of suspected complication of
inlet patch

CHGM III

Inlet patch complications- endoscopic therapy (e.g., dilatation, argon plasma
coagulation, radiofrequency ablation)

CHGM IV

Dysplasia within the inlet patch- endoscopic management (EMR, ESD)+
surveillance

CHGM V

Invasive cancer within the inlet patch- interdisciplinary team decision
(gastroenterologist- oncologist- surgeon)

IP – CONGENITAL OR ACQUIRED LESION
The greater incidence of IPs in pediatric populations and the immunohistochemical
studies that suggest an embryologic origin supports the theory that it is a congenital
condition. During normal embryonic development, the squamous cell epithelium of
the esophagus is replaced by columnar epithelium starting from the mid esophagus to
the cervical esophagus. However, persistent columnar-lined areas that result from
incomplete squamous epithelialization can further differentiate into an IP [14] .
Interestingly, there is a lower prevalence reported in older populations, and some
authors suggest that IPs may regress with age[10]. Moving past this dated theory, the
hypothesis that long-term acid reflux can lead to the development of IPs with
intestinal metaplasia in the upper esophagus[45] seems less credible because histology
rarely shows any additional intestinal metaplasia on the IPs. Therefore, the inlet is
likely congenital and can be predisposed to certain conditions due to its primary
histology and then further influenced by other cumulative factors such as colonization
with H. pylori, concomitant gastro-esophageal reflux disease (GERD) or BE.
We recommend that the association between IP and GERD should be studied in
patients without synchronous BE. Moreover, care should be taken not to overestimate
the association between IP and GERD due to upper acid reflux produced by the
heterotopic gastric mucosa.

IPS AND FUNCTIONAL DYSPEPSIA
Lesions in the cervical esophagus need to be recognized and addressed, especially in
cases where there are no other lesions in the upper tract that can explain the patients’
complaints, and these steps should be taken prior to establishing a diagnosis of
functional dyspepsia or nonerosive reflux disease. Patients with a potential diagnosis
of functional dyspepsia may be frustrated due to the lack of a known cause for their
condition. This situation can lead to a vicious anxiogenic cycle. Furthermore, simply
explaining to the patient that the likely harmless ectopic gastric mucosa in their
esophagus could be causing their symptoms could lead to better management of their
condition through the placebo effect. Psychological distress is common and the
pathophysiology of persistent functional dyspepsia is not completely understood.
However, in specific categories of patients, having discussions with the patient after
identifying an IP and letting them know that it may be a congenital condition could
help to reassure them, reach acceptance and reduce their symptomatic burden.
The persistent globus sensation may also originate from pressure applied to the
upper esophageal sphincter stemming from an irritable IP condition or by the
reflexive contraction of the upper esophageal sphincter due to a respiratory defense
mechanism, likely related to reflux[46-48].
We further hypothesize that H. pylori colonization or heterotopic gastric mucosa
lead to alterations in cervical perception, which could also cause persistent symptoms.
Moreover, there has been substantial debate over synchronous motility disorders.
Korkut et al[19] showed that there was esophageal motor dysfunction in some patients
with IPs based on manometry and a 24 h dual-probe pH study, which may also be
responsible for symptomatic patients without other digestive disorders. Rosztoczy et
al[49] reported that prolonged acid exposure in both the cervical and distal esophagus,
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Figure 2

Figure 2 Double mirror flat inlet patches in (A) white light endoscopy vs (B) optical chromoendoscopy
(narrow band imaging), in a middle age woman with Helicobacter pylori-associated gastritis and globus
sensation ameliorated after the eradication therapy.

a longer biliary reflux exposure time in the distal esophagus, a prolonged relaxation
and decreased peristaltic wave amplitude, and decreased lower esophageal sphincter
pressure could be other factors that contribute to abnormal motility function in these
patients.
Another study speculated that mucus secretion rather than acid production could
be the cause of symptoms in patients with globus sensations that were unresponsive
to PPI therapy[20]. In this small population of patients, histopathologic examinations
revealed only the presence of cardiac mucosa.

IPS AND ESOPHAGEAL CANCER
Another pertinent question is whether IPs are implicated in the pathophysiology of
esophageal cancer. Taking into consideration the number of studies that report the IP
as a harmless area of mucosa that can be overlooked, one might tend to think the
limited number of cases with both esophageal cancer and IPs are coincidental.
On the other hand, recent case reports on adenocarcinoma describe IPs that are
small and flat lesions and fairly discernible from benign IPs[50,51]. Therefore, should
endoscopists feel guilty for missing this kind of lesion or for not routinely obtaining
biopsies? The answer to this question depends on the degree that the lesion is
involved in the patient's symptoms and if the lesion impacts the patient’s outcome.
Other concomitant risk factors must also be taken into consideration. A recent
study[52] found no differences related to age, race, household income or waist-to-hipratio, while the patients with IPs had a heavier smoking history (mean 23.7
packs/year vs 16.3 packs/years, P = 0.006). There was not a significant difference
from those who never smoked. No association was found between weekly alcohol
intake and IPs[52]. A recent report of a 14-year large population study that analyzed
whether IPs are significantly associated with proximal esophageal adenocarcinomas
revealed only 39 cases of simultaneous diagnoses from their literature review and
only three additional cases during their study[14]. Indeed, the authors also mention that
underreporting IPs during the endoscopy could be a potential limitation.
In 2013, Chong et al[9] could only find 43 cases of esophageal cancers in the literature
that presented concomitantly with heterotopic gastric mucosa since 1950 when Carrie
et al[53] reported the first case.
Furthermore, Sahin et al found no cases of adenocarcinoma or dysplasia and
detected additional intestinal metaplasia in only five of 123 IP cases[30].
The lack of studies with long-term follow-ups for IP might be a source of this bias.
Other authors such as Peitz et al[11] have also considered that the prevalence of IPs is
underestimated, making a correlation with advanced cervical esophageal cancer
difficult. Due to the rare incidence of preneoplasia reported for IP, the authors do not
support the routine biopsy to determine its histopathology, but rather targeted
biopsies should be considered whenever any irregularities within the area are
observed. In addition to this opinion, there are technical difficulties in typically
occurring region located in upper esophagus (contractions of the upper esophageal
sphincter or low tolerance of unsedated patients), so the routine biopsy should be
limited to atypical locations of the IPs (e.g., distal or middle part of the esophagus) or
for atypical appearances (e.g., polypoid types). For symptomatic patients with usually
located IPs, and when confirmation is not possible by biopsy, a virtual chro-
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Figure 3 Concomitant findings of inlet patches in patients with inflammatory bowel disease, celiac disease,
neurofibromatosis or blue rubber bleb nevus syndrome are likely to be incidental. A: Large inlet patch from 16
to 20 cm from the incisors in a young woman with globus sensation and concomitant celiac disease. The patient
underwent an upper endoscopy because of persistent iron deficiency anemia. B: Nodular appearance of duodenal
mucosa and C: flattened villi in the same patient.

moendoscopy with selected follow up cases could be helpful.
Confocal laser endomicroscopy could avoid both doctor and patient anticipatory
anxiety related to a proper diagnosis. Unfortunately, this technique’s feasibility for
routine use is impaired by increased costs and limited access.
Detection of IP-like lesions and subsequent confirmation by histology would help
to avoid confusing incipient cancers with heterotopic mucosa. IPs present with a
reddish or salmon-rose colored focal area on standard endoscopy and as a
homogeneous dark brown lesion that is distinctly separated from the light green
squamous epithelium in the NBI mode[54]. NBI systems can be very helpful to identify
brownish areas with brown dots and branching vessels in the cervical esophagus as
potential superficial esophageal cancers. Therefore, the combined application of
magnification and NBI can help to inform and direct the diagnostic management and
early detection of esophageal neoplasia [55] . Magnifying endoscopy with the NBI
system is superior to conventional white-light endoscopy for the detection of early
cancers and helps to resolve the microvascular patterns of the superficial esophageal
mucosa[56,57]. Ideally, a future implementation of an automatic detection system for
early neoplasia similar to the automated computer algorithm developed for incipient
neoplasia in BE that proposed by Fons van der Sommen et al[58] could be implemented
(Figure 4).
Whether the IP increases the risk of esophageal carcinoma remains controversial.
Acid secretion was also a suspected cause of malignant transformation[59], but there is
a discrepancy between the symptomatic acid-related IP prevalence and the rarely
reported cases of malignization. There are likely other simultaneous risk factors that
are involved. However, considering that cancers in IPs are typically reported as
isolated cases[60-62], the focus should remain on being able to accurately differentiate
between harmless IPs and superficial malignancies. As white-light endoscopies may
not reveal the abnormal features of early neoplasias, the routine use of virtual
chromoendoscopy in the esophagus is justifiable. Underreporting the incidence of IPs
by endoscopy must be avoided and future studies should be performed to reach more
pertinent conclusions.

MANAGEMENT AND SURVEILLANCE CONSIDERATIONS
There are no standardized guidelines for the management of IPs other than Von
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Figure 4 Multiple small focal areas round in shape of gastric tissue, one of them slightly raised, noted in the
right lateral field, 10 cm from the incisors, in a young man presenting for unexplained upper dysphagia.

Rahden et al’ s clinicopathological classification system, which attempts to tailor
management but is based on the limited body of literature [7,63] . A thorough
interdisciplinary collaboration (otorhinolaryngologist, pneumologist, endocrinologist,
gastroenterologist, and potentially a psychiatrist) should be developed to increase the
efficacy of IP diagnosis in patients with unexplained extraesophageal symptoms.
Symptoms and their response to treatment may depend on a range of factors such
as the type of heterotopic mucosa, H. pylori colonization and extraesophageal IP
factors, but further studies are necessary to reach firm conclusions.
Going forward, the focus should remain on reassuring the patient and the routine
use of virtual chromoendoscopy in the proximal region of the esophagus to direct the
appropriate collection of biopsies from the IP-like mucosa. Another concern is
whether surveillance is necessary after identifying an IP. Currently, and potentially
due to its place as an underdiagnosed entity, there are no consensus guidelines for the
management and follow up of IPs.
As there was no demonstrated association between the histopathology and clinical
symptoms of the IP[59], symptomatic patients should be treated and considered for
endoscopic reevaluation when other complications of the heterotopic gastric mucosa
are suspected[30]. In selected cases, such as patients who are at a high risk of neoplasia
or patients who are symptomatic, elderly, or smokers [64] , the IP should be systematically evaluated and meticulously described with an endoscopic diagnosis and
the patient should be considered for surveillance. Von Rahnen’s classification used in
conjunction with the NBI description could be included in the endoscopic report to
improve awareness of any potential evolution of the lesion during the next
evaluation.
When a follow up is scheduled, the patient can be offered sedation for the second
evaluation to provide a better examination or more accurate biopsy sampling. A
minimum of two biopsies should be performed depending of the size of the inlet
mucosa. An uncomplicated IP suggests a similar therapeutic attitude to functional
dyspepsia or to nonerosive reflux disease. A differential diagnosis is required to
determine which patients will benefit from alternative strategies. Since independent
acid secretion episodes are a likely symptomatic cause, PPI and/or antacids paired
with psychological reassurance should be the initial treatment option for symptomatic
patients. If patient anxiety is observed, a low dose anxiolytic can be included.
Prokinetic agents may also help any abnormal local motility. Previous studies
reported a significant reduction in the number of symptoms from patients on acid
suppression therapy such as a PPI treatment[65-67].
The duration of PPI administration is not clearly defined, but we have determined
that therapy sessions such as “step-down” or “step-up” for 4-8 weeks, which are
similar to GERD treatment, followed by on demand PPI can be effectively applied. If
there are recurrences despite a high dose of PPI, adding H2 receptor antagonists in the
evening to the PPI in the morning can prevent the breakthrough of nocturnal acid
secretion. Of course, future studies and more data are required to prove the efficacy of
this strategy[68-71]. However, continuous and long-term use of both PPI and H2 blockers
should be discouraged to avoid developing resistances, rebound acid reflux and
adverse effects. Long-term use of PPI also raises the question if it could influence the
development of the heterotopic mucosa of the intestinal metaplasia or atrophy.
Interestingly, one study reported that lesions were reduced in size after a course of
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PPI 20 mg, twice daily[72].
Similar gastric histological changes (inflammation, metaplasia, atrophy dysplasia
and even adenocarcinoma of the IP with H. pylori colonization) have been reported[9].
Although there are insufficient data to recommend testing and eradicating H. pylori
infections among patients with laryngopharyngeal reflux[73], we suggest that the
endoscopist should consider searching for cervical IPs. Then, a rapid urease test from
the IP can be considered to determine the presence of H. pylori in patients with an
unexplained persistent globus sensation or a dyspepsia despite the PPI treatment and
without H. pylori-positive gastritis, or to decide to pursue further treatment in patients
with persistent dyspepsia after previous gastric H. pylori eradication. In both the
stomach and ectopic mucosa with H. pylori infections, eradication issues could also be
taken into consideration such as different antibiotic susceptibilities and resistances.
In symptomatic patients with the typical aspects of IPs who are unresponsive to
PPI, endoscopic therapy, such as argon plasma coagulation or radiofrequency
ablation, have also been reported to be safe and effective [34,74] . However, in our
opinion, the clinical management should be kept as noninvasive as possible so long as
there are no unfavorable outcomes, complications or any suspicion of neoplasia.
Endoscopic treatment is not only technically challenging due to the typical position of
the IP in the proximal esophagus, but may also only be available in dedicated centers.
Strictures and webs can be managed by serial dilatation and biopsied to rule out
malignancy[7,33]. A high-dose PPI paired with endoscopic thermal coagulation led to
long-term amelioration of dysphagia in one case of IP with stricture and even to the
recovery of the mucosa with normal squamous epithelium [75] . Endoscopic mucosectomy (EMR), argon plasma coagulation (APC) or surgical resection has also been
used to successfully treat IP dysplasia or incipient neoplasia[7,15,74,76,77], although the
routine use of these strategies in this context has not been studied.
Other issues such as elevated surfaces[78] or the size of the IP should be taken into
consideration before deciding which strategy is most appropriate. For instance,
experts generally did not include patients with large IPs in the previously conducted
interventional APC trials to exclude the possibility of stricture formation [18,79-81] .
Furthermore, large areas of resected tissue and multiple lesions were independent
predictors of stricture formation[82] (Figure 5).
In contrast, Kristo et al[78] recently reported an 80% rate of complete macroscopic
and histologic eradication after 2 sessions of radiofrequency ablation with improvements in globus sensation and quality of life without any major adverse events
or stricture formation after an approximate 2-year follow-up. The involvement of the
esophageal heterotopic mucosa in esophageal pathology may eventually become as
popular as BE, which will promote novel technologies such as hybrid-APC that could
improve the therapeutic intervention for selected cases of large IPs in the future[83,84].
Confocal laser endomicroscopy could enable in vivo examinations of histology for flat
lesions in the cervical esophagus in order to avoid a number of unnecessary biopsies
and to direct any further EMR or endoscopic submucosal dissections[85].

CONCLUSION
The IP entity pendulates between being ignored, being underexplored, and being a
source of curiosity. Its natural history and clinical significance are not yet well
established due to the limited number of ambiguous studies in the literature.
Unfortunately, the role of the esophageal heterotopic mucosa in various symptoms
remains poorly understood and mainly based on speculation, while its sex-related
prevalence remains to be calculated. We recommend the routine and careful
examination of the cervical esophagus in developing the differential diagnosis,
especially in patients who initially present with functional dyspepsia and in patients
with upper dysphagia, chronic cough of unknown cause or persistent globus
sensation. The malignization of IPs and its association with other entities such as
Barrett’s esophagus remains controversial. However, high-resolution magnifying
endoscopes combined with optical chromoendoscopy such as NBI allows for the
accurate differentiation between IPs and early flat neoplasias due to suggestive
patterns.
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Figure 5

Figure 5 A: Three areas of cervical inlet patches, with kissing distribution, in a middle age women with uterine cancer history, presenting for reflux
complaints and globus sensation. Detailed image in (B) white light endoscopy and (C) narrow band imaging. D: Irregular Z line in the same patient suggesting
concomitant gastroesophageal reflux disease.
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Abstract
Hepatocyte nuclear factor 4-alpha (HNF4α) is a highly conserved member of
nuclear receptor superfamily of ligand-dependent transcription factors that is
expressed in liver and gastrointestinal organs (pancreas, stomach, and intestine).
In liver, HNF4α is best known for its role as a master regulator of liver-specific
gene expression and essential for adult and fetal liver function. Dysregulation of
HNF4α expression has been associated with many human diseases such as
ulcerative colitis, colon cancer, maturity-onset diabetes of the young, liver
cirrhosis, and hepatocellular carcinoma. However, the precise role of HNF4α in
the etiology of these human pathogenesis is not well understood. Limited
information is known about the role of HNF4α isoforms in liver and
gastrointestinal disease progression. There is, therefore, a critical need to know
how disruption of the expression of these isoforms may impact on disease
progression and phenotypes. In this review, we will update our current
understanding on the role of HNF4α in human liver and gastrointestinal
diseases. We further provide additional information on possible use of HNF4α as
a target for potential therapeutic approaches.
Key words: Hepatocyte nuclear factor 4-alpha; Liver cirrhosis; Hepatocellular carcinoma;
Viral hepatitis; Gastrointestinal tract; Colorectal carcinoma; Transcription factor
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our current understanding of the molecular etiology of human liver and
gastrointestinal diseases is limited and there is a critical need to explore novel

https://www.wjgnet.com

4074

August 14, 2019

Volume 25

Issue 30

Yeh MM et al. HNF4 in gastroinstinal and liver diseases

E-Editor: Wu YXJ

hypotheses and risk factors that may contribute to these diseases. Hepatocyte nuclear
factor 4-alpha (HNF4α) has been well recognized as an important transcription factor
that regulates gene expression involved in the differentiation of liver and gastrointestinal
cells. Dysregulation of HNF4α function is associated with many diseases related to these
cells. Here we attempt to update our understanding on the role of HNF4α in the
pathogenesis of these diseases for use as target for better therapeutic modality.

Citation: Yeh MM, Bosch DE, Daoud SS. Role of hepatocyte nuclear factor 4-alpha in
gastrointestinal and liver diseases. World J Gastroenterol 2019; 25(30): 4074-4091
URL: https://www.wjgnet.com/1007-9327/full/v25/i30/4074.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i30.4074

INTRODUCTION
Hepatocyte nuclear factor 4-alpha (HNF4α) is a transcription factor with important
roles in liver and gastrointestinal tract development, hepatocyte differentiation, and
lipid and glucose metabolism[1]. The HNF4α gene is located on chromosome 20, with
transcription regulated by two promoters (P1 and P2) and alternative splicing
variants, resulting in 9 distinct isoforms (α1-α9)[1,2]. Adult hepatocytes exclusively
express P1 isoforms, while both promoters are active in intestinal epithelia within
distinct compartments[1,2]. The importance of HNF4α in development is highlighted by
embryonic lethality of gene knockout in mice [3] . Targeted knockout in colonic
epithelium disrupts architecture, decreases enterocyte numbers and goblet cell
maturation, and perturbs transcriptional profiles[4], while liver-targeted knockout
results in hepatomegaly with altered liver architecture, and decreased glycogen
storage[5]. Furthermore, expression of HNF4α in mesenchymal stem cells is sufficient
to induce epithelioid changes and some hepatocyte functionality including urea
production and albumin secretion[6].
The regulation of HNF4α expression, activity, and localization is highly complex
(reviewed in[1,7]), reflective of downstream transcri-ptional networks with diverse
functional roles including drug metabolism, bile acid synthesis and conjugation, lipid
homeostasis, gluconeogenesis, ureagenesis, cell adhesion, proliferation, and
apoptosis [7] . Regulation of HNF4α occurs at multiple levels: Epigenetic [8,9] ; transcriptional, including promoter regulation, transcript secondary structure, and
microRNA-mediated inhibition [7,10] ; and post-translational, including protein
phosphorylation, degradation, and nuclear localization[1,11,12]. HNF4α transcription
factor binding sites are also widely dispersed in the human genome, as evidenced by
changes in mRNA levels of ~2500 genes upon over-expression of HNF4α in cell
culture[13]. HNF4α expression and activity are altered in numerous disease states
involving multiple organ systems, and immunohistochemical detection in the clinical
setting has potential diagnostic and prognostic value. This review article updates the
understanding of HNF4α role in liver and gastrointestinal pathogenesis and presents
potential therapeutic approaches and strategies for possible treatment based on
HNF4α involvement.

HNF4ALPHA ACTIVITY IN LIVER PATHOGENESIS
HNF4α perturbations in disease states have been most extensively investigated in the
context of liver disease. Most of the major liver diseases have been associated with
altered HNF4α expression, isoform ratios, and localization, including inflammation,
alcoholic liver disease, non-alcoholic fatty liver disease, fibrosis and cirrhosis, viral
hepatitis, and the hepatocellular carcinoma (Table 1). Most commonly, HNF4α
expression at the protein and transcript levels is decreased across liver diseases, an
observation substantiated by human, animal model, and cell culture-based studies in
many cases (Table 2). Altered expression of HNF4α in response to relatively nonspecific stimuli, such as inflammation[14] and injury-induced acute phase response[15],
as well as in a remarkable spectrum of disease suggests centrality of HNF4α in
response to most modes of hepatocyte injury and stress resulting in de-differetion
state of liver function (Table 1, Figure 1)[16]. There is, therefore, a critical need to
understand the role of HNF4α in the molecular epidemiology of the de-differentiation
state of liver function across these liver diseases for the potential restoration of normal
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liver function.

Alcoholic liver disease
Expression of HNF4α and carboxylesterase 1 (CES1), an enzyme involved in triglyceride metabolism, was reduced in patients with alcoholic steatohepatitis and mice
with methionine and choline-deficient diet-induced inflammation [17] . Alcohol
repressed both HNF4α and CES1 expression in primary hepatocyte cell culture.
Knockout of CES1 in mice exacerbated alcohol-induced steatosis and steatohepatitis,
as well as diet-induced liver inflammation[17].

Non-alcoholic fatty liver disease
HNF4α has important roles in liver lipid and lipoprotein metabolism[18]. Hepatocytetargeted knockout of HNF4α in mice resulted in lipid accumulation, changes in VLDL
secretion and bile acid uptake, and alterations in peripheral blood cholesterol and
triglycerides [19] . Acute knockout of HNF4α in adult mice resulted in hepatocyte
proliferation and vacuolization, and hepatomegaly[20].
HNF4α mRNA and protein levels were decreased in patients with non-alcoholic
steatohepatitis (NASH), as well as in cultured hepatocytes and in livers of mice with
genetic obesity (ob/ob) or on high fat diet[18]. Network analysis of transcriptomic data
in patients with non-alcoholic steatohepatitis identified HNF4α as a central regulator,
although transcription of HNF4α itself was not significantly altered[21]. In contrast to a
prior study[18], limited immunohistochemistry on 12 liver specimens of patients with
NASH, non-alcoholic fatty liver disease (NAFLD) activity (NAS) score 5-7, showed
minimal increased immunoreactivity (24%-40% positive cells) compared to a single
control (17% positive cells)[21]. Cytoplasmic retention of HNF4α in high fat diet mice
with steatosis has also been observed, corresponding to reduced transcription of
target genes and HNF4α phosphorylation by protein kinase C isotypes[22]. Taken
together, these studies consistently indicate a significant decrease in HNF4α activity
in NAFLD, although observations of HNF4α expression levels and localization are
less uniform. This could be related to disruption of the transcription factor network
responsible for the de-defferentiated state, which is partially controlled by HNF4α
activity (Figure 1).

Hepatic fibrosis and cirrhosis
To explore and establish an understanding of the molecular basis for decreased
HNF4α activity across US racial population, we performed a mass spectrometrybased proteomics study using clinical tissue samples from Caucasian Americans (CA)
and African Americans (AA) and demonstrated, for the first time, that differentially
expressed proteins (DEPs) in cirrhotic livers are actually distinct from hepatocellular
carcinoma (HCC) and the expression of these proteins are also racially dependent
[23]. For example, Figure 2C shows the heat map (truncated) of DEPs between
cirrhotic and HCC groups, and that there is a high degree of interaction between
HNF4α (a focus hub) and some of these DEPs like serotransferrin (TF) and apolipoprotein lipase A1(APOA1) (Figure 2E). Note also that the level of TF and APOA1
proteins in AA cirrhotic and HCC samples (Figure 2F, upper panel) is equal as in CA
protein samples. Furthermore, the levels of HNF4α protein in AA samples are lower
compared to CA samples (Figure 2F, lower panel). It is known that AA patients with
cirrhotic liver and HCC usually have elevated levels of serum markers of iron stores
and altered cholesterol and triglyceride levels [24,25] , hence the levels of both are
elevated in AA samples. The expression of both TF and APOA1 genes is known to be
regulated by the transcription factor HNF4α[26]. The differential expression of HNF4α
has been shown in colitis and colitis-associated colon cancer[2], and more recently by
our group[27] in cirrhotic livers and HCC. In our study, we used immunohistochemistry to validate the expression of HNF4α isoforms in HCV cirrhotic livers and HCC
tissues among CA and AA tissue samples (Figure 3). As shown in Figures 4A and 4B,
the staining reactivity of P1- HNF4α isoforms are lower in cirrhotic HCV livers of AAs
(grey bars) as compared to CAs (black bars), whereas the observed increase in P1/P2HNF4α staining (Figure 4A) but not P1 staining (Figure 4B) in HCC for AAs relative
to CAs suggests a potential involvement of P2- HNF4α.
Increased extracellular matrix rigidity, as shown in CCl4 or 5-diethoxycarbonyl-1,4dihydrocollidine (DDC) induced fibrosis in rat livers, modulates hepatocyte function
and cytoskeletal arrangement in part through inhibition of the HNF4α transcriptional
network [28] . HNF4α transcriptional repression in the context of cell culture was
prevented by treatment with Rho-dependent kinase (ROCK) inhibitor. In rats with
hepatic fibrosis induced by dimethylnitrosamine (DEN) or bile duct ligation, forced
hepatic expression of HNF4α decreased fibrosis in improved liver function [29] .
Similarly, forced re-expression of HNF4α improved functionality in isolated
hepatocytes and reversed liver failure in a CCl4-induced rat model[30]. These studies
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Table 1 Expression of hepatocyte nuclear factor 4alpha and variants in various disease states
Disease state

HNF4α expression

Organism

Model

Ref.

Hypertriglyceridemia
(preterm infants, children)

Decreased, P1 promoter
methylation

Human

-

Intrauterine growth
restriction

Decreased, hypermethylated
promoter

Human

-

High fat diet (in utero)

Increased

Mouse

HFD

Metformin exposure (in
utero)

Increased, hypomethylated
promoter

Mouse

Metformin

Acute phase response

Decreased activity

Mouse

Injury

Inflammation (IL-1β)

Decreased

Human, mouse

Hepatoma cells

TNFα-induced
hepatotoxicity

Decreased

Human, Mouse

Hepatoma cells

Alcoholic liver disease

Decreased

Mouse

Ethanol, MCD diets

α1-antitrypsin

Decreased

Mouse

Human ATZ

Fibrosis

Decreased

Human

Hepatocytes

Cirrhosis

Decreased

Human, rat

DEN

Hepatocellular carcinoma

P2 increased, P1 decreased

Human, rat

DEN

Decreased, expressed in
metastases, increased P1:P2

Human, mouse, rat

HCC cells, DEN

Hepatitis B virus

Decreased

Human

Hepatoma cells

Hepatitis C virus

Increased

Human

Hepatoma cells

Decreased

Human, mouse

Hepatocytes, hepatoma cells,
HCV+ HCC

Hepatitis E virus

Increased phosphorylation,
cytoplasmic retention

Human

Hepatoma cells

Non-alcoholic
steatohepatitis

Modestly increased

Human

-

Decreased, cytoplasmic
retention

Mouse

db/db or HFD

Decreased

Human, mouse

Hepatoma cells, iron rich diet

Decreased, P1 promoter
hypermethylation

Human

-

Increased in liver

mouse

HFD, steptozotocin

Mature onset diabetes of the HNF4α variants
young (MODY)

Human

-

Obesity

HNF4α variant

Human

-

Islet cell hypoxia

Decreased

mouse

ob/ob

Micrbiome colonization

Decreased

Zebrafish

-

IBD

Decreased

Human, mouse

-

Crohn disease

HNF4α variant, decreased

Human

-

Ulcerative colitis

HNF4α variant

Human

-

Colorectal carcinoma

Decreased or cytoplasmic
retention, altered P1:P2,
expressed in metastases

Human, mouse

Mutagen

Intestinal type ampullary
carcinoma

Increased

Human

-

Increased, altered P1:P2

Human

Carcinoma cells

Barrett esophagus (intestinal Increased
metaplasia)

Human, mouse

Explant

Stomach intestinal
metaplasia

Increased

Human

-

Decreased, expressed in
metastases, increased P1:P2

Human

-

Development
[8,9]

[73]

[87]
[74]

Liver

Iron overload

[15]
[14]
[88,89]

[17,89]
[90]
[24]
[41,91]
[32,41,59]
[13,31,33,40,41,59,92]

[46,47]
[93,94]
[35,95]

[48]

[21]

[18,22]

[49]

Endocrine
Type 2 diabetes

[72]

[76]
[66-69]

[79]
[96]

Intestine
[52]
[56,57]
[55,56,98]
[53,54]
[59,99,100]

[10]

Upper GI
Gastric carcinoma

[59,62,78,102]
[63,64]

[59]

Kidney
Renal cell carcinoma
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Atypical fanconi syndrome

HNF4α variant

[66]

Human

-

Human

-

Expressed

Human

-

Increased

Mouse

Angiotensin II

Lung
Mucinous adenocarcinomas Increased in some

[82,100]

Ovary
Ovarian mucionous
neoplasm

[81]

Heart
Cardiac fibrosis

[83]

IL-1β: Interleukin 1beta; MCD: Methionine-choline deficient; HFD: High fat diet; TNFα: Tumor necrosis factor alpha; ATZ: Mutant Z form of alpha1antitrypsin deficiency (ATD); HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; IBD: Inflammatory bowel disease.

indicate that HNF4α expression is decreased in hepatic fibrosis, and forced expression
in this setting appears to promote hepatocyte and liver function.

Hepatocellular carcinoma
A number of studies have examined HNF4α expression patterns in hepatocellular
carcinoma (HCC), including differences in P1 and P2 promoter-derived isoforms.
Total HNF4α transcripts were lower in 224 cases of HCC than 220 controls[31]. Rats
with DEN-induced hepatocarcinogenesis exhibit decreased hepatic HNF4α expression[29]. However, tissue microarray immunohistochemistry on 615 human HCCs
showed inverse correlation of P2 and P1 HNF4α [32] . High P2 HNF4α expression
correlated with poor differentiation, vascular invasion, and shorter overall patient
survival. Conversely, relatively high P1 HNF4α immunoreactivity in HCC correlated
with better differentiation and longer overall survival among a small cohort of 16
patients[33]. However, decreased expression of HNF4α is not uniform in HCC. A series
of 196 human HCCs in a heterogeneous background of liver disease, showed 52 (26%)
were positive for intense-to-moderate immunoreactivity to HNF4α[34].
HNF4α expression in HCC has been linked to Hippo pathway signaling [31]. Tissue
microarray IHC on 75 HCCs revealed increased immunoreactivity for yes-associated
protein 1 (YAP1), and lower HNF4α than adjacent tissues[31]. The YAP1/ HNF4α ratio
increased with high Edmondson grade. HNF4α appears to be degraded in a
proteasome-dependent pathway in the presence of YAP1, and expression of HNF4α
in cultured cells or mice with YAP-mediated HCC (mst1/2 conditional mutant)
resulted in decreased liver size, transcription of YAP-TEAD target genes, and Ki67
proliferative indices.
Transient knockdown of HNF4α initiates transformation of immortalized hepatocytes through a feedback loop involving miR-24, IL6R, STAT3, miR-124, and miR629[35,36]. Hepatocytes with knockdown of HNF4α or overexpression of either miR-24
or miR-629 (both HNF4α suppressors) were capable of tumor formation in nude
mice[36]. Delivery of miR-124, a transcriptional target of HNF4α, suppressed tumor
growth in HCC xenografts and DEN-treated mice. As a corollary in cell culture,
knockdown of HNF4α in hepatoma cells also promoted transcription of genes related
to the epithelial-mesenchymal transition (EMT) and neoplasia[37,38].
Conversely, overexpression of HNF4α in hepatoma cell lines induced differentiation into hepatocytes and suppressed HCC growth and metastases[39,40]. Forced
HNF4α expression in a rat model of DEN-induced liver carcinoma reduced
carcinogenesis and decreased EMT[41]. Expression in fibroblasts actually induced a
mesenchymal-to-epithelial transition[5].
HNF4α directly interacts with the promoter and induces expression of apoptosis
signal-regulating kinase 1 (ASK1)[13]. RT-PCR of human HCC and surrounding nonneoplastic tissue revealed downregulation of HNF4α in 45 of 60 cases (75%) and
corresponding ASK1 downregulation in 44 of 50 cases (73%)[13]. Low ASK1 or HNF4α
mRNA levels correlated with larger tumor size and advanced stage. Low ASK1
mRNA also correlated with shorter patient survival, in part due to correlation with
tumor size, and ASK1 injection directly into xenograft tumors or systemically in mice
reduced growth of HCC[13].

Viral hepatitis
The viral hepatitis are associated with decreased HNF4α and/or activity. The
hepatitis B (HBV) viral genome contains an HNF4α binding motif in the promoter
core, and viral transcription and regulation are dependent on hepatocyte HNF4α[42-45].
Interleukin 35 enhanced HBV replication through enhanced HNF4α binding to the
core promoter, an effect impaired by promoter mutation or knockdown of HNF4α
expression. However, HBV infection or overexpression of vial protein HBx in hepa-
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Figure 1

Figure 1 Overview of regulatory and target genes involved in differentiated and de-differentiated stages of liver development. Examples of relevant HNF4α
target genes identified by our group[27] are individually numbered.

toma cells reduced HNF4α expression and downstream transcriptional targets[46,47].
Electroporation of hepatoma cells with HCV DNA lead to viral replication and
decrease in HNF4α mRNA and protein, as well as decreased downstream
transcriptional targets[35]. Overexpression of viral proteins including core protein or
non-structural proteins (NS5A) was sufficient to significantly decrease HNF4α
expression. A transcriptome comparison of hepatocellular carcinomas associated with
HCV infection in either African American or Caucasian groups identified differential
expression of HNF4α target genes such as SAA1[27]. Immunohistochemistry demonstrated decreased HNF4α expression in HCV positive cirrhosis and hepatocellular
carcinoma (n = 72) relative to normal livers, although levels of suppression varied by
ethnicity[27].
Hepatitis E virus open reading frame 3 (ORF3) in cultured hepatoma cells resulted
in increased HNF4α a phosphorylation, impaired nuclear translocation, and downregulation of target genes[48]. There was no detected effect on HNF4α expression.

Iron overload
Iron overload in an iron-rich diet mouse model reduced HNF4α and miR-122 in
liver[49]. Liver-targeted adenovirus delivery and overexpression of miR-122 resulted in
reduced hepatic inflammation but did not significantly affect iron overload.

HNF4ALPHA ACTIVITY IN COLON PATHOGENESIS
HNF4α plays an important role in colon development[50], and has been implicated in
intestinal epithelial differentiation, lipid metabolism, and epithelial junctions[1,51].
Expression levels appear to be negatively regulated by gut microbiota, evidenced by a
zebrafish model [52] . Altered HNF4α expression and activity, as well as germline
variants, have been associated with inflammatory bowel disease (IBD) and colorectal
carcinoma[2].

Inflammatory bowel disease
Genome-wide associations studies have linked HNF4α variants with susceptibility to
ulcerative colitis in two independent studies[53,54]. An HNF4α P2 promoter single
nucleotide polymorphism has also been associated with childhood-onset Crohn
disease[55]. In addition to germline variants, HNF4α transcripts were significantly
decreased in intestinal biopsies from patients with IBD[56].
Intestine targeted knockout of HNF4α in mice increased susceptibility to dextran
sulfate sodium (DSS) induced colitis[1,56]. In another study, knockout of P1 and P2
isoforms of HNF4α in mice resulted in spontaneous intestinal inflammation that
worsened with time, leading to epithelial injury, crypt hyperplasia, and proliferation[57]. HNF4α derived from P1 or P2 promoters have distinct effects on colonic
epithelium, as demonstrated with an exon swapping mouse model[2]. Mice expressing
only P1 promoter-derived α1 isoform HNF4α developed fewer and smaller tumors
than wild type mice after treatment with DSS and azoxymethane (AOM), and less
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Table 2 Effects of experimental perturbations of hepatocyte nuclear factor 4alpha
HNF4α manipulation

Organism

Model

Effect

Ref.

Human

iPSCs

Promoted endoderm
differentiation

Human

Marrow-derived
mesenchymal stem cells

Epithelioid changes, glycogen
storage, albumin secretion

Rat

DEN

Suppressed carcinogenesis,
suppressed EMT, decreased
fibrosis, restored hepatic
function in cirrhosis

Rat

mst1/2 conditional mutant

Reduced liver size and HCC
proliferative indices

Mouse

Hepatoma cell xenograft

Decreased tumorigenesis and
proliferation

Mouse

Acute liver failure

Increased survival, urea
production

Knockdown

Human

Hepatocyte culture, HBV
infection

Increased hepcidin
expression, impaired
transcription and replication
of HBV, transformation and
tumorigenicity in mice

Liver targeted knockdown

Mouse

-

Increased hepatocyte
proliferation and
promitogenic transcription

Expression of α7 only

Mouse

-

Steatosis, downregulation of
CAR

Liver targeted knockout

Mouse

DEN

Upregulation of miR-194 and
-192, reduced transcriptional
response to extracellular
matrix rigidity, increased
hepatocyte proliferation,
HCC risk, steatosis

Overexpression

Mouse, rat

Embryonal carcinoma cells,
co-culture

Differentiation to polarized
epithelium, tight junction
proteins

Exon swapping, P1 or P2
only

Mouse

DSS

Altered enterocyte migration,
ion transport, barrier
function, susceptibility to
DSS colitis and associated
cancer

Intestine targeted knockout

Mouse

DSS

Transcription profiles similar
to IBD, altered embyonic
development, Paneth cell
alterations, susceptibility to
colitis

Intestine targeted knockout
of P1 and P2

Mouse

-

Spontaneous intestinal
inflammation

Dominant negative
expression

Mouse, Human

Enterocytes

Decreased expression of
apolipoprotein A

Esophagus overexpression

Mouse

Esophageal explants

Induced partial columnar cell
phenotype

Stomach overexpression

Human

Gastric carcinoma cells

Resistance to multiple
chemotherapeutics

Stomach knockdown

Human

Gastric carcinoma cells

Increased susceptibility to
chemotherapeutics

Stomach targeted knockout

Mouse

-

Reduced chief cell size,
epithelial proliferation and
migration

HNF4α7 only expression

Mouse

-

Dyslipidemia, mild steatosis

HNF4α1 only expression

Mouse

-

Impaired glucose tolerance,
hyperinsulinemia

Development
Overexpression of α1D

[105]

Liver
Overexpression

[6]

[5,26,41]

[31]

[39,40]

[86]

[13,36,42,43,106]

[38]

[75]

[20,24,107,108]

Intestine
[109,110]

[2]

[50,56,111,112]

[57]

[113]

Upper GI
[63]

[102]

[102]

[61]

Endocrine
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Knockout in pancreatic beta Mouse
cells

-

Reduced glucose stimulated
insulin secretin, similar to
MODY

Overexpression in
pancreatic beta cells

islet cells

Induced cell cycle entry
without expansion

Human

[65,70,71]

[114]

iPSCs: Induced pluripotent stem cells; DEN: Diethylnitrosoamine; HBV: Hepatitis B virus; DSS: Dextran sodium sulfate; HNF47: Hepatocyte nuclear
factor 4alpha7; HNF41: Hepatocyte nuclear factor 4alpha1.

susceptibility to DSS-induced colitis. In contrast, expression of only P2 promoterderived α7 isoform HNF4α resulted in greater tumor load and number than wild type
mice and were highly sensitive to DSS-induced colitis[2]. HNF4α directly modulated
expression of Na+/H+ exchanger isoform 3 (NHE3), which has been implicated in IBD
pathogenesis[58].

Colorectal carcinoma
Isoform-specific HNF4α antibody immunohistochemistry on 18 colorectal carcinomas
demonstrated uniform immunoreactivity for P2 and 5/18 (28%) positive for P1[59]; a
similar pattern was observed in metastases to lung. Another immunohistochemical
study of 450 human colorectal carcinomas revealed either loss or cytoplasmic localization of P1 HNF4α in ~80% of tumors[60]. This pattern appears to be attributable, at
least in part, to interaction of HNF4α and Src kinase. Src-mediated phosphorylation of
an N-terminal HNF4α tyrosine, present in P1 but not P2 isoforms, influences HNF4α
protein stability, transactivation function, and nuclear localization[60]. Consis-tent with
HNF4α P1 downregulation being and important feature of colorectal carcinomas,
mice expressing only α7 isoform (P2 promoter) HNF4α developed greater tumor load
and tumor size than wild type mice in a DSS and azoxymethane (AOM) model[2].
Conversely, expression of only the α1 isoform (P1 promoter) resulted in fewer and
small tumors than wild type mice.

HNF4ALPHA ACTIVITY IN UPPER GASTROINTESTINAL
TRACT PATHOGENESIS
Gastric epithelial development and maintenance are dependent on intact HNF4α.
Stomach targeted knockout of HNF4α alters gastric epithelial architecture, with
changes including reduced chief cell size and endoplasmic reticulum content,
increased proliferation of the stem cell zone, and altered mucous neck cell migration[61].
Transcriptomic analysis of 22 human gastric carcinoma specimens and nonneoplastic controls identified upregulation of HNF4α in carcinoma[62]. P1 promoter
HNF4α isoforms were detected in 8 of 14 gastric carcinomas by immunohistochemistry, while normal gastric mucosa had positive immunoreactivity for P2
isoforms only[59]. Knockdown of HNF4α in gastric carcinoma cell lines and xenograft
mouse models reduced tumor growth and angiogenesis [62] . Metformin reduced
HNF4α expression in gastric carcinoma cell lines and mouse xenografts, and
significantly impaired xenograft tumor growth when systemically administered[62].
HNF4α expression appears to be involved in intestinal metaplasia of the upper
gastrointestinal tract. Aberrant P1 promoter-driven HNF4α immunoreactivity was
observed in gastric intestinal metaplasia, although the number of cases tested is
unknown[59]. While HNF4α is not expressed in normal squamous epithelia of the
esophagus, HNF4α was expressed along with CDX-2 in esophageal goblet cell
metaplasia (Barrett esophagus)[63]. A gene expression profiling study also identified
enrichment of HNF4α expression among Barrett esophagus specimens [ 6 4 ] .
Overexpression of HNF4α in adult mouse esophageal explants resulted in decreased
squamous marker such as p63 and induced an expression profile (CK8, E-cadherin,
and villin positive) suggestive of a columnar phenotype[13].

HNF4ALPHA ACTIVITY IN PANCREAS AND ENDOCRINE
PATHOGENESIS
HNF4α variants have been well described as causing maturity onset diabetes of the
young 1 (MODY1), characterized by diminished glucose-stimulated insulin secretion
and susceptibility to type 2 diabetes[65-69]. In mouse models of pancreatic β cell HNF4α
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Figure 2

Figure 2 Differentially expressed proteins in normal and liver disease states. Heat maps of differentially expressed proteins (DEPs) (truncated) that were
selected following supervised analysis (A) Normal vs. Cirrhosis, (B) Normal vs. Hepatocellular carcinoma, (C) Cirrhosis vs. Hepatocellular carcinoma, and (D) Venn
Diagram comparing the significantly DEPs identified. (E) Interactive Network Analysis of DEPs in cirrhosis and hepatocellular carcinoma as compared to normal shows
HNF4α as a focus hub to many DEPs. (F) A representative of immunoblot analysis of TF and APOA1 (upper panel), HNF4α (lower panel) in tissue samples of AA &
CA. GAPDH was used as a loading control, as published in[23].

knockout, there was a similar reduction of glucose stimulation of insulin secretion [ 6 5 , 7 0 , 7 1 ] . The underlying mechanism is related to endoplasmic reticulum
homeostasis in pancreatic islet cells[65].
Variation in HNF4α expression has also been observed in patients with type 2
diabetes and metabolic syndrome. For example, a monozygotic twin study identified
HNF4α P1 promoter hypermethylation as a significant correlate to type 2 diabetes
[72]. P1 promoter methylation has also been linked to hypertriglyceridemia in preterm
infants and children, as well as intrauterine growth restriction, indicating that
epigenetic modulation of HNF4α is linked to the metabolic syndrome[8,9,73]. In contrast,
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Figure 3

Figure 3 Differential expression of hepatocyte nuclear factor 4alpha in cirrhotic and hepatocellular
carcinoma livers. Representative H&E and P1/P2 HNF4α stained samples of HCV cirrhotic and hepatocellular
carcinoma of Caucasian (A) and African American (B) tissue samples, as published in[27].
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Figure 4

Figure 4 Immunoreactivity of hepatocyte nuclear factor 4alpha isoforms in cirrhotic and hepatocellular
carcinoma livers. Data are presented as the mean ± standard error (n=4 tissue sections from 24 paraffin embedded
tissue blocks). Data were evaluated for stastistical significance by one-way analysis of variance and are represented
as follows: aP<0.05, bP<0.001as compared to normal for P1/P2 HNF4α (A) and P1- HNF4α (B). Black bar (CA) =
Caucasian Americans; Gray bar (AA) = African Americans, as published in[27]

fetuses of metformin-treated mice exhibited hypomethylation of promoter and
increased expression of HNF4a[74]. Exon swap mice expressing only HNF4α7 were
dyslipidemic with mild hepatic steatosis, and HNF4α1 only expression led to
impaired glucose tolerance and hyperinsulinemia[75]. A large genome-wide metaanalysis also identified variants at the HNF4α locus in association with obesity[76].
HNF4α and transcriptional target genes were increased in livers of mice with type 2
diabetes in a model of high fat diet followed by streptozotocin injection[76]. In pancreatic cancer cells, HNF4α has been shown to promote resistance to gemcitabine by
downregulating hENT1[77]. Therefore, targeting HNF4α might reverse gemcitabine
resistance and provide novel treatment strategies for pancreatic adenocarcinoma.

DIAGNOSTIC AND PROGNOSTIC UTILITY OF HNF4ALPHA
HNF4α has been proposed as an immunohistochemical marker useful for pathologic
differential diagnosis and prognosis in specific circumstances. HNF4α immunohistochemistry can be helpful in distinguishing gastric primary adenocarcinoma
(essentially uniformly positive) from metastatic breast carcinoma (rarely positive)[78-80].
A tissue microarray study of 348 lung adenocarcinomas identified 54 cases with
positive immunoreactivity for HNF4α, with enrichment among mucinous
adenocarcinomas[81]. HNF4α positivity was associated with shorter overall survival
among patients with lung adenocarcinoma[81]. However, an independent study of 1021
non-small cell lung carcinomas identified only 20 cases (2% overall, 4% of
adenocarcinomas, 11% of mucinous adenocarcinomas) with positive immunorea-
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ctivity for HNF4α, and these correlated with absence of lymph node metastases and
lower clinical stage[81]. A high percentage of metastatic colorectal carcinomas in lung
specimens were positive for HNF4α, but performance of this marker was not a
significant improvement over the more commonly used CDX2 and CK20 in this
context[81]. HNF4α is also not specific to adenocarcinomas from the GI tract, as HCCs,
renal cell carcinomas, and ovarian mucinous neoplasms may be expected to exhibit
positive immunoreactivity in some cases[59,80].
Promoter-specific HNF4α antibodies for immunohistochemistry have also revealed
substantial variation in neoplastic immunoreactivity for isoforms[59]. For example, 10
of 10 renal cell carcinomas examined were positive for P1 and negative for P2 HNF4α,
whereas gastric and colorectal carcinomas were uniformly positive for P2 and
variably positive for P1 HNF4α[59].
Hepatocellular carcinomas with β-catenin activation are associated with relatively
favorable prognosis, and often exhibit significantly higher uptake of the magnetic
resonance contrast agent gadoxetic acid disodium[34]. HNF4α expression correlated
with nuclear β-catenin immunoreactivity and expression of the contrast agent
transporter OATP1B3, as well as tumor differentiation, indicating potential utility in
HCC prognostication.

HNF4ALPHA ACTIVITY AS A THERAPEUTIC POTENTIAL
Given the widespread expression of HNF4α, and demonstrable roles in development,
homeostasis, and disease in multiple tissue types, systemically administered direct
inhibitors or activators might be expected to exhibit significant undesirable effects. An
illustrative example is the opposing effects of HNF4α on fibrosis in cardiac and liver
tissue. In cardiac tissue, HNF4α is downstream of AMPK, and upregulation of
expression was seen in an angiotensin II-induced cardiac fibrosis mouse model[82].
Metformin inhibition or knockout of AMPK reduced cardiac fibrosis, in part by
preventing increased HNF4α expression. In contrast, liver fibrosis-associated with
decreased HNF4α transcription regulation was restored by forced re-expression of
HNF4α which led to reduced fibrosis and reversal fatal liver failure in a rat model[26].
These data suggest that de-differentiation state of liver function likely the cause of
terminal liver failure and that resetthing the transcription factor network has
therapeutic potential for correcting liver failure.
Exposure to flavonoids appears to affect HNF4α expression and activity, although
mechanisms underlying these phenomena are unclear. The flavonoid luteolin
impaired HBV replication and particle release from cultured HepG2 cells while
suppressing HNF4α transcription and reduced viral antigen detection in peripheral
blood in a mouse model of acute HBV infection[43]. Treatment of HepG2 cells with the
flavonoid derivative 4’-nitro-6-hydroxyflavone reduced expression of the HNF4α
target gene microsomal triglyceride transfer protein (MTP) in a transcriptional
reporter system[83].
HNF4α antagonists have been described and demonstrated to impair transcription
factor activity and exhibit cytotoxicity in human HCC cell lines and xenograft mouse
models[84]. The HNF4α antagonist BI6015 also decreased survival of multiple gastric
carcinoma cells lines in culture[62]. EC-50 values were estimated in the low micromolar
range, but dose-response was non-sigmoidal[62]. The specificity of these compounds, as
well as toxicity to non-neoplastic tissues, remains to be fully examined.
Pharmacological manipulation of HNF4α regulatory pathways and transcriptional
targets holds promise for therapeutic development. For example, systemic treatment
with the AMPK inhibitor metformin impaired gastric carcinoma tumor growth in a
xenograft mouse model [62] . Similarly, metformin reduced cardiac fibrosis in an
angiotensin II mouse model, an effect correlating to decreased HNF4α expression[82].
Systemic administration of the HNF4α transcriptional target miR-124 suppressed
hepatocellular carcinoma growth in xenograft and DEN-treated mouse models[36].
Engineered cellular therapies with manipulation of HNF4α have been explored in
few studies. Conditioned media of mesenchymal stem cells (MSCs) stably expressing
HNF4α inhibited proliferation of SK-Hep-1 and HepG2 cells in culture, and
intravenous injection of HNF4α-expressing MSCs into nude mice xenograft models
reduced tumor size [85] . Peritoneal injection of immortalized hepatocytes overexpressing HNF4α improved survival and serologic liver enzyme markers in a Dgalactosamine rat model of acute liver failure, as compared to immortalized
hepatocyte controls[86].

CONCLUSION
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HNF4α is a highly conserved member of nuclear receptors superfamily of liganddependent transcription factors that is expressed in liver, stomach, intestine, pancreas
and kidney. HNF4α is known for its role in the liver where it is a master regulator of
liver-specific gene expression and essential for adult and fetal liver function (Figure
1). Dysregulation of HNF4α transcriptional activity is linked to several pathological
disorders, such as liver cirrhosis, hepatocellular carcinoma, Maturity Onset Diabetes
of the Young 1 (MODY1), colitis and colon cancer. Although there are growing
evidences for the role of different HNF4α isoforms in the pathogenesis of these
diseases, the exact molecular epidemiology and the molecular mechanisms involved
are yet to be established. It is anticipated that the identification of specific interacting
partners associate with these isoforms in each disease state is essential for differential
expression of target genes, and hence signaling pathways. In turns, these targets could
be used as diagnostic tools and for the treatment of diseases liked to transcriptional
dysregulation of HNF4α.
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Abstract
Estrogens play important roles in the development and progression of multiple
tumor types. Accumulating evidence points to the significance of estrogen action
not only in tumors of hormonally regulated tissues such as the breast,
endometrium and ovary, but also in the development of colorectal cancer (CRC).
The effects of estrogens in physiological and pathophysiological conditions are
mediated by the nuclear estrogen receptors α and β, as well as the membranebound G protein-coupled estrogen receptor (GPER). The roles of GPER in CRC
development and progression, however, remain poorly understood. Studies on
the functions of GPER in the colon have shown that this estrogen receptor
regulates colonic motility as well as immune responses in CRC-associated
diseases, such as Crohn’s disease and ulcerative colitis. GPER is also involved in
cell cycle regulation, endoplasmic reticulum stress, proliferation, apoptosis,
vascularization, cell migration, and the regulation of fatty acid and estrogen
metabolism in CRC cells. Thus, multiple lines of evidence suggest that GPER may
play an important role in colorectal carcinogenesis. In this review, we present the
current state of knowledge regarding the contribution of GPER to colon function
and CRC.
Key words: G protein-coupled estrogen receptor; Colorectal cancer; Proliferation;
Migration; Colonic motility; Inflammatory bowel disease
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Core tip: G protein-coupled estrogen receptor (GPER) is a membrane-bound estrogen
receptor that participates in the rapid non-genomic actions of estrogens involving
numerous downstream signaling pathways. GPER is expressed in the gastrointestinal
tract and is engaged in physiological and pathophysiological processes in the colon. This
review aims to assess the significance of GPER expression and estrogenic signaling in
colorectal carcinogenesis.
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INTRODUCTION
The roles of estrogen (17β-estradiol) and its receptors in gastrointestinal (GI) diseases
are complex. The lower incidence rate of colon cancer in women compared to men
suggests a protective role for the female sex hormone estrogen[1,2]. However, because
estrogen has at least three receptors, contradictory pro- and anti-tumorigenic
mechanisms have been observed depending on the receptor-mediated mechanisms
examined. The effects of estrogens are mediated by receptors including the nuclear
estrogen receptors (i.e., ERα and ERβ)[3] and the G protein-coupled estrogen receptor
(GPER, previously known as GPR30)[4]. GPER is a seven-transmembrane receptor
cloned from the ER-positive MCF-7 cell line[5], among other sources[6-11]. As opposed to
nuclear estrogen receptors that are primarily responsible for the genomic actions of
estrogens, GPER initiates many rapid non-genomic actions of estrogen involving
secondary messengers, which can also ultimately lead to secondary gene expression
changes[4,12,13]. GPER activity is not only stimulated by 17β-estradiol, but also by
numerous xeno- and phyto-estrogens (e.g., bisphenols and genistein), clinically
relevant anti-hormonal therapeutic agents (e.g., tamoxifen and fulvestrant) and
synthetic GPER-selective ligands (e.g., G-1, G15 and G36) as summarized in Table 1[4].
GPER expression and activity, the latter often defined employing GPER-selective
ligands, have been linked to many aspects of normal physiology and pathophysiology[14-16].
Experimental evidence strongly suggests that estrogen, and therefore its receptors,
plays important roles in neoplastic transformation of the colon[17,18]. One challenge in
understanding these roles is the often-contradictory results regarding estrogen
receptors and their roles in GI diseases. Although estrogen is generally thought to be
anti-inflammatory, and inflammation typically contributes to carcinogenesis, the roles
of individual estrogen receptors are complex, which may result in conflicting
observations. Among the various estrogen receptors, ERβ, in particular, has been
suggested to act as a tumor suppressor in colorectal cancer (CRC) and serves as a
prognostic factor for CRC progression. Stevanato Filho et al[18] observed significantly
lower ERβ levels in CRC patients with clinical stage III and IV disease compared to
patients with stage I and II disease. The absence of ERβ in CRC is thus a poor
prognostic factor associated with higher mortality [hazard ratio = 3.0, 95% confidence
interval (CI) = 1.2-7.5]. However, in contrast to its established tumor-protective role,
Cho et al[17] used ER-deficient mice to show that, in addition to ERβ, ERα is also crucial
for enterocyte growth and differentiation. Both nuclear estrogen receptors appear to
be important modulators of colon neoplastic transformation as ERβ or ERα deficiency
was associated with tumor progression and abnormal mucosal histology in an APCdependent tumorigenesis model employing C57BL/6-Min/+ mice[17]. However, in
addition to the nuclear estrogen receptors, accumulating evidence suggests that GPER
is also involved in many aspects of CRC cell pathophysiology. In this review, we
summarize the evidence for GPER expression and function in the colon and in
colorectal carcinogenesis.

GPER MODULATES COLONIC MOTILITY
Colonic motility regulates the frequency and timing of defecation as well as the
consistency of stools, with the main symptoms of colon movement disorders being
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Table 1 G protein-coupled estrogen receptor ligands
Agonist

Type

Estrogen (17β-estradiol)

Natural steroid

Bisphenol A

Synthetic xenoestrogen

Genistein

Natural phytoestrogen

Tamoxifen

Synthetic therapeutic

Fulvestrant (ICI 182.780)

Synthetic therapeutic

G-1

Synthetic selective ligand

Antagonist

Type

G15

Synthetic selective ligand

G36

Synthetic selective ligand

constipation and diarrhea. A large retrospective study demonstrated a positive
association between chronic constipation and a higher prevalence, as well as risk, of
benign neoplasm and CRC[19]. Moreover, incidence rate ratio analyses have shown
that an increased risk of both benign and malignant colorectal neoplasms appears to
be directly related to the severity of constipation. Additional evidence linked
constipation, defined as fewer than three bowel movements per week, with an overall
2.4-fold increase in CRC development[20]. Interestingly, although women overall have
a slightly lower risk of developing CRC than men, women with constipation appear
to be more prone to CRC development (odds ratio = 2.7, 95%CI = 1.5-5.0) compared to
men with constipation (odds ratio = 1.7, 95%CI = 0.6-4.9). Mechanistically, although
colon motor dysfunction may increase exposure of the GI tract to carcinogens,
evidence suggests that colonic transit time also influences bacterial metabolism and
mucosal turnover, both of which may affect CRC development[21].
Two independent studies have revealed that GPER activity influences colonic
motility in vivo[22,23]. Li et al[22] demonstrated that GPER activity affects colonic motility
in multiple phases of the estrous cycle in female mice. Colonic transit time, which was
significantly longer during the proestrus and estrus phases (vs diestrus phase), was
reduced by selective GPER inhibition with the GPER antagonist G15[24,25]. Similarly, in
ovariectomized mice, acute estrogen treatment increased colonic transit time, and was
reversed by co-administration of G15. Ex vivo, GPER activation with the GPERselective agonist G-1[26] inhibited circular muscle strip contraction in a nitric oxide
(NO)-dependent manner, and stimulated NO production in cultured myenteric
nitrergic neurons, which together act to reduce colonic motor function. Further
supporting this mechanism, Zielińska et al[23] and Li et al[22], demonstrated, using the
colonic bead expulsion test, that GPER stimulation by G-1 or estrogen treatment
prolongs colonic transit time in both male and female mice. The inhibitory effect of
GPER activation on the number of fecal pellets excreted was further confirmed in vivo
employing a mouse model of hypermotility. The potential mechanism by which
GPER affects colonic motility appears to involve inhibition of muscle contractility, as
determined by electrical field- and bethanechol-stimulated longitudinal smooth
muscle contractions[23].
Further indirect evidence highlighting the importance of GPER in the regulation of
colonic motor function is derived from studies of irritable bowel syndrome (IBS)
patients [27,28] . Alterations in GPER mRNA and protein expression in the colonic
mucosa, as well as serum estrogen levels, were reported in samples from IBS patients
with constipation (IBS-C) or diarrhea (IBS-D)[27]. An increased number of GPERpositive colonic mast cells in IBS-D patients compared to either healthy control or IBSC patients has also been observed[28]. GPER-positive cell staining in the colonic mucosa
also correlated with increased abdominal pain severity in IBS-D patients and
increased expression of GPER in the cytoplasm of mast cells, which are associated
with abdominal bloating frequency and dysmotility-like dyspeptic symptom severity
and frequency in IBS patients. These results suggest a possible role for GPER in mast
cells and immune function at large, which play an important role in intestinal
function and disease[29].

GPER IN IMMUNE REGULATION AND COLONIC
INFLAMMATION
Crohn’s disease (CD) and ulcerative colitis (UC), the two most commonly diagnosed
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types of inflammatory bowel disease (IBD), are characterized by chronic colon
inflammation and are associated with a higher risk of CRC development[27]. A metaanalysis performed by Flores et al. reported that patients with histologic inflammation
are more prone to colorectal dysplasia and/or cancer development (odds ratio = 2.6,
95%CI = 1.5-4.5) compared to patients without mucosal inflammation[30]. For UC
patients, the increased risk of CRC development appears to be related to disease
duration[31]. A meta-analysis by von Roon et al[32] further revealed that patients with
CD experience a higher relative risk of CRC development, related to both the
anatomic localization of disease and patient age. CD patients with disease affecting
ileocolic and colon segments experience relative risks of 4.6 (95%CI = 2.1-10.3) and
13.4 (95%CI = 5.7-13.2) for the development of ileocolic and colorectal cancer,
respectively. Furthermore, population-based studies have shown that the presence of
CD before the age of 25 and 30 correlates with very high relative risks of CRC
development (21.5, 95%CI = 11.4-40.4 and 9.5, 95%CI = 3.1-23.2, before the age of 25
and 30, respectively)[32].
Immunomodulatory roles for estrogen and its receptors in the pathogenesis of IBD
have been documented[17,33-36], but the specific mechanisms and roles of GPER in
modulating immune responses remain unclear. In addition to the nuclear estrogen
receptors, GPER is expressed at both the mRNA and protein levels in intestinal
samples obtained from both IBD patient subtypes (i.e., CD and UC)[37]. In patients with
CD, GPER protein content was increased in non-inflamed colon areas compared to the
control group but lower in inflamed colon tissue compared to non-inflamed colon,
suggesting the possibility of a complex protective role for GPER in colitis[37]. To date,
although there is no direct evidence showing GPER regulates immune responses in
CRC or the CRC microenvironment, several studies show that GPER is indeed
expressed in multiple immune cells, including monocytes/macrophages, neutrophils,
B and T cells[38-44]. Accumulating evidence suggests that GPER modulates cytokine and
cytokine receptor expression in immune cells, cancer cells and cancer-associated
fibroblasts (CAFs). In breast cancer, estrogen signaling through GPER regulates CAFmediated progression of breast cancer and is associated with several signaling
pathways leading to the modulation of gene expression[45-48]. Pro-tumorigenic effects of
GPER activation result from receptor tyrosine kinase [e.g., insulin-like growth factor
receptor I and epidermal growth factor receptor (EGFR)] modulation and
downstream effector proteins such as AKT and extracellular signal-regulated kinase
(ERK)[47]. GPER-mediated ERK activation in breast CAFs leads to changes in the
expression of the proto-oncogenes c-Fos, cyclin D1 and connective tissue growth factor
(CTGF)[45,46,48], which play an important role in many cancers including CRC[49].
GPER also plays an important role in the regulation of interleukin (IL)-1β and IL-1R
expression in CAFs and breast cancer cells, leading to a gene expression profile
associated with cancer cell invasiveness [50] . GPER’s immunomodulatory activity
occurs not only in CAFs, but also in several immune cell types. In lipopolysaccharide
(LPS)-stimulated primary human macrophages, GPER activation leads to inhibition of
tumor necrosis factor-α (TNF-α), IL-6, IL-12 and C-C motif ligand (CCL) 5 secretion[38].
A similar effect was observed in the murine macrophage cell line RAW 264.7, where
G-1 treatment inhibited TNF-α secretion from LPS-stimulated cells. The antiinflammatory properties of GPER activation were confirmed in an animal model of
multiple sclerosis (experimental autoimmune encephalomyelitis), where G-1 therapy
reduced the severity of symptoms and the number of nervous system-infiltrating
macrophages[38]. The ability of GPER to inhibit LPS-induced IL-6 expression in murine
macrophages was shown to occur via NF-κB signaling[51]. Together, these data suggest
a potentially central role for GPER in regulating inflammation during IBD.
GPER activity in macrophages may also be important in tumor development and
progression within the GI tract. The importance of tumor-associated macrophages
(TAMs), specifically in pancreatic cancer has been recently highlighted[41]. In a murine
model of pancreatic cancer, treatment with tamoxifen, which acts as a GPER agonist
(see Table 1), reduced the percentage of tissue macrophages as well as the polarization
of TAMs to the M2 phenotype. In macrophage-like murine RAW 264.7 cells, GPER
regulated focal adhesions, cell-extracellular matrix attachment and invasion [41] .
Macrophages are associated with the development and progression of colitis and
neoplastic transformation of the colon. Whereas M1 macrophages are elevated in
intestinal samples from IBD patients where they promote inflammation, during CRC
progression, increased M2/M1 ratios appear to correlate with increased liver metastasis[52-54]. Overall, these complex actions of GPER suggest a “protective” role in
CRC development and progression.
IL-6 is an important mediator of cancer cell function and tumor development;
however, conflicting data exist as to the role of GPER in its regulation. Bisphenol A
(BPA), a non-selective ER/GPER agonist (Table 1) induces proliferation, migration
and invasion of laryngeal cancer cells, as a result of increased IL-6 mRNA expression,
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potentially via GPER activation[55]. Furthermore, treatment with the GPER-selective
inhibitor G15 and/or siRNA targeting of GPER attenuated cell proliferation,
migration and IL-6 expression of laryngeal cancer cells. These processes involved
signal transducer and activator of transcription 3 (STAT3) activation by GPER/IL-6
signaling as assessed by siRNA targeting of IL-6 or GPER[55]. As STAT3 is known to
regulate both pro- and anti-inflammatory cytokine production, the exact role of GPER
in these complex processes needs to be further investigated. It should be noted that
BPA action may also depend on both the cell type and the nuclear estrogen receptor
status of cells[56]. In contrast to these results, in a more “typical” anti-inflammatory
estrogen response, GPER inhibited IL-6 expression via NF-κB inhibition, leading to
reduced migration of triple negative MDA-MB-231 breast cancer cells[57]. As a result,
in MDA-MB-231 xenograft tumors, GPER activation inhibited both angiogenesis and
metastasis. GPER-mediated inhibition of IL-6 production was also demonstrated in
TNFα-stimulated breast cancer cells and osteosarcoma cells where GPER inhibited IL6 expression, suppressing migration and invasion[58,59]. Overall, these results suggest
the effects of GPER expression and activity may be tumor type- and context-specific.
Accumulating evidence reveals that GPER is a crucial immunoregulatory factor not
only in macrophages, but also in granulocytes, which significantly impact IBD
progression. GPER modulates multiple mediators of the immune response in fish
acidophilic granulocytes [40] , including IL-1β and IL-10, as well as prostaglandinendoperoxide synthase 2 and prostaglandin D2 synthase expression, through
activation of the cAMP/PKA/CREB signaling pathway. These mechanisms are
important in IBD[60] and thus should be further examined. In a murine model of
castration-resistant prostate cancer, tumor neutrophil influx was observed following
G-1 therapy and was associated with extensive tumor necrosis, suggesting a
previously unrecognized role for GPER in men[61].
Multiple reports have highlighted that GPER also stimulates anti-inflammatory
immune responses through the modulation of T cell function and cytokine expression,
representing a potential therapeutic target for certain autoimmune diseases. In one
study of autoimmune encephalomyelitis, splenocytes cultured from G-1-treated mice
and stimulated with antigen, yielded lower IFN-γ, TNF-α, IL-17, CCL4 and CCL5
protein levels in supernatants compared to splenocytes from vehicle-treated mice[38].
In other studies, GPER activation increased production of IL-10 (an anti-inflammatory
cytokine that inhibits several immune cell types) in CD4 + T cells under Th17
polarizing conditions, generating hybrid autoregulatory T cell populations[39]. This
effect was abolished by GPER and ERK inhibitors, but not by p38 or Jun N-terminal
kinase inhibitors, suggesting that GPER regulates IL-10 production through ERK
signaling. GPER’s anti-inflammatory action may be mediated through specific
immune cell types as a higher frequency of IL-10-producing CD4+ (but not CD8+) T
cells is observed in mouse splenocytes following GPER activation[62]. Moreover, G-1treated mice showed a significantly higher population of IL-10-producing GPER+
CD4+ T cells, consistent with the ability of GPER to regulate IL-10 production.
In additional T cell studies employing a mouse model of asthma, G-1 reduced the
level of Th2 cytokines, such as IL-5 and IL-13, in bronchoalveolar lavage fluid,
suggesting negative regulation of acute asthma through IL-10-producing T cells[62]. In
IBD, several intestinal T cell populations are dysregulated, with the extent of
dysregulation correlating to disease severity. In clinical samples obtained from IBD
patients with active disease, higher and lower levels of CD4+ T cells and CD8+ T cells,
respectively, are present compared to healthy controls and IBD patients with inactive
disease[63]. However, in CRC tumors, only an increased percentage of CD4+ T cells, but
not CD8 + T cells was observed [64] . The significance of regulatory T cells in inflammation and CRC progression, together with the anti-inflammatory properties of
GPER, indicates that GPER activation in CD4+ T cells may be a promising target to
modulate colon immune responses. However, although GPER activity in T cells
generally appears to promote anti-inflammatory responses, which would have a
positive impact in inflammatory diseases, such responses may have a potentially
negative impact in cancer, where immune monitoring is critical. Taken together, these
results suggest that as an important regulator of colon inflammation and immune
responses in CRC, GPER action may also be important in the context of long-term
immune response deregulation, which is critical in CRC development associated with
IBD.

THE ROLES OF GPER IN CRC CELL PROLIFERATION AND
APOPTOSIS
Accumulating evidence indicates important roles for estrogen and its receptors,
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including GPER, as revealed by selective ligands such as G-1, in the regulation of
cancer cell growth, survival and function[65]. GPER appears to regulate cancer cell
proliferation and survival not only in estrogen-associated cancers such as breast[66],
ovarian[67] or endometrial[68,69], but also in other cancer types not traditionally associated with estrogen (e.g., lung and CRC)[47,70-77]. Several cellular mechanisms are
regulated by GPER in cancer cells, including cell cycle, endoplasmic reticulum stress
and apoptosis. In both HCT-116 and SW-480 CRC cells, GPER activation by G-1 led to
cell cycle arrest and inhibition of proliferation[74]. The higher proportion of HCT-116
cells in the apoptotic sub-G1 phase, as well as lower mitochondrial membrane
polarity, following GPER activation, suggests that GPER activation promotes
apoptosis in CRC cells. Consistent with this, G-1 treatment induced up-regulation of
pro-apoptotic factors such as Bcl-2-associated X protein, cyclin-dependent kinase
inhibitor 1 (p21), and cleaved caspase-3, with down-regulation of anti-apoptotic
factors, such as B-cell lymphoma 2 (Bcl-2) and procaspase-3.
Cancer cell growth arrest and apoptosis are also regulated by endoplasmic
reticulum stress signals (reviewed by Sano and Reed [78] ). Among several factors
modulating endoplasmic reticulum stress, protein expression of ATF4 and 6, XBP-1
and CHOP increased upon G-1 treatment of HCT-116 cells[74] (Figure 1). Elevated
reactive oxygen species (ROS) and ERK1/2 phosphorylation, resulting from GPERmediated signaling, also contributed to growth arrest of HCT-116 cells[74]. These
pathways are particularly important in chronic inflammation, where immune cellreleased ROS and cytokines activate the NF-κB pathway. GPER mediates inhibition of
IκBα, which leads to phosphorylation of NFκB/p65 and nuclear translocation, as well
as GSK-3β phosphorylation (Figure 1). Constitutive NF-κB activity in cancer cells
drives neoplastic transformation and tumor progression, affecting cancer cell
proliferation and survival [79-81] as well as tumor angiogenesis [82] , metabolism [83,84] ,
immune response[85] and metastatic potential of cancer cells[82].
GPER may also be a regulator of genetic transmission during cell division in CRC
cells. In HT-29 cells, BPA up-regulated mRNA levels of CDCA8 (also known as
Borealin), a crucial member of the chromosomal passenger complex that mediates
several events during mitosis[86] (Figure 1). Although BPA is classically thought to
function through the nuclear estrogen receptors, particularly ERα, it also binds and
activates GPER (Table 1)[4]. Since HT-29 cells express only GPER and ERβ, the effects
of BPA on CDCA8 expression are likely mediated, at least in part, by GPER[86]. GPER
also regulates ataxia telangiectasia mutated (ATM), an important protein in
carcinogenesis, through regulation of the cell cycle and DNA repair (reviewed by
Branzei and Foiani[87]). In a human breast cancer study, ATM phosphorylation was
positively correlated with lymph node metastasis[88]. However, in CRC and colon
adenomas, increased ATM promoter methylation was observed compared to control
tissue [89] . Estrogen, acting through GPER, represses ATM expression under both
normoxic and hypoxic conditions in HT-29 cells[70], with the effect of estrogen on ATM
expression being stronger under hypoxic conditions, suggesting an effect of oxygen
levels on estrogen’s effects.
Hypoxia plays an important role in tumor progression, affecting tumor vascularization, epithelial-mesenchymal transition and metastasis as well as chemo- and
radio-resistance[90]. Under hypoxic conditions, the pathways activated by hypoxiainducible factor (HIF) control numerous cellular proteins, including vascular
endothelial growth factor (VEGF), driving tumor growth. GPER mediates estrogen’s
suppression or enhancement of HIF-1α and VEGFA expression under normoxic and
hypoxic conditions, respectively[70]. Furthermore, GPER mediates opposing functions
in HT-29 and DLD1 CRC cells, dependent on oxygen levels, with GPER agonists
suppressing proliferation under normoxic conditions, but increasing proliferation
under hypoxic conditions.
The production and presence of local estrogens may be important in the
development and progression of CRC. The ability of GPER to regulate CRC cell
proliferation may thus represent a mechanism through which the known effects of
estrogen on CRC are mediated. In vitro and in vivo studies have shown that estrogen
promotes CRC in part through the dysregulation of enzymes involved in estrogen
metabolism. Specifically, in post-menopausal women and men with CRC, compared
to age-matched control groups, higher colonic activity of the enzyme steroid sulfatase
(STS), which converts circulating sulfated estrogens to the active forms, has been
observed[91]. Furthermore, increased protein and mRNA levels of 17β-hydroxysteroid
dehydrogenase (HSD17) B7 and B12 (responsible for the conversion of estrone to
estrogen) are present in human CRC tissue samples, whereas mRNA and protein
levels of the enzyme catalyzing conversion of estrogen to estrone (i.e., HSD17B2) are
decreased. Experimental evidence strongly suggests that supplementation with
estrogen or STS overexpression increases CRC cell proliferation in vitro and in vivo.
The latter was demonstrated using a murine CRC xenograft model with STS-
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Figure 1

Figure 1 Signaling pathways modulated by G protein-coupled estrogen receptor in colorectal cancer cells. ATF4: Activating transcription factor 4; ATF6:
Activating transcription factor 6; ATM: Ataxia telangiectasia mutated; CDCA8: Cell division cycle A8; CHOP: C/EBP-homologous protein; CTGF: Connective tissue
growth factor; E1: Estrone; E1S: Estrone sulfate; EGFR: Epithelial growth factor receptor; ERK 1/2: Extracellular signal-regulated kinase 1/2; FASN: Fatty acid
synthase; GPER: G protein-coupled estrogen receptor; HB-EGF: Heparin-binding epidermal growth factor; HIF-1α: Hypoxia-inducible factor-1α; IκBα: NFκB inhibitor α;
MMP: Matrix metalloproteinase; NFκB/p65: Nuclear factor κ-light-chain-enhancer of activated B cells; OATP4A1: Organic anion transporter polypeptide 4A1; P:
Phosphorylation; RAF: Rapidly accelerated fibrosarcoma, serine-threonine kinase; RAS: Rat sarcoma, small GTPase; ROS: Reactive oxygen species; SHC: Adapter
protein containing SRC homology 2 domain; SRC: Non-receptor tyrosine kinase; STS: Steroid sulfatase; SULT1E1: Sulfotransferase family 1E member 1; VEGFA:
Vascular endothelial growth factor A; XBP-1: X-box binding protein 1.

overexpressing cells[91]. Activation of GPER by estrogen derived from these multiple
sources results in the up-regulation of CTGF, EGR1 and ATF3, with CTGF upregulation being required for enhanced cell proliferation, with estrone sulfate
transport and GPER-stimulated STS activity producing a novel estrogen-generating
positive feedback loop (Figure 1) that may play an important role in CRC progression[92]. Interestingly, in addition to estrogen and G-1, the breast cancer therapeutic agents, tamoxifen and fulvestrant (ICI 182.780), also increased STS activity (in
a GPER-dependent manner), suggesting these drugs could have a negative impact on
CRC development and progression.

GPER REGULATES CRC CELL MIGRATION
An increasing number of studies describes a modulatory effect of GPER activity on
cancer cell migration and invasion in multiple cancer types, including breast
(including triple-negative), endometrial, ovarian, lung, thyroid, kidney, and granulosa
cell[57,71,77,93-105]. In previous work that demonstrated the dual role of GPER activation on
CRC cell proliferation (see above), oxygen-dependent GPER-mediated effects on the
migration of HT-29 and DLD-1 cells was also observed[70]. Scratch wound and Boyden
chamber assays demonstrated that both G-1 and estrogen inhibited migration under
normoxic conditions, whereas GPER stimulation enhanced migration of CRC cells
under hypoxic conditions. Fatty acid synthase (FASN), a key lipogenic enzyme that
affects neoplastic transformation of the breast, colon and liver, has been described as a
metabolic oncogene[106-108] and is regulated by many factors, including estrogens[108,109].
GPER stimulation by G-1 or estrogen increases expression and activity of FASN via
EGFR/ERK/c-Fos/AP-1 signaling, resulting in increased growth and migration of
CRC cells, which was in turn decreased by a FASN inhibitor[108]. Thus, GPER activity
regulates cell motility through multiple complex mechanisms (Figure 1).

CLINICAL SIGNIFICANCE OF GPER IN CRC
There is conflicting evidence that GPER may act as a tumor suppressor as well as a
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tumor promoter in CRC. A seven-fold down-regulation of GPER mRNA in CRC
samples compared to adjacent control tissue has been observed [74] . Immunohistochemical analysis confirmed a decrease in GPER protein expression in CRC
patients that was associated with decreased survival. Lower GPER expression also
correlated with tumor progression and lymph node metastasis. Bioinformatic analyses
of datasets (accession numbers: GSE2091 and GSE871) confirmed these results and
showed statistically significant lower GPER mRNA levels in both colon and rectal
adenoma samples compared to control samples. In vitro evidence further demonstrated that decreased GPER expression in HTC-8 and SW-480 CRC cells
correlated with higher promoter methylation of the GPER gene as compared to
LS147T CRC cells that exhibit high GPER expression. Beyond promoter methylation,
histone H3 acetylation may represent another mechanism regulating GPER
expression in CRC cell lines and human tissues as down-regulation of GPER
expression in HCT-8 and SW-480 cells was associated with decreased histone H3
acetylation. In contrast to the above results, based on Kaplan-Meier analyses of public
data (accession number: GSE39582), high GPER expression was associated with poor
relapse-free survival in women with stage 3/4 (but not stage 1/2) CRC, but not in
men with disease of any stage[70]. Overall, these results suggest that GPER plays a
complex role in colorectal carcinogenesis that is further complicated by sexual
dimorphism, potentially as a result of estrogen-dependent signaling in CRC.

CONCLUSION
Estrogen signaling modulates cancer cell proliferation, invasion and migration, acting
not only through the nuclear estrogen receptors α and β, but also through the GPER.
GPER is without a doubt an important mediator of colorectal neoplastic transformation and progression. Clinical and experimental data are however, not
unambiguous, which may result from the use of CRC cell lines with different GPER
expression levels or GPER-mediated signaling pathways. On the other hand, recent
studies have revealed the dual role of GPER in CRC development, potentially related
to the modulation of both anti-tumorigenic and pro-tumorigenic effects, depending in
part on oxygen levels in cancer cells. At the molecular level, GPER-mediated signaling
in CRC cells regulates endoplasmic reticulum and mitochondrial functions, the
metabolism of fatty acids and estrogens and the expression of genes directly involved
in cell proliferation and survival (summarized in Table 2). In conclusion, GPER
appears to be an important mediator of estrogenic actions in both neoplastic
transformation of the colon and tumor progression, effects that need to be considered
in the application and development of therapeutic strategies.
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Table 2 Processes modulated by G protein-coupled estrogen receptor and their importance in neoplastic transformation of the colon
Features of cancer cells

Process

Anti-tumorigenic

Pro-tumorigenic

Proliferation and tumor growth

Apoptosis

Yes

No

Cell cycle

Yes

No

DNA repair

No

Yes

Endoplasmic reticulum stress

Yes

No

Estrogen metabolism

No

Yes

Mitochondrial membrane
polarity

Yes

No

Oxygen level

Yes under normoxia

Yes under hypoxia

Fatty acid metabolism

No

Yes

Oxygen level

Yes under normoxia

Yes under hypoxia

Migration

Ref.
[73]
[73]
[64]
[73]
[90,91]
[73]

[64]
[107]
[64]
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Abstract
Gastric cancer remains the third leading cause of mortality from cancer
worldwide and carries a poor prognosis, due largely to late diagnosis. The
importance of the interaction between Helicobacter pylori (H. pylori) infection, the
main risk factor, and host-related genetic factors has been studied intensively in
recent years. The genetic predisposition for non-hereditary gastric cancer is
difficult to assess, as neither the real prevalence of premalignant gastric lesions in
various populations nor the environmental risk factors for cancer progression are
clearly defined. For non-cardiac intestinal-type cancer, identifying the factors that
modulate the progression from inflammation toward cancer is crucial in order to
develop preventive strategies. The role of cytokines and their gene variants has
been questioned in regard to non-self-limiting H. pylori gastritis and its evolution
to gastric atrophy and intestinal metaplasia; the literature now includes various
and non-conclusive results on this topic. The influence of the majority of cytokine
single nucleotide polymorphisms has been investigated for gastric cancer but not
for preneoplastic gastric lesions. Among the investigated gene variants
onlyIL10T-819C, IL-8-251, IL-18RAP917997, IL-22 rs1179251, IL1-B-511, IL1-B3954, IL4R-398 and IL1RN were identified as predictors for premalignant gastric
lesions risk. One of the most important limiting factors is the inhomogeneity of
the studies (e.g., the lack of data on concomitant H. pylori infection, methods used
to assess preneoplastic lesions, and source population). Testing the modifying
effect of H. pylori infection upon the relationship between cytokine gene variants
and premalignant gastric lesions, or even testing the interaction between H. pylori
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and cytokine gene variants in multivariable models adjusted for potential
covariates, could increase generalizability of results.
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Core tip: The role of cytokines and their gene variants has been questioned in relation to
Helicobacter pylori (H. pylori) gastritis and gastric cancer but only infrequently for
preneoplastic lesions. To date, only the single nucleotide polymorphisms IL-10T-819C,
IL-8-251, IL-18RAP917997, IL-22 rs1179251, IL1-B-511, IL1-B-3954, IL4R-398 and
IL1RN appear to be predictors for premalignant gastric lesion susceptibility. In order to
develop preventative strategies, further studies using multivariable models to test the
modifying effect of H. pylori infection on the relationship between cytokine gene
variants and premalignant lesions or to test the interaction between H. pylori and
cytokine gene variants should be considered.
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INTRODUCTION
Gastric cancer (GC) remains the third leading cause of mortality from cancer
worldwide[1], having the fifth highest incidence among cancers, despite the progress
made in understanding its physiopathology, early detection, and treatment.
Intestinal-type GC, the most frequent type of GC, is con-sidered nowadays a
consequence of the histopathologic cascade initialised by longstanding Helicobacter
pylori (H. pylori) infection and gastritis, glandular atrophy (GA), intestinal metaplasia
(IM), dysplasia, and cancer[2]. In the vast majority of cases, gastric atrophy, defined as
“loss of appropriate glandular units”, is the result of a nonselflimiting inflammatory
status[3]. The development of metaplasia (i.e. the transformation of gland structure to
resemble intestinal glands) is considered an “adaptive” process that occurs in
response to various endogenous or exogenous aggressors (e.g., pH changes,
hormones, chemicals, and microbiota), while the progression of metaplasia to
dysplasia may be viewed as an “oncogenic” phase[4,5]. The latest research results
suggest that the risk for GC should be considered a consequence of the complex
interplay between the aggressiveness of H. pylori strains, its genetic background, and
host response, as well as the effect of various other environmental factors (e.g., diet
habits, smoking, etc.)[6].
The poor prognosis of GC and recent advances in the assessment of genetic
predisposition emphasize the importance of early diagnosis and the possible role of
biomarkers in the surveillance of at-risk individuals [ 7 ] . H. pylori-associated
inflammation is considered the most important trigger of the cascade, and one of the
suggested pathways of progression to GC is represented by the variability of the host
inflammatory response against different strains of H. pylori[8]. Even though GC is a
heterogeneous molecular disease, a growing body of evidence supports the influence
of cytokine gene variants on the progression of H. pylori infection toward premalignant lesions[9].
The objective of the present review was to synthetize the current knowledge of the
relationship between certain single nucleotide polymorphisms (SNPs) of cytokines
and premalignant gastric lesion susceptibility by reviewing the relevant studies
published between 2005-2018.

EPIDEMIOLOGY OF PRENEOPLASTIC LESIONS AND GC
RISK
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It is accepted today that both host and H. pylori genetics influence susceptibility to the
development of chronic inflammation and to molecular and cellular events related to
carcinogenesis, but they depend strongly on context[10]. In a recent meta-analysis, the
pooled frequency of GC was 17.4% (95%CI: 16.4–18.5) in an H. pylori-infected
population but varied markedly across countries; the highest rate of GC was observed
in Asian H. pylori-infected individuals[11]. The differences between the prevalence of
infection and the burden of GC in an African population, for example, are attributable
to genetic modulation of the host response against infection, non-H. pylori gastric
microbiota, possibly to a lack of cag A pathogenicity, or simply to inadequate samples
or differences in life expectancy[6,12].
The prevalence of GA and IM worldwide is largely unknown [13] . In Western
populations, a 7% prevalence of IM has been found in patients who underwent upper
endoscopy in the United States[14]. In comparison, in a Romanian population of 300
consecutive patients investigated by endoscopy, the frequency of GA ± IM was
18.5%[15], comparable to a similar series of a Turkish endoscopic population (13.8%)[16].
Nevertheless, in a Japanese population for which endoscopy was performed for a
health check-up, the frequency of GA was 29%, while GA + IM was 16.9%[17]. In
certain subgroups of patients in whom endoscopy was performed for symptoms or
anaemia, the frequency of premalignant gastric lesions increased to 32% among
patients with previous gastric surgery for peptic ulcer [18] , or 44% in consecutive
patients treated with aspirin and proton pump inhibitors (PPIs) referred for digestive
symptoms or anaemia[19].
Long-term follow-up observational studies in Western populations have demonstrated an increasing risk for GC based on progression on the Correa cascade; the
standardised incidence ratios with gastritis at baseline are 1.8 (1.7 to 1.9), 2.8 (2.3 to
3.3) for GA and 3.4 (2.7 to 4.2) for IM[20]. A recent meta-analysis calculated an odds
ratio (OR)of 3.58 (95%CI: 2.71–4.73, in 4,535 GC patients from among 402,636
participants) for the risk of GC in patients with IM, without data about the follow-up
time[21]; yet, another failed to calculate a pooled OR due to the high heterogeneity of
the studies[22]. Based on a Swedish population cohort study, even familial GA, IM, and
dysplasia in first-degree relatives are associated with an increased risk for non-cardia
GC[23], emphasizing the role of genetic predisposition. Despite the proven role of H.
pylori eradication in decreasing the risk of cancer, certain histologic features, such as
severe atrophy, IM in the gastric corpus, or treatment with PPI can still predispose to
cancer development[24].

H. PYLORI GASTRITIS – PATHOLOGICAL ASSESSMENT
CHALLENGE
In the first stage of H. pylori infection, active chronic inflammation with gastric gland
preservation (non-atrophic gastritis) develops, which can lead to multifocal atrophic
gastritis and IM[25,26].
Histologically, non-atrophic gastritis is characterized by the infiltration of lamina
propria with chronic inflammatory cells (e.g., lymphocytes and plasma cells) and
acute inflammatory cells (e.g., polymorphonuclear neutrophils). A marked acute
inflammation can progress in the glandular epithelium, leading to the formation of
microabscesses, whereas a marked chronic inflammation in the lamina propria can be
accompanied by lymphoid aggregates with germinal centres [27,28] . In this stage,
changes may be reduced by H. pylori eradication, however, longstanding chronic
inflammation promotes the inhibition of gastric acid secretion viaproinflammatory
cytokines, ultimately influencing lesion progression[29].
Early H. pylori gastritis is typically antrum-predominant, with minimal involvement of the oxyntic mucosa. In some individuals, prolonged infection with H.
pylori determines the extension of inflammation towards the gastric body.
Hypochlorhydria, induced by the reduction of acid-producing mucosa, which can be
exaggerated with use of PPI, and the progression of the disease from the antral
mucosa promotes the proximal migration of the bacteria, facilitating the development
of corpus gastritis[30]. In this stage, the determination of H. pylori infection and the
assessment of extending lesions are highly dependent on the site, number and size of
gastric biopsies[31,32].
The staining used to visualize the bacteria as well as the pathologist's experience to
reduce false-positive or false-negative interpretations are also very important.
Histochemical non-silver-based stains (e.g., Giemsa stain or Diff-Quik) are less
expensive but have a blue background that makes it difficult to detect the bacteria.
Silver-based stains (e.g., El-Zimaty dual stain or triple stain, Leung stain) are more
sensitive, with the bacteria appearing larger, and provide a visible contrast with the
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background while having the additional benefits of intermediate cost and short
technical time (9–10 min). Silver-based stains also make it easier to identify low
numbers of bacteria, this being particularly useful in patients on PPI in whom bacteria
are smaller[33,34]. Immunohistochemistry represents the gold standard to confirm the
presence of H. pylori, reducing the false-positive rate and being more specific and
more sensitive than the silver-based stains[35,36]. Both polyclonal and monoclonal
antibodies are available, and an immunohistochemical staining can be performed
using an autostainer with a shorter technical time and less technical errors. The
coccoid shapes of the bacteria are also coloured and identified by this method, but
there are still cases interpreted as false-negative, especially when the number of
bacteria is very low.

GASTRIC ATROPHY, IM – HISTOLOGY DIAGNOSIS
CHALLENGE
Although it is the most important parameter in the progression to carcinoma, GA is
the most difficult stage to recognize during a routine microscopic examination[37-39].
GA, characterized by destruction of the atrophied glands and replacement with
fibrous tissue (non-metaplastic atrophy) or a different type of epithelium (metaplastic
atrophy), is considered the first step in the cascade of intestinal-type carcinoma[30,40]. A
special category is represented by atrophic lesions localized exclusively in the
corporeal region. These cases are considered autoimmune metaplastic atrophic
gastritis associated with pernicious anaemia, having an increased risk of developing
GC[41].
Several forms of metaplasia are described in the gastric mucosa, two of them with
implications in the pathogenesis of GC: Pseudopyloric metaplasia and IM, classified
as complete or incomplete [28] . Pseudopyloric metaplasia, also called spasmolytic
polypeptide-expressing metaplasia, is characterized by TFF1 and TFF2 spasmolytic
polypeptide expression and it is considered another pathway for the development of
gastric carcinoma[28,38,42].
Differential diagnosis between an oxyntic mucosa with pseudopyloric metaplasia
of an antral mucosa or mucosa from the transitional area can be a diagnostic
challenge, especially if the exact location of the biopsy is not known. This may be
facilitated by certain particularities, some identifiable both on haematoxylin-eosin
colouring and immunohistochemistry[43-45].
Histologically, the presence of sialomucin-secreting goblet cells, absorptive cells,
and Paneth cells on the foveolar or glandular epithelium is defined as complete IM or
small intestinal-type I metaplasia. Incomplete IM, also called enterocolic (or type
IIA/II) and colonic (or type IIB/III), is defined by the presence of neutral/acid
sialomucin-secreting goblet cells in type II as well as sulfomucin-secreting goblet cells
in addition to columnar non-absorptive cells[25,26]. The presence of IM type III increases
the risk of GC development six times compared to that for lesion-free individuals[46].
Differentiation is facilitated by histochemical stains, such as periodic acid Schiff,
alciane blue, and high iron diamine.
To assess the presence of metaplasia, besides the usual histochemical methods,
immunohistochemical determinations are also used. MUC1 and MUC5AC are
expressed in the superficial epithelium, and MUC6 is specific for the deep part of the
antral glands but is also expressed in the mucous neck cells of the oxyntic glands.
MUC2 is an intestinal epithelium-specific mucin, expressed in both columnar and
goblet cells of the metaplastic epithelium[47,48]. Thus, in IM there is a decrease in MUC1,
MUC5AC and MUC6 immunoexpression, with de novo expression of MUC2 [49,50] .
Unique and multivariate immunohistochemical studies have identified MUC6 as an
important marker for the malignant transformation of IM. This is positive in areas
with high-grade dysplasia and intramucosal GC, and frequently associated with
genetic alterations, especially microsatellite instability[51,52].
Runt-related transcription factor 3 (known as RUNX3) is a member of the RUNXs
family and plays an important role in normal developmental processes as well as in
the suppression of cell proliferation by tumour suppressor activity. On immunohistochemistry, RUNX3 expression is diminished or even absent in IM and GC due to
the hypermethylation of CpG islands[51,52].
A marker used in the staging of IM and the diagnosis of GC is TFF1. This trefoil
peptide is a key protein in the defence and regeneration of gastric mucosa after certain
conditions[51]. It is co-expressed with MUC5AC in foveolar cells in the gastric mucosa
and similarly expressed in GC, suggesting that decreased co-expression would play
an important role in gastric carcinogenesis[53,54].
The caudal-related homeobox transcription factor (known as CDX2, and re-
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presenting the suppressive gene involved in the development of colorectal cancer),
has been studied in various types of GC and preneoplastic gastric lesions, being
normally expressed by intestinal epithelial cells[55]. Under normal conditions, it is
predominantly found in the small and large intestine and is missing in the gastric
mucosa. Some studies have suggested that CDX2 immunoexpression decreases
progressively with IM and dysplasia[55] and can be considered a prognostic factor in
intestinal-type GC[50].
The chronic inflammatory changes in gastric mucosa related to H. pylori infection
through the various and complex molecular events, including production of
inflammatory mediators, create a “tumour microenvironment” that is thought to play
an important role in lesion progression[56,57]. The studies questioning the potential
effect of eradication therapies on regression of IM have generated discordant results,
but it is accepted today that eradication does not prevent lesion progression in all
patients, particularly in those with severe IM involving the corpus[58].

STAGING SYSTEMS
With the overwhelming frequency of H. pylori infection and related conditions in
some populations[12], the importance of clinicopathological individual risk assessment
for cancer is crucial. The gold standard for assessing the severity and distribution of
any predisposing and premalignant gastric lesions is high-definition endoscopy with
chromoendoscopy, which can guide biopsies for staging atrophic and metaplastic
changes[46]. The guidelines recommend the use of the grading and staging systems of
Operative Link for Gastritis Assessment (commonly referred to as OLGA) and
Operative Link on Gastric Intestinal Metaplasia Assessment (commonly referred to as
OLGIM), based on a standardized protocol of gastric biopsy sampling. Although
recommended, the protocols are difficult and laborious to use and their contribution
in improving the prognosis of patients with GC in real life should be assessed
further[37,58].
Extension of GA into the corpus mucosa and increased intragastric pH seem to
influence the efficacy of eradication therapy regimens; therefore, clinicians should be
aware of these aspects when eradication therapy is offered to patients with severe
scores, alongside timing of the histological follow-up[58]. The persistence of H. pylori
infection and the severity of gastritis is influenced by the host inflammatory response,
which itself is modulated by the host’s cytokine gene polymorphisms[9]. Current
evidence support that the types and amounts of cytokines made in response to H.
pylori infection have a significant impact on the risk of developing gastric cancer[59,60],
but there are not published researches correlating la level of cytokine with
OLGA/OLGIM score. The studies of cytokine SNPs in premalignant gastric lesion
susceptibility have revealed different results in various populations, with no clear
adjustment for the concomitant and/or persistent H. pylori infection, which could,
alongside with race and other environmental factors, explain the different findings.

ROLE OF CYTOKINES AND THEIR SNPs IN H. PYLORIRELATED CONDITIONS
Persistent infection with H. pylori is one of the triggers of chronic inflammation[61].
Inflammation is a key component of the tumour’s microenvironment, and it is
considered to represent the seventh hallmark of cancer[62]. Extensive studies have
unravelled the processes by which chronic inflammation predisposes to various types
of cancer[63,64] and determined that the state is responsible for approximately 25% of
cancer cases[65]. Chronic inflammation is associated with the generation and release of
various mediators, including proinflammatory and oncogenic ones. During inflammation, the released mediators that may predispose to tumourigenesis are
reactive nitrogen oxygen species, inflammatory cytokines [i.e. interleukins (ILs),
tumour necrosis factor-alpha (TNF-α), interferon (IFN), etc.], growth factors, and
chemokines[64].
An important role in inflammatory response regulation is attributed to the
cytokines. Cytokines are classified into two groups: Proinflammatory (IL-1β, IL-1α,
IL-6, IL-8, IL-12, IL-17, IL-18, TNF-α, IFN-γ, etc)[66] and anti-inflammatory (Il-4, IL-10,
IL-13, etc). Some of the cytokines have a dual role (e.g., IL-10, IL-22, and TGF-β1)[67].
Anti- and proinflammatory cytokines are involved in various cellular events, such as
the induction of expression of other cytokines, proliferation and differentiation of
cells, adhesion, angiogenesis, necrosis, and apoptosis, all these processes being
influenced by the presence of H. pylori infection[8,68]. The inflammation induced by H.
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pylori infection leads to an increased gastric endothelial cell turnover and the
deregulation of this inflammation, especially when it is associated with more virulent
strains of H. pylori[8].
Genetic polymorphisms, such as SNPs, has been described in cytokine genes, and
certain alleles of those genes are responsible for variations in cytokine expression and
plasma levels, and may influence immune response, being therefore associated with
susceptibility to cancer[69,70]. Furthermore, it was considered that cytokine SNPs may
play important roles in H. pylori pathogenicity[71]. According to El-Omar et al[72] and
Figueiredo et al[71], host genetic factors that influence cytokine SNPs may establish
why certain subjects infected with H. pylori develop gastric malignancies while others
do not. Therefore, cytokine SNPs are thought to be linked to individual susceptibility
to H. pylori infection and to the development of GC. Indeed, SNPs of ILs and their
receptors have been found to influence chronic inflammation and the risk of cancer
lesions[73].
H. pylori also stimulates the production of various ILs (IL-1β, IL-2, IL-10, IL-12), IFN
and TNF in the gastric immune response[8]. The IL factors IL-4 and IL-6, in particular,
are involved in inflammation processes and are considered to be responsible for
inflammatory cascade activation[74].

TNF-α
TNF-α levels may be influenced by SNPs. Most of the studied TNF-α SNPs are located
in the promoter region of the TNF-α gene, those being –308G>A (rs1800629),
–238G>A (rs361525), and –376G>A (rs1800750). In a study performed on a Slovenian
population, the presence of the variant genotype of TNFα –308G>A was not
associated with the risk of developing intestinal adenocarcinoma and atrophic
gastritis[75]. In a German study performed on 534 older adults with chronic atrophic
gastritis and 534 adult controls with non-chronic atrophic gastritis, the variant
genotype of TNFα –308G>A was not associated with an increased risk of chronic
atrophic gastritis (OR = 1.02, 95%CI: 0.77–1.34)[76]. In a meta-analysis of seven studies
performed by Peleteira et al[77], the TNFα -308 genotypes were not associated with
premalignant gastric lesions (AA vs GG: OR = 0.93, 95%CI: 0.35-2.43; I2 = 0.0%). In a
study using classification by country, Zhao et al[78] identified an association between
the TNF-α gene 308G>A SNP and the risk to developing GC in a Chinese population
(in the case of heterozygous AG genotype: OR = 1.57, 95%CI: 1.24–1.99, Pheterogeneity =
0.133, P = 0.000, and in the case of variant AA + AG genotype: OR = 1.61, 95%CI =
1.27–2.03, Pheterogeneity = 0.104, P = 0.000)[78].

IL-1
IL-1, a proinflammatory cytokine inhibiting the secretion of gastric acid, supports an
increase in the colonization of H. pylori which leads to a more severe gastritis[79], being
involved in the subsequent tumorigenesis and tumour progression[80,81]. IL-1 comprises
three related genes, namely IL-1A, IL-1B, and IL-1RN, which encode the IL-1α, IL-1β,
and IL-1 receptor antagonist (IL-1ra). IL-1ra (an anti-inflammatory cytokine) binds to
the corresponding receptor for IL-1 and controls its action. IL1β is involved in
initiating and amplifying the inflammation that manifests as a response to the H.
pylori infection, decreasing the secretion of gastric acid[72]. Regarding IL-1ra, it binds to
the IL-1β receptors; therefore, it may influence the effects of IL-1β[82].
The most studied SNPs for the IL1B gene in GC are −511C>T, −31T>C, and
+3954C>T. In 2000, the association between IL-1B −511C>T and IL-1B −31T>C
polymorphisms and the risk of developing GC was investigated by El-Omar et al[72],
who reported that the IL-1 gene polymorphisms are associated with a high risk of
both hypochlorhydria produced by H. pylori and GC. For the IL1B -511 (TT vs CC)
gene polymorphism, a meta-analysis of 13 studies did not find an association with
premalignant gastric lesions (OR = 1.34, 95%CI: 0.87-2.07, I2 = 65.7%), even though the
Peruvian study by Gehmert et al[83] found an increased risk for atrophic gastritis (OR =
5.60, 95%CI: > 2.02–15.51.6) associated with the IL-1B-511 C allele.
For the IL-1RN gene, an 86-bp variable number of tandem repeats was described at
the 2nd intron, and it was presumed that it may increase the risk of GC. In the metaanalysis by Peleteira et al[77], the IL1RN*22 genotype was associated with an increased
risk of gastric precancerous lesions (22 vs LL: OR = 2.27, 95%CI: 1.40-3.70; I2 = 26.4%)
when results from 12 studies were combined.
In two studies by Chiurillo et al[84,85], an association was found between GA and IL1B -511*T, -31*C, +3954*C and IL-1RN*2 polymorphisms but only in the presence of H.
pylori-cag strains. Caleman et al[86] suggested that the TT genotype of IL-1B –31T>C
represents a protective factor against infection with H. pylori in the Brazilian
population investigated. Regarding the IL-1B 3954C>T SNP, a positive association
was found between the mentioned polymorphism and susceptibility for IM in a
population from Costa Rica[87]. Similarly, no association between the IL-1B 3954C>T
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SNP and the risk of gastric lesions was found in Asians or Caucasians[88].

IL-2
IL-2 is an immunoregulatory cytokine produced by T cells, which induces the
proliferation and differentiation of natural killer cells and stimulates the production of
natural killer-derived cytokines, such as TNF-α and IFN-γ[89,90]. A recent study showed
that IL-2 polymorphisms, such as the presence of variant GG genotype for IL-2
–330T>G (rs2069762), are associated with an increased risk of GC among Brazilian
patients with H. pylori infection (OR = 6.43, 95%CI: 1.47–28.10, P = 0.044)[89]. Similar
findings were noticed for the IL-2 +114T>G (rs2069763) SNP[89]. Contrariwise, Shin et
al [90] showed that there was no relation between IL-2 SNPs and gastric ulcers,
duodenal ulcers, and GC in cases from South Korea. Haplotype analysis of IL-2
–330T>G and IL-2 114T>G revealed that presence of the IL-2 −330G/+114T haplotype
was significantly associated (P = 0.012) with a high risk of developing GC[89].
A meta-analysis that included 3,060 patients and 3,435 controls indicated that the
GG genotype of the IL-2 –330T>G SNP was significantly associated with cancer risk in
Asians (OR = 2.03, 95%CI: 1.40–2.95)[91]. When Zhao et al[91] then stratified the analysis
by cancer types, they found no association of IL-2 –330T>G SNP with GC. In contrast,
Liu et al[92] reported no association between IL-2 –330T>G and IL-2 114T>G and GC
risk.

IL-4
IL-4 is an important immunomodulatory cytokine that plays a major role in regulating
the differentiation and activation of lymphocytes. In addition, IL-4 inhibits the
secretion of proinflammatory cytokines to promote tumour cells, affecting IL-1, IL-6
and TNF-α in particular[93]. The IL-4 –590T (OR = 2.2, 95%CI: 1.1–4.4, P = 0.04) and IL-4
–33T (OR = 3.9, 95%CI: 1.7–8.9, P = 0.001) variant alleles were found to be more
frequent among intestinal-type GC cases and to be associated with intestinal-type GC
occurrence. A higher prevalence of IL-4 –590TT (OR = 6.7, 95%CI: 1.4–32.4, P = 0.01)
and IL-4 –33TT (OR = 2.2, 95%CI: 1.7–2.8, P = 0.002) genotypes was found in
intestinal-type GC patients[94]. Another study performed on 308 GC patients and 308
controls from South-Western China found the variant genotype of IL-4 590 C>T
(rs2243250) to not be associated with overall GC risk (OR = 0.89, 95%CI: 0.61–1.28 for
CT or CC vs TT)[95].
A small increase in susceptibility for GA was found in a Venezuelan study of 2033
subjects from a region with high prevalence of H. pylori infection conducted by Kato et
al[96], specifically for the homozygous allele (GG) of the 398 A/G polymorphism in the
IL-4R gene

IL-6
A previous study showed that IL-6 and IL-8 appear early during the inflammation
process. IL-6 is a multifunctional cytokine that functions both as an endocrine
regulator and as an inflammatory mediator. Moreover, IL-6 has a substantial role in
host defence mechanisms, serving as a messenger between the innate and adaptive
systems[97]. Some studies observed that presence of the IL6 -174G allele is associated
with a higher production of Il-6[98] compared to that detected in individuals with the
CC genotype. Another study revealed higher levels of IL-6 in the gastric mucosa in H.
pylori-positive patients compared to H. pylori-negative cases[99].
Recently, it was reported that the IL6 –174C allele (OR = 2.7, 95%CI: 1.5–4.8, P =
0.0006) and IL-6 –174CC genotype (OR = 3.8, 95%CI: 1.7–8.7, P = 0.002) showed higher
prevalence in diffuse-type GC, while the IL-6 –174CG genotype showed a higher
prevalence (95%CI: 2.7–20.3, OR = 7.3) in a series of Portuguese intestinal-type GC
cases[94]. The most recent published meta-analysis found that genetic polymorphisms
of the IL-6 promoter are not associated with increased risk for GC, despite their role in
susceptibility or prognosis of other cancers (e.g., breast, lung, etc)[100]. Other studies
have reported that there is no association between the IL-6 SNPs and gastritis or H.
pylori infection, but an association was observed between the IL-6 –174CG genotype
and adenocarcinoma, regardless of the histological type of the tumour in a study from
northern Brazil[101].

IL-8
IL-8 is considered to be one of the most important cytokines associated with both the
immune response and the inflammatory process against H. pylori; indeed, increased
IL-8 expression has been detected in patients with H. pylori infection and gastric
disorders[8]. In a Japanese study, the IL-8 −251 A/A genotype, which is associated
with higher expression of the IL-8 protein, found an increased susceptibility for
neutrophil infiltration in gastric mucosa and for GA (OR = 2.35, 95%CI: 1.12-4.94)
compared with the T/T genotype[102]. A high risk of developing severe chronic GA
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was found in Chinese cases with the IL-8 rs4073 AA homozygous genotype (OR =
2.62, 95%CI: 1.23–5.72) or for A allele carriers (OR = 1.81, 95%CI: 1.06–3.09). Similarly,
an increased risk of IM was found in patients with heterozygous AT for the IL-8
rs4073 genotype (OR = 2.27, 95%CI: 1.25–4.14) or A allele carriers (OR = 2.07, 95%CI:
1.16–3.69)[103]. The same study reported an interaction between A allele carriers for IL-8
rs4073 and H. pylori infection and the risk to develop severe chronic atrophic gastritis
(OR = 6.70, 95%CI: 1.29–9.78)[103].
In a Korean study-population, a significant positive association was found between
the IL8 –251T>A polymorphism and risk of GC (OR = 1.70, 95%CI: 1.11–2.60, P =
0.0155) and severe GA (OR = 2.03, 95%CI: 1.05–3.90, P = 0.035)[104]. The IL-8 –251T>A
SNP was found to be associated with increased IL-8 production (P = 0.0229)[104] and
the IL-8 –251 T>A variant genotype (AA or TA) was found to be associated with an
increased risk for non-cardia GC (adjusted OR = 2.58, 95%CI: 1.19–5.57) [95] . IL-8
–251T>A leads to an increased IL-8 production, which is more pronounced in
intestinal-type GC as the result of the changes in gastric mucosa over several years[105].
By multivariate analysis, it was revealed that patients carrying the AA genotype of the
IL-8 –251T>A SNP had a 2-fold increased risk for GC (OR = 2.02, 95%CI: 1.27–3.21)
compared with those carrying the wild-type genotype [105] . Another study that
included Caucasians from European countries showed that presence of the IL-8 –251A
allele was associated with a significantly decreased risk of non-cardia GC (OR = 0.57,
95%CI: 0.37–0.87, P = 0.01) in H. pylori cases[100]. Wang et al[73] observed no significant
correlation between IL-8 rs4073 and the risk of GC or chronic atrophic gastritis, IM
and dysplasia in a high-risk Chinese population.

IL-10
IL-10 is an anti-inflammatory cytokine that plays an important role in the
inflammatory response, inhibiting the synthesis of proinflammatory cytokines such as
IL-1β, IL-6, IL-12, and TNF-α, and down-regulating inflammation [64,76] ; it is also
considered to be involved in the immune response to H. pylori infection[76]. IL-10 may
influence both the susceptibility and development of cancer due to its immunosuppressive (tumour inhibition) and immunostimulating (tumour promotion)
functions. Recently, the role of IL-10 –1082A>G, –819C>T, and –592A>C SNPs in
susceptibility to GC were investigated in a Chinese population [106] . The authors
reported that the CC genotype of the IL-10 –819C>T (rs1800871) SNP was associated
with a decreased risk of atrophic gastritis and GC compared with the TT genotype.
The CC genotype carriers demonstrated a significantly increased risk of atrophic
gastritis compared with healthy subjects (OR = 1.79, 95%CI: 1.02–3.13, P = 0.043). The
same study revealed no significant relationship between IL-10 –1082A>G and
–592A>C polymorphisms and the risks of atrophic gastritis and GC. Furthermore, no
interaction was found between IL-10 and H. pylori[106].
In contrast, significant associations were observed between IL-10 –1082A>G[105], IL10 –592A>C[107] and GC risk only in cases with H. pylori infection. An elevated risk of
GC has been identified in patients who carried the variant genotype of these SNPs
and had H. pylori infection, indicating a synergistic effect for the combination of host
genotype and the infection[105,107]. Ramis et al[108] demonstrated that, among Brazilian
patients the IL-10 –819C/T genotype was not associated with either H. pylori infection
or gastric carcinoma risk. In an Irish population study, carriage of the variant alleles
IL-10-592, -819, and -1082were not associated with IM or gastritis [109] . In a large
epidemiological study, a significant association was found between the CC genotype
of the IL-10 –819C>T (rs1800871) SNP and the risk of chronic atrophic gastritis among
older adults from Germany (OR = 1.67, 95%CI: 1.01–2.76)[76].

IL-18
IL-18, a proinflammatory cytokine, plays an important role in chronic inflammation
and is linked with tumourigenesis. Myung et al[110] investigated the association of IL-18
SNPs rs187238 (–137G>C), rs360718 (113T>G), and rs360717 (127C>T) with the
susceptibility to H. pylori infection in a Korean population and the findings suggested
that they each play a role in H. pylori-associated diseases. Leung et al[111] showed that
IL-18607C>A and IL-18 137G>C were not associated with an increased risk of gastric
IM in individuals from the Shandong Province of China. The homozygous AA
genotype of IL-18RA rs917997 (IL-18 receptor accessory protein) may contribute to
individual susceptibility to GC (OR = 1.83, 95%CI: 1.14–2.92) or precancerous lesions
such as chronic atrophic gastritis (OR = 1.55, 95%CI: 1.07–2.24) in individuals from the
Linqu County of China[73].
IL-18 is also involved in cell-mediated immunity. Signalling of IL-18 requires an IL1R-related protein (subunit of the receptor for IL18), encoded by IL-18RAP[73]. This
protein enhances the IL-18-binding activity of the IL-18 receptor and plays a role in
IL-18 signalling. Further, IL-18RAP has been shown to play an important role in the
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IL-18 signalling pathway via production of IFN-γ[112].

IL-22
IL-22 is a member of the IL-10 cytokine family[113], its expression being reported in the
gastric tissues of H. pylori-infected patients and GC patients[114]. In a study by Wang et
al[17], elevated risks of atrophic gastritis (OR = 2.64, 95%CI: 1.89–3.69), IM (OR = 5.58,
95%CI: 3.86–8.05), and dysplasia (OR = 1.64, 95%CI: 1.18–2.26) were observed in
Chinese subjects who carried the IL-22 rs1179251 CC genotype.

IL-32
IL-32 is a cytokine involved in inflammation and cancer development, being induced
mainly by pathogens and proinflammatory cytokines and more prominent in immune
cells than in non-immune tissues[115]. In Chinese subjects, the risk for predisposing
lesions for GC was elevated in those with the IL-32 rs2015620 A allele (AA+AT) or the
IL-22 rs1179251 CC genotype and H. pylori infection, and significant interactions
between these two SNPs and H. pylori infection were found[17].

IFN-γ
IFN-γ is one of the main products of Th1-specific proinflammatory cytokines and
exerts several effects on host defence and immune regulation through its antiviral,
antimicrobial and antitumour activities. IFN-γ can inhibit angiogenesis and exert
direct antiproliferative and antimetabolic effects on a wide variety of tumour cells. In
a study that included 1,339 subjects from the North of Portugal, it has been
demonstrated that people under 40 years of age and who were TT homozygotes for
IFN-γR1 –56C>T had a 4-fold increased risk for developing early-onset GC (OR = 4.1,
95%CI: 1.6–10.6)[116].

RELEVANCE OF STUDIES QUESTIONING CYTOKINE GENE
VARIANTS AND PREMALIGNANT GASTRIC LESIONS
Extensive studies have aimed to correlate individual variations in inflammatory
response with GC, but none with premalignant lesions. This is largely due to the
inhomogeneity in study designs but is mostly due to the differences and the
difficulties regarding the histological assessment of premalignant lesions and H. pylori
infection[36]. To evaluate cytokine gene variants as univariate or multivariate predictors for premalignant gastric risk, we reviewed the mentioned scientific papers in
an analytical scheme. We synthetized the sources of the data, the studied populations
in whom clinical objectives were tested, the main outcomes, the potential confounding
factors or other important covariates, the statistical control for bias, and the statistical
methods used (Table 1).
In Table 2, we present the frequencies of the variant genotypes of the studied SNPs,
along with the significance of the results obtained in Table 1. For every listed SNP of
the cytokines, an association with GC was found in a specific population; whilst for
premalignant gastric lesions, less association was detected. From among all the gene
variants discussed above, only IL10T-819C, IL-8-251, IL-18RAP917997, IL-22
rs1179251, IL1-B-511, IL1-B-3954, IL4R-398 and IL1RN were predictors with age- and
sex-adjustment for risk of premalignant gastric lesions. The different worldwide
prevalence rates of infection and the risk of false-positive or false-negative results
depends on the diagnostic method used (histological, serological, coproantigen or
urea breath test)[12,36].
One of the most important limiting factors in the studies’ homogeneity is the lack of
diagnosis of concomitant H. pylori infection. The most recent research, like that of
Wang et al[73] and Liu et al[106], has tested the effect of certain cytokine gene variants on
the risk of premalignant gastric lesions, controlling for the presence of H. pylori
infection; a significant association was found but only for specific populations.
Logistic models with interaction terms should be considered for testing the effect of
cytokine variant genes on the risk of premalignant gastric lesions modified by H.
pylori infection. The Synergy Factor could be used to measure binary interaction
between cytokine genetic variants and H. pylori infection.

OTHER
Gastric cytokines are involved in the molecular events leading to proliferation,
survival, angiogenesis, invasion, and metastasis of gastric tumour cells[117]. Except for
cytokine gene variants, other molecular mechanisms have been questioned for
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Table 1 Statistical methods used in mentioned original research articles that analysed the relationship between cytokine gene variants
and premalignant gastric lesions
Confounding
factors/other
covariates

Control for
Statistical
confounding/cova
methods
riate effect

Age, sex, smoking
status, H. pylori

Stratification,
adjustment

χ2 test, multivariable
logistic model with
interaction term,
Synergy index

Gender

Adjustment

χ2 test, Multivariable
logistic model

German older adults TNF-α -308, IL10T- ChAG risk
(1068)
819C, IL10A-1082G,
IL1AC-889T, IL1B C511T, IL1RN 9589T,
IL8 T-251A

Age, gender

Adjustment

Multivariable
logistic model

Peruvian
Amerindian adults
(334)

IL-1B-511, IL-1RN

Age, gender, H.
pylori

Adjustment

χ2 test/Fisher’s exact
test, multivariable
logistic model

Venezuelan adults
(109)

IL-1B-31, IL-1B-511, ChAG risk
IL-1B+13954, IL-1RN
GI risk

H. pylori

Adjustment

χ2 test/Fisher’s exact
test, univariable
logistic model

Costa Rican adults
(223)

IL-1β-511, IL-1βAG risk
3954, IL-1RN intron
CoAG risk
2, IL-10 -1082, IL-10 IM risk
592

Sex, age, H. pylori

Adjustment

χ2 test/Fisher’s exact
test, multivariable
logistic model

Venezuelan adults
(2033)

IL4 –590, IL4R -3223, AG risk
IL4R -398, IL10
IM risk
–1082
DYS risk

Age, sex, H. pylori,
education,
environmental
factors

Adjustment

χ2 test/Fisher’s exact
test, multivariable
logistic model

Brazilian adults
(112)

IL-6

None

None

χ2 test/Fisher’s exact
test

Japanese adults (863) IL-8 -251, IL-1B -511, AG
IL-1RN
GC

Age, sex, H. pylori

Adjustment

χ2 test/Fisher’s exact
test, multivariable
logistic model

Chinese adults (372) IL-8-251

Age, gender

Stratification,
adjustment

χ2 test, multivariable
logistic model,
Synergy index

Age, sex, H. pylori

Stratification,
adjustment

χ2 test, multivariable
logistic model with
interaction term

Target population
Cytokine SNPs1
(sample size)

Ref.
[73]

Chinese adult
patients (1330)

[75]

Slovenian adults
(318)

[76]

[83]

[84]

IL-8-4073, IL18RAP917997, IL1Brs1143627, IL-1B
rs1143634, IL1Brs16944, IL4Rrs2057768, IL10rs1800896, IL22rs1179251, IL32rs2015620

Outcomes

ChAG risk
IM risk
DYS risk
GC risk

TNF-α -308, IL-1RN, ChAG risk
IL-1B -511
GC risk

ChAG risk
GCrisk

LI risk
[87]

[96]

[101]

[102]

[103]

ChG
GC

Severe ChAG risk
IM risk

[106]

[108]

[111]

Chinese adult
patients (556)

IL-10-1082, IL-10819, IL-10-592

AG risk

Brazilian adults
(227)

IL-6-174, IL-8-251,
IL-10-819

Gastritis, peptic
ulcer, GC

H. pylori infection

Stratification

χ2 test/Fisher’s exact
test

Chinese adults H.
pylori (302)

IL-1B-511

IM risk

Age

Adjustment

χ2 test/Fisher’s exact
test,
univariable/multiva
riable logistic model

GC risk

Only the original research articles containing analysis of cytokines’ genotypes (not haplotypes) were included.
1
Only the discussed cytokine SNPs of interest (and not all of SNPs mentioned in the above studies) are described. AG: Atrophic gastritis; CoAG: Corpus
atrophic gastritis; ChAG: Chronic atrophic gastritis (the term used in original research); ChG: Chronic gastritis; DYS: Dysplasia; GC: Gastric cancer; GI:
Granulocytic infiltration; IM: Intestinal metaplasia; LI: Lymphocytic infiltration; H. pylori: Helicobacter pylori.

potential relationship with the progression from inflammation toward GA and IM[118].
Current data support that infection with H. pylori carrying specific virulence factors
is associated with increased risk of neoplastic lesions[9]. Even that H. pylori often is
undetectable in gastric biopsies of patients with IM or GC, H. pylori and its genes were
detected inside metaplastic, dysplastic, and neoplastic epithelial cells, and cagA and
babA2 expression was co-localized[119]. The preneoplastic "acidic" MUC2 mucin was
detected only in the presence of H. pylori, and MUC2 expression was higher in
patients with IM, dysplasia, and cancer. The observations of Semino-Mora et al[119].
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Table 2 Frequencies of studied cytokine SNP genotypes and significance of relationships with premalignant gastric lesions in the
discussed scientific articles

Ref.

[73]

SNP1

Variant genotypes

Frequency (%) of variant
genotypes in
premalignant gastric
lesions vs control

IL-8-4073

TA

145 (48.5)/144 (48.6)

AA

53 (17.7)/50 (16.9)

TA

148 (49.5)/144 (48.6)

AA

50 (16.7)/50 (16.9)

TA

140 (46.4)/144 (48.6)

AA

48 (15.9)/50 (16.9)

AGa

130 (43.9)/166 (56.3)

GG

72 (24.3)/61 (20.7)

AG

167 (56.4)/166 (56.3)

GG

57 (19.3)/61 (20.7)

AG

151 (50.0)/166 (56.3)

GG

66 (21.8)/61 (20.7)

TC

152 (50.9)/144 (48.5)

CC

59 (19.7)/66 (22.2)

TC

148 (49.3)/144 (48.5)

CC

68 (22.7)/66 (22.2)

TC

158 (52.5)/144 (48.5)

CC

71 (23.6)/66 (22.2)

CT

15 (5.0)/21 (7.1)

TT

0 (0.0)/1 (0.3)

CT

14 (4.7)/21 (7.1)

TT

0 (0.0)/1 (0.3)

CT

13 (4.3)/21 (7.1)

TT

0 (0.0)/1 (0.3)

GA

153 (51.2)/143 (48.2)

AA

57 (19.0)/66 (22.2)

GA

147 (49.0)/143 (48.2)

AA

67 (22.3)/66 (22.2)

GA

156 (51.6)/143 (48.2)

AA

70 (23.2)/66 (22.2)

AG

140 (46.8)/150 (50.7)

GG

71 (23.8)/61 (20.6)

AG

129 (43.1)/150 (50.7)

GG

80 (26.8)/61 (20.6)

AG

154 (51.2)/150 (50.7)

GG

59 (19.6)/61 (20.6)

AG

61 (20.4)/53 (17.9)

GG

1 (0.3)/3 (1.0)

AG

53 (17.6)/53 (17.9)

GG

5 (1.7)/3 (1.0)

AG

52 (17.3)/53 (17.9)

GG

2 (0.7)/3 (1.0)

AT

135 (45.8)/133 (45.7)

TT

78 (26.4)/82 (28.2)

AT

144 (48.8)/133 (45.7)

TT

73 (24.8)/82 (28.2)

AT

151 (50.0)/133 (45.7)

TT

76 (25.2)/82 (28.2)

CGa

82 (27.4)/143 (48.1)

IL-18RAP917997

IL-1Brs1143627

IL-1Brs1143634

IL-1Brs16944

IL-4Rrs2057768

IL-10rs1800896

IL-32rs2015620

IL-22rs1179251
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Premalignant gastric
lesions

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility

IM susceptibility

DYS susceptibility

ChAG susceptibility
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GGa

20 (6.7)/29 (9.8)

a

[75]

TNF-α -308

IL-1B -511

IL-1RN
[76]

TNF-α -308

IL10T-819C

IL10 A-1082G

IL1A C-889T

IL1B C-511T

IL1RN

IL8T-251A
[83]

IL-1B-511

CG

47 (15.7)/143 (48.1)

GGa

12 (4.0)/29 (9.8)

CG

111 (36.7)/143 (48.1)

GG

28 (9.3)/29 (9.8)

GA

15 (29.4)/22 (20.4)

AA

0 (0)/3 (2.8)

CT

18 (35.3)/53 (49.1)

TT

3 (5.9)/13 (12.0)

L/2

15 (29.4)/32 (29.6)

2/2

2 (3.9)/13 (12.0)

GA

125 (23.4)/129 (24.2)

AA

13 (2.4)/8 (1.5)

TC

200 (37.5)/199 (37.3)

CCa

44 (8.2)/28 (5.2)

AG

246 (46.1)/262 (49.1)

GG

109 (20.4)/116 (21.7)

CT

213 (39.9)/203 (38.0)

TT

37 (6.9)/43 (8.1)

CT

205 (38.4)/230 (43.1)

TT

59 (11.0)/52 (9.7)

AT

212 (39.7)/219 (41.0)

TT

39 (7.3)/35 (6.6)

TA

273 (51.1)/254 (47.6)

AA

100 (18.7)/114 (21.3)

CTa

21 (48.8)/28 (32.6)

a

[87]

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG susceptibility

ChAG risk

7 (16.3)/3 (3.5)

2/L

21 (50.0)/46 (53.5)

2/2

8 (19.0)/10 (11.6)

IL-1B 31C

CC+CT

70 (84.3)/21 (80.8)

ChAG risk

IL-1B 31C

CC+CT

18 (100)/73 (80.2)

moderate/severe GI risk

IL-1B 31C

CC+CT

22 (91.7)/69 (81.2)

moderate/severe LI risk

IL-1B 511T

TT+CT

71 (85.5)/20 (76.9)

ChAG risk

IL-1B 511T

TT+CT

18 (100)/73 (80.2)

Moderate/severe GI risk

IL-1B 511T

TT+CT

22 (91.7)/69 (81.2)

Moderate/severe LI risk

IL-1RN*2

*1/* 2+*2/* 2

40 (48.2)/10 (38.5)

ChAG risk

IL-1RN*2

*1/* 2+*2/* 2

7 (38.9)/43 (51.8)

Moderate/severe GI risk

IL-1RN*2

*1/* 2+*2/* 2

12 (50.0)/38 (44.7)

Moderate/severe LI risk

IL-1β-511

TT

16 (27.6)/26 (15.8)

AG risk

TC

30 (51.7)/88 (53.3)

TT

8 (25.8)/34 (17.7)

TC

16 (51.6)/102 (53.1)

TT

8 (34.8)/34 (15.2)

TC

12 (52.2)/106 (47.5)

TT

1 (1.7)/2 (1.2)

TC

33 (56.9)/77 (46.7)

TT

0 (0.0)/3 (1.6)

TC

19 (61.3)/91 (47.4)

TTa

0 (0.0)/3 (1.3)

TCa

18 (78.2)/92 (41.2)

2/2

13 (22.4)/20 (12.1)

2/L

18 (31.0)/49 (29.7)

2/2

9 (29.0)/24 (12.5)

2/L

8 (25.8)/59 (30.7)

2/2a

8 (34.8)/25 (11.2)

2/L

5 (21.7)/62 (27.8)

IL-1β+3954

IL-1RN intron2
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IL-10 -1082

IL-10 -592

[96]

IL4–590

IL4–590

IL4–590

IL4R–3223

IL4R–3223

IL4R–3223

IL4R-398

IL10–1082

[101]

IL-6

[102]

IL-8 -251

IL-1B -511

IL-1RN
[103]

IL-8-251

[106]

IL-10-1082

IL-10-819

IL-10-592
[108]

IL-6-174
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AA

35 (60.3)/81 (49.1)

GA

17 (29.3)/56 (33.9)

AA

17 (54.8)/99 (51.6)

GA

10 (32.3)/63 (32.8)

AA

12 (52.2)/104 (46/6)

GA

10 (43.5)/63 (28.3)

AA

8 (13.8)/12 (7.3)

CA

19 (32.8)/58 (35.1)

AA

4 (12.9)/16 (8.3)

CA

10 (32.3)/67 (34.9)

AA

4 (17.4)/16 (7.2)

CA

8 (34.8)/69 (30.9)

CT

111 (38.4)/414 (38.2)

CC

134 (46.3)/506 (46.7)

CT

197 (36.2)/414 (38.2)

CC

264 (48.6)/506 (46.7)

CT

48 (40.7)/414 (38.2)

CC

51 (43.2)/506 (46.7)

CT

96 (33.2)/362 (33.4)

CC

22 (7.6)/74 (6.8)

CT

175 (32.2)/362 (33.4)

CC

36 (6.6)/74 (6.8)

CT

42 (35.6)/362 (33.4)

CC

6 (5.1)/74 (6.8)

AG

128 (44.3)/488 (45.1)

GGa

71 (24.6)/201 (18.6)

AG

243 (44.8)/488 (45.1)

GG

106 (19.5)/201 (18.6)

AG

49 (41.5)/488 (45.1)

GG

26 (22.0)/201 (18.6)

AG

102 (35.3)/406 (37.5)

AA

142 (49.1)/508 (46.9)

AG

201 (37.0)/406 (37.5)

AA

274 (50.5)/508 (46.9)

AGa

51 (43.2)/406 (37.5)

AAa

60 (50.8)/508 (46.9)

GC

26 (46%)/27 (48%)

CC

5 (9%)/6 (11%)

AAa

26 (12.1%)/22 (8.7%)

AT

99 (46.0%)/105 (41.7%)

TT

46 (21.4%)/49 (19.6%)

CT

104 (48.4%)/133 (53.2%)

2/2

0 (40%)/2 (0.8%)

2/L

17 (8.2%)/21 (8.8%)

TA

70 (52.2)/64 (46.7)

AAa

25 (18.7)/14 (10.2)

TAa

65 (64.4)/64 (46.7)

AA

11 (10.9)/14 (10.2)

AG

15 (12.9)/18 (7.8)

GG

0 (0)/1 (0.4)

CT

47 (40.5)/104 (44.8)

CC

28 (24.1)/36 (15.5)

AC

46 (39.7)/96 (41.4)

CC

31 (26.7)/52 (22.4)

GC

47 (35.9)/13 (34.2)

CC

14 (10.7)/2 (5.3)
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AG risk

CoAG risk

IM risk

AG risk

CoAG risk

IM risk

AG risk

IM risk

DYS risk

AG risk

IM risk

DYS risk

AG risk

IM risk

DYS risk

AG risk

IM risk

DYS risk

ChG9

AG risk

AG risk

AG risk

Severe ChAG risk

IM susceptibility

AG susceptibility

AG susceptibility

AG susceptibility
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IL-8-251

IL-10-819

IL-6-174

IL-8-251

IL-10-819

[111]

IL-1B-511

TA

67 (51.1)/20 (52.6)

AA

29 (22.1)/7 (18.4)

CT

55 (41.9)/21 (55.3)

TT

10 (7.6)/6 (15.8)

GC

22 (44.9)/13 (34.2)

CC

3 (6.1)/2 (5.3)

TA

27 (55.1)/20 (52.6)

AA

15 (30.6)/7 (18.4)

CT

21 (42.9)/21 (55.3)

TT

5 (10.2)/6 (15.8)

TT

5 (10.2)/6 (15.8)

CT

67 (54.5)/88 (49.2)

TT

34 (27.6)/40 (22.3)

Gastritis

Gastritis

Peptic ulcer

Peptic ulcer

IM susceptibility

1

Only the cytokine SNPs of interest (mentioned in the above studies) are described; relative frequencies (%) are described in relation to the size of each of
the two groups (cases and control group);
a
P < 0.05. AG: Atrophic gastritis; CoAG: Corpus atrophic gastritis; ChAG: Chronic atrophic gastritis (the term used in original research); ChG: Chronic
gastritis; DYS: Dysplasia; GC: Gastric cancer; GI: Granulocytic infiltration; IM: Intestinal metaplasia; LI: Lymphocytic infiltration.

support the hypothesis that the persistent intracellular expression of H. pylori
virulence genes, mainly cagA associated with aberrant expression of the MUC2 gene,
play an important role in gastric carcinogenesis process[119].
An important study of Houghton et al[120] demonstrated that epithelial cancers
emerge from the transformation of tissue stem cells and inflammation that favours the
development of neoplasia has been linked to bone marrow–derived cells (BMDCs).
Therefore, it was hypothesised that BMDCs, that are recruited toe the location of
inflammation may represent a possible source of neoplasia. The same mouse model
study[120] reveal that chronic infection of C57BL/6 mice with H. pylori may lead to the
repopulation of the stomach with BMDCs. The findings of Houghton et al[120] indicate
that epithelial malignancies can arise from BMDCs and therefore it have an important
role in the multistep cancer progression. It was showed that several cytokines are
critical for recruitment of BMDCs[120]. Considerable other data indicates that gastric
cancer, and most of the cancers, may arise from aberrant stem cells that accumulate
gene mutations[121].
A study of gene polymorphisms involved in oxidative stress (of CAT, MnSOD and
GPX1 genes) in relation to premalignant gastric lesions demonstrated contradictory
results in different populations[122-124], despite the accepted role of oxidative stress as a
consequence of H. pylori being a contributing factor in gastric carcinogenesis[118]. The
gene variants of glutathione S-transferases (GSTs) involved in the metabolism of
carcinogens, drugs, and reactive oxygen species were shown to be involved in GC
predisposition, but with discordant results[125]. The GSTM1 and GSTT1 null genotypes
seemed to increase the risk for premalignant lesions in a Caucasian population[126] but
were not associated with GC in an Asian population in a study carried out by Chen et
al[125]. The GSTP1Val allele seemed to reduce the risk of gastric premalignant lesions in
Caucasians[126] but increased the risk for cancer in Asians[125]. The renin-angiotensin
system component in the gastric mucosa seems to mediate inflammation and
fibrosis [127] , and the variant homozygous CC genotype of the AGT A-20C gene
polymorphism was shown to increase the risk for peptic ulcer bleeding in Japanese
aspirin consumers[128]. In a Romanian study, the frequency of premalignant gastric
lesions decreased with increased AGT production according to genotype (AA 37.7% <
AC 25.3% < CC 16.7%) but increased the risk of ulcer in carriers of the variant
homozygous CC genotype[129].
Despite the lack of functional evaluation of all gene variants harbouring a risk for
preneoplastic and neoplastic gastric lesions, the current research has increased our
knowledge regarding GC, but while generating confusing results frequently. Our
work summarized herein aimed to highlight the importance of research in
populations with different prevalence rates of H. pylori infection and strains, with
different genetic backgrounds and environmental exposures, linking inflammatory
mechanisms with the neoplastic transformation of the gastric mucosa.

CONCLUSION
Even though the role of extension, localisation, or phenotype of premalignant lesions
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on GC risk is still a matter of debate, risk stratification and surveillance are nowadays
unanimously accepted in order to decrease the burden of mortality[130,131]. At the same
time, there are significant differences in the risk of progression to cancer in various
populations. The endoscopic and histologic surveillance of premalignant gastric
lesions should be continually evaluated, as recent research supports the importance of
genetic events (e.g., genetic instability, DNA damage, abnormal methylation, etc),
rather than a direct transition from metaplasia to cancer[130]. The changes in acid
secretion, pH, or gastric microbiota induced by gastric atrophy seem to be more
important than the presence of histologic lesions[37].
Among all the gene variants studied for GC risk, only IL10T-819C, IL-8-251, IL18RAP917997, IL-22 rs1179251, IL1-B-511, IL1-B-3954, IL4R-398 and IL1RN were
predictors for premalignant gastric lesion occurrence. Further studies should question
the role of cytokine polymorphisms in both premalignant lesions and GC risk, in
order to clarify the mechanisms that link inflammatory response with gastric
carcinogenesis. Larger studies in different populations assessing gene-gene and geneenvironment interactions can also facilitate improvements in prevention and
treatment strategies.
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The introduction of biologics such as anti-tumor necrosis factor (TNF)
monoclonal antibodies followed by anti-integrins has dramatically changed the
therapeutic paradigm of inflammatory bowel diseases (IBD). Furthermore, a
newly developed anti-p40 subunit of interleukin (IL)-12 and IL-23 (ustekinumab)
has been recently approved in the United States for patients with moderate to
severe Crohn’s disease who have failed treatment with anti-TNFs. However,
these immunosuppressive therapeutics which focus on anti-inflammatory
mechanisms or immune cells still fail to achieve long-term remission in a
significant percentage of patients. This strongly underlines the need to identify
novel treatment targets beyond immune suppression to treat IBD. Recent studies
have revealed the critical role of intestinal epithelial cells (IECs) in the
pathogenesis of IBD. Physical, biochemical and immunologic driven barrier
dysfunctions of epithelial cells contribute to the development of IBD. In addition,
the recent establishment of adult stem cell-derived intestinal enteroid/organoid
culture technology has allowed an exciting opportunity to study human IECs
comprising all normal epithelial cells. This long-term epithelial culture model can
be generated from endoscopic biopsies or surgical resections and recapitulates
the tissue of origin, representing a promising platform for novel drug discovery
in IBD. This review describes the advantages of intestinal enteroids/organoids as
a research tool for intestinal diseases, introduces studies with these models in
IBD, and gives a description of the current status of therapeutic approaches in
IBD. Finally, we provide an overview of the current endeavors to identify a novel
drug target for IBD therapy based on studies with human enteroids/organoids
and describe the challenges in using enteroids/organoids as an IBD model.
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Core tip: Although intestinal epithelial cells are regarded as crucial regulators of barrier
function in the pathogenesis of inflammatory bowel diseases (IBD), the development of
novel IBD drugs targeting intestinal barrier dysfunction has been hampered by the lack
of long-term human intestinal epithelial cultures. Novel intestinal enteroids/organoids
derived from adult intestinal stem cells, are expected to play an important role in
developing novel drugs for diverse intestinal diseases. The main purpose of this review
is to provide the current status of therapeutic approaches in IBD and to highlight the
potential to use human enteroids/organoids as a platform to develop novel drugs for IBD.
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INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic relapsing-remitting disorders with
unknown etiology comprising Crohn’s disease (CD) and ulcerative colitis (UC). IBD
has been thought to result from a dysregulated, inappropriate immune response to
commensal microbes in a genetically susceptible host with environmental factors
(dietary factors, smoking, drugs, etc.) contributing to the disease risk[1,2].
Over the last decades, anti-tumor necrosis factor (TNF) monoclonal antibodies as
well as long relied upon conventional therapies (5-Aminosalicylates, corticosteroids,
immunosuppressive agents) have been used to induce remission by targeting immune
cells or inflammatory mechanisms. Recently developed biologics (anti-integrins, antip40 subunit of IL-12 and IL-23) also act through immunomodulation. These agents
have dramatically contributed to increase the rate of clinical remission. Despite
advances of biologics, currently, one-third of patients with CD and one sixth of
patients with UC require surgery within 5 years after diagnosis[3-8]. This suggests that
current anti-inflammatory or immune suppressive strategy is not enough to overcome
the heterogeneous, multifactorial IBD. Therefore, new therapeutic strategy targeting
other types of cells or mechanisms are needed.
Growing evidence suggests that intestinal epithelial cell (IEC) dysfunction plays a
major role in the pathogenesis and perpetuation of IBD[1,9]. Several genetic alterations
of IBD are associated with epithelial functions including integrity maintenance
(PTPN2, CDH1, PTGER4), secretory defense (XBP1, ATG16L1), and bacterial sensing
(CARD15)[9-12]. Mucosal healing achieved by regeneration of IECs is associated with
more favorable prognoses in IBD such as decreased relapse, low risk of admission and
surgery, and long-term clinical remission [1,9,13] . Several studies have shown that
intestinal epithelium of IBD can harbor persistent alterations in gene expression or
DNA methylation despite complete endoscopic and histologic remission, which could
contribute to disease relapse or perpetuation [9,14-17] . However, no drugs directly
targeting changes in IECs in IBD have been developed. This might be attributed to the
inability to maintain long-term primary IEC cultures as well as to the previous drug
development based on immortalized cell lines or animal models which are
mechanistically different from human IBD[18-20].
Recently, remarkable progress has been made in long-term primary IEC cultures
called human intestinal enteroids (small intestine) and colonoids (colon)/organoids
which develop from human adult intestinal stem cells (ISCs)[21-23]. Ex vivo human
enteroid/organoid cultures have diverse advantages over traditional animal models
and cell lines in context of recapitulating human in vivo physiology, even after many
generations, apparently with limited genetic or physiologic alterations [ 2 4 ] .
Additionally, intestinal enteroids/organoids can be easily established from
endoscopic biopsies in IBD patients and maintain the location or some disease specific
features[14,25-28]. Therefore, the intestinal enteroid/organoid culture system represents a
promising tool for IBD modeling and drug development focusing on IEC dysfunction.
However, the current limitation of this model is that it is not yet known if this model
maintains the inflammatory phenotype and epigenetic stem cell modifications that
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occur in the IBDs.

INTESTINAL ENTEROIDS/ORGANOIDS DERIVED FROM
ADULT ISCS
Human “mini-intestines” are derived either from adult ISCs (enteroids/
organoids)[23,29] or from induced pluripotent stem cells (iPSCs)(organoids)[30]. The
iPSCs-derived intestinal organoids contain both epithelium and mesenchyme
including myofibroblasts, smooth muscle cells[29-31] but have limitations of requiring
meticulous maintenance and initially mimicking fetal tissue. In contrast, the adult
ISCs-derived intestinal enteroids/organoids can be easily established from human
tissue (intestinal crypts), making it a tool more accessible to general researchers[29].
Thus, this review specifically focuses on intestinal enteroids/organoids derived from
an adult ISC origin.
Intestinal enteroids/organoids can be generated from single Lgr5+ (Leucine-rich
repeat-containing G protein-coupled receptor 5) ISC plus Paneth cells or from
intestinal crypts containing ISCs[21-23]. Intestinal crypts can be isolated from surgical
resections or endoscopic biopsies, embedded in Matrigel (an extracellular matrixcontaining substance), and cultured as three-dimensional (3D) spheroids in several
growth factors (Wnt3A, R-spondin, Noggin, and EGF) enriched media [32] . After
withdrawal of critical growth factors, intestinal enteroids/organoids differentiate to
mimic IECs in villi composed of mature enterocytes, enteroendocrine cells, goblet
cells, and tuft cells while ISCs and transit-amplifying cells are lost[32].

THE ADVANTAGES OF INTESTINAL
ENTEROIDS/ORGANOIDS AS A RESEARCH TOOL FOR
INTESTINAL DISEASES
Intestinal enteroid/organoid culture system can overcome the limitations of
immortalized epithelial cell lines, human fetal intestinal organ cultures, and animal
models. In contrast to cell lines which are genetically transformed and thus represent
altered genotypes and phenotypes significantly different from those of primary
cells[19], the intestinal enteroid/organoid culture is a primary culture system which
maintains in vivo characteristics of human intestinal epithelium even after many
passages[21]. Furthermore, the current human cancer derived intestinal epithelial cell
lines, as normally grown, consist of a single cell type (e.g., Caco-2, HT29: enterocyte[33,34]) and thus fail to recapitulate the diversity of cell types in the normal
intestinal epithelium. In contrast, intestinal enteroids/organoids can give rise to all
the types of epithelial cells in crypt or villus structure (ISCs, Paneth cells, transit
amplifying cells, enteroendocrine cells, goblet cells, enterocytes, tuft cells, and
microfold cells)[21,35-37]. Thus, intestinal enteroids/organoids can more closely reflect
normal physiology or disease pathogenesis of intestinal epithelium where each single
type of IECs interact with other types of IECs by paracrine and autocrine
mechanisms[38].
Human fetal intestinal organ culture, which is prepared from intestinal tissue
obtained from therapeutic abortions, has been used to study the fetal intestinal
immune response to luminal microbes [39] and the pathogenesis of necrotizing
enterocolitis [40] and celiac disease [41] . Human fetal intestinal organ culture has a
strength of providing multiple cell types and sequential differentiation which are not
preserved in intestinal enteroid/organoid cultures. However, in comparison to
enteroids/organoids, intestinal human fetal intestinal organ culture has several
weaknesses. These include the application of high throughput drug screening,
difficulty in obtaining fetal tissue, short viability (up to 48 h), limitation in delivery of
exogenous stimuli and real-time monitoring due to the thickness of the intestinal
tissue[42].
In the drug development process, animal models have provided a wide range of
systemic response, however, these models are resource-intensive (cost, time, labor)
and low-throughput[43]. More importantly, the mechanistic differences between animal
models and human diseases might be one of the critical factors contributing to drug
failure in clinical trials[38]. Meanwhile, intestinal enteroids/organoids-based drug
screening can be high throughput by an in vitro culture system, mechanistically
similar to human diseases, and thus potentially more precisely predicting drug
response in humans. In particular, growing enteroids as polarized monolayers instead
of spheroids allows direct apical and basolateral access by pathogens and oral drugs,
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and subsequently enables the effective study of ion transport and secretory functions.
A recent study demonstrated the successful use of enteroid monolayers in drug
discovery by miniaturizing mouse colonoid monolayer cultures to 96-well plates, and
conducting a phenotypic screen of approximately 2000 drug candidates[44]. We have
adopted the following approach for development of anti-diarrheal drugs.
Identification of drug targets includes studies in diarrheal models in human enteroid
monolayers. Initial drug candidates are screened early for toxicity in human enteroids
with further development curtailed if human intestinal toxicity is identified. Once
pharmacokinetic approaches are carried out in mouse intestine and human colon
cancer cell lines, human enteroids are studied to determine IC50 and if similar it is
considered that the specific drug can be further developed. This approach was used
with the CFTR inhibitor BPO-27 which is now under development by pharma for
phase I and II studies[45].
Human enteroids are amenable to lipofectamine-, low voltage electroporation-, and
viral-based genetic manipulation including knock down, knock-out, knock-in, or
overexpression[38]. The CRISPR/Cas9 system was also used to edit the genome of
intestinal enteroids derived from cystic fibrosis patients and repaired the cystic
fibrosis transmembrane conductance regulator (CFTR) function[46].
The indefinitely propagating intestinal enteroid/organoid cultures can be very
useful to investigate long-term pathogenesis of intestinal diseases such as chronic
inflammation, fibrosis and colitis associated cancer (CAC)[47,48]. In contrast to iPSCsderived intestinal organoids which can acquire genetic and epigenetic variations
during culturing [49] or isolated primary IECs which rapidly enter into anoikis
(detachment induced apoptosis), ISCs-derived intestinal enteroids/organoids appear
to be genetically, epigenetically, and phenotypically stable during long-term
culture[9,21,46,50], although more detailed characterization is needed.
Intestinal enteroids/organoids faithfully retain the physiological and pathological
features from intestinal segment of origin[25,27]. Previous studies showed that intestinal
enteroids/organoids retain the tissue specific (region-specific, age-specific, and
disease-specific) transcriptional and epigenetic profiles which might be programmed
within ISCs. The long-term cultures of both human and mouse intestinal
enteroids/organoids demonstrated that region-specific gene expression
(duodenum/jejunum/ileum) is intrinsically imprinted in ISCs, for example, Gata4 in
duodenum and jejunum suppresses expression of ileal genes, and that their
differentiation fate is independent of region-specific extracellular signals[25]. Another
study identified gut-segment specific DNA methylation patterns in human intestinal
enteroids/organoids derived from small and large bowel[26]. The DNA methylation
patterns were cellular environment-independent and retained in intestinal
enteroids/organoids over long-term culture. Interestingly, fetal gut-derived intestinal
enteroids/organoids showed marked dynamic changes of DNA methylation and gene
expression indicating in vitro maturation. This result suggests that intestinal
enteroids/organoids can retain age or development-specific signatures in ISCs[26].
Compared with non-IBD subjects, intestinal enteroids/organoids generated from UC
patients showed different gene expression profiles (genes associated with
antimicrobial defense, secretory and absorptive functions) which are possibly due to
permanent changes in ISCs [14] . Moreover, ISCs derived from active CD patients
revealed a distinct gene expression pattern of ISC markers (LGR5 and SMOC2)[27]. In a
recent study, Howell et al. identified that IECs from children with CD or UC showed
specific changes in DNA methylation and transcription which were stable over time
and were partly retained in intestinal enteroid/organoid cultures[28]. Table 1 compares
the transcriptional or epigenetic features of intestinal enteroids/organoids derived
from each intestinal segment or from normal or diseased intestine.

EPITHELIAL BARRIER DYSFUNCTIONS: A PRESSING NEED
FOR INTESTINAL ENTEROIDS/ORGANOIDS-BASED IBD
RESEARCH
IBD is known to develop from an uncontrolled host immune response to commensal
bacteria, with genetic susceptibility and environmental factors [2] . In addition,
emerging evidence has revealed the role of IECs as regulators of mucosal immune
homeostasis and highlighted the importance of the epithelial barrier function in
pathophysiology of IBD, further supporting a pressing need for intestinal
enteroids/organoids-based IBD research[1,51]. Intestinal epithelium apically contacts
with luminal microbial flora and environmental factors, and basolaterally interacts
with lamina propria immune cells. Moreover, several susceptibility genes of IBD are
associated with epithelial innate immune functions and barrier functions[2,12]. Thus,
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Table 1 Enteroids/organoids retain the tissue specific transcriptional and epigenetic profiles
Enteroidsderived
from
Region-specific

Region- specific

Region-specific

Disease-specific

Transcriptional /
epigenetic

Culture period /
passage number
of enteroids

Human / mouse

Increased mRNA

12 weeks

Mouse

Increased mRNA

Not mentioned

Human fetus

3 months / 11
passages

Human children and
adults

Ref.
[25]

Duodenum

Gata4, Cybrd1,
Slc40a1

Jejunum

Gata4, Lct

Ileum

Slc10a2, Ostb

Small bowel

CHGA, ATOH1

Large bowel

LGR5, MYC

Terminal ileum

SLC5A1, CLDN15

Increased mRNA

SATB2AS1

Increased
methylation

CFTR, SATB2

Increased mRNA

IL6R, CLDN15

Increased
methylation

Normal rectum

GATA2

3-5 passages

Human children

Gastric heterotopia
in rectum

SATB2AS1

Increased
methylation

Colon of non-IBD
patients

PLA2G2A, ZG16,
CLCA1, AQP8,
MUC12

Increased mRNA

1 passage

Human

mRNA expression

Not mentioned

Human

Increased
methylation

Not mentioned

Human children:
Terminal ileum,
sigmoid colon

Sigmoid colon

Disease-specific

Distinct genes

[172]

[26]

[26]

[14]

Colon of UC patients LYZ,
ANXA10CLDN18
Disease-specific

Sigmoid colon of
non-IBD patients

LYZ (low)

[14]

Sigmoid colon of CD LYZ (High)
patients
Disease-specific

Healthy control

GREB1, TMEM173

CD patients

PDE1B

[28]

Gata4: GATA binding protein 4, transcription factor specific to duodenum and jejunum; Cybrd1: Cytochrome b reductase 1 specific for iron uptake; Slc40a1:
Solute carrier family 40 member 1, Fe2+ transporter ferroportin for iron uptake; Lct: Lactase-phlorizin hydrolase for dissacharide digestion; Slc10a2: Solute
carrier family 10 member 2, apical sodium-dependent bile acid transporter; Ostb: Organic solute transporter beta for bile acid uptake; CHGA:
Chromogranin A, a marker of enteroendocrine cells; ATOH1: Atonal BHLH Transcription Factor 1, key regulator of the Notch pathway; LGR5: Leucine rich
repeat containing G protein-coupled receptor 5; MYC: MYC Proto-Oncogene, BHLH Transcription Factor; SLC5A1: Solute carrier family 5 member 1;
CLDN15: Claudin 15; SATB2AS1: Special AT-rich sequence-binding protein 2 antisense 1; CFTR: Cystic fibrosis transmembrane conductance regulator;
SATB2: Special AT-rich sequence-binding protein 2; IL6R: Interleukin-6 receptor; GATA2: GATA binding protein 2; PLA2G2A: Phospholipase A2 Group
IIA, antibacterial enzyme; ZG16: Zymogen Granule Protein 16, mucus secreting cell marker; CLCA1: Chloride Channel Accessory 1, mucus secreting cell
marker; AQP8: Aquaporin-8, water transporter; MUC12: Transmembrane mucin 12; LYZ: Lysozyme C; ANXA10: Annexin-10; CLDN18: Claudin 18; GREB1:
Growth regulation by estrogen in breast cancer 1; TMEM173: Transmembrane protein 173; PDE1B: Phosphodiesterase 1B.

IECs are located at the crossroad linking major IBD risk factors. Diverse barrier
dysfunctions of IECs which play a key role in IBD pathogenesis are identified as
follows.

Physical barrier dysfunction of IECs
As a physical barrier, IECs form a semi-permeable lining and segregate luminal
microbial flora from host immune system to prevent infection or inflammation. IECs
maintain physical barrier function by tight junctions (TJs), adherens junctions (AJs),
and desmosomes which connect adjacent IECs and regulate intestinal permeability. In
IBD, pro-inflammatory cytokines (e.g., TNF-α, IFN-γ) disrupt TJs and increase
permeability by cytoskeletal reorganization of IECs[11]. Also, polymorphisms in several
IBD susceptibility genes which regulate expression and assembly of TJs and AJs,
result in downregulation of junctional proteins leading to increased permeability,
facilitating exposure of luminal bacteria and antigens to the host immune system[12].
To maintain the continuity of epithelial barrier after tissue injury, the voids created
during the extrusion of either apoptotic or necrotic cells are rapidly covered by
adjacent cells (termed restitution), followed by more delayed process of wound
healing including the reinforcement of freshly developed IECs which are
continuously differentiated and proliferated from ISCs[52]. Trefoil factors (TFFs), which
are secreted from goblet cells, are known to be the initiators of mucosal healing by
promoting restitution and by suppressing IEC apoptosis[53]. Down regulated TFFs in
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goblet cells have been implicated in the pathogenesis of IBD[54-56] (Figure 1A).

Biochemical barrier dysfunction of IECs
Furthermore, as a biochemical barrier, IECs secrete several anti-microbial peptides,
secretory IgA and mucin2 (MUC2). Thick mucus layer act as a chemical boundary,
preventing pathogenic bacterial invasion by trapping microbes with its viscosity[51]. In
active UC, mucus layer is thinner and MUC2 expression is reduced by goblet cell
depletion[57]. Recent studies showed the down-regulation of bicarbonate transporter
(BEST2, bestrophin2) expression in goblet cells of UC patients[58,59], which is associated
with mucus dysfunction and UC pathogenesis. Anti-microbial peptides secreted from
Paneth cells (defensins, cathelicidins, lysozyme) or enterocytes (REGIIIγ, regenerating
islet-derived protein IIIγ) maintain host immunity by formation of micropores in the
bacterial membrane which break bacterial integrity[11,51]. However, in IBD, several
genetic defects in autophagy and the unfolded protein response (UPR) result in
endoplasmic reticulum (ER) stress and apoptosis, which induce secretory
dysfunctions of Paneth cells and goblet cells[11,60-63] (Figure 1B). In particular, Paneth
cell secretory dysfunction has been implicated in the pathogenesis of ileal CD[60,61,63,64]
and the expression of Paneth cell α-defensin has been shown to be decreased in
patients with ileal CD[65]. Several genetic susceptibility factors of CD have been linked
to Paneth cell dysfunction. These susceptibility factors encode proteins which are
associated with pathogen recognition (NOD2)[66], ER stress (XBP1, X-box-binding
protein 1), autophagy (ATG16L1, Autophagy-related16 like 1 [62] ), and defensin
production (TCF4, T cell-specific transcription factor 4)[60,61,63,65].

Innate immune dysfunction of IECs
As an immune homeostasis regulator, IECs have well evolved and diverse functions,
such as microbial recognition, sampling and transcellular transport of luminal
contents (microfold cell), and regulated innate and adaptive immune cell
functions[11,51]. In normal physiology, IECs recognize commensal bacteria with pattern
recognition receptors (PRR: Toll-like receptor, TLR, NOD-like receptor, NLR) and
maintain the mononuclear phagocytes in a tolerogenic phenotype by hyporesponsive
PRR signaling[67,68]. Under active IBD conditions, TLR4 expression is significantly
upregulated in IECs in both CD and UC, which compromise the hyporesponsiveness
of IECs and amplify inappropriate immune response[69,70]. NOD2 polymorphisms in
IECs are well known to be associated with an impaired intracellular microbial
recognition and consequent long lasting nuclear factor kappa B (NF-kB) activation,
which leads to the inflammation in CD[71,72]. Recent studies also revealed that normal
IECs act as non-professional antigen presenting cells preferentially activating CD8+
regulatory T cells which result in a suppressed immune response. This occurs through
a combination of the non-classical MHC class I molecule, CD1d and the costimulatory
molecule glycoprotein gp-180 (CD8 ligand)[73-75] (Figure 1C). In contrast, the amount of
CD8+ regulatory T cells was significantly decreased in IBD patients, which might be
due to the defective expression of gp-180 on IECs[76]. Furthermore, IECs from IBD
patients preferentially activate CD4+ T cell to proliferate and secrete IFN-γ[73].

CURRENT STATUS OF THERAPEUTIC APPROACHES IN IBD
Although IBD is a spectrum of complex multifactorial disorders and recent studies
have unraveled some aspects of the critical role of intestinal epithelial dysfunction in
the pathogenesis of IBD, current therapeutic strategies and targets are mainly focused
on suppression of immune cell (T cell) activation, proliferation, pro-inflammatory
cytokine gene expression, migration/trafficking, and resistance to apoptosis [77] .
Meanwhile, several drugs or therapies have been reported to promote epithelial
barrier functions such as mucin production or integrity maintenance. However, only a
few therapies specifically and directly target the barrier dysfunction of IECs. Thus,
there is still a large unmet need for novel IBD drug discovery which potentially could
be achieved based on the intestinal enteroid/organoid-culture system.

Current therapeutic approaches in IBD focused on immune cells
The Majority of current or emerging IBD therapies, at least in part, are based on
suppression of pro-inflammatory cells or pathways. Classical anti-inflammatory
drugs (5-Aminosalicylate, corticosteroid) inhibit pro-inflammatory cytokine
production in immune cells by NF-kB inactivation[77,78]. Classical immunosuppressive
agents also act through similar mechanisms. Azathioprine and 6-mercaptopurine are
metabolized to suppress small GTPase RAC1, leading to inactivation and apoptosis of
CD4+ T cells[79]. Cyclosporine-A and tacrolimus treatment modulate pro-inflammatory
cytokine transcription and T cell survival in UC by blocking calcineurin and inducing
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Figure 1

Figure 1 The normal intestinal epithelial barrier functions. A: Physical barrier function; B: Biochemical barrier function; C: Innate immune barrier function. TFFs:
Trefoil factors; ISCs: Intestinal stem cells; TJ: Tight junction; AJ: Adherens junction; MUC2: Mucin2; BEST2: Bestrophin2; TFF3: Trefoil factor3; REGIIIγ: Regenerating
islet-derived protein IIIγ; UPR: Unfolded protein response; TLR: Toll like receptor; NLR: Nod like receptor; NF-kB: Nuclear factor kappa B; Th: T helper; Treg:
Regulatory T cells; gp180: Glycoprotein-180; CD: cluster of differentiation; TCR: T cell receptor.
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apoptosis[80,81]. Moreover, methotrexate has a pro-apoptotic effect on proliferating
CD4+ T cells with poly (ADP-ribose) polymerase (PARP)-dependent pathway[82].
Several current or emerging biologic therapies are based on blockade of proinflammatory cytokines produced by various immune cells. Anti-TNF agents
(infliximab, adalimumab, golimumab, and certolizumab pegol) specifically neutralize
TNF and are effective in both induction and maintenance of remission in UC and
CD[83]. Furthermore, the combination therapy of azathioprine and an anti-TNF agent
has dramatically reduced the need to use corticosteroids for IBD treatment [84] .
However, only 30-50% of patients achieve clinical and mucosal remission and
significant number of initial responders experience loss of response due to antibody
formation or increased drug clearance rates [85] . Recently approved ustekinumab
(antibody against IL-12/IL-23 p40 subunit[86]) for CD therapy effectively suppress type
1 and type 17 T helper (Th1, Th17) cell responses which are increased in CD or UC.
Approximately 30% of moderate to severe CD patients who failed to respond to antiTNFs achieved clinical remission when they were treated with ustekinumab for 6
weeks, but half of initial responders lost response at week 44[5]. IL-6 has multiple proinflammatory effects including inhibition of apoptosis in mucosal T-cells and is a
logical target for treating CD. IL-6 can bind to cells lacking the membrane-bound IL-6
receptor (IL-6R) by forming a complex with the soluble IL-6R, and subsequently
induce anti-apoptotic response via IL-6/STAT3 pathway[87]. Recently, a novel anti-IL-6
antibody (PF-04236921) induced significantly higher clinical responses and remissions
in refractory patients with moderate-to-severe CD following anti-TNF therapy. The
overall benefit/risk profile for this drug appears to be acceptable but the observations
of gastrointestinal perforation and abscess require careful consideration during future
clinical development [ 8 8 ] . IL-6R blockade was also effective in suppressing
inflammatory activity in CD. A phase 1 trial using an anti-IL-6R monoclonal antibody
(tocilizumab, previously known as MRA) showed higher response and remission
rates in CD patients as compared with the placebo group[89].
Moreover, there are new small molecules which inhibit intracellular proinflammatory pathways targeting cytokine signaling or transcription factors. Several
Janus kinase inhibitors (JAK inhibitors: tofacitinib, filgotinib) block intracellular
activation of Janus kinases which mediate cytokine signaling with respect to
proliferation, survival, activation in immune cells. Patients with active UC treated
with tofacitinib (JAK1/2/3 inhibitor) were more likely to have clinical response and
remission than those receiving placebo in a phase II trial [90] . In vitro, tofacitinib
inhibited IL-12-dependent Th1 differentiation, IL-4-dependent Th2 differentiation,
and also impaired the differentiation of Th17 cells in response to IL-1β, IL-6, and IL23 [91] . Additionally, a novel ROR-γt (RAR-related orphan receptor-γt) inhibitor
transiently and selectively reduced Th17 cell differentiation and cytokine production
from Th17 cells but preserved group 3 innate lymphoid cells (ILC3s) which provide
tissue protection in the intestine[92]. GATA3 is a transcription factor which is increased
in UC patients and induces pro-inflammatory cytokines in T cells. Rectal delivery of
GATA3-specific DNAzyme inhibited GATA3, and subsequently reduced Th2
cytokine (IL-6, IL-13) production in lamina propria mononuclear cells in mouse
colitis[93].
Rather than targeting cytokines and immune cells which are already present in
inflamed sites as above, other drugs inhibit trafficking or homing of activated T cells
toward the inflamed gut. Several Integrin inhibitors (anti-α4β7 vedolizumab, anti-β7
etrolizumab) have already shown their clinical efficacies in IBD therapy [6-8,94,95] .
Moreover, a recent study developed a small molecule inhibitor of chemokine receptor
CCR9 (CCX282-B) which is expressed in leukocyte and plays a key role for leukocyte
homing to the gut mucosa [96,97] . Meanwhile, other groups are targeting adhesion
molecules which are expressed in vascular endothelial cells. A novel MAdCAM-1 (gut
specific ligand for integrin α4β7) antibody increased β7+ T cells and CCR9 gene
expression in the peripheral blood of patients with CD in a phase 2 trial, which
indicates that anti-MAdCAM-1 antibody successfully can prevent the influx of
immune cells into the gut [ 9 8 , 9 9 ] . Alicaforsen is a human ICAM-1 antisense
oligonucleotide which inhibits ICAM-1 production in vascular endothelial cells, and
thereby blocks leukocyte trafficking to the mucosa[100]. Another approach regarding
immune cell trafficking in IBD involves sphingosine-1-phosphate (S1P) signaling.
S1P/S1P receptor signaling controls the egress of lymphocytes from lymph nodes to
circulation by activating NF-kB and STAT3 transcription factors. The S1P receptor
agonist/functional antagonist (ozanimod), which sequesters peripheral lymphocytes,
resulted in a higher clinical remission rate in UC[101-103].
Finally, several emerging IBD therapies focus on activation of anti-inflammatory
mechanisms rather than inhibition of pro-inflammatory mechanisms. Normally, antiinflammatory TGFβ/SMAD3 signaling downregulates NF-kB transcription. Under
IBD conditions, SMAD7 proteins are upregulated, and thereby inhibit TGFβ/SMAD3
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signaling, leading to uncontrolled inflammation. The novel anti-SMAD7 oligonucleotide (Mongersen) interferes with this inhibitory process by degradation of
the SMAD7 mRNA. It subsequently resulted in significantly higher rates of clinical
remission in CD patients[104]. Moreover, mesenchymal stem cells (MSCs) have been
known to exert potent immunomodulatory functions on antigen specific T cells in CD
patients through paracrine and cell-to-cell contact mechanisms[105]. Subsequently,
various clinical trials have already shown anti-inflammatory and fistula closure
effects of the MSCs in fistulizing CD patients[77,106]. In addition, T cell transplantation
(regulatory T cells) in refractory CD patients, was well tolerated and induced
significant reduction in the Crohn’s disease activity index[107]. Table 2 summarizes
current therapeutic approaches in IBD focused on immune cells.

Current therapeutic approaches in IBD focused on IECs
A few studies have reported several drug candidates which might be helpful to
correct the physical barrier dysfunction of IECs by promoting epithelial cell
proliferation or TJ assembly. IL-22 is known to promote epithelial cell proliferation by
acting directly on ISCs through STAT3 activation[108-110]. T cells isolated from patients
with IBD produce high levels of IL-22 binding protein (IL-22BP), which inhibits IL-22.
A recent study showed that the mucosal healing effect of anti-TNFα therapy may act
in part by blocking IL-22BP[111]. Also, oral tauroursodeoxycholate (TUDCA) restores
ER function by improving UPR and ameliorates colitis in mice[112]. Epidermal growth
factor (EGF) is indispensable for proliferation of ISCs and is used as an important
growth factor in intestinal enteroid/organoid cultures[21,113]. A preliminary study
suggested that EGF enemas are an effective treatment for active left-sided UC[114]. The
modulation of TJs can also be a promising target by increasing epithelial integrity. An
octapeptide (AT-1001), which inhibits the disassembly of TJs by interfering with
cytoskeletal rearrangement, appeared to reduce epithelial barrier dysfunction in celiac
disease[115]. Celiac disease shares some common immune pathogenesis with IBD,
including a dysregulated intestinal epithelial permeability[116], which suggests that AT1001 might be considered as a novel IBD drug. Moreover, several existing drugs
(vitamin D, estradiol, and metformin) also have shown to reduce epithelial
permeability and to alleviate mucosal inflammation in IBD mouse models[117-119].
There have been other approaches to correct the biochemical dysfunctions or innate
immune dysfunctions of IECs. However, most of them focus on mucus dysfunction of
IECs. Several therapeutic approaches such as prostaglandin E2 (PGE2) receptor EP4
agonist, butyrate (short chain fatty acid), and cathelicidin have shown to induce
mucus production in IECs as well as to reduce colitis in mice[120-124]. A novel mucin
component therapy (phosphatidylcholine) has shown to produce a significant
improvement in disease activity in UC patients[125,126]. However, phase III clinical data
are still missing. In addition, two existing drugs (TLR7 ligand imiquimod, probiotic
Escherichia coli Nissle) stimulate the production of antimicrobial peptides in IECs, and
thus result in reduced colitis activity in mice[127,128]. Finally, Etrolizumab which was
mentioned above as an anti-β7 integrin inhibitor, has a second effect with respect to
barrier dysfunction. This drug blocks the interaction between αE (CD103) on intestinal
T cells with E-cadherin on IECs, and subsequently inhibits the intestinal retention of
CD4+ and CD8+ T cells in inflamed sites of IBD. This mechanism is considered to be
one of the reasons why etrolizumab was more potent than vedolizumab in reducing
accumulation of T cells in the inflamed gut[129]. This result also underscores the need of
developing IBD drugs specifically targeting innate immune dysfunction of IECs
(summarized in Table 3).

CURRENT ENDEAVORS TO IDENTIFY A NOVEL
THERAPEUTIC TARGET FOR IBD USING INTESTINAL
ENTEROIDS/ORGANOIDS
Since the group of Hans Clevers and Toshiro Sato successfully generated intestinal
enteroids/organoids from intestinal crypts, many studies have been performed using
human or mouse intestinal enteroids/organoids not only to investigate general
intestinal stem cell physiology but also to identify the pathophysiology of specific
intestinal diseases, such as colorectal cancer[130,131], infectious diarrheal diseases[38],
metabolic diseases[132,133], and genetic disorders[134]. Studies to date to identify a novel
therapeutic target for IBD have only used human ISC not iPSC derived intestinal
enteroids/organoids. Although several studies have explored the pathogenesis of IBD
using intestinal enteroids/organoids with a goal of identifying novel drug targets, the
number of successful studies is small relating to the specific IBD drug development.
In this section, we provide a summary of the present status of IBD drug research
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Table 2 Current therapeutic approaches in inflammatory bowel diseases focused on immune cells
Effects on immune cells Drug type

Drug name/approach

Mechanism of action

Inhibits pro-inflammatory
cytokine production

Classic anti-inflammatory
drugs

5-ASA Corticosteroid

NF-kB inactivation

JAK inhibitors

Tofacitinib (JAK1/2/3)

Inhibits differentiation of
Th1, Th2, and Th17 cells by
inhibition of JAK/STAT
pathway

Filgotinib (JAK1)

Induces apoptosis

ROR-γt inhibitor

GSK805

Inhibits differentiation of
Th17 cells but not ILC3s by
inhibition of transcription
factor ROR-γt

GATA3 specific DNAzyme
(DNA antisense molecule)

Rectal delivery

Inhibits differentiation of Th2
cells by inhibition of
transcription factor GATA3
expression

Anti-p40 subunit IL-12/IL-23 Ustekinumab

Inhibits differentiation of Th1
and Th17 cells by
neutralization of IL-12/IL-23

PDE4 inhibitors

Apremilast, roflumilast

Increases intracellular cAMP
which inhibits NF-kB (PDE4
degrades cAMP)

Classic immunosuppressive
agents

Azathioprine 6mercaptopurine

Metabolized purine analogue
induces apoptosis by small
GTPase RAC1 inactivation

Cyclosporine A

Activates caspase 8 signaling

Tacrolimus (FK506)

Inhibits calcineurin/NFAT
pathway

Methotrexate

Cleavage of PARP but not
caspase 3 activation

PF-04236921 (anti-IL-6)

Inhibits IL-6/STAT3
signaling which mediates
resistance against apoptosis

Anti-IL-6/IL-6R

Tocilizumab (anti-IL-6R)
Blocks pro-inflammatory
cytokines released from
immune cells

Anti-TNF-α

Blocks trafficking or homing Gut specific anti-integrin
of immune cells toward
inflamed gut
Chemokine receptor (CCR9)
inhibitor
Anti-cell adhesion molecules

Activates endogenous antiinflammatory mechanisms

Infliximab, adalimumab,
golimumab, certolizumab
pegol

Neutralizing antibody
against TNF-α

Vedolizumab (anti-α4β7)
Etrolizumab (anti-β7)

Neutralizing antibody
against integrin

Vercirnon (CCX282-B)

inhibits CCL25 (CCR9 ligand)
directed chemotaxis

PF-00547659

Neutralizing antibody
against MAdCAM-1 (gut
specific ligand for integrin
α4β7) in vascular endothelial
cells

Alicaforsen

ICAM-1 antisense
oligonucleotide which
inhibits ICAM-1 production
in vascular endothelial cells

S1P1/S1P5 receptor
Ozanimod
agonist/functional antagonist

Induces internalization and
degradation of S1P receptor,
and subsequently inhibit
S1P/NF-kB/STAT3 pathway

Anti-SMAD7 oligonucleotide Mongersen

Activates anti-inflammatory
TGFβ/SMAD3 signaling by
degradation of SMAD7
mRNA

Mesenchymal stem cells

Transplantation

Directs T cell differentiation
toward anti-inflammatory
phenotype (Th2 cells, Treg)
and inhibits T cell
proliferation, cytokine
production, and migration

Treg

Transplantation

Secretion of antiinflammatory cytokines
(TGFβ and IL-10)

Ref.
[77,78]

[90,91]
[173]

[92]

[93]

[5,86]

[174-176]

[79]

[80,81]
[177]

[82]

[87-89]

[83]

[6-8,94,95]

[96,97]

[98,99]

[100]

[101-103]

[104]

[77,105,106,178]

[107]

5-ASA: 5-Aminosalicylic acid; NF-kB: Nuclear factor kappa B; JAK: Janus kinase; STAT: Signal transducer and activator of transcription; ROR: RAR-related
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orphan receptor; Th: T helper; ILC3: Group3 innate lymphoid cells; GATA3: GATA binding protein 3; PDE4: Phosphodiesterase 4; cAMP: cyclic adenosine
3’5’-monophosphate; RAC1: Rac family small GTPase 1; NFAT: Nuclear factor of activated T cells; PARP: Poly (ADP-ribose) polymerase; CCR9: C-C motif
chemokine receptor 9; MAdCAM-1: Mucosal vascular addressin cell adhesion molecule 1; ICAM-1: Intercellular adhesion molecule 1; S1P: Sphingosine-1phosphate; SMAD: SMAD family member; Treg: Regulatory T cells.

using intestinal enteroids/organoids.

Comparative study among intestinal enteroids/organoids derived from control and
IBD patients for discovery of novel target molecule
A previous study found a novel drug target IL-1 decoy receptor (IL-1R2) which is
highly expressed in IECs in UC patients in remission compared with those in patients
with active UC and in healthy controls. This decoy receptor blocks the IL-1β
dependent inflammatory mechanism. The addition of an anti-IL-1R2-blocking
antibody significantly enhanced IL-1β-dependent transcription of pro-inflammatory
chemokines such as CXCL1, CXCL2, and CCL20 in intestinal enteroids/organoids
from UC patients in remission. However, there was no significant difference in
intestinal enteroids/organoids from healthy controls. Thus, IL-1 R2 may be a novel
drug target to promote remission in UC[135].
Rare subtypes of IBD with very early-onset in early childhood (VEO-IBD) are more
likely to be associated with specific genetic mutations, especially associated with
immune dysfunction, including in IL-10, IL-10R, XIAP, NCF2, or TTC7. These do not
occur in IBD in older children[136]. Using enteroids derived from these young patients
can lead to the discovery of compounds which are able to normalize the consequence
of those mutations. For example, intestinal enteroids grown from children with
multiple intestinal atresia, a rare congenital disease with IBD-like features by TTC7A
mutations, displayed an inversion of apical-basal polarity of the epithelial cells that
was reversed by Rho kinase inhibitor[137]. More recently, whereas TRAIL stimulation
induced caspase-3 cleavage and cell death in intestinal enteroids derived from healthy
donors, caspase-8 deficient intestinal enteroids derived from a VEO-IBD patient were
unresponsive to TRAIL, revealing caspase-8 deficiency as a novel cause for VEO-IBD
associated with defective epithelial cell death response[138].
Recently, several studies have compared the profiles of gene expression and DNA
methylation in intestinal enteroids/organoids derived from control and IBD
patients [14,27,28] . A group of genes were differentially regulated in the intestinal
enteroids/organoids of UC patients, including genes associated with antimicrobial
defense (LYZ, PLA2G2A) and with mucus secretory functions (ZG16, CLCA1)
compared with intestinal enteroids/organoids of non-IBD subjects[14]. These genes
which are associated with epithelial barrier dysfunction might be potential drug
targets for future IBD therapy.

Development of intestinal enteroid/organoid-based IBD model by administration of
conditions mimicking IBD
In the IBD environment, several luminal and lamina propria factors such as microbes,
cytokines, drugs, and metabolites contribute to the epithelial dysfunction, and
subsequently result in the initiation and progression of IBD. Therefore, adding these
conditions to intestinal enteroid/organoid culture models might more closely
recapitulate the IBD pathophysiology. Previous studies have added diverse IBD
related factors (cytokines, bacterial components, metabolites, and niche factors for
ISCs) to organoid cultures to model the epithelial barrier dysfunctions in
IBD[19,109,139-141].
In terms of physical barrier dysfunction, the target molecules which contribute to
epithelial apoptosis or regeneration after injury have been studied. For example, IFNγ strongly and rapidly induces degranulation and extrusion of Paneth cells in
intestinal enteroids/organoids. Furthermore, prolonged stimulation with
recombinant IFN-γ (1 ng/mL) reduced intestinal enteroid/organoid growth and
caused progressive loss of Paneth cells due to apoptosis[139]. Therefore, this study not
only showed that the intestinal enteroid/organoid culture is a useful model to
investigate Paneth cell dysfunction in IBD, but also suggested that the pharmacologic
modulation of IFN-γ signaling may allow a new strategy to correct Paneth cell
dysfunction and survival in IBD.
TNF-α is another pro-inflammatory mediator that plays an integral role in IBD
pathogenesis. This cytokine was used to disrupt intestinal enteroids/organoids to
recapitulate epithelial apoptosis in IBD[19]. Meanwhile, other studies have found
several niche factors for ISCs which may act to promote epithelial proliferation and
regeneration after injury. The epithelial regeneration is critical to maintain the
physical barrier function after intestinal injury. Previous studies have already
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Table 3 Current therapeutic approaches in inflammatory bowel diseases focused on intestinal epithelial cells
Effects on IECs

Drug type

Drug name/approach

Mechanism of action

Infliximab or adalimumab

Anti-TNF-α therapy may
block the expression of IL22BP, the endogenous
inhibitor of IL-22 (IL-22 is
known to promote IEC
proliferation via STAT3
activation in ISCs)

ER stress reducers

TUDCA, PBA

Reduce apoptosis by
increasing protein folding
capacity of ER

Human recombinant EGF

Enema

Promotes proliferation and
reduces apoptosis of ISCs

Inhibitor of para-cellular
permeability

AT-1001

Inhibits TJ disassembly by
interfering with cytoskeletal
rearrangement

Vitamin D

Calcitriol, vitamin D3
analogue

Induces expression of TJ
proteins and E-cadherin

Sex hormone

Estradiol, diarylpropionitrile
(estrogen receptor-β agonist)

Induces expression of TJ
proteins (occludin, junctional
adhesion molecule-A)

AMPK activator

Metformin

Induces expression and
assembly of TJ proteins via
AMPK dependent pathway

PGE2 receptor (subtype EP4)
agonist

KAG-308, AGN205203

Promotes mucus secretion
and proliferation of goblet
cells (Promotes proliferation
and reduces apoptosis of
IECs)

Short chain fatty acid

Butyrate

Stimulates mucin production
by HDAC inhibitor activity

Recombinant anti-microbial
peptide

Cathelicidin

Stimulates mucin production
by MAPK dependent
pathway

Phosphatidylcholine (PC)

LT-02

Mucus component
supplement for UC patients
who have reduced PC in
rectal mucus

Promotes biochemical
barrier functions (by
promoting anti-microbial
peptide secretion or
production)

TLR7 ligand

Imiquimod

Promotes anti-microbial
peptide (defensin) production
in IECs

Probiotics

Escherichia coli Nissle 1917

Promotes anti-microbial
peptide (defensin) production
in IECs by NF-kB activation

Corrects innate immune
barrier dysfunctions (by
inhibiting the retention of T
cells in inflamed site)

Gut specific anti-integrin

Etrolizumab (anti-β7)

Blocks the interaction
between αEβ7 integrin on T
cells with E-cadherin on IECs
(Neutralizing antibody
against integrin)

Promotes physical barrier
Anti-IL-22BP
functions (by increasing
proliferation and survival of
IECs)

Promotes physical barrier
functions (by promoting
expression and assembly of
TJ proteins)

Promotes biochemical
barrier functions (by
promoting mucus secretion
or production)

Ref.
[108-111]

[112]

[113,114]

[115]

[117,179]

[118]

[119]

[120,123,145,180,181]

[121,124]

[122,182]

[125,126,183]

[127]

[128,184]

[129]

IECs: Intestinal epithelial cells; IL-22BP: Interleukin-22 binding protein; STAT3: Signal transducer and activator of transcription 3; ISCs: Intestinal stem
cells; ER: Endoplasmic reticulum; TUDCA: Tauroursodeoxycholate; PBA: 4-phenyl butyrate; EGF: Epidermal growth factor; TJ: Tight junction; AMPK:
Adenosine monophosphate-activated protein kinase; PGE2: Prostaglandin E2; EP4: Prostaglandin E2 receptor 4; HDAC: Histone deacetylase; MAPK:
Mitogen activated protein kinase; UC: Ulcerative colitis; TLR7: Toll-like receptor 7; NF-kB: Nuclear factor kappa B; IECs: Intestinal epithelial cells.

reported that several niche factors for ISCs such as Wnt, Notch, and EGF support
Lgr5+ ISCs for normal epithelial maintenance[21,142]. A recent study found that IL-22,
which is produced from ILCs after tissue injury, also augmented the growth of
intestinal enteroids/organoids and proliferation of ISCs via the IL-22/STAT3
phosphorylation pathway. Treatment with IL-22 promoted the recovery of ISCs and
epithelial regeneration in injured enteroids after irradiation. Thus, IL-22/STAT3
signaling might be a potential drug target to promote mucosal healing in IBD[109].
Similarly, a co-receptor for IL-6 (gp130) promoted the regeneration of intestinal
enteroids/organoids by activating YAP and Notch signaling, which underscores that
normalization of IL-6 signaling, rather than complete inhibition, may be a future
therapeutic approach to improve epithelial regeneration in IBD [143] . In addition,
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bacterial metabolites, including short-chain fatty acids (SCFAs), increased the size and
the number of buds per enteroids/organoids, which supports that commensal
bacteria reinforce epithelial barrier function by inducing proliferation of IECs with
SCFAs production[11,140]. Following disruption of the epithelial barrier, a transient,
specialized repair cell type, wound-associated epithelial (WAE) cells rapidly migrate
and seal the epithelial defects (termed restitution) [144] . A previous study using
intestinal enteroids/organoids demonstrated that PGE2/EP4 signaling also promotes
epithelial regeneration after injury by driving ISCs to differentiate toward WAE cells
[145]
.
Furthermore, there are several studies that model the biochemical- and innate
immune-epithelial barrier functions which are relevant to IBD. Colonic enteroids
/organoids (termed colonoids) derived monolayers were differentiated to study the
interaction of Enterohemorrhagic Escherichia coli (EHEC) and human colonic epithelium,
which mimic some aspects of host-pathogen interaction in IBD. Colonized EHEC
reduced mucus production of colonoids and destroyed the mucus layer[146]. EHEC
strain O157:H7 is known to block the IFN-γ/STAT1 pathway in epithelial cells[147].
This mechanism is very similar to the pathogenic feature of adherent invasive
Escherichia coli (AIECs) isolated from CD patients, which has been implicated in the
pathogenesis of CD and is known to suppress the IFN-γ/STAT1 pathway in IECs.
This suggests this bacteria might induce an inappropriate anti-microbial response in
CD[148,149]. Therefore, these human enteroid monolayer cultures might also be used as a
relevant pathophysiologic model that allow the study of the role of AIECs in the
context of biochemical barrier dysfunction in IBD. CD is thought to result from an
inappropriate inflammatory response directed toward commensal enteric microflora
and specific bacterial antigens targeted by this immune response have been studied.
Especially, bacterial flagellin (TLR5 ligand) appears to be one such target of the CDassociated immune response [150-152] . Flagellin-specific serum IgG was elevated in
patients with CD, but not in patients with UC or in controls, which suggests that
flagellin is an antigenic target of the elevated adaptive immune response in CD[150-152].
Flagellin is known to be associated with pro-inflammatory IEC activation as well as
pro-fibrotic myofibroblast activation[153-155]. In a recent study, human colonoids from
healthy individuals were exposed basolaterally to diverse TLR ligands including
(TLR2, TLR4, and TLR5) to investigate the pro-inflammatory response. Flagellin
stimulated an increase in both IL-8 and TNF-α transcripts in colonoids in contrast to
TLR2 and TLR4 ligands which failed to induce those cytokines[155]. In this study, proinflammatory response to flagellin in colonoids from CD patients was not compared
to those from healthy individuals. It remains to be determined what the roles of the
flagellin and TLR5 receptor are in colonic epithelial cells in CD.
PGE2 is a well-known mediator that promotes diarrhea in IBD by directly
activating chloride (Cl-) and fluid secretion through the CFTR on the apical surface of
IECs[156-158]. The expression of PGE2 is upregulated in the inflammatory mucosa of IBD
patients, where other inflammatory cytokines are also abundant. In a recent study
using intestinal enteroids/organoids established from uninflamed mucosa of CD
patients, short-term treatment with cytokines such as TNF-α, IL-1β, IL-6, or IFN-γ
alone failed to induce a secretory response of enteroids, while PGE2 alone induced
enteroid swelling. Furthermore, none of the tested cytokines was able to affect the
PGE2-induced enteroid swelling, which suggests the possibility that PGE2 may act as
a robust and direct mediator of fluid secretion from IECs and the PGE2 level might
determine the local secretory response of IECs without the involvement of other
inflammatory cytokines[159]. However, further comparative studies using enteroids
from the inflamed mucosa of IBD patients are required to elucidate what the specific
role of PGE2 is in the pathophysiology of inflammatory IBD diarrhea.
More recently, to describe long-term epithelial responses to inflammatory
stimulation mimicking chronic IBD, a mixture of cytokines and bacterial components
were added to the intestinal enteroid/organoid model for 60 weeks. In this study,
long-term inflammation led to sustained NF-kB activation and reactive oxygen
species (ROS) production even 11 weeks after the removal of the inflammatory
mixture. A perpetual NF-kB activation in IECs has been implicated in innate immune
dysfunction of IECs in IBD[71,72]. Therefore, this long-term intestinal enteroid/organoid
model with sustained NF-kB activation has the potential to recapitulate the perpetual
inflammatory activity in mucosa of IBD. Additionally, this result suggests that the
long-term inflammatory stimulation might transform intestinal enteroids/organoids
into a stressed cellular state, which might be related to the etiology of colitisassociated cancer in UC [48] . In the context of long-term complication of IBD, our
previous study used synergistic treatment of TNF-α and TGFβ to generate an
intestinal enteroid/organoid model recapitulating epithelial mesenchymal transition
(EMT), which might provide a cellular source of myofibroblasts and contribute to
intestinal fibrosis in CD[160].
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Development of intestinal enteroids/organoids-based IBD model by co-culturing
with other cell components
In IBD pathogenesis, IECs interact with diverse types of cells including immune cells,
mesenchymal cells and neuronal cells. Thus, co-culturing intestinal enteroids/
organoids and other cell components can provide a more complex model which
includes cell-to-cell interactions, to more closely elucidate the in vivo pathophysiology
of IBD. So far, the number of studies co-culturing enteroids/organoids with other
cells to specifically investigate IBD pathogenesis is limited. Most co-culture studies
have examined the role of other cells for the growth of intestinal enteroids/organoids
which is associated with physical barrier function of IECs. For example, to evaluate
the role of ILC3s for IECs, lamina propria ILC3s capable of producing IL-22 were cocultured with intestinal enteroids/organoids. ILC3s markedly increased the size of
intestinal enteroids/organoids, and this phenomenon was blocked by an anti-IL-22
neutralizing antibody. Therefore, this co-culture model revealed that immune cells are
able to activate ISCs to promote proliferation[109]. Moreover, as a potent supporter of
intestinal barrier, the diverse roles of IL-22 producing ILC3s have been reported
including promoting epithelial proliferation and inducing anti-microbial peptide and
mucin production. In the majority of human studies, the differential frequencies of
ILC3 subsets are critically involved in the pathogenesis of CD. Protective NKp44+, IL22 producing ILC3 subset was found to be decreased whereas the frequency of the IL17- and IFN-γ-producing CD56- subset of ILC3 was increased in the intestine of CD
patients[110,161]. Therefore, this co-culture model of intestinal enteroids/organoids and
ILC3 might provide a valuable tool to study IECs-ILC3 interaction in IBD. Another
epithelial cell type, tuft cell, has been shown to express the doublecortin-like kinase 1
protein (DCLK1) as a specific marker. DCLK1+ tuft cell cannot survive under standard
organoid culture condition. A recent study established a co-culture model of primary
neurons and intestinal enteroids/organoids and found that nerves can prolong the
survival of DLCK+ tuft cells in vitro. Surprisingly, they also demonstrated that DLCK+
tuft cells give rise to poorly differentiated colorectal cancer after inflammatory injury,
suggesting that DLCK+ tuft cells might serve to initiate CAC in IBD[162]. Thus, this
system should be further developed as a CAC model in IBD.
Noel et al[163] generated a human macrophage-intestinal enteroid/organoid coculture system and showed that macrophages (M0) enhance physical barrier function
and maturity of intestinal organoid monolayers as demonstrated by trans-epithelial
electrical resistance and cell height. Although the two effector macrophages (M1 and
M2) which are involved in IBD pathogenesis, were not included in this study, this
system can be further developed to investigate the interaction between IECs and
macrophages in the context of innate immune function of IECs [163] . Emerging
evidences have suggested that mesenteric adipose tissue may play a critical role in the
inflammatory and fibrotic pathogenesis in CD. In CD, longitudinal ulcerations are
located primarily along the mesenteric attachment and the “creeping fat” is known to
be implicated in muscular hypertrophy and subsequent stricture formation in
CD[164,165]. Recently, the co-culture of intestinal enteroids/organoids and adipocytes
revealed a reciprocal inflammatory activation between these cell types, which
suggests that adipocytes can be a promising drug target for CD treatment[166].

THE OBSTACLES TO OVERCOME IN USING INTESTINAL
ENTEROIDS/ORGANOIDS AS AN IBD RESEARCH TOOL
Although intestinal enteroid/organoid culture system has many advantages over the
conventional IEC models, there are multiple issues to resolve before researchers use
intestinal enteroids/organoids as a platform to develop novel IBD drugs.

The drawbacks of intestinal enteroid/organoid culture conditions
Cost is a big drawback of intestinal enteroid/organoid cultures. Currently, a
significant amount of expensive Matrigel, which is derived from mouse sarcoma cells,
is required to propagate intestinal enteroids/organoids. The culture medium contains
a myriad of growth factors which have multiple sources such as conditioned media
from cell lines and purified recombinant proteins. Both Matrigel and growth factors
from conditioned media contain varying amounts of xenogeneic and undefined
components, along with the potential risk of pathogen/immunogen transmission and
batch-to-batch variability[38,167,168].
Considering the recent progress in establishing human enteroids as a model of
infectious diarrheal diseases, human enteroid/organoid culture conditions might
provide a relevant pathophysiologic model to study microbiota-epithelium
interactions[38,146]. However, to develop a more reliable model, ways to co-culture the
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primarily anaerobic gut microbiota, which consists of many bacterial species, with
human enteroids in anerobic culture conditions without damaging the enteroids is a
significant challenge to be overcome[9]. Moreover, intestinal enteroid/organoid culture
systems lack physiological luminal and blood flow and the repetitive contractions of
peristalsis, which are known to result in altered gene expression and cell
function/morphology[168]. In this regard, an emerging microfluidic chamber system
combining peristalsis-like stretch with apical and basolateral liquid flow (gut-on-achip) might be a way to overcome these drawbacks of enteroid/organoid cultures.
Most recently, a novel microfluidic device with a transluminal hypoxia gradient was
developed for co-culturing a complex living human gut microbiome, including
obligate anaerobes with human intestinal epithelium, that until now has only
included Caco-2 cells[169].

The issues related to intestinal enteroids/organoids derived from patients with IBD
In the mucosa of active IBD, excessive cell death is observed in the ileal and colonic
epithelium due to a highly inflammatory and pro-apoptotic milieu within the lamina
propria[170]. Therefore, the number and quality of isolated intestinal crypts and ISCs
might be too low to regularly form intestinal enteroids/organoids as well as to
maintain long-term culture. In particular, the intestinal crypts isolated from actively
inflamed lesion in CD, in our experience, showed low yields of intestinal
enteroid/organoid formation. Moreover, a recent study mentioned the difficulty of
generating intestinal enteroids/organoids, even from the normal mucosa of UC
patients due to crypt distortion [47] . These observations suggest that the current
protocols to isolate and culture intestinal enteroids/organoids might not be sufficient
for generating enteroid/organoid banks of actively inflamed IBD. A few studies
reported that the intestinal enteroid/organoid-forming capacity is not lower in the
crypts or ISCs derived from patients with active CD than in those derived from
patients with inactive IBD or from healthy controls[14,27,171]. However, the severity of
inflamed mucosa which was used to isolate intestinal enteroids/organoids was not
standardized among those studies, which might affect the intestinal enteroid/
organoid-forming capacity. The number of published studies which have used
intestinal enteroids/organoids derived from actively inflamed lesions of IBD,
especially CD, is still very limited.
As a surrogate of IECs in IBD, whether the intestinal enteroids/organoids derived
from IBD patients will resemble the inflammatory phenotype of the tissues of origin
on the long-term culture is another issue to be elucidated. Although several studies
have suggested that the intestinal enteroids/organoids from patients with IBD retain
the disease-specific DNA methylation and gene expression changes which might be
imprinted in ISCs, a recent study showed that the expression of IFN-γ and IL-1β
appeared to be significantly lower in intestinal enteroids/organoids derived from
patients with IBD compared with biopsies used to form these intestinal
enteroids/organoids. This suggests that inflammatory phenotype at the mRNA level
in biopsies may not be propagated to intestinal enteroids/organoids, and a proinflammatory stimulation might be required for sustained expression of the
inflammatory phenotype. However, in this study, whole tissue with inflammatory
cells was compared to enteroids without inflammatory cells. Thus, status of
inflammation in IBD enteroids over passages needs determination. Furthermore,
considering that there was a trend that the expression of IFN-γ in UC inflamed
organoids was higher than in control organoids and that limited numbers of IBD
patients (n = 3-7 for each group) were enrolled to isolate enteroids/organoids in this
study, further studies are needed to elucidate whether the transcription profiles of
enterods/organoids will remain identical or similar to those of the inflamed tissues of
origin in IBD[48,171].

CONCLUSION
Although IBD is a multifactorial and heterogeneous disease, the therapeutic
approaches over the last decades have been intensively focusing on immune cells and
anti-inflammatory mechanisms. Moreover, despite the therapeutic advances
including novel biologics, a significant number of IBD patients still do not achieve
long-term remission and mucosal healing, which are very important for the quality of
life and the prognosis of these patients.
The emerging evidence has underscored that the intestinal epithelium has a crucial
role in maintaining mucosal homeostasis and regulating immune cells as a physical,
biochemical and innate immune barrier. Moreover, epithelial barrier dysfunction is
regarded as a critical mechanism in development and perpetuation of IBD. However,
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as described through this review, the current therapeutic approaches in IBD focused
on epithelial barrier dysfunction are still limited. Compared with conventional IEC
cultures, a novel intestinal enteroid/organoid culture might provide advantages to
recapitulate the in vivo physiology of human intestinal epithelium, which makes it a
promising tool for modeling the pathophysiology of IBD. However, the number of
published studies using the intestinal enteroid/organoid model to specifically
identify drug targets for IBD treatment is thus far small. More diverse therapeutic
approaches may ultimately overcome the limitations of current therapeutic options.
Therefore, IBD drug research focusing on epithelial dysfunction with a novel
intestinal enteroid/organoid system should be evaluated as a future way to develop
additional therapeutic approaches of IBD.
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Patients with long-standing inflammatory bowel disease (IBD) involving at least
1/3 of the colon are at increased risk for colorectal cancer (CRC). Advancements
in CRC screening and surveillance and improved treatment of IBD has reduced
CRC incidence in patients with ulcerative colitis and Crohn’s colitis. Most cases of
CRC are thought to arise from dysplasia, and recent evidence suggests that the
majority of dysplastic lesions in patients with IBD are visible, in part thanks to
advancements in high definition colonoscopy and chromoendoscopy. Recent
practice guidelines have supported the use of chromoendoscopy with targeted
biopsies of visible lesions rather than traditional random biopsies. Endoscopists
are encouraged to endoscopically resect visible dysplasia and only recommend
surgery when a complete resection is not possible. New technologies such as
virtual chromoendoscopy are emerging as potential tools in CRC screening.
Patients with IBD at increased risk for developing CRC should undergo
surveillance colonoscopy using new approaches and techniques.

Manuscript source: Invited
manuscript

Received: May 5, 2019
Peer-review started: May 5, 2019
First decision: June 10, 2019
Revised: June 14, 2019
Accepted: July 2, 2019
Article in press: July 3, 2019
Published online: August 14, 2019
P-Reviewer: Cremers I, Fedeli U,
Kim KJ

S-Editor: Yan JP
L-Editor: A

WJG

Key words: Inflammatory bowel disease; Colorectal cancer screening; Ulcerative colitis;
Crohn’s disease; Colonoscopy; Chromoendoscopy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The 2015 SCENIC guidelines provided updated recommendations on how to
screen for colorectal cancer in patients with inflammatory bowel disease. These
guidelines focused on the use of high definition colonoscopy and chromoendoscopy.
There is ongoing debate and conflicting data as to whether white light endoscopy,
chromoendoscopy or virtual chromoendoscopy should be the preferred method of
surveillance and whether there is any benefit to random versus targeted biopsies. Visible
dysplasia should be endoscopically resected when a complete resection is possible.
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INTRODUCTION
Patients with long-standing inflammatory bowel disease (IBD) involving at least 1/3
of the colon are at increased risk for developing colorectal cancer (CRC). Traditional
CRC screening and surveillance for these patients at increased risk with ulcerative
colitis (UC) and Crohn’s colitis included random four quadrant biopsies every 10 cm.
The 2015 SCENIC guidelines from the American Gastroenterological Association
(AGA) and American Society for Gastrointestinal Endoscopy provided updated
recommendations on how to screen for CRC[1]. This review will focus on updates for
CRC screening in patients with IBD since the publication of the 2015 SCENIC
guidelines, with an emphasis on high-definition (HD) scopes, dye and virtual
chromoendoscopy (CE), and random versus targeted biopsies.

BACKGROUND AND EPIDEMIOLOGY
CRC in IBD patients is thought to be preceded by unequivocal neoplastic epithelial
changes known as dysplasia. Early detection of dysplasia is a primary goal of
endoscopic surveillance. Riddell and colleagues described a classification system of no
dysplasia, indefinite for dysplasia, low-grade dysplasia (LGD), and high-grade
dysplasia (HGD) that is still used today[2,3]. When the pathologist cannot distinguish
between dysplastic and non-dysplastic atypia or inflammatory-associated changes,
the sample is considered indefinite for dysplasia. LGD and HGD are differentiated
based on the distribution of nuclei within the mucosa[4]. There is high inter-observer
variability in grading dysplasia among even experienced gastrointestinal pathologists,
so guidelines recommend all cases of suspected dysplasia be reviewed by a second
gastrointestinal pathologist[5,6]. All dysplasia should be defined as invisible if obtained
by random biopsies or visible if identified and removed or sampled by targeted
biopsies[7]. Furthermore, visible lesions should be classified by the endoscopist as
polypoid or non-polypoid, as per the Paris classification[1,8].
The incidence rate of CRC in IBD is approximately 18% after 30 years of colitis[9-11].
However, recent population-based studies show a decreasing risk of CRC in IBD with
improved medical therapy and CRC surveillance[12-15]. The risk of CRC begins approximately 7 years after diagnosis and increases linearly thereafter. Factors
increasing the risk of CRC include diagnosis at a young age, longer duration of
disease, and severity of intestinal inflammation[16-18]. Colonic strictures, pseudopolyps
and a fore-shortened colon are all likely markers of prior inflammation and are
associated with an increased risk of CRC[2,16,19-21]. Family history increases the risk of
CRC in IBD patients approximately 2-3 fold[22,23] while primary sclerosing cholangitis
(PSC) increases the risk of CRC and dysplasia with an odds ratio of 3.24 when
compared to patients with IBD without PSC[24].

ENDOSCOPIC SURVEILLANCE
Multiple case-control studies and population-based cohort studies have shown that
endoscopic surveillance improves CRC-related survival in IBD patients at increased
risk for colon cancer [25-28] . Endoscopic surveillance is widely recommended by
international gastrointestinal societies for the early detection and resection of
dysplasia or CRC[1,2,29-32]. Societal recommendations differ in details including when to
perform initial and subsequent surveillance colonoscopies, the optimal methods of
detecting dysplasia, and the management of dysplastic lesions (Table 1). There is
consensus that patients with PSC should undergo annual surveillance. Otherwise,
societies recommend surveillance intervals ranging from every 1-5 years based on a
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number of risk factors including personal history of dysplasia, active inflammation,
family history, and anatomic abnormalities such as inflammatory pseudopolyps,
foreshortened colon and strictures.
Most guidelines recommend an initial screening colonoscopy with staging biopsies
for all IBD patients 8 years after onset of symptoms to evaluate the disease extent and
determine the need for ongoing surveillance[2,29,32]. All societies recommend ongoing
surveillance colonoscopies for patients with UC and Crohn’s involving one-third of
the colon or more than one segment. Dysplasia in IBD was previously thought to be
flat and difficult to detect, so the historic recommended screening modality was white
light endoscopy (WLE) with random four quadrant biopsies every 10 cm.
HD colonoscopy produces images with more pixels than standard definition (SD)
colonoscopy, resulting in greater image detail. HD also allows for faster image refresh
rates than SD, improving the display of moving objects[33]. HD colonoscopy has been
shown to result in higher adenoma detection than SD colonoscopy in patients
undergoing screening colonoscopy[34].
CE applies a blue contrast dye of indigo carmine or methylene blue to the colon
epithelium, enhancing areas of mucosal irregularity and delineating borders of
suspected lesions. Early studies including a 2013 meta-analysis by Soetikno et al[35]
found CE with targeted biopsies of abnormal appearing mucosa detected dysplasia
8.9 times more often than WLE alone. Other studies showed most dysplastic lesions
are visible and targeted biopsies are superior to random biopsies[35-37].
The 2015 SCENIC international consensus statement provided updated
recommendations on how to screen for CRC in IBD with a focus on the use of HD
colonoscopy and CE[1]. Since the publication of these guidelines in 2015, many further
studies have been published to further investigate the ideal colonoscopy surveillance
method for patients with IBD.

Chromoendoscopy
SCENIC recommends CE over WLE when using SD colonoscopy but only suggests
the use of CE over WLE when using HD colonoscopy[1]. However, new evidence is
conflicting as to the benefit of CE over WLE. Mooiweer et al[38] from the Netherlands
published a retrospective study in 2015 of more than 2200 colonoscopies over nearly
14 years and found no benefit in dysplasia detection from the use of CE. A 2017 metaanalysis by Iannone and colleagues showed that CE is superior to WLE only when
compared to SD WLE; when compared to HD WLE, there was no benefit to CE, and
CE was associated with longer procedure times[39].
In support of CE is a prospective cohort study from Spain published in 2018.
Carballal et al[40] evaluated each colonic segment first with WLE and then with CE; the
authors reported that 57.4% of dysplastic lesions were identified only with CE. Wan
and colleagues published a 2019 meta-analysis including eleven studies that found CE
was superior to WLE in detecting nonpolypoid dysplastic lesions and that the
incremental yield of CE for detection of dysplasia was 9% [41] . While statistically
significant in both groups, the advantage to CE was greater in SD than in HD
colonoscopy (relative risk 2.04 vs 1.60). A more recent study from Sekra et al [42]
evaluating 110 consecutive patients in a New Zealand tertiary care center found
higher rates of dysplasia detection (risk difference 11.8%, P = 0.008) and dysplasia
detection rates per patient (risk difference 20.6 lesions per 100 patients, P = 0.003)
when using CE.
Similarly, a meta-analysis by Feuerstein et al. showed that CE was more effective in
finding dysplasia per patient undergoing colonoscopy compared to SD but not when
compared to HD colonoscopy. The study further showed that when evaluating
studies with randomized control design methodology there was no difference
between CE and HD. However, when CE was compared to non-randomized control
design methodology CE was significantly more effective than SD and HD
colonoscopy. However, this finding was likely more related to study design bias[43].

Virtual chromoendoscopy
New technology in the field of virtual CE (VCE) is being actively investigated as an
alternative to traditional dye-based CE. The SCENIC guidelines did not recommend
the use of VCE with narrow band imaging (NBI) in place of WLE or CE[1], but new
studies have shown promising results.
In 2017, Bisschops et al[44] published data showing no difference between NBI and
CE with methylene blue in a multicenter prospective randomized clinical trial (RCT)
of 131 patients with UC. In another RCT, Iacucci et al[45] studied 270 patients and found
the Pentax (Tokyo, Japan) branded VCE called HD iSCAN was non-inferior to
traditional CE and HD WLE for detection of neoplastic lesions. Based partly on this
data, the 2019 American College of Gastroenterology Clinical Guidelines for UC
recommend CE or NBI when using HD colonoscopes[46].
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Table 1 Societal recommendations for colorectal cancer surveillance
Society

Surveillance intervals

ACG (UC) 2019[46]

Every 1-3 yr

Every year PSC

UC of any extent beyond the rectum
Adjust intervals
Based on previous colonoscopies and combined risk factors: Duration of
disease, younger age at diagnosis, greater extent of inflammation, firstdegree relative with CRC
AGA 2010[2]

Every 1-2 yr

More frequent surveillance

Extensive or left sided colitis.

After two negative exams

Ongoing endoscopic or histologic
PSC
inflammation or History CRC in first
degree relative or Anatomic
abnormality i.e., foreshortened colon,
stricture or inflammatory
pseudopolyps

Beyond every 3 yr

Every 1-3 yr

Every year

Endoscopically and histologically
normal on two or more surveillance
colonoscopies

Average risk

PSC or Active inflammation or
History of dysplasia or History CRC
in first degree relative or Anatomic
abnormality i.e., stricture, multiple
pseudopolyps

Every 5 yr

Every 3 yr

Every year

Lower risk

Intermediate risk

Higher risk

Extensive colitis with no active
endoscopic or histologic
inflammation or Left-sided colitis or
Crohn’s colitis with < 50%
involvement

Extensive colitis with mild active
endoscopic or histologic
inflammation or Family history CRC
in first degree relative > 50 or Postinflammatory polyps

Extensive colitis with moderate to
severe active endoscopic or histologic
inflammation or PSC or Stricture in
past 5 yr or Dysplasia in past 5 yr
without surgery or Family history
CRC in first degree relative < 50

Every 5 yr

Every 2-3 yr

Every Year

Absence of intermediate or high risk
features

Intermediate risk

High risk

Extensive colitis with mild or
moderate active inflammation or
Post-inflammatory polyps or Family
history CRC in first degree relative >
50

PSC or Stricture or dysplasia detected
within past 5 yr or Extensive colitis
with severe active inflammation or
Family history CRC in first degree
relative < 50

Every 5 yrLow risk

Every 3 yrIntermediate risk

Every yearHigh risk

Extensive but quiescent UC or
Crohn’s colitis or Left sided UC or
Crohn’s colitis

Extensive UC or Crohn’s colitis with
mild active inflammation or Postinflammatory polyps or Family
history CRC in first degree relative >
50

Extensive UC or Crohn’s with
moderate or severe active
inflammation or PSC or Any
dysplasia in last 5 yr or Colonic
stricture in past 5 yr or Family history
CRC in first degree relative < 50

Every 1-3 yr

ASGE 2015

BSG 2010[30]

ECCO 2017[32]

NICE 2011[76]

Every year

CRC: Colorectal cancer; PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; BSG: British Society of Gastroenterology; ECCO: European Crohn’s and
Colitis Organization; NICE: National Institute for Health and Care Excellence; AGA: American Gastroenterological Association; ASGE: American Society
of Gastrointestinal Endoscopy.

In non-IBD patients, NBI was shown to increase adenoma detection rate over WLE
in the general population[47], and iSCAN was shown to increase polyp detection in
patients with Lynch syndrome, another group at high risk for CRC[48]. While the
SCENIC guidelines suggest that NBI is not beneficial in the evaluation of CRC
screening and surveillance in IBD, multiple studies have shown a potential benefit of
this technique. A meta-analysis of these studies show no difference in dysplasia per
patient when comparing NBI and dye based CE. Based on this data there may be a
role for NBI when evaluating potentially suspicious dysplastic lesions.
VCE has potential uses beyond dysplasia detection. To assess the accuracy and
interobserver agreement of pit pattern recognition, endoscopists were given pictures
of lesions using CE with methylene blue or NBI. There was superior interobserver
agreement differentiating between neoplastic and non-neoplastic lesions using NBI in
comparison to CE [49] . Another study by Iacucci et al [50] demonstrated iSCAN
assessment of mucosal inflammation correlated strongly with histology.

New technologies
There is ongoing research into other new technologies to improve dysplasia detection.
Panoramic views during colonoscopy were obtained by adding two side-viewing

WJG

https://www.wjgnet.com

4151

August 14, 2019

Volume 25

Issue 30

Clarke WT et al. Colorectal cancer surveillance in IBD

cameras to the traditional forward-viewing camera. This “full-spectrum endoscopy”
significantly improved dysplasia detection when compared to traditional forward
view colonoscopy[51]. Another new technology called autofluorescence was shown to
be inferior to CE in a 2018 randomized controlled trial of 210 patients in Europe[52].

Random biopsies
The benefit of random biopsies in surveillance colonoscopy is another area of
controversy and ongoing research. The yield of neoplasia detection with random
biopsies has been shown to be very low[36,53]. Watanabe and colleagues performed a
multi-center RCT of 246 patients comparing dysplasia detection in UC patients by
random versus targeted biopsies. The authors found non-inferiority between the
random and targeted biopsy groups although patients undergoing random biopsies
had longer procedures and more biopsy samples[53].
In a prospective, randomized, multicenter study with tandem colonoscopies,
Leifeld et al [54] found no difference in dysplasia detection between WLE with 40
random biopsies and NBI with 10 random biopsies; colonoscopies performed with
NBI resulted in far fewer biopsy specimens (11.9 vs 38.6, P < 0.001) and a shorter
withdrawal time (23 vs 13 min, P < 0.001). Results from a study by Gasia et al[55]
published in 2016 suggest random biopsies are still beneficial when using SD WLE
but targeted biopsies are preferred over random biopsies in HD WLE, CE and VCE.
Random biopsies in addition to CE are not currently recommended by the 2010 AGA
or 2017 European Crohn’s and Colitis Organization guidelines[2,32].
However, there are still circumstances in which random biopsies are beneficial.
Random biopsies for histologic staging can still guide IBD treatment[29,56]. In special
circumstances such as a personal history of dysplasia, concomitant PSC or a
foreshortened colon, random biopsies are still recommended regardless of the
screening method[57].

DYSPLASIA
Endoscopically visible dysplasia
Visible dysplastic lesions in parts of the colon uninvolved by colitis should be
managed with standard polypectomy techniques, and surveillance should continue
based on the patient’s underlying IBD risk without any need for increased surveillance or surgical resection[2,29]. For polypoid and non-polypoid visible lesions with
clear margins, endoscopic resection is recommended only if complete resection is
possible[58]. Features of underlying malignancy include ulcerated lesions, inability to
lift with submucosal injection, and surrounding neoplastic changes and are associated
with failed resection[35]. In cases where the lesions are not endoscopically resectable,
total proctocolectomy should be recommended[2,7].
Referral to providers experienced in the removal of colorectal lesions in IBD
patients should be considered as advanced techniques such as endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection (ESD) may be necessary[59].
However, only small studies have demonstrated success with these techniques[60-63].
Importantly, the long-term efficacy of these techniques in preventing surgery or
malignancy is still unclear. In all cases, whenever a larger polyp is removed, a tattoo
should be placed to aid in locating the lesion and future surveillance. Guidelines also
recommend obtaining additional biopsies of the flat mucosa surrounding the
polypectomy site to evaluate for adjacent dysplasia[2,7,56]. However, studies from The
Netherlands in 2017 and England in 2018 report that these additional biopsies are
rarely beneficial[64,65].
Patients with dysplastic polypoid lesions that have been completely resected
should undergo close endoscopic surveillance, although the ideal timing of
subsequent procedures is unclear [66,67] . In cases of EMR and ESD, the Global
Interventional IBD Group recommends a follow-up surveillance colonoscopy with CE
and biopsies at the resection site three months after resection[58].

Endoscopically invisible dysplasia
Endoscopically invisible dysplasia is associated with a high rate of synchronous CRC,
up to 22% with invisible LGD and 45%-67% with invisible HGD[10,68-71]. However, in
many cases of invisible dysplasia in older studies would possibly be visible today
with HD WLE and CE.
Any endoscopically invisible dysplasia discovered at the time of random biopsies
should be confirmed with a pathologist experienced in IBD given the significant interobserver variability in the diagnosis of IBD associated dysplasia[5,72]. Guidelines from
2015 also recommend patients with invisible dysplasia be referred to an experienced
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provider for a repeat HD colonoscopy with CE and repeat random biopsies[1,29]. If
visible lesions are present repeat colonoscopy, resection and further surveillance can
be considered. If LGD or no dysplasia is present, discussions about the risks and
benefits of continued vigilant surveillance versus proctocolectomy should be initiated.
Studies in this group are limited, but Navaneethan and colleagues reported in 2013 on
102 patients with LGD and found that with a median follow-up of 36 months, only 5
patients (4.9%) progressed from LGD to either HGD or CRC [73] . In cases of endoscopically invisible HGD or multifocal LGD, total proctocolectomy should be
recommended[2,7].

POUCH SURVEILLANCE
For IBD patients who have undergone colectomy with ileal pouch anal anastomosis
(IPAA), development of dysplasia in the anorectal or ileal pouch mucosa is rare. A
2014 study of 1200 patients with IBD and IPAA in the Netherlands over 20 years
found only 1.8% developed pouch neoplasia and 1.3% developed adenocarcinoma[74].
Risk factors for dysplasia following IPAA include a history of dysplasia or CRC,
history of PSC, refractory pouchitis, and severely inflamed atrophic pouch
mucosa [74,75] . Patients with these risk factors should be considered for annual
surveillance including biopsies in the pouch and within the anal transition zone[29].
Many suggest surveillance every 3 years for patients with IPAA but without risk
factors, but the optimal interval is unknown.

CONCLUSIONS AND FUTURE RESEARCH
Patients with UC and Crohn’s colitis involving more than one-third of the colon are at
increased risk for CRC and should undergo regular surveillance colonoscopies as
early identification of dysplasia is critical to prevent CRC. Advances in technology
have allowed for better identification of dysplasia, and recent data suggest that the
majority of dysplastic lesions are visible. With the use of HD endoscopy, there will be
continued debate over the role of CE with targeted biopsies versus HD WLE with
random biopsies. With improved identification of dysplasia, there is an increasing
effort to remove any endoscopically resectable visible dysplasia and only recommend
surgical resection when endoscopic resection is not possible. Continued research is
needed into the outcomes of endoscopically resected dysplasia, new technologies such
as VCE and whether traditional surveillance intervals are still appropriate.
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Abstract
High-quality data remains scarce in terms of optimal management strategies in
the elderly inflammatory bowel disease (IBD) population. Indeed, available trials
have been mostly retrospective, of small sample size, likely owing to underrepresentation of such a population in the major randomized controlled trials.
However, in the last five years, there has been a steady increase in the number of
published trials, helping clarify the estimated benefits and toxicity of the existing
IBD armamentarium. In the Everhov trial, prescription strategies were recorded
over an average follow-up of 4.2 years. A minority of elderly IBD patients (1%3%) were treated with biologics within the five years following diagnosis, whilst
almost a quarter of these patients were receiving corticosteroid therapy at year
five of follow-up, despite its multiple toxicities. The low use of biologic agents in
real-life settings likely stems from limited data suggesting lower efficacy and
higher toxicity. This minireview will aim to highlight current outcome
measurements as it portends the elderly IBD patient, as well as summarize the
available therapeutic strategies in view of a growing body of evidence.
Key words: Inflammatory bowel disease; Elderly; Outcomes; Glucocorticoids; Biological
therapy; Surgery
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Two types of inflammatory bowel disease (IBD) exist in the elderly (patients
aged 60 or over): adult-onset vs elderly-onset. Disease phenotypes, outcomes and drug
regimens may change based on the type of IBD. Recently, population-based trials have
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suggested increased corticosteroid use and decreased utilization of biologic agents in the
elderly IBD population compared to their younger counterparts, likely owing to the
perceived high rates of infections and malignancy from anti-tumor necrosis factor (TNF)
agents. This article reviews the current available literature on the management of
inflammatory bowel disease in the elderly patients, including anti-TNF agents, antiintegrin molecules, anti-interleukin 12/23 agents and IBD-related surgeries.
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC), collectively known as inflammatory
bowel diseases (IBD), are most often diagnosed in a younger age group, although they
are increasingly being recognized in the elderly population. Given that IBD is a
chronic illness and the longer longevity, the proportion of elderly IBD patients will
only increase over time. It is estimated that up to 25%-30% of the IBD population are
aged sixty or older, of which half were diagnosed above the age of sixty, better known
as elderly- or late-onset IBD[1]. Indeed, a Swedish population-based study compiled all
incident cases of IBD over a seven-year period (total of 27834 patients): 23% were aged
60 or over (mean age at diagnosis of 69), which represents a sizeable proportion
expected to rise[2]. Indeed, in a Canadian observational study, prevalence of IBD in the
elderly increased by 5.8% between 1999 and 2008, compared to 3.9% in the nonelderly population[3]. Definition of older age in the IBD population may vary in the
medical literature, from ages 55 to 70. The topical review on IBD in the elderly,
published by the European Crohn’s and Colitis Organisation in late 2016, establishes
the age of 60 as the most widely-accepted determinant of elderly age[4]. However,
frailty assessment is believed to be a better predictor of poor IBD-related outcomes,
more so than chronological age alone, based on limited surgical data[4-5]. The mean
number of comorbidities in the elderly IBD population ranges from 2 to 3 [4,6] .
Comorbid illnesses may complicate the management of elderly IBD patients. For
example, a shorter lifespan from other comorbidities may limit the expected benefit of
colorectal dysplasia screening protocols. Diabetes mellitus, congestive heart failure
and chronic kidney disease represent common conditions in the elderly and may be
affected by certain treatment regimens such as corticosteroids or biologic agents. In
fact, in an American retrospective study, 393 elderly IBD patients were known for
coronary artery disease (33.8%), chronic lung disease (22.6%), congestive heart failure
(22.6%), diabetes mellitus (18.8%) and moderate to severe renal disease (11.5%) at the
time of the IBD diagnosis[6].
The elderly IBD patient population should be separated into two groups (adultonset elderly IBD and elderly-onset IBD), based on their different disease phenotypes,
prognoses and management plans. For example, adult-onset IBD patients aged 60 or
above are considered to be at higher risk of disease progression in UC (28% vs 16% at
ten years) and harbor an increased prevalence of perianal disease upon follow-up in
CD (27% vs 17%, average follow-up of 6 years)[7-8]. Otherwise, patients with late-onset
IBD tend to have milder, colonic disease. Most published cohorts from various
countries have shown higher prevalence of UC cases in the elderly, compared to CD:
11%-21% vs 5%-17% respectively[7-9]. In the previously-mentioned Swedish registry,
left-sided disease in UC is seen more commonly in the elderly than the adult
population (28% vs 15%), as opposed to proctitis (14% vs 23%), and extensive disease
(28% vs 34%)[2]. In CD, fibrostenotic disease was more common in the elderly (23% vs
9%), contrasting with lower rates of penetrating disease (5% vs 11%). Extra-intestinal
manifestations were also compared: the rates of primary sclerosing cholangitis and
cutaneous manifestations were similar in both the elderly and non-elderly
populations. Otherwise, arthritis was more commonly seen in the adult population
(8% vs 6%, P value = 0.0001), while elderly patients had statistically higher rates of
ocular manifestations (2% vs 1%, P value = 0.02)[2]. In regards to prescription practices,
two population-based cohorts from Hungary and France have shown that age at
diagnosis predicts higher utilization of corticosteroids and immunosuppressive drugs
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in the adult-onset population. Indeed, the Hungarian cohort showed that azathioprine
was more commonly prescribed in adult-onset CD patients compared to the elderly
population at a median follow-up of 11 years (42.6% vs 28.6%, P value < 0.001), as well
as systemic steroids (39.8% vs 17%, P value < 0.001)[7]. The French EPIMAD cohort
supports the findings from Hungary, describing decreased prescription rates of
immunomodulator drugs in elderly-onset patients (cumulative probability of 27% in
CD and 15% in UC at ten years of follow-up), as well as higher rates of 5Aminosalicylic Acid products (cumulative probability of 80% in CD and 84% in UC),
due to its perceived safety in the elderly[8].
Advanced age in IBD has been associated with increased risk of infections,
malignancy, polypharmacy, comorbidities, corticosteroid-induced complications,
malnutrition, perioperative morbidity and mortality[10]. In fact, retrospective data
suggest a ten-fold increase in the 30-day post-operative mortality among elderly IBD
patients compared to a younger population (CD 4.2% vs 0.3%; UC 6.1% vs 0.7%)[11]. In
order to avoid the IBD-related complications and their impact on elderly patients’
quality of life, controlling disease remains crucial. Over the last twenty years, use of
biologic agents has revolutionized the IBD therapeutic landscape, leading to major
changes in therapeutic targets in order to prevent recurrent flares. However, concerns
about decreased efficacy due to immune senescence and a higher side effect profile in
the elderly population has led to a relative underutilization of biologic agents, not
solely explained by milder disease severity seen in the elderly population. In the
current state of evolving treatment targets, this review will provide an evidence-based
summary of the efficacy and safety of the IBD therapeutic agents in the elderly
population.

OUTCOME MEASURES
Influential IBD drug clinical trials have focused on disease-related outcomes, such as
clinical response or remission, avoidance of corticosteroid use and post-operative
morbidity and mortality. In the last ten years, American and European Associations
have produced guidelines in order to ensure a transition towards objective outcomes,
namely mucosal healing and its biochemical surrogates, such as C-reactive protein
(CRP) and fecal calprotectin (FCAL)[12-13]. Although mucosal healing remains an ideal
treatment target, therapeutic goals in elderly patients may be different in light of their
relatively shorter lifespan compared to the adult population. Indeed, physicians may
opt to tolerate mild endoscopic activity in view of perceived lower long-term risks of
colorectal malignancy or IBD-related complications.
CRP and FCAL have not been specifically validated in the elderly IBD population.
Firstly, geriatric frailty has been associated to a low-grade inflammation, inducing
increased levels of serum CRP, tumor necrosis factor - alpha (TNF-α) and interleukin6, despite excluding cardiovascular disease, diabetes and adjusting for basic
demographic characteristics [14] . It can thus be difficult to ascertain whether CRP
elevation in the elderly IBD population is a reflection of disease activity or a sign of
frailty possibly due to malnutrition or other comorbidities. Secondly, FCAL levels are
increased in the setting of various diseases, including, although not limited to,
diverticulitis, ischemic colitis, colorectal malignancy, as well as certain drugs, such as
proton pump inhibitors and nonsteroidal anti-inflammatory drugs, all of which are
more commonly seen in the elderly population[15]. Biomarkers’ specificity to predict
disease activity may thus be lower in the elderly IBD population. Further trials are
needed to validate the use of biomarkers in the elderly IBD population.
A rising prevalence of elderly IBD patients implies higher costs and increased
complexity of health-care delivery, thus justifying a shift towards a standardized
model conceived by patient-reported outcomes (PROs) considered most relevant[16].
Few studies in the elderly IBD population included FDA-recognized PROs as a
primary outcome. One such trial assessed five types of PROs (depression, anxiety,
pain interference, sleep disturbances and fatigue). At six months of follow-up, 636
elderly IBD patients on continued steroid use had higher rates of depression (mean
50.8 vs 48.2, P = 0.03) and anxiety (mean 52.6 vs 49.8, P = 0.04) based on validated
questionnaires, compared to elderly patients on immunomodulators or anti-TNF
agents (without steroid use) after adjusting for disease activity[17]. Depression, anxiety
and sleep disturbances may further decrease elderly patients’ quality of life, therefore
increasing the importance of corticosteroid-sparing therapy.
The Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE)
program, designed to establish the appropriate treatment targets for IBD, suggests
serial outpatient assessment of PROs minimally every three months until resolution,
then every six to twelve months[18]. However, the optimal PRO instrument has not yet
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been clearly identified. In an effort to strive for value-based medicine, the International Consortium for Health Outcomes Measurement (ICHOM) and the Oxford
Academic Health Network collaborated to devise four domains encompassing the
most relevant IBD-related PROs: Symptoms and Quality of Life, Survival and Disease
Control, Disutility of Care and Healthcare Utilization[19]. A short, inexpensive test, the
IBD-Control questionnaire (IBD-CQ), was recommended as the most reliable
measurement of PROs, although its validation process requires further prospective
studies[19-20]. Although data in the elderly population is lacking, PRO instruments, such
as the IBD-CQ, can potentially capture the decreased health-related quality of life in
this vulnerable population and further guide the clinician towards symptom-specific
strategies.

MEDICAL THERAPY
5-Aminosalicylic acid
Current guidelines suggest that 5-Aminosalicylic acid (5-ASA) should be used for
inducing remission and for maintenance therapy in mild-to-moderate UC (AGA
guidelines); however, the role of 5-ASA in CD is less clear and is currently not
supported by major guidelines[21]. A recent population-based study from Hungary
included 11240 elderly UC patients and 3172 elderly CD patients. In this study, 72% of
elderly UC patients and 69% of elderly CD patients were receiving 5-ASA products.
In the 20-59 year age group, 73% of UC patients and 71% of CD patients used 5-ASA
products, indicating similar usage between these two age groups[21]. Similar results
were seen in a retrospective analysis from Poland; out of 8,265 elderly UC patients,
89% were using 5-ASA compared to 76.5% of elderly CD patients (total of 1387 elderly
CD patients). In this trial, the exposure to 5-ASA was similar between the adult and
elderly groups [23]. In contrast, in their cohort of 6443 cases, Everhov et al[2] found that,
at 5-year follow-up, only 29% of elderly CD patients and 57% of elderly UC patients
were using 5-ASA respectively. These findings demonstrate that, despite the current
guidelines, a significant proportion of the elderly CD population are being prescribed
5-ASA products. One theory for the use of 5-ASA in the maintenance therapy of CD
suggests that its popularity may be due to its relatively safe side-effect profile[24].
While the studies above suggest that 5-ASAs are widely prescribed for both UC and
CD, it is important to consider their potential side effects. In a recent retrospective
review from the Swiss IBD cohort which included 3192 patients of all ages, 7.9% of
patients discontinued their 5-ASA[25]. The most common reasons for discontinuation of
therapy were nausea and/or diarrhea (0.9%), gastrointestinal intolerance (0.4%) and
nephritis (0.3%). With regards to nephrotoxicity associated with 5-ASA, a recent
genome-wide association study found that the median age of nephrotoxicity was 39.4
years old, that it could manifest itself at any age and that there is genetic predisposition explaining its development[26].
In addition, there is currently insufficient evidence to suggest that there exists a
difference in the efficacy of 5-ASA between the younger and older IBD populations.
Regardless of the type of the disease, in elderly IBD patients, certain particularities
come to the forefront. For example, while many young IBD patients are able to autoadminister suppositories, this may be difficult for an older person. Also, the
prevalence of fecal incontinence among elderly patients in the outpatient setting has
been shown to be as high as 9.9%, which raises concern for inadequate absorption or
administration of suppositories and enemas[27]. Of note, for the elderly population at
risk for polypharmacy, 5-ASA has been shown to interact with Warfarin [28] . In
addition, combining antacids and 5-ASA may hinder the therapeutic effects of 5ASA[29].

Steroids
Corticosteroids play an important role in inducing remission with IBD. However,
current guidelines do not recommend their use for maintenance therapy largely
because of their unfavorable side-effects (AGA). Studies analyzing treatment trends in
elderly IBD patients have shown that this population seems to use less immunomodulators and biologic agents, and more corticosteroids than their younger
counterparts[6]. In fact, the Everhov study revealed that, in regards to elderly CD
patients, 17% were using immunomodulators and 22% were using corticosteroids by
the 5th year of follow-up[2]. In elderly UC patients, by the 5th year of follow-up, 9%
were using immunomodulators and 23% were using corticosteroids. Additionally, in
a cohort study including 190 elderly patients with IBD, regular corticosteroid use
seemed to remain common. When groups were stratified based on moderate-tosevere disease activity (n = 61), 71% of these patients were using corticosteroids
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chronically, only 25% and 35% had received biologics and immunomodulators,
respectively. Furthermore, 24% of patients in remission or with mild disease were
using chronic steroids[30].
In a recent population-based study analyzing 465 patients with elderly-onset
ulcerative colitis, Duricova et al[31] found that there was a 20.4% cumulative probability
that patients receive corticosteroids within the first year since diagnosis and a 31.5%
cumulative probability within the first five years. A total of 151 patients were exposed
to corticosteroids and patients had a yearly median exposure period of 23 d. Twelve
patients (7.9%) experienced adverse events, with new-onset diabetes mellitus being
the most common. With regards to steroid dependency, 31 patients (20.5%) became
steroid dependent over the study period; there was no significant difference in the
incidence of new-onset steroid-dependent disease between patients older and
younger than 70 years. Finally, steroid resistance, defined as no response to maximal
doses of intravenous steroids and therefore requiring surgery or need for additional
cyclosporine or infliximab, was more common in elderly patients < 70 years vs those >
70 years.
Studies have shown that there is an increased risk of adverse events in association
with corticosteroid use in elderly IBD patients; these include (but are not limited to)
both serious infections and death. Indeed, in the TREAT registry, 55 out of 6290
patients died. The independent predictors of death proved to age, duration of CD
disease and the use of prednisone[32]. With regards to serious infections, 106 patients
suffered from such a complication. The independent predictors of serious infection
included race, duration of CD disease, moderate-to-severe CD disease, the use of
narcotics and finally, the use of prednisone. In addition, in their study, Brassard et al.
identified 564 cases of serious infection in their cohort of 3552 elderly-onset IBD
patients[33]. The authors found that those patients currently using corticosteroids
(within the last 45 d) and those exposed to corticosteroids within the last 90 days were
at an increased risk for serious infections.
Additionally, in a recent retrospective study by Govani et al[34] with 12276 IBD
patients 65 years and older, older patients were found to have a significantly
increased fracture risk at 1 year following the initiation of corticosteroids when
compared to younger patients. Of note, both venous thromboembolism and infection
were more frequently encountered with corticosteroid users; although there was no
significant difference in rates of these secondary effects between the older and
younger patient groups. Also, in a cross-sectional study followed by longitudinal
analysis, self-reported IBD patients 60 years and older treated with corticosteroid
monotherapy had significantly worsened depression and anxiety at 6 month followups when compared to others (from the same age bracket) treated with immunomodulators or anti-TNF agents without corticosteroids. In addition, corticosteroid use
was associated with sleep disturbance, fatigue and worsened anxiety when compared
to non-corticosteroid users[16].
In addition to side effect profile, corticosteroids have the potential to interact with
various medications as well. Interactions with Rifampin, Phenytoin and even
anticoagulants have been reported and should be kept in mind when deciding on a
therapeutic regime[35]. There is currently insufficient evidence to comment on the
efficacy and safety of budesonide in the elderly IBD population. Notably, the authors
of major trials mentioned that the geriatric population was under-represented[36].

Thiopurines
Similarly to 5-ASA, there is insufficient evidence to suggest that the treatment efficacy
of thiopurines in the older IBD population is different than that of the younger
population. Still, studies have shown a low usage of thiopurines in the elderly
population that is most likely driven by the higher risk of malignancy associated with
this class of drugs[29,37]. Indeed, in their various prospective observational studies, the
CESAME Study group has found that ongoing and previous exposure to thiopurines
increase the risk of developing non-melanoma skin cancer, that previous exposure
comes with a seven-fold increased risk of developing a myeloid disorder and that
ongoing exposure increases the risk of urinary tract cancers[38-39]. In the study by
Duricova et al[31], there was a 2.6% probability that patients underwent thiopurine
therapy within the first year since diagnosis and a 9.7% probability within the five
years since diagnosis. Thiopurines were used in 44 subjects (9.4% of patients). Five of
these patients experienced a cytopenia and four patients experienced gastrointestinal
intolerance. In a population-based study including 4107 elderly IBD patients, Alexakis
et al[37] found that, in patients with elderly-onset UC (60 years and older at diagnosis),
there was a 70% reduced risk of colectomy in those patients treated with thiopurines
for more than 12 mo. Of note, this reduction in surgical risk was not observed in
elderly-onset Crohn’s disease patients who had received thiopurine treatment for
more than 12 mo.
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While these findings are interesting, the side effects of these agents must be
considered. Reports of increased risk of developing malignancy in association with
thiopurine use have surfaced. In fact, a recent cohort study (in which patients 65 years
and older represented 12% of the study population) by Lemaitre et al[40] found that risk
of lymphoma was higher in patients treated with thiopurine monotherapy (mean
exposure time was 17 mo) and those treated with combination therapy (thiopurine
and anti-TNF, mean exposure time was 8 mo) in comparison to those patients
unexposed to such treatments. In addition, in their retrospective observational study,
Bahi et al[41] showed a potentially multiplicative risk of non-melanoma skin cancer
with increasing age in thiopurine-exposed IBD patients (6 months or longer exposure,
median exposure of 42 months). In contrast, a recent cohort study by Cheddani et al[42]
of elderly-onset IBD found that thiopurine exposure was not associated with an
increased risk of developing cancer when using a time-dependant Cox model.
Besides malignancy, in a French cohort study including 190694 IBD patients aged
18 years and older, both patient groups exposed to thiopurine monotherapy and
combination therapy (thiopurine and anti-TNF) were at increased risk for serious
infections and opportunistic infections when compared to those who were unexposed
to these regimens. Of note, the absolute risks of developing either serious or
opportunistic infections were at least double in patients 65 years and older, compared
to younger patients[43]. Furthermore, in a post hoc analysis of the Thiopurine response
Optimisation by Pharmacogenetic testing in Inflammatory Bowel Disease Clinics
(TOPIC) trial, both older age and combination therapy with thiopurines and biologics
were associated with an increased risk of infection in patient without a TPMT
variant[44]. This trial included 105 patients 60 years and older.
Otherwise, several interactions have been reported with thiopurines. They have
been shown to inhibit the effects of warfarin[28]. Also, when combined with 5-ASA or
allopurinol, thiopurine metabolite levels may increase leading to serious
complications[45].

Methotrexate
While studies evaluating the efficacy of methotrexate (MTX) in both the paediatric
and adult IBD populations have been done, there is limited evidence regarding its
role in older IBD patients. Currently, methotrexate is recommended for steroiddependant Crohn’s disease and for maintenance of remission (AGA).
Common side effects of methotrexate include (but are not limited to) nausea, liver
toxicity and bone marrow suppression[24]. In a recent retrospective review including
3192 IBD patients of all ages, 19.8% of patients treated with Methotrexate discontinued the drug due to side effects. The most common reasons for dis-continuation
were gastrointestinal effects, namely nausea and vomiting, but also an increase in
liver enzymes. Furthermore, one study analyzing the use of methotrexate in 112 IBD
patients found that patients not receiving folic acid were at a fivefold increased risk of
experiencing side effects[46]. While the addition of folic acid may seem insignificant,
this may pose a challenge to the older IBD patient who is already at risk for
polypharmacy and may have more difficulty complying to a complicated medical
regimen.
Of note, methotrexate is mainly excreted by the kidneys; therefore, drug accumulation occurs with a lower glomerular filtration rate, as seen more commonly in
the elderly population, thus potentially intensifying its side effects[47].

Biologic agents
Biologic therapy regroups a wide array of immunosuppressive agents, wherein the
main mechanism of action relies on antibody-mediated downregulation of the
inflammatory cascade. Infliximab and adalimumab, the first biologics used in the
treatment IBD, directly inhibits the effects of serum and mucosal TNF, thereby
reducing mucosal inflammation. Trials showed that a third of patients lose response
to TNF blockers within 1 year, compounded to a non-negligible infectious risk.
Therefore, newer biologics were introduced in order to target downstream mediators
of gut inflammation, such as the anti-integrins (vedolizumab) and the anti-interleukin
12-23 (ustekinumab). Based on retrospective and population-based data, biologic
agents in the elderly IBD population are rarely utilized, as low as 2% in UC patients
and 6% in CD patients at 5 years following date of diagnosis, compared to 7% and
20% in the adult population[2,29]. In these trials, 20%-32% were receiving maintenance
prednisone, defined as a treatment duration of six months or more. Existing evidence,
although limited, has suggested lower efficacy and increased risk of infections,
possibly mortality, of biologic agents used in the elderly population, likely resulting
in suboptimal management strategies, including corticosteroid prescriptions.
TNF-α blockade: Data is conflicting regarding the efficacy and safety of biologic
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agents in the elderly, mostly explained by the limited number of elderly patients in
the major IBD randomized controlled trials, wherein median age is in the range of 35
to 40[48-50]. Either elderly patients are explicitly excluded from these trials, or the
intensity of follow-up visits leads to incomplete data collection and consideration as a
loss to follow-up.
Of the few trials assessing efficacy of anti-TNF therapy in the elderly, outcomes
have been largely clinical, rarely including biochemical and endoscopic parameters
(as shown on Table 1), the latter two deemed more reliable in predicting disease
course in most international guidelines. A Leuven nested case-controlled study of 66
elderly-onset IBD patients on anti-TNF therapy showed a significantly lower rate of
short-term clinical response at 10 weeks in the elderly IBD (68% vs 89%: P < 0.001)[51].
However, efficacy was similar between younger and elderly patients at 6 months of
biologic therapy, suggesting a prolonged time to treatment effect in the elderly.
Interestingly, in this trial, elderly-onset and adult-onset IBD patients had similar rates
of clinical response. In a study of 58 patients by Desai et al[52], 61% of elderly IBD
patients achieved complete or partial clinical response at 12 mo, compared to 83% of
the younger population. Discontinuation of anti-TNF therapy is reported as more
common in the elderly population compared to non-elderly patients (25% vs 7%
assessed at 12 mo: P < 0.001), explained by lower rates of clinical response and
increased infectious complications[51].
More recent data has suggested sustained efficacy rates over a twelve-month
period, although not compared to a younger population. In a large multicenter,
retrospective trial by Adar et al[53], 131 elderly IBD patients on anti-TNF maintained
remission status, defined as a peer-reviewed clinical, biochemical and endoscopic
assessment, in 50% of cases at 3 mo, 54% at 6 mo and 58% at 12 mo. Lower rates of
remissions were associated with increasing age (for each one-year increase in age: OR
= 0.94, 95%CI: 0.89-0.99). Notably, at the initiation of the anti-TNF, 36% of these
patients were treated with combination therapy (using thiopurine or methotrexate
combined to a biologic agent). Compared to anti-TNF monotherapy, combination
therapy was not associated with increased rates of remission at any time period (P >
0.10). In the existing elderly IBD-related literature, data is otherwise scarce regarding
the potentially higher efficacy of combination therapy seen in younger patient
populations.
Safety profile remains a significant issue in the elderly IBD population for most
therapeutic agents. Higher rates of adverse events due to steroids, immunomodulators and biologic agents in the elderly population can be explained by
senescence of the immune system, increased comorbidities and potential drug
interactions. Upper and lower respiratory tract infections remain the most commonlyreported infections. In the previously-mentioned Leuven study, advanced age (≥ 65
years) was associated with higher rates of serious adverse events on anti-TNF
therapy, such as infections and malignancy (relative risk 4.7; P < 0.001), compared to
non-elderly IBD patients[51]. Upon adjustment for comorbidities, rates of malignancy
were similar between the two groups (HR = 2.64, 95%CI: 0.70-10.04), implying that
presence of comorbidities in the elderly IBD population represents the main risk
factor for malignancy. A large, multicenter observational trial showed similar results:
elderly IBD patients were more likely to suffer from infections compared to a younger
population, malignancy and even death, irrespective of disease duration (13% vs 2.6%,
3% vs 0% and 10% vs 1%, respectively), as seen on Table 1[54]. In multiple studies,
advanced age in IBD is recognized as an independent risk factor for lymphoproliferative disorders, especially in the setting of thiopurine use[55-56]. Data from
the TREAT registry suggests that anti-TNF monotherapy does not infer an increased
risk of lymphoproliferative disorders (five-year incidence of 0.05 per 100 patientyears, compared to 0.06 per 100 patient-years in IBD patients who received other
treatments only) [57] . Longer-term studies are needed to establish the risk of
lymphoproliferative disorders in elderly IBD patients on biologic therapy, including
effect measurement of prior thiopurine use.
A recently-accepted meta-analysis by Borren et al[58] assessed the safety profile of
biologic agents in the treatment of elderly patient with auto-immune diseases (IBD,
rheumatoid arthritis, psoriasis). Of the fourteen included studies, six retrospective
studies focused solely on IBD, comprising a total of 349 elderly biologic users, 450
elderly non-biologic users and 822 non-elderly biologic users. Elderly IBD patients on
biologic therapy (mostly anti-TNF) were three times more at risk of infections (OR =
3.48, 95%CI: 1.98-6.14) and malignancy (OR = 3.47, 95%CI: 1.71-7.03), compared to
their younger counterparts. Upon considering strictly elderly patients, the authors
noticed that patients on biologic agents were eleven times at higher risk of infections
compared to those not receiving biologics (OR = 11.22, 95%CI: 3.6-34.99), while similar
rates of malignancy were measured between these two groups (OR = 0.53, 95%CI:
0.26-1.08). As expected in a meta-analysis of small retrospective studies, several data
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points are missing, such as comorbidity risk scores, types of malignancy and
infections and active corticosteroid or immunomodulator therapy, limiting this
study’s impact on clinical practice. Existing data in the elderly IBD population
suggests that use of anti-TNF agents is an independent risk factor for infections
(minor and severe), emphasizing the importance of prophylactic measures, such as
hand hygiene and immunization guidelines. Current data regarding malignancy risk
remains conflicting; no specific screening is deemed required as per the ECCO Topical
Review on IBD in the elderly[4]. Otherwise, anti-TNF agents should be avoided in
severe cases of congestive heart failure, whereas milder disease requires closer
surveillance, although data is lacking regarding cardiovascular surveillance
protocols[4].
Inhibition of leukocyte trafficking: Vedolizumab, a monoclonal antibody directed
against the integrin subunit α4β7, prevents circulating lymphocytes to interact with
mucosal cell adhesion molecule-1 (MAdCAM-1), thereby reducing the migration of
inflammatory cells towards colonic mucosa. A post hoc analysis of the GEMINI trials
from Yajnik et al [59] showed that, across different age groups (≤ 35, 35-55, ≥ 55),
vedolizumab had similar rates of corticosteroid-free remission at 52 weeks,
respectively 32.6% vs 26.7% vs 28.6% for CD and 33.3% vs 42.3% vs 38.1% in UC. In the
same trial, rates of malignancy and infections in the elderly population were mostly
similar compared to their younger counterparts, as in 0.4% vs 0.5% vs 0% for
malignancy, as high as 87% vs 84.7% vs 77.4% for any infection and 7.5% vs 4.4% vs
0.9% for serious infections (see Table 2 for the study demographics). The unusual
trend of higher serious infections in the younger population was also captured in the
original GEMINI trials, which were not designed to assess these specific subgroups.
Indeed, these results should be interpreted with caution due to the small sample size
(only 90 patients aged 55 or older, compared to 582 and 443 in the other two groups)
and inadequate power to detect statistical significance.
In the previously-mentioned Adar et al. trial, 234 elderly-onset patients were
assessed retrospectively at the time of biologic initiation, separated in two groups:
anti-TNF agents (n = 131) and vedolizumab (n = 103)[53]. As can be expected, the main
measurable difference between groups was the increased proportions of perianal
disease in the anti-TNF group (25% vs 14%, P = 0.02). Rates of remission were
numerically higher, although not statistically significant, in the anti-TNF group at 3
months (50% vs 38%, P = 0.07), then became comparable at 6 mo (54% vs 45%, P =
0.23) and 12 mo (58% vs 54%, P = 0.63). Additionally, use of anti-TNF was associated
with higher odds of remission in CD at 3 months (OR = 2.82, 95%CI: 1.18-6.76) but not
UC (OR = 1.74, 95%CI: 0.74-4.13) and comparable odds between groups at 6 and 12
mo. In keeping with existing data on biologic agents’ pharmacokinetics, these findings
suggest a relatively quicker onset of action from anti-TNF agents compared to vedolizumab. Data from the 6- and 12-mo period suggest that both agents share similar
durability of response.
Notably, rates of significant infections are comparable between groups within one
year of initiation: 20% for anti-TNF and 17% for vedolizumab, most commonly
pneumonia in both groups. Vedolizumab was thought to potentially increase the risk
of gastrointestinal infections due its gut-selective mechanism of action, a risk not
encountered in the GEMINI trials and in this trial. Incidence rates of Clostridium
difficile infection and gastrointestinal infections were also similar between groups
(21% vs 18%, P = 0.57). New primary or recurrent malignancies were diagnosed in 3%
of anti-TNF patients and 1% of vedolizumab-treated patients, although not
statistically significant (P = 0.27)[53]. The Adar et al[53] study is the largest to compare
efficacy and safety of biologic agents in the elderly IBD population. As opposed to
extrapolations from the GEMINI data (similar rates of infections between
vedolizumab and placebo arms), the findings from Adar et al [53] do not capture
significantly lower rates of infections compared to anti-TNF agents, possibly
explained by the small sample size, short follow-up period and retrospective nature of
the trial. Additional trials of comparable size are needed to better elucidate the safety
profile of vedolizumab compared to anti-TNF agents.
Interleukin 12 and 23 blockade: Otherwise, ustekinumab, a monoclonal antibody
targeting the common p40 subunit of interleukin-12/23, has shown favorable efficacy
and safety outcomes in the UNITI and IM-UNITI trials[50]. However, stratification by
age was not performed, resulting in the analysis of a relatively young patient
population (average age of 38). Data is otherwise scarce for ustekinumab in the
treatment of elderly IBD patients. Regarding the psoriasis literature, two small
retrospective trials (46 patients in total) suggested no increased risk of adverse events
with ustekinumab at 52 wk, although ustekinumab dosing is significantly lower in
psoriasis treatment compared to IBD dosing[60-61]. Such limited data has not clearly
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proven that clinicians should opt for the newer classes of biologic agents as a first-line
intent in the hopes of blunting potential toxicity in the elderly IBD population.

SURGERY
Advanced age confers an increased risk of post-operative morbidity and mortality,
mostly driven by the number of comorbidities, especially renal disease (OR = 8.15
95%CI: 5.44-14.05), congestive heart failure (OR = 3.5, 95%CI: 2.63-4.62), thromboembolic disease (OR = 4.19, 85%CI: 3.37-5.21) and liver disease (respective ORs
= 8.15, 95%CI: 5.44-14.05)[62].
Elderly patients require surgical interventions more commonly than the nonelderly, most of these happening within the first year of diagnosis. Either their disease
will be refractory to medical therapy, or the treating physician has chosen an
alternative to chronic immunosuppression due to the potentially higher rates of
infections and malignancy or the inconveniences related to parenteral delivery of
biologic agents. In Everhov et al[2], 13% of elderly IBD patients (22% in CD, 6% in UC)
had undergone bowel surgery at 5 years, significantly higher than the 10% adult
population (16% in CD, 5% in UC). Similarly higher rates of surgery in the elderly UC
population were reported in a meta-analysis of 43 studies by Ananthakrishnan et al[63]
(OR = 1.36; 95%CI: 1.18-1.57), compared to similar rates in the elderly CD population
(OR = 0.70; 95%CI: 0.4-1.22). Cumulative risk of colectomy in elderly UC patients is
considered higher in distal and extensive UC (P values 0.04 and 0.0001, respectively),
compared to younger populations[2].
Restorative proctocolectomy with ileal pouch-anal anastomososis (IPAA) and
proctocolectomy with ileostomy are two commonly-used surgical interventions in the
care of UC. Multiple trials have shown comparable short-term morbidity and
mortality between both procedures in the elderly population, similar to the younger
population[64-65]. Significantly higher rates of re-admission were seen in the IPAA
group (55% vs 24%, P = 0.02), mostly due to dehydration from high ostomy output[66].
Historically, IPAA was avoided in the elderly population due to perceived higher
rates of fecal incontinence. IPAA is currently increasingly used in autonomous elderly
patients with a subjectively-measured intact anal sphincter. This is largely due to a
growing body of evidence which suggests no difference in daytime or nocturnal
incontinence after three years of follow-up (3.8% vs 2.5% or 7.7% vs 2.5%, nonstatistically significant in a population ≥ 70 years old)[67]. Otherwise, IPAA in the
elderly population are associated with similar rates of pouchitis and chronic pouch
disorder, as well as high rates of sustained patient satisfaction and perceived quality
of life[68].
For CD-related complications, such as stricturoplasty or abscess drainage,
therapeutic approach should be similar in elderly and adult populations[4]. Data
remains conflicting in terms of the rates of postoperative recurrence of CD in the
elderly population, compared to the younger population. Prophylaxis of postoperative recurrence has not been studied in elderly CD patients.

CONCLUSION
Over the last few decades, the prevalence of IBD in the elderly has been steadily
rising. An increasing number of adult-onset IBD patients are living past 60 years old.
Earlier age at diagnosis and longer disease duration have translated into an increased
risk of disease progression and immunosuppressive drug exposure in these patients.
On the other end of the spectrum, elderly-onset IBD patients present as predominantly-colonic disease, mostly left-sided colitis in UC, as well as exhibiting lower
rates of penetrating disease in CD. More recent, population-based trials have shown
statistically higher utilization of steroids in the elderly population, compared to their
younger counterparts, despite well-established toxicities. Biologic agents are seldom
used in the elderly IBD population, owing to the higher infectious risks reported for
anti-TNF agents and to the limited existing data regarding vedolizumab and
ustekinumab. Anti-TNF have been shown to be effective but potentially lead to higher
infectious and malignancy risks. Relative risk of serious infections due to recurrent
corticosteroid use vs anti-TNF agents has not been directly compared strictly in the
elderly IBD population. Vedolizumab may be a safe alternative in the elderly IBD
population although supported by small, underpowered trials. Trials assessing IBDrelated surgical interventions have shown comparable short- and long-term morbidity
and mortality compared to the younger population, highlighting a potential
alternative to systemic immunosuppression. More prospective data is required to
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better define the efficacy and safety of biologic treatment for elderly IBD patients.
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Abstract
Lysosomal acid lipase (LAL) plays a key role in intracellular lipid metabolism.
Reduced LAL activity promotes increased multi-organ lysosomal cholesterol
ester storage, as observed in two recessive autosomal genetic diseases, Wolman
disease and Cholesterol ester storage disease. Severe liver steatosis and
accelerated liver fibrosis are common features in patients with genetic LAL
deficiency. By contrast, few reliable data are available on the modulation of LAL
activity in vivo and on the epigenetic and metabolic factors capable of regulating
its activity in subjects without homozygous mutations of the Lipase A gene. In
the last few years, a less severe and non-genetic reduction of LAL activity was
reported in children and adults with non-alcoholic fatty liver disease (NAFLD),
suggesting a possible role of LAL reduction in the pathogenesis and progression
of the disease. Patients with NAFLD show a significant, progressive reduction of
LAL activity from simple steatosis to non-alcoholic steatohepatitis and
cryptogenic cirrhosis. Among cirrhosis of different etiologies, those with
cryptogenic cirrhosis show the most significant reductions of LAL activity. These
findings suggest that the modulation of LAL activity may become a possible new
therapeutic target for patients with more advanced forms of NAFLD. Moreover,
the measurement of LAL activity may represent a possible new marker of disease
severity in this clinical setting.
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Core tip: Reduced lysosomal acid lipase (LAL) activity promotes increased multi-organ
lysosomal cholesterol ester storage, as observed in two recessive autosomal genetic
diseases, Wolman disease and Cholesterol ester storage disease. A less severe and nongenetic reduction of LAL activity has been reported in children and adults with nonalcoholic fatty liver disease (NAFLD). Patients with NAFLD show a significant,
progressive reduction of LAL activity from simple steatosis to non-alcoholic
steatohepatitis and cryptogenic cirrhosis. In the future, modulation of LAL activity may
become a possible new therapeutic target for patients with more advanced forms of
NAFLD and represent a possible new marker of disease severity.
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INTRODUCTION
Lysosomal acid lipase (LAL) is a key enzyme for intracellular lipid metabolism, which
regulates the intra-lysosomal hydrolysis of cholesterol esters (CE) and triglycerides
(TG), producing free cholesterol and fatty acids[1]. The LAL activity reduction causes
intra-lysosomal accumulation of CE and lowers free cholesterol in cytosol[2]. This
reduction increases transcription factor sterol regulatory element binding protein
activity, which promotes lipogenesis and synthesis of cholesterol and of very lowdensity lipoproteins. In addition, there is a reduction in liver X receptors expression
resulting in impaired cholesterol efflux and high-density lipoprotein (HDL)
production[3]. Moreover, low-density lipoprotein (LDL) receptor synthesis and the
receptor-mediated LDL uptake are amplified.
In patients with both heterozygous or homozygous deletion of lipase A (LIPA)
gene, a lipid phenotype similar to that observed in patients with familial
hypercholesterolemia (FH) has been described [4,5] . Therefore, in presence of
hypercholesterolemia with type IIa phenotype, it is very important, but not always
easy, to make a differential diagnosis with heterozygous FH (Table 1). A family
history for early cardiovascular disease and/or hypercholesterolemia supports a
diagnosis of heterozygous FH. On the contrary, in the absence of diagnostic criteria
for FH, a LAL defect could be suspected, especially in patients with hypercholesterolemia associated with low levels of HDL cholesterol. The Dutch Lipid Clinic
Network score[6,7] or the Simon Broome criteria[8] for FH may be two useful tools for a
differential diagnosis.

GENETICS OF LAL DEFICIENCY
LAL deficiency (LAL-D) is a rare autosomal recessive genetic disease due to a
mutation in the LIPA gene, characterized by the presence of CE and TG in numerous
tissues. The most common mutation is the E8SJM variant, which has an estimated
frequency of 0.00025 in the general population (i.e., 1 carrier per 200 individuals in
Western countries). The LAL-D is a heterogeneous disorder that may present with
two different phenotypes based on residual LAL activity levels (Figures 1): Wolman’s
disease and cholesterol ester storage disease (CESD)[1,4].
Wolman’s disease starts prematurely during the 6th or 7th mo of life and quickly
leads to death, with only a small proportion of patients surviving beyond the first
year of age. Infants with LAL-D show delayed growth, associated with signs of
malabsorption, hepatosplenomegaly, severe hepatic dysfunction, rapidly progressive
anemia, and multi-organ failure; the adrenal calcifications are the pathognomonic sign
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Figure 1

Figure 1 LAL activity reduction in the spectrum of NAFLD. LAL: Lysosomal acid lipase; NAFLD: Non-alcoholic
fatty liver disease; NASH: Non-alcoholic steatohepatitis; CESD: Cholesterol esters storage disease.

of Wolman’s disease. In these patients, LAL activity is almost null[1].
CESD is the late onset phenotype, being manifested during childhood, adolescence,
or in adulthood, with onset age ranging from 5 to 44 years or more. It presents with
hepatic steatosis, high levels of aminotransferase, hepatomegaly, and dyslipidemia.
As the clinical manifestations of CESD are not very characteristic, the diagnosis is
often occasional. The clinical phenotype and disease severity are very variable and
depend on the residual enzymatic activity, which is usually less than 12%. Therefore,
the coexistence of hepatic steatosis and hypercholesterolemia, in particular in nonobese subjects, should lead to the differential diagnosis between LAL-D and other
metabolic causes of non-alcoholic fatty liver disease (NAFLD), such as metabolic
syndrome, type II diabetes, hypertriglyceridemia, and central obesity[9].

LIVER ALTERATIONS IN LAL-D
LAL-D leads to CE and TG accumulation in hepatocytes and liver-resident
macrophages (Kupffer cells) with subsequent progression to fibrosis (Figures 2). The
high prevalence of severe fibrosis in LAL-D and its rapid progression to cirrhosis
suggest that lysosomal CE and TG accumulation is a potent driver of liver fibrosis[9-11].
A recent study showed increased transaminases in hepatocyte-specific LAL-deficient
mice (Liv-Lipa -/-) as well as upregulation of hepatic cytokines and chemokines,
known to drive inflammation and leading to Kupffer cell activation and liver
damage[12]. In addition, lysosomal CE accumulation induces Kupffer cell activation,
causing inflammation and liver damage in high fat/high cholesterol fed Liv-Lipa-/mice. These findings indicated that hepatocytes’ LAL plays a critical role for liver
homeostasis and function.
A recent study reported data on allograft recurrence, liver failure, and other clinical
outcomes in 18 liver transplantation (LT) LAL-D patients. LT was necessary for
treatment of LAL-D-associated liver failure but, interestingly, did not correct LAL
activity, which remained deficient post-LT[13]. Therefore, LT does not correct deficient
LAL enzyme in bone marrow derived histiocytes; moreover, LT does not even
prevent multi-organ disease progression or liver disease recurrence, as observed in
liver biopsies within the first year following LT.
In addition, Burton et al [14] have shown how, in patients with genetic LAL
deficiency, 20 wk treatment with enzyme replacement therapy (Sebelipase-alpha) is
able to reduce hepatic fat evaluated by magnetic resonance. In addition, treated
patients showed serum liver enzymes and serum lipids improvement.

LAL ACTIVITY REDUCTION AND NAFLD
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Figure 2

Figure 2 Changes of hepatic lipid metabolism in lysosomal acid lipase deficiency. Reduced lysosomal acid
lipase activity causes lysosomal lipid accumulation and reduction of free fatty acids and cholesterol in cytosol. This
reduction influences numerous gene transcriptions via transcription factors such as liver X receptors and steroid
regulation binding proteins, resulting in higher expression of low-density lipoprotein receptor, acetyl-coenzyme A
acetyltransferase, and 3-idrossi-3-metilglutaril-coenzima A reductase and in a lower expression of ATP-binding
cassette A1. These changes result in amplified lysosomal lipid accumulation, increased serum very low-density
lipoproteins, and decreased serum high-density lipoprotein. LAL: Lysosomal acid lipase; ACAT: Acetyl-coenzyme A
acetyltransferase; HMGCoA: 3-Idrossi-3-metilglutaril-coenzima A; LXRs: Liver X receptors; SREBPs: Steroid
regulation binding proteins; ABCA1: ATP-binding cassette A1; LDL: Low-density lipoprotein; VLDL: Very low-density
lipoproteins; HDL: High-density lipoprotein; LDL-r: Low-density lipoprotein receptor.

The term NAFLD indicates a set of diseases associated with the presence of excessive
accumulation of hepatic fat in the absence of chronic viral infection and alcohol abuse.
NAFLD is the most common hepatic disease. It is estimated that the prevalence in the
general population is about 20%-30%, reaching up to 70%-90% in the obese or diabetic
population[15].
NAFLD, in the initial phases, presents as simple steatosis, whose main histological
finding is the presence of predominantly macrocytic steatosis in at least 5% of
hepatocytes. In some cases, simple steatosis evolves into non-alcoholic steatohepatitis
(NASH), in which the histological picture includes steatosis, ballooning, and
inflammation with a progressive increase in fibrosis. In the past, NAFLD was
considered a benign condition; however, recent evidence suggests a less favorable
prognosis, due to the possible evolution in cirrhosis, hepatocellular carcinoma, and
hepatic failure [16] . Today, NAFLD is considered the main cause of cryptogenic
cirrhosis, the prevalence of which is increasing in recent years, especially in patients
with history of obesity and type II diabetes. NAFLD is the second indication for liver
transplantation in the US and is expected to exceed hepatitis C virus (HCV) in the
next few years, becoming the first cause for liver transplant[17].
Numerous pathogenic factors contribute to the accumulation of lipids in the
hepatocytes and, in a proportion of patients, the development of fibrotic processes[18].
Among them, insulin resistance, oxidative stress, and low-grade chronic inflammation
supported by the production of cytokines deriving from visceral fat. However, the
pathogenic mechanisms underlying the progression of simple steatosis to NASH and
cirrhosis are not yet fully clarified nor are tools available to predict the evolution of
NAFLD.
Prospective studies suggest that the first cause of death in patients diagnosed with
NAFLD is cardiovascular disease [19,20] . Atherosclerosis is very common in these
subjects, and many of them, especially before the onset of liver complications, develop
coronary heart disease[21]. The relationship between NAFLD and cardiovascular risk
has long been investigated[15,22-24].
According to the "multiple parallel hits hypothesis", many insults, including insulin
resistance, the presence of gene variants, oxidative stress, and alteration of the
intestinal microbiota, act simultaneously on the liver causing lipid infiltration and
inflammation[18]. It remains to be clarified whether it is the metabolic syndrome that
promotes steatosis through insulin resistance, or whether it is NAFLD that induces
hyperinsulinemia through a defective mechanism of insulin degradation. The current
opinion suggests a bidirectional link between NAFLD and the metabolic syndrome[25].
Few studies have so far assessed the activity of LAL in patients with NAFLD, and
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Table 1 Lipid phenotype of patients presenting with genetic dyslipidemia or LAL-related
dyslipidemia
Disease

TC

LDL

HDL

TG

Phenotype

LAL-related dyslipidemia

↑↑↑

↑↑↑

↓

↑

IIa, IIb,

Familial hypercholesterolemia

↑↑↑

↑↑↑

=/↓

=

IIa, IIb

Familial combined hyperlipidemia

↑↑

↑↑

↓

↑

IIa, IIb, IV, V

Familial hypertriglyceridemia

N/

↓

↓↓

↑↑

IV, V

Type III hyperlipidemia (dysbetalipoproteinemia)

↑↑

↓

=

↑↑

III, IV

Iperchylomicronemia

↑

↓

↓↓↓

↑↑↑

I, V

Hypoalfalipoproteinemia

N/↓

N

↓↓↓↓

N

Low HDL

LAL: Lysosomal acid lipase; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.

the possible role of LAL as one of the multiple hits in NAFLD pathogenesis is under
debate[26].
Our group[27] has recently demonstrated reduced LAL activity in patients with
NAFLD. LAL activity was significantly reduced in 240 patients with NAFLD
compared to 100 heathy subjects (HS) [0.78 (0.61-1.01) nmol/spot per hour vs 1.15
(0.94-1.72) nmol/spot per hour, P < 0.001]. An even more marked reduction was
observed in patients with histologically diagnosed NASH [0.67 (0.51-0.77) nmol/spot
per hour, P < 0.001 vs HS; P < 0.001, between the groups]. In addition, patients with
NAFLD who exhibited enzymatic activity below the median had higher serum total
cholesterol (P < 0.05) and LDL cholesterol (P < 0.05) and higher levels of
transaminases and gamma-glutamyltransferase (alanine aminotransferase, P < 0.001;
aspartate aminotransferase, P < 0.01; gamma-glutamyltransferase, P < 0.01).
Therefore, based on our findings, it was possible to hypothesize that the reduction
of LAL activity, as well as a predisposing factor for the development of NAFLD, could
be considered as a further pathophysiological mechanism for progression to NASH
and eventually to cryptogenic cirrhosis. Moreover, based on the above observations[28],
we could also hypothesize that LAL activity can constitute a possible tool for the
identification of the subjects with more advanced forms of NAFLD and possibly for
the monitoring of the response to therapy.
Shortly thereafter[29], a significant reduction in LAL activity in a series of pediatric
cases was also observed. In this study, children with significant fibrosis (stage 2-3, n =
64) had a significantly lower LAL activity compared to those with mild fibrosis (stage
0-1, n = 104), suggesting a potential role of reduced LAL activity in the pathogenesis
of NAFLD-induced fibrosis.
In a further study[30], we found that NAFLD patients disclosed a relatively high
prevalence of spleen enlargement and splenomegaly, which were significantly
associated with a reduced LAL activity, suggesting that LAL may contribute to spleen
enlargement in this setting. Although the degree of LAL activity reduction was less
pronounced compared to genetic forms of LAL deficiency, which develop severe fat
accumulation in the spleen, a similar mechanism may be hypothesized.
More recently, Tovoli et al[31] performed a study of LAL activity in 81 patients with a
diagnosis of NAFLD and 78 matched controls with HCV-related liver disease. LAL
activity was significantly reduced in NAFLD compared to that in HCV patients,
suggesting that NAFLD is characterized by a specific deficit in LAL activity.
Finally, in a study by Gomaraschi M et al [32] , 164 patients with biopsy-proven
NAFLD were compared with 60 dyslipidemic patients with similar prevalence of
metabolic syndrome and 30 controls. LAL activity on dried blood spot (DBS) was
reduced in NAFLD patients compared to controls and those with dyslipidemia.
Therefore, we may conclude that the reduction of LAL activity, even in the absence
of genetic diseases, seemed to be associated with the development of progressive
hepatic steatosis (Table 2).

LAL-D AND LIVER CIRRHOSIS
Based on follow-up studies, 25% of patients affected by NASH may develop cirrhosis
and eventually hepatocellular carcinoma. In fact, current knowledge strongly
indicates that cryptogenic cirrhosis is, in truth, the evolution of NASH. However, the
mechanisms underlying disease progression remain poorly understood. Following
evidence from NAFLD, we hypothesized that epigenetic and/or environmental
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Table 2 Studies investigating the activity of lysosomal acid lipase in patients with non-alcoholic fatty liver disease and liver cirrhosis
NAFLD
Year

Paper

Study populations
[27]

Results1

Conclusions

2015

Baratta et al

100 HS; 240 NAFLD patients; Median LAL activity was:
(35 biopsy-proven NASH)
1.15 (0.95-1.72) in HS; 0.78
(0.61-1.01) in NAFLD; 0.67
(0.51-0.77) in NASH

A significant reduction of
LAL activity in NAFLD
patients compared to HS. In
particular, in the subgroup of
patients with biopsy proven
NASH

2016

Selvakumar et al[29]

168 children with biopsyproven NAFLD; (80 NAFL
and 88 NASH)

Mean LAL activity was: 1.3 ±
0.57 in NAFL patients; 1.2 ±
0.80 in NASH patients; 1.4 ±
0.80 in patients with F0-F1;
1.1 ± 0.45 in patients with F2F3

No significant difference in
LAL activity between
children with NASH
compared to those without
NASH; Reduced blood LAL
activity correlates with
severity of liver fibrosis

2017

Polimeni et al[30]

315 NAFLD patients; with US Median LAL activity was: 0.9
spleen dimensions evaluation (0.7-1.2) in patients with
normal spleen; 0.7 (0.6-0.9) in
patients with splenomegaly

Spleen enlargement and
splenomegaly were
significantly associated with
a reduced LAL activity

2017

Tovoli et al[31]

81 NAFLD patients; (53.1%
with cirrhosis)

Median LAL activity was:
0.55 (0.41-0.81) in noncirrhotic NAFLD patients;
0.84 (0.69-1.07) in noncirrhotic HCV patients

LAL activity is significantly
reduced in non-cirrhotic
NAFLD, compared to that in
non-cirrhotic HCV patients.

Liver cirrhosis is
characterized by a severe
acquired reduction of LALactivity; The difference
between the two groups of
cirrhotics was not significant
[…]; LAL activity was not
associated with liver function
as determined with ChildPugh class […]

78 HCV patients (59.0% with
cirrhosis)
Liver cirrhosis
2016

Vespasiani-Gentilucci et al[34]

63 CC patients 88 KAC
patients 97 HS

Median LAL activity: 0.62
(0.44-0.86) in CC patients;
0.54 (0.42-0.79) in KAC
patients; 0.96 (0.75-1.25) in HS

2016

Shteyer et al[35]

22 patients aged 1-75 years
who underwent liver biopsy;
13 at high risk for LAL-D
(microvesicular steatosis or
with cryptogenic cirrhosis); 9
at low risk for LAL-D;
(microvesicular steatosis in
metabolic/NAFLD patients)

Mean LAL activity was 0.74 ± LAL < 0.5 was associated
0.28 and was similar in both with markers of liver disease
risk groups; 37.5% had LAL < severity
0.5

2017

Tovoli et al[31]

81 NAFLD patients; (53.1%
with cirrhosis)

Median LAL activity was:
0.53 (0.29-0.69) in cirrhotic
NAFLD patients; 0.67 (0.5078 HCV patients; (59.0% with
0.89) in cirrhotic HCV
cirrhosis)
patients

LAL activity is significantly
reduced in NAFLD-related
cirrhosis compared to HCVcirrhosis

2017

Angelico et al[33]

133 CC patients; 141 KAC
patients

A strong association between
LAL activity reduction and
severity of liver disease was
found. A marked reduction of
LAL activity in patients with
cryptogenic cirrhosis
compared to the other known
etiologies despite a more
severe liver disease in the
latter

Median LAL activity was:
0.49 (0.38-0.75) in CC
patients; 0.65 (0.46-0.94) KAC
patients

1

All lysosomal acid lipase activity values are expressed as nmol/spot per hour. HS: Healthy subjects; NAFLD: Non-alcoholic fatty liver disease; NAFL:
Non-alcoholic fatty liver/simple steatosis; NASH: Non-alcoholic steatohepatitis; CC: Cryptogenic cirrhosis; KAC: Known etiology cirrhosis.

modulation of LAL activity could be also an unrecognized contributing factor in the
progression to cryptogenic cirrhosis.
To evaluate a possible role of LAL in cryptogenic cirrhosis, we carried out a cohort
study including 274 patients with liver cirrhosis of different etiology from 19 centers
in Italy[33]. Median LAL activity value was 0.58 nmol/spot per hour, 0.49 and 0.65 in
the cryptogenic cirrhosis and alcoholic/viral cirrhosis groups, respectively (P < 0.002).
Approximately 30% of patients with cryptogenic cirrhosis showed a severe reduction
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of LAL activity (i.e., < 0.40 nmol/spot per hour). The reduction was more evident in
patients with cryptogenic cirrhosis, despite less severe liver disease. Furthermore, we
observed a strong association between LAL activity reduction and severity of liver
disease assessed by Child-Turcotte-Pugh and Model for End-Stage Liver Disease
scores.
In a further single-center study carried out by Vespasiani-Gentilucci et al[34] , LALactivity was severely reduced in patients with cryptogenic cirrhosis with respect to
healthy subjects (HS) [0.62 (0.44-0.86) vs 0.96 (0.75-1.25) nmol/spot per hour, P <
0.001)], but it was also reduced in known-etiology cirrhotics [0.54 (0.42-0.79)
nmol/spot per hour, P < 0.001 vs HS]. In this study, authors sequenced the LIPA gene
and excluded genetic etiology for the observed LAL reduction.
Shteyer et al [35] performed a study on medical records of 22 patients with
microvescicular steatosis and cryptogenic cirrhosis and 9 with NAFLD diagnosed
with liver biopsies. LAL activity inversely predicted liver disease severity, and LAL
level of 0.5 was the most sensitive for detecting both histologic and non-invasive
markers for disease severity (Table 2).

WHOM TO MEASURE LAL ACTIVITY?
LAL-D should be suspected in non-obese subjects with NAFLD and/or cryptogenic
cirrhosis, unexplained persistently elevated levels of transaminases, and/or high
levels of LDL cholesterol and low HDL cholesterol.
In these subjects, it would be appropriate to measure LAL activity using the DBS
test, which is a simple and inexpensive test that determines the enzymatic activity on
the blood spot, subtracting from the activity of the total lipase obtained after addition
of a specific LAL inhibitor (Lalistat 2). All patients with a marked reduction in LAL
activity (≤ 0.4 nmol/spot per hour) should be investigated for the presence of LIPA
gene mutations. Patients homozygous for LAL deficiency have a residual activity
equal to or close to 0. The lower limit of the range of normality in the validation tests
of the method was 0.8 nmol/spot per hour.

CONCLUSION
A reduced LAL activity may contribute to liver damage in patients with NAFLD, but
several issues need to be addressed to better understand the role of LAL in liver
diseases. First, there are no reliable in vivo data on LAL activity modulation. In
particular, epigenetic and environmental factors that are able to regulate its activity in
subjects without homozygous mutations of the LIPA gene have not yet been
identified. For example, it is not known whether an intervention on modifiable cardiometabolic risk factors, typically associated with NAFLD, such as metabolic syndrome,
diabetes, overweight, or oxidative stress, may affect the modulation of LAL activity in
a favorable manner. Moreover, it is still unclear whether low LAL activity may predict
liver disease progression and or cardio-metabolic events.
Besides, the specific contribution of circulating cells to the total activity of LAL on
the DBS test is still unclear. In a study of a random sample of 300 subjects, LAL
activity, measured with 4-methyl-umbelliferyl oleate as the substrate, was present in
high concentration in lymphocytes and monocytes but not in polymorphonuclear
leukocytes[36]. Recently, in a study performed in 172 HS aged ≥ 18 years, LAL activity
in white blood cells was significantly higher than in platelets (458.9 ± 133.6 nmol/mg
per hour vs 235.0 ± 88.3 nmol/mg per hour, P < 0.001). However, LAL activity in DBS
correlated more strongly with that in platelets, suggesting that platelet count is
recommended before interpreting LAL activity in DBS[37].
In addition, it remains to be clarified whether any improvement in the enzymatic
activity could result in a reduction of hepatic fat in patients with NAFLD. In light of
the results of a recent clinical trial with Sebelipase-alfa, it can be hypothesized that the
modulation of LAL activity may become a possible new therapeutic target in the
future, even in conditions of less severe reductions of LAL activity[14]. This could
mainly concern patients with more advanced forms of NAFLD, such as those with
NASH or cryptogenic cirrhosis for which, at present, there are no effective
therapies[33,38].
In conclusion, the measurement of LAL activity in patients with NAFLD may be a
new non-invasive marker of liver disease severity.
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Abstract
Acute and chronic colitis affect a huge proportion of the population world-wide.
The etiology of colitis cases can be manifold, and diet can significantly affect
onset and outcome of colitis. While many forms of acute colitis are easily
treatable, chronic forms of colitis such as ulcerative colitis and Crohn’s disease
(summarized as inflammatory bowel diseases) are multifactorial with poorly
understood pathogenesis. Inflammatory bowel diseases are characterized by
exacerbated immune responses causing epithelial dysfunction and bacterial
translocation. There is no cure and therapies aim at reducing inflammation and
restoring intestinal barrier function. Unfortunately, most drugs can have severe
side effects. Changes in diet and inclusion of nutritional supplements have been
extensively studied in cell culture and animal models, and some supplements
have shown promising results in clinical studies. Most of these nutritional
supplements including vitamins, fatty acids and phytochemicals reduce oxidative
stress and inflammation and have shown beneficial effects during experimental
colitis in rodents induced by dextran sulphate sodium or 2,4,6-trinitrobenzene
sulfonic acid, which remain the gold standard in pre-clinical colitis research.
Here, we summarize the mechanisms through which such nutritional
supplements contribute to epithelial barrier stabilization.
Key words: Colitis; Dextran sulphate sodium; 2,4,6-trinitrobenzene sulfonic acid; Tight
junction; Adherens junction; Phytochemicals; Butyrate; Vitamins; Short chain fatty acids;
Micronutrients
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INTRODUCTION
Most people have suffered from acute colitis during their lives. This can be due to
infections, changes in diet or stress. Most cases are self-limited and resolve without
specific treatment. However, more severe forms of colitis exist as inflammatory bowel
diseases (IBD) including ulcerative colitis (UC) and Crohn’s disease (CD)[1]. These
forms of colitis are as of today incurable and require life-long treatment to manage the
symptoms. Unfortunately, IBD incidence rates are increasing. There are around 1.6
million cases in the United States and 2 million cases in Europe[2]. Unfortunately, also
in the rest of the world, increasing numbers of newly diagnosed cases are being
reported.
The pathogenesis is still poorly understood, but IBD is multifactorial and
characterized by loss of epithelial barrier integrity due to excessive inflammatory
responses. The intestinal epithelium is a critical barrier that controls the passage of
water and electrolytes and inhibits the passage of bacteria and other pathogenic
agents. The epithelium is a cell monolayer in which cell contacts are sealed by the
apical junctional complex that controls intestinal epithelial permeability, which is
increased during active phases of IBD. Treatments include anti-inflammatory drugs
such as mesalazine, biologicals such as antibodies against the proinflammatory
cytokine tumor necrosis factor-α (TNF-α), steroids or immunomodulators such as
azathioprine that inhibit immune cell proliferation[3]. However, these drugs can only
alleviate symptoms and prolong phases of remission by reducing inflammation and
restoring the intestinal epithelial barrier. In more severe cases when individuals do
not respond well to such treatments, then surgery is required. Thus, alternative
treatment approaches are needed.
It is well known that the diet can affect vulnerability to colitis development and
duration of remission phases[4,5]. While diets with high sugar levels have detrimental
effects, high fiber diets have beneficial effects[6,7]. Thus, nutritional supplements have
garnered attention as alternative colitis treatment approaches, and their effectiveness
is usually first studied in animal models of experimental colitis in mice or rats.
Disease models include administration of dextran sulphate sodium (DSS) in drinking
water, which resembles UC symptoms and rectal instillation of 2,4,6-trinitrobenzene
sulfonic acid (TNBS), which more closely resembles signs of CD.
In this review, we summarize recent results from such animal models in which
nutritional supplements showed beneficial effects and that may have potential as cotreatments for IBD patients to prevent relapses and/or prolong phases of remission.
As this is an immensely vast field of research, we focus this review on supplements
with anti-inflammatory and antioxidative properties that contribute to stabilizing
epithelial cell contacts and preventing loss of barrier functions. We will not cover
studies analyzing pre- and probiotics as this has been excellently reviewed elsewhere
recently[8,9]. To find the studies summarized here, we performed a literature search in
PubMed including terms such as IBD, colitis, UC, CD, nutritional supplements,
alternative medicine, epithelial barrier function, tight junction (TJ), TNBS, DSS etc. To
keep this review brief and timely, we mostly focused on studies published during the
last five years and included some historical perspectives regarding the animal models.

DSS COLITIS MODEL
DSS is a negatively charged sulphated polysaccharide, which is routinely being used
for induction of experimental UC in rodents (i.e., mouse, rat, hamster or guinea pig)[10]
or zebra fish larvae[11]. Treatment of animals with DSS leads to intestinal epithelial
barrier damage and increased permeability, thus causing the entrance of luminal
pathogens and their antigens leading to the activation of immune cells residing in the
lamina propria. Activation of immune cells then triggers an inflammatory response
characterized by the production of inflammatory cytokines such as interleukin (IL)-1β,
IL-6, KC, TNF-α or interferon (IFN)-γ and down-regulation of the anti-inflammatory
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cytokine IL-10, which in turn exacerbates epithelial barrier dysfunction[12]. Sustained
DSS treatment prevents healing and regeneration of the intestinal epithelium leading
to chronic inflammation and lymphocyte infiltration to the site of injury[13]. DSS in
animals causes clinical symptoms similar to those seen in human patients suffering
from UC including weight loss, diarrhea, bleeding and morphological changes in the
colon such as epithelial erosion, edema formation and leukocyte infiltration
(cryptitis)[14].
DSS induces epithelial barrier dysfunction by destabilizing intercellular junctions
(i.e., tight and adherens junctions) due to internalization and degradation of junction
proteins[15] (Figure 1). However, epithelial apoptosis, necrosis and a decrease in cell
proliferation have been observed after DSS treatment that contribute to epithelial
barrier dysfunction and increased intestinal epithelial permeability[13,16]. Diet greatly
affects the outcome of DSS colitis. For example, clinical symptoms in BALB/c mice
treated with DSS were exacerbated when supplemented with a diet rich in ω-3 fatty
acid, accompanied by decreased adiponectin mRNA expression in colonic
myofibroblasts[17]. In agreement with its known anti-inflammatory role, induction of
adiponectin expression by the agonist pioglitazone ameliorated colitis symptoms in
mice. Moreover, dodecanoic acid, a medium-chain fatty acid composed of 12 carbons,
facilitated the entrance of DSS into the cell and the induction of colitis by forming
nanomeric DSS-dodecanoate complexes that preferentially interacted with enterocyte
membranes[18]. Therefore, it is important to consider the diet when analyzing results
from DSS-induced experimental colitis assays.
In addition to epithelial barrier disruption, an increase in reactive oxygen species
(ROS) has been identified as an important causative mechanism of DSS colitis (Figure
1). Increased concentrations of the second messenger Ca2+ mediated by TRPV6 and
Cav1.3 symporter channels have been observed after DSS treatment that induced
elevated levels of ROS and thus oxidative stress within enterocytes[19,20] (Figure 1). ROS
could then contribute to the release of intracellular calcium from the endoplasmic
reticulum and mitochondria translating into a feedback loop that triggered oxidative
stress[21]. Furthermore, increased intracellular calcium levels activated the Ask1MKK7-JNK2-cSrc signaling pathway [ 1 9 ] leading to the phosphorylation and
relocalization of junction molecules and consequently to increased paracellular
permeability, inflammation and neutrophil infiltration. Blocking ROS activity using
N-acetyl-L-cysteine and L-nitroarginine methyl ester protected against the disruption
of intercellular junctions[20]. Phosphorylation of TJ proteins including claudins is a
common mechanism for intercellular junction destabilization and increased
permeability during DSS colitis[22]. However, the responsible kinases remain elusive.
Another pathway contributing to epithelial barrier dysfunction, which is also
regulated by diet components, is activation of ROCK1- or MLCK-induced actomyosin
contractility [23] . For example, dodecanoate acid activated the G-protein-coupled
receptor GPR40 leading to dissociation of the G-protein Gα11/12 that in turn activated
the small GTPase RhoA[24]. We previously demonstrated in vivo that DSS treatment
activated RhoA and its effector ROCK1 in a manner dependent on the actin-binding
protein cortactin[25] leading to phosphorylation of myosin light chain, increased actin
stress fiber formation, relocalization of ZO-1 and occludin, and increased epithelial
permeability.
DSS treatment also activates nuclear factor-ĸB (NF-κB) and mitogen-activated
protein kinase (MAPK)-dependent signaling pathways leading to the expression of
proinflammatory mediators such as TNF-α, IL-1β, IFN-γ and IL-6[26]. Initial release of
TNF-α by resident immune cells further triggered PI3K/Akt-dependent NF-κB
activation and nuclear translocation in enterocytes, thus promoting an acute
inflammatory response[27]. Additionally, INF-γ strengthened the TNF-α response by
inducing the expression of TNF-receptor 2, thus further triggering disruption of the
intestinal epithelial barrier during colitis[28]. TNF-α also induced the production of
cyclo-oxygenase-2 [29] , which in turn exacerbated the inflammatory response via
production of prostaglandins [ 3 0 ] and nitric oxide synthase [ 3 1 ] . As recently
demonstrated, selenium treatment reverted and ameliorated inflammation and
oxidative stress in DSS colitis[32].
Therefore, blocking the induction of proinflammatory mediators and oxidative
stress to prevent epithelial barrier dysfunction by using known antioxidative and antiinflammatory diet supplements is a promising strategy used by many research groups
to discover alternative treatment strategies for patients with IBD. Applying such
supplements in the DSS colitis model is a common approach to examine their safety
and efficacy. In the following chapter, we summarize the most recent advances in this
field.
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Figure 1

Figure 1 Mechanisms causing intestinal epithelial barrier dysfunction that can be counteracted by nutritional supplements. The epithelial barrier is
comprised of a mucus layer, an epithelial monolayer and the mucosa containing resident immune cells. It is a stable, tightly regulated barrier under basal conditions
(top, left). Under inflammatory conditions, this barrier becomes compromised with a diminished mucus layer, disrupted epithelial monolayer and recruitment of many
immune cells including neutrophils (top, right). The mechanisms causing loss of barrier integrity are summarized below. The apical junctional complex, built by tight
and adherens junctions, controls epithelial permeability and maintains intestinal homeostasis. During inflammation, as seen in inflammatory bowel diseases or induced
in rodents by dextran sulphate sodium or 2,4,6-trinitrobenzene sulfonic acid treatment, junctions are disrupted. The depicted inflammatory pathways ultimately lead to
the disruption of tight and adherens junctions allowing for bacterial translocation that further triggers inflammation. For example, oxidative stress promotes activation
and nuclear translocation of the transcription factor nuclear factor-ĸB and increased expression of proinflammatory cytokines. Dextran sulphate sodium treatment also
promotes the activation of the RhoA pathway leading to actomyosin contraction, which contributes to junction destabilization, opening of the paracellular space and
thus hyperpermeability. Nutritional supplements can alleviate colitis signs including inflammation, oxidative stress and junction disruption as indicated (compare Tables
1 and 2). DC: Dendritic cells; Ne: Neutrophils; LT: T-lymphocytes; LB: B-lymphocytes; DSS: Dextran sulphate sodium; NF-κB: Nuclear factor-ĸB; TNF-α: Tumor
necrosis factor-α; JAM-A: Junctional adhesion molecule-A; ZO-1: Zonula occludens-1; ROS: Reactive oxygen species; IFN-γ: Interferon-γ; ER: Endoplasmic reticulum.

NUTRITIONAL SUPPLEMENTS TESTED AS POTENTIAL
ALTERNATIVE THERAPY IN DSS-INDUCED COLITIS
Vitamins and micronutrients
Vitamin D (VD) and its receptor (VDR) play important roles in controlling inflammation by regulating innate and adaptive immune responses[33]. DSS-treated wild
type (WT) mice showed a remarkable improvement of UC symptoms when they were
supplemented with 1,25-dihydroxy-vitamin D 3 [1,25(OH) 2 D 3 ] characterized by
strengthening of barrier function through maintaining the expression of ZO-1,
occludin and claudin-1 [34] . VD and VDR deficiency were related to the onset of
colorectal cancer[35] and IBD[36]. VDR−/− mice were more susceptible to DSS treatment
and showed more severe ulcerations, increased permeability and relocalization of ZO1 and occludin[37]. In DSS-treated Caco-2 cells, administration of 1,25(OH)2D3 increased
transepithelial electrical resistance and expression of ZO-1, thus restoring epithelial
barrier function. Interestingly, in DSS-treated VDR-deficient colonic mouse cells,
1,25(OH)2D3 treatment converted macrophages into an M2 phenotype[38]. In a similar
manner, a combination of micronutrients (vitamin C, vitamin E, L-arginine, and

WJG

https://www.wjgnet.com

4184

August 14, 2019

Volume 25

Issue 30

Vargas-Robles H et al. Nutritional supplements protect against experimental colitis

eicosapentaenoic and docosahexaenoic acid) administered in mice during DSS
treatment significantly ameliorated colitis due to reduced expression of IL-1, IL-6,
IFN-γ and KC, reduced oxidative stress and neutrophil infiltration leading to better
maintenance of epithelial junction architecture[39] (Table 1).

Fatty acids
In normal conditions, fatty acids modulate intestinal homeostasis and immune
responses. Fatty acids derived from linoleic acid have shown an important antiinflammatory effect after TNF-α and DSS treatment. Administration of 10-hydroxycis-12-octadecanoic acid counteracted loss of junction molecules induced by TNF-α in
vitro and DSS in vivo[40] (Table 1).
Propionate, a short-chain fatty acid, also had anti-inflammatory effects in DSS
colitis. Pre-administration and co-treatment of propionate during DSS treatment
reduced inflammation by inhibiting expression of the proinflammatory cytokines IL1β, IL-6 and TNF-α and reduced myeloperoxidase activity and neutrophil
recruitment [41] . Propionate treatment also reduced the paracellular flux of FITCdextran and restored epithelial barrier functions by inhibiting the down-regulation of
occludin, ZO-1 and E-cadherin. In a similar manner, oleanolic acid stabilized
intercellular junctions during DSS treatment by preventing down-regulation of ZO-1,
occludin and E-cadherin expression and promoting the expression of IL-10 [42] .
Moreover, oleanolic acid promoted differentiation of T-cells into Treg cells while
suppressing differentiation into Th17 cells (Table 1).

Peptides
Peptides derived from more complex molecules such as hormones have demonstrated
promising anti-inflammatory activities during colitis. Chromofungin, a short peptide
derived from Chromogranin-A (CgA) has been shown to ameliorate colitis after
intracolonic injection of CgA by decreasing expression of IL-18, promoting the
expression of IL-10 and preventing the down-regulation of intercellular junctions such
as claudin-1, ZO-1, E-cadherin and occludin[43]. This is interesting as DSS increased the
number of CgA-positive enteroendocrine cells in the mucosa. UC patients showed
higher numbers of CgA-positive cells[44] suggesting that this increase could be a
protective countermeasure during colitis (Table 1).
Catestin (CST) is an enterochromaffin-derived peptide that has anti-inflammatory
activity. However, in UC patients presence of catestin was reduced compared to
healthy controls, and intrarectal administration of catestin decreased clinical signs of
DSS colitis by reducing the expression of IL-8 and IL-18 preventing the activation of
STAT3 and maintaining claudin-1, ZO-1 and occludin expression[45]. In a similar way,
substance P, a neuropeptide of 11 amino acids expressed in the intestines, attenuated
DSS colitis by preventing decreased expression of ZO-1 and E-cadherin and colon
tissue damage[46].
Porcine β-defensine-2 is an antimicrobial peptide produced in the intestines. DSScolitis signs were significantly improved after intrarectal administration of porcine βdefensine-2 due to reduced expression of proinflammatory cytokines, reduced
epithelial apoptosis and neutrophil infiltration, suppression of nitric oxide synthase
and cyclo-oxygenase-2 and preservation of intercellular junctions[47]. In IL-10-deficient
and T-cell adoptive transfer mouse models of colitis, treatment with antrum mucosa
peptide (AMP-18) protected against weight loss and colon shortening[48]. Of note,
AMP-18-deficient mice treated with DSS showed exacerbated colitis and high
mortality, which could be counteracted by AMP administration[48]. In WT mice treated
with DSS, AMP-18 protected against UC by strengthening PKCζ phosphorylation and
recruitment of a molecular complex (Par6/Cdc42∙GTP/ECT2/Par3) that facilitated
the assembly of TJs[49] (Table 1).

Bacterial products
In search of new treatments for inflammatory diseases such as IBD, the antiinflammatory properties of bacterial compatible solutes, metabolites,
exopolysaccharides and biogenic polyphosphate nanoparticles have garnered interest.
Compatible solutes are small organic molecules produced by bacteria to protect them
from extreme environmental conditions such as heat and high salinity. The advantage
of these solutes is that even at high concentrations they do not cause any adverse
effects in vivo and in vitro. Ectoine and its synthetic derivative homoectoine have
shown promising results in experimental colitis[50]. When ectoine or homoectoine were
administered via oral gavage in parallel to the administration of DSS, treated mice
showed significant improvement in intestinal bleeding and stool consistency.
Excessive intestinal epithelial permeability was reduced to normal levels in ectoineand homoectoine-treated mice, and expression of ZO-1 and occludin was maintained.
Importantly, only homoectoine was able to prevent the claudin switch (claudin1
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Table 1 Nutritional supplements tested in dextran sulphate sodium-induced colitis (all studies refer to mice unless otherwise stated)
Effects on barrier function and
mechanism

Product

Active compound

Long chain fatty acid

10-hydroxy-cis-12-octadecenoic acid
(HYA)

Preserves stability and expression of
occludin and ZO-1 Decreases acute
inflammation induced by TNF-α and
increases expression of GPR40 HYA
decreases expression of TNFR2 by
GPR40-MEK-ERK signaling pathway

Short chain fatty acid

Propionate

Stabilizes intercellular junctions and
avoid down-regulation of ZO-1,
occludin and E-cadherin Reduces
acute inflammation Inhibits
production of IL-1β, IL-6 and TNF-α
Reduces neutrophil recruitment
Inhibits STAT3 phosphorylation

Terpenoid

Oleanolic acid

Stabilizes intercellular junctions and
avoid down-regulation of ZO-1,
occludin and E-cadherin Modulates
inflammatory response suppressing
Th17 cell differentiation Promotes
expression of anti-inflammatory
cytokine IL-10 Inhibits activation of
NF-κB and IL-17 expression

Scavenger enzymes

NAC/L-NAME

Protects against disruption of
intercellular junctions Decreases
oxidative stress mediated by
intracellular calcium. Decreases
activation of JNK and c-Src
preventing ZO-1 phosphorylation

Peptides

Chromofungin

Prevents down-regulation of claudin1, ZO-1 and Ecadherin Decreases
acute inflammation Decreases
expression of IL-18 Increases
expression of IL-10 Promotes IL-10,
Arg1, Fizz1, and Ym1 expression, and
the release of IL-10 Promotes
arginase activity probably through
p38 MAP kinase or STAT1

Catestin

Maintains expression of claudin-1,
ZO-1 and occludin Protects against
inflammation induced by DSS
Decreases expression of IL-8 and IL18 Decreases activation of STAT-3
signaling pathway

Substance P

Maintains expression of ZO-1 and Ecadherin Reduces inflammation and
damage induces by DSS Decreased
apoptosis and inflammation via
Neurokinin-1 receptor

Porcine β-defensin 2

Decreases paracellular flux Preserves
expression of ZO-1, ZO-2 and
claudin-1. Decreases production of
NO synthetase and COX-2 Decreases
expression of TNF-α, IL-6 and IL-8
Reduces apoptosis and neutrophil
infiltration Inhibits the activation of
NF-κB

8-kDa antrum mucosal protein

Strengthens the formation of
intercellular barrier by promoting the
assembly of ZO-1, ZO-2 and JAM-A
Ameliorates UC symptoms Promotes
the phosphorylation PKCζ and
recruitment of the
Par6/Cdc42∙GTP/ECT2/Par3
complex

1,25-dihydroxy-vitamin D3
[1,25(OH)2D3]

Restores epithelial barrier function
and expression of ZO-1, occludin and
claudin-1 Modulates inflammation
turning M1 into M2 macrophage
responses Reduces the expression of
TNF-α, IL-12 and IL-1β

Vitamin D
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Corabion

Vitamin C, vitamin E, L-arginine

Preserves ZO-1 and E-cadherin
expression Decreases inflammation
Reduces production of IL-1, IL-6,
INF-γ and KC

Compatible solutes

Ectoine, Homoectoine

Decreases Evans blue permeability
Increases expression of ZO-1 and
occludin Prevents claudin-1 to
claudin-2 switch Decreases ROS
production

Exopolysaccharides

Streptococcus thermophilus MN-BM- Increases expression of claudin-1 and
A01
occludin
Synechococcus sp. PCC 7002

Increases expression of ZO-1,
occludin, claudin-4 and Hsp27

Lucilia sericata larvae

Maggot protein

Upregulation of MUC2 gene
Increases expression of ZO-1 and
occludin

Periplaneta americana

Ethanol extract

Increases expression of ZO-1,
occludin and claudin-1

Donkey milk

Lysozyme

Increases expression of ZO-1 and
occludin Decreases expression of
claudin-2

Naringenin

Polyphenol

Decreases FITC-Dextran permeability
Decreases LPS-binding protein levels
in plasma Increases expression of
occludin, JAM-A and claudin-3
Normalizes the colonic localization of
occludin and claudin-3 proteins

Naringin

Flavonoid

Increases expression of ZO-1
Decreases NF-ĸB signaling pathway
Regulation of PPARγ activation
Inhibition of the MAPK activation
Suppression of NLRP3
inflammasome activity

Red raspberries

Polyphenol

Increases mRNA expression of
MUC2 Reduces pore forming TJ
protein claudin-2 Increases ZO-1 and
claudin-3 proteins Decreases NF-ĸB
p65 phosphorylation Activates
AMPK

Phlorentin

Flavonoid

Increases the expression of ZO-1 and
occludin Inhibition of serum LPS
levels Inhibits oxidative stress
Decreases TLR4 expression Increases
PPARγ expression Decreases NLRP3
inflammasome pathway (NLRP3,
ASC, Caspase-1 and IL-1β protein
expression) Suppression of NF-ĸB
activation

Formomentin

Isoflavone

Increases ZO-1, claudin-1 and
occludin protein expression
Inhibition of NLRP3 inflammasome
pathway (NLRP3, IL-1β and ASC
protein expression)

Phellinus igniarius fruiting body

Polyphenols and polysaccharides

Increases mRNA levels of ZO-1
protein Decreases LPS plasma levels
Inhibition of NF-ĸB pathway
Decreases the transcription of ASC3
and caspase-1 pathway

Barley and soybean mixture

Isoflavone β-glucan

Increases ZO-1, claudin-1 and
occludin protein expression and
improves their localization Reduces
FITC-Dextran serum levels Prevents
bacterial translocation into the MLNs
Anti-inflammatory activity

Evodia rutaecarpa

Alkaloid extract (Evodiamine)

Increases ZO-1, occludin and MUC2
expression Decreases plasmatic levels
of LPS Decreases NF-ĸB signaling
pathway Down-regulation of NRLP3,
ASC, caspase-1 and IL-1β protein
expression

Salvia miltorrhiza Bunge

Water-soluble-phenolic acid

Increases ZO-1 and occludin
expression in rat colons
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Magnolia officianalis

Magnolol

Artemisia argy and Artemisia asiatica

Ethanol extract. Flavonoid (Eupatilin) Increases occludin and ZO-1 protein
expression Decreases NOX4 protein
expression Down-regulation of NFĸB/MAPK signaling pathway
Increases AMPK activation

QingBai Decoction

Increases ZO-1 and occludin protein
expression Decreases NF-ĸB
signaling pathway and regulation of
PPAR-γ expression

Decreases FITC-Dextran permeability
Increases MUC2, ZO-1, claudin-1 and
occludin protein expression Increases
the number of Ki67 positive cells
Decreases active caspase-3 expression
Inhibits Notch and NF-ĸB signaling
pathway

Zanthoxylum bungeanum

Essencial oil (Terpinen-4-ol)

Increases ZO-1 and occludin protein
expression Decreases NF-ĸB pathway
and NLRP3 inflammasome activation

Alnus japonica Steud

Ethanol extract.

Increases of ZO-1 and occludin
expression Increases HO-1 expression

Pogostemon cablin Benth

Aqueous extract: Patchouli alcohol

Increases expression of MUC1,
MUC2, claudin-1, occludin, ZO-1 and
ZO-2 Down-regulation of apoptosis
Suppresses tryptophan catabolism

Rhizoma Coptidis

Berberine Berberrubine

Upregulates gene expression of
MUC1 and MUC2 Increases ZO-1,
ZO-2, claudin-1 and occludin protein
expression Decreases the Bax/Bcl-2
ratio

Moringa oleifera

Flavonoids, phenolic acids and
glucosinolates

Increases expression of ZO-1 and
claudin-1 Upregulates GSTP1 and
Nrf2-mediated phase II detoxifying
enzyme

Wasabia japonica

Glucosinolates, isothiocyanate.

Increases MUC2 and ZO-1 expression
Regulation of ERK pathway

Acer palmatum Thumb

Ethanol extract (KIOM-2015E)

Increases ZO-1 and occludin
expression

Guar gum

Galactomannan

Upregulates ZO-1, occludin, JAM-A,
claudin-3, -4 and -7 protein
expression Decreases plasmatic levels
of LBP

[67]

[68]

[70]

[71]

[75]

[76]

[77]

[78]

[79]

[80]

[83]

LPS: Lipopolysaccharide; LBP: Lipopolysaccharide-binding protein; JAM-A: Junctional adhesion molecule-A; ZO-1/2: Zonula occludens-1/2; HO-1: Hemeoxygenase 1; NF-κB: Nuclear factor-ĸB; AMPK: adenosine monophosphate-activated protein kinase; MAPK: Mitogen-activated protein kinase; PPARγ:
Peroxisome proliferator-activated receptor γ; IL: Interleukin; TLR4: Toll-like receptor 4; TNF-α: Tumor necrosis factor-α; COX-2: Cyclo-oxygenase-2; UC:
Ulcerative colitis.

replacement by the leaky claudin-2) resulting in a stronger epithelial barrier.
Moreover, both compatible solutes ameliorated oxidative stress in the mucosa[50]
(Table 1).
Exopolysaccharides are synthesized and secreted by microorganisms into their
environment and have been proposed as the mechanism that mediates the antiinflammatory effects of probiotic bacteria. When purified exopolysaccharides from
Streptococcus thermophilus MN-BM-A01 were administered orally in mice with DSSinduced colitis, these mice showed a significant amelioration of intestinal
inflammation due to reversed down-regulation of claudin-1 and occludin, thus
restoring barrier function[51]. Anti-inflammatory and barrier-stabilizing properties
were recently also reported for biogenic polyphosphate nanoparticles from
cyanobacterium Synechococcus sp. PCC 7002. Colitic mice received biogenic
polyphosphate nanoparticles orally for 9 d, the first 5 d together with 3% DSS.
Overall, colitis development was slower compared to untreated mice, and barrier
function was maintained due to upregulation of ZO-1, occludin and claudin-4[52]
(Table 1).

Insect and animal products
Besides plants, Chinese traditional medicine uses various insects to alleviate common
diseases. Dried Lucilia sericata larvae, also known as "wu gu chong", were fed to DSScolitic mice and ameliorated colitis signs very similarly to the standard drug
mesalazine by improving stool consistency, intestinal bleeding and decreasing weight
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loss and colon shortening[53]. Interestingly, colitic mice that received the dried larvae
showed a restoration of mucin-2, ZO-1 and occludin levels suggesting a protective
effect on epithelial barrier functions. Periplaneta americana (American cockroach) is
widely used in China as treatment for gastrointestinal disorders. Rats that received
DSS in parallel to Periplaneta americana extracts developed a milder form of colitis
compared to rats treated only with DSS because TJ architecture was better conserved
and ZO-1, occludin and claudin-1 protein levels were similar to control mice [54] .
Lysozyme has been linked to the modulation of the intestinal immune response.
When lysozyme isolated from donkey milk was administered to mice with DSScolitis, they developed a milder colitis due to lower levels of TNF-α and IL-13 and
reduced oxidative stress. Epithelial barrier function was improved by preventing
DSS-induced down-regulation in ZO-1 and occludin and upregulation of claudin-2[55]
(Table 1).

Phytochemicals
Citrus fruits are a good source of fiber, vitamins and polyphenols and have many
health benefits. Naringenin is a major polyphenol isolated from citrus fruits that
protected the intestinal barrier during DSS-colitis in mice. Naringenin reverted DSSinduced reduced expression of occludin, junctional adhesion molecule-A (JAM-A)
and claudin-3 and epithelial hyperpermeability[56]. Naringin, another flavonoid of
citrus fruits, showed protective effects on epithelial barrier functions during DSS
colitis due to activation of peroxisome proliferator-activated receptor γ and
subsequent inhibition of NF-ĸB leading to reduced proinflammatory cytokine
levels [57] . Interestingly, naringin significantly suppressed DSS-induced NLRP3
inflammasome activation by decreasing the expression of NLRP3, ASC, caspase-1 and
IL-1β. Naringin also inhibited DSS-induced MAPK activation and epithelial barrier
dysfunction through regulation of ZO-1 expression suggesting that naringin protects
epithelial barrier integrity on multiple levels.
Red raspberry (RB) is another fruit that has numerous health benefits and contains
high amounts of fiber and polyphenols with antioxidative and anti-inflammatory
properties. RB supplementation in a DSS-induced colitis model prevented DSSinduced mucosal damage, reduction of mucin-2, ZO-1 and claudin-3 expression and
decreased expression of the pore-forming TJ protein claudin-2. Of note, RB also
reversed DSS-induced NF-ĸB activation and AMP-activated protein kinase (AMPK)
inhibition[58]. Thus, RB also protects the epithelial barrier against DSS-induced colitis
via its anti-inflammatory effects on multiple levels.
Apples and strawberries contain phloretin. Phloretin is a flavonoid with
antioxidative and anti-inflammatory properties. Phloretin treatment improved
mucosal injury caused by DSS-treatment in the colon in a dose-dependent manner.
Phloretin inhibited loss of goblet cells, oxidative stress, inflammation and epithelial
barrier dysfunction. Mechanistically, phloretin protected against colitis through
inhibition of the NF-ĸB pathway and the NLRP3 inflammasome. Of note, phloretin
decreased the expression of toll-like receptor 4 and increased peroxisome proliferatoractivated receptor γ expression, which are activating and inhibiting signaling proteins
upstream of NF-ĸB, respectively [59] . Thus, inhibition of NF-ĸB and the NLRP3
inflammasome seem to be common protective mechanisms shared by different
flavonoids.
Formononetin is a natural isoflavone and one of the major biologically active
compounds in a variety of Chinese medicinal herbs such as Astragalus membranaceus.
Intraperitoneal injection of formononetin attenuated in a dose-dependent manner
DSS-induced leukocyte infiltration, increase of proinflammatory cytokine expression
and reduction of claudin-1, occludin and ZO-1 levels in the colon of DSS-treated mice
due to inhibition of the NLRP3 inflammasome[60]. Phellinus igniarius is a medicinal
mushroom that has been widely used in traditional Chinese medicine to treat stomach
ache, inflammation and tumors. The aqueous extract of Phellinus igniaurius possesses
antitumor, antidiabetic and immunity-modulating effects[61,62]. In a model of chronic
DSS-induced colitis in mice, the aqueous extract of Phellinus igniarius significantly
improved DSS-induced loss of crypts and goblets cells, epithelial barrier dysfunction,
and reduced plasma lipopolysaccharide levels [63] . The Phellinus igniarius extract
significantly inhibited NF-ĸB activation through inhibition of IkBα phosphorylation
and the ASC3-caspase-1 pathway.
Soybeans and barley are a good source of isoflavonoids with anti-inflammatory
effects. A mixture of soybeans and barley protected against DSS-colitis by reversing
DSS-induced epithelial permeability, redistribution and loss of ZO-1, occludin, and
claudin-1 and by preventing bacterial translocation into mesenteric lymph nodes[64].
Evodiamine is a bioactive alkaloid obtained from Evodia rutaecarpa that is used in
traditional Chinese medicine because of its anti-inflammatory properties [65] .
Evodiamine ameliorated DSS-induced epithelial barrier damage, increased
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proinflammatory cytokines levels, loss of ZO-1, occludin and mucin-2 and decreased
NF-ĸB, p65 and IĸB phosphorylation and NLRP3 inflammasome activation
suggesting that the protective effect of evodiamine is due to its anti-inflammatory
properties.
Salvia miltiorrhiza Bunge (Danshen) also has anti-inflammatory properties and
contains the active phenolic compound salvianolic acid A (SAA). SAA inhibited DSSinduced histological damage, leukocyte infiltration, ulceration and edema in the
mouse colon and protected against loss of ZO-1 and occludin[66]. The cecal bacterial
composition that was altered after DSS-treatment was similar to controls when mice
received SAA in parallel to DSS treatment. Thus, apart from its anti-inflammatory
effects, SAA protected the intestinal epithelial barrier by modulating the gut
microbiota during colitis.
Magnolol is the main and active ingredient of Magnolia officinalis, which is being
used in traditional Chinese medicine for the treatment of gastrointestinal disorders.
Magnolol improved DSS-induced colitis signs in mice. In particular, epithelial erosion,
disruption of crypt glands, loss of ZO-1 and occludin and leukocyte infiltration were
reduced when colitic mice were treated with magnolol [ 6 7 ] . Again, the antiinflammatory mechanism of magnolol was shown to relate to the regulation of NF-ĸB,
p65 and IĸB phosphorylation and peroxisome proliferator-activated receptor γ
expression.
Eupatilin (Eup) is a major flavonoid found in the leaves of Artemisia argyi and is
also the principal bioactive compound of Artemisia asiatica Nakai ex Kitam. Eup is
used in traditional medicine due to its antioxidative and anti-inflammatory activities.
Eup treatment alleviated DSS-induced inflammation and oxidative stress in mice by
decreasing nicotinamide adenine dinucleotide phosphate oxidase and increasing
occludin and ZO-1 levels in the colon epithelium[68]. Eup inhibited DSS-induced NFĸB and MAPK activation and significantly promoted AMPK activation, thus
contributing to barrier stabilization.
The Chinese herb QingBai decoction (QBD) is a mixture of six medicinal herbs that
has been used in the treatment of UC[69]. QBD effectively relieved intestinal symptoms
such as diarrhea and bleeding during active colitis[70]. When administered as enema in
a DSS-colitis mouse model, QBD was able to diminish epithelial damage, mucosal
inflammation, crypt damage and loss of goblet cells and mucin-2 in colon tissue.
Hyperpermeability and loss of TJ proteins were also ameliorated by QBD, and these
effects were comparable to what was observed in mesalazine-treated mice. Of note,
QBD was able to inhibit epithelial apoptosis and to increase proliferation during
colitis. These data suggest that QBD can contribute to wound healing and tissue
recovery.
Terpinen-4-ol (TER) is a main component of Zanthoxylum bungeanum Maxim with
high antibacterial, antioxidative and anti-inflammatory properties. Treatment with
TEL completely blocked DSS-induced epithelial damage, crypt distortion, increase of
proinflammatory cytokines and depletion of goblet cells[71]. TEL also prevented loss of
ZO-1 and occludin and NF-ĸB and NLRP3 activation.
Alnus japonica Steud (Betulaceae) has been used in traditional Asian medicine to
treat fever, hemorrhage and gastric disorders. Ethanol extracts from Alnus japonica
bark has been reported to have antioxidative and anti-inflammatory effects due to the
presence of diarylheptanoids, triterpenoids and flavonoids[72-75]. Histological analysis
of colon tissues showed a protective effect on tissue damage, inflammation and
leukocyte infiltration during DSS-colitis. mRNA levels of proinflammatory cytokines
and cyclo-oxygenase-2 protein levels were lower in Alnus japonica bark-treated colitic
mice. Of note, Alnus japonica bark treatment not only increased ZO-1, occludin and
heme-oxygenase 1 protein levels but also protected against epithelial apoptosis.
Pogostemon cablin (blanco) Benth is a plant used in the treatment of gastrointestinal
disorders in Asia. Patchouli alcohol (PA) is the extract containing the major active
components of Pogostemon cablin with anti-inflammatory and immune-modulatory
properties. PA given during DSS-colitis in mice reduced proinflammatory cytokine
levels and infiltration of inflammatory cells into the mucosa in a dose-dependent
manner[76]. Expression of mucin-1, mucin-2, ZO-1, ZO-2, claudin-1 and occludin were
higher after PA treatment compared to the DSS group. In addition, PA inhibited DSSinduced apoptosis and improved tryptophan metabolism. Of note, the effect of PA
was similar to that observed with sulfasalazine treatment.
Rhizoma coptidis is commonly used in traditional Chinese medicine as treatment for
various diseases including IBD[77]. Berberine (BBR) is the most abundant and major
active isoquinoline alkaloid of Rhizoma coptidis but is characterized by poor intestinal
absorption. Berberrubine is a BBR metabolite with better intestinal absorption.
Treatment with both berberrubine and BBR ameliorated signs of DSS-colitis although
higher doses were required for BBR. Mucosal inflammation, leukocyte infiltration,
increased cytokine levels and decreased mRNA levels of mucin-1 and mucin-2 were
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effectively counteracted by both compounds. ZO-1, ZO-2, claudin-1 and occludin
levels were maintained with BBR and berberrubine treatment, and apoptosis was
inhibited.
Moringa oleifera (moringa) is a tropical plant traditionally used for its nutritional
value and as treatment for a number of acute and chronic conditions such as
inflammation and diabetes. Moringa has anti-inflammatory, antibacterial and
antioxidative properties attributed mainly to glucosinolates, which can be
metabolized into the main bioactive metabolites, moringa isothiocyanates (MICs).
MIC-1 [4-(α-L-rhamnosyloxy)benz-isothiocyanates] is the most abundant MIC in
moringa seeds. Moringa seed extracts enriched in MIC-1 were given as treatment
during acute and chronic DSS-colitis in mice and, surprisingly only protective effects
were observed in the acute model. Beneficial effects of moringa seed extracts during
acute colitis included reduced inflammation and proinflammatory cytokine levels and
increased levels of claudin-1, ZO-1 and phase-II-detoxifying enzymes including
GSTP1, NQO1 and HO1 [78] . Moreover, the anti-inflammatory and antioxidative
activities of moringa seed extracts were associated with Nrf2-mediated signaling.
Wasabia japonica is a popular traditional spice in Asia. Allyl isothiocynate is a
bioactive molecule present in Wasabia japonica with anti-inflammatory effects. Allyl
isothiocynate treatment during DSS-colitis increased mucin-2 and ZO-1 protein
expression and the number of goblet cells[79]. These protective effects were related in
vitro after treatment of epithelial cells with lipopolysaccharides to attenuation of
phosphorylation of p65 and ERK1/2, reduced expression of IL-1β and TNF-α and
increased mucin-2 expression.
KIOM-20I5E is an active anti-inflammatory ingredient of Acer palmatum thumb that
is widely distributed in various regions of Asia and has been used in traditional
medicine for its antioxidative and anti-inflammatory properties. KIOM-20I5E
ameliorated DSS-induced reduction of goblet cells and ZO-1 and occludin levels[80].
However, the underlying mechanism was not determined.
Dietary fibers consumption affects the intestinal microbiota and consequently
intestinal epithelial barrier functions[81]. Intestinal microorganisms metabolize dietary
fibers to short-chain fatty acids that suppress the transcription of proinflammatory
mediators, thus positively affecting intestinal barrier functions[82]. Like other fibers,
Guar gum (GG) cannot be digested in the small intestine of mammals; however, it is
quickly metabolized by colonic bacteria. Short-chain fatty acids then promote
epithelial cell proliferation in the colon, mucosal blood flow and colonic motility.
Fermentable GG and partially hydrolyzed GG improved the expression levels of ZO1, ZO-2, occludin, JAM-A, claudin-3, claudin-4 and claudin-7 in a murine model of
DSS-colitis[83]. Both partially hydrolyzed GG and GG inhibited lipopolysaccharidebinding protein levels in the plasma indicating that both compounds protected the
colonic barrier and increased the production of fecal organic acids, which could be
important mediators of the observed protective effects.
Moreover, pre-treatment of mice with psyllium fiber before colitis induction with
DSS ameliorated loss of ZO-2, occludin, JAM-A, claudin-3 and claudin-7 and reduced
lipopolysaccharide-binding protein plasma concentration[84]. In addition, the psyllium
fiber diet increased intestinal cytoprotective heat-shock protein 25 levels and
expression of extracellular matrix-associated genes including collagens and
fibronectin. In summary, many phytochemicals have benefits during experimental
colitis mostly due to anti-inflammatory and antioxidative effects that help to maintain
junction architecture and epithelial barrier integrity. Thus, people susceptible to colitis
should take great care of their diets.

TNBS COLITIS MODEL
The induction of colitis by the exposure of mice and rats to the reagent TNBS has been
used as an animal model that closely resembles the pathophysiology of human CD.
The key factor that makes TNBS colitis an indispensable model for the study of CD is
the importance of nucleotide-binding oligomerization domain-containing protein 2
(NOD2) in the development of both murine TNBS-colitis and human CD[85]. CD is a
chronic inflammatory disorder that affects any part of the gastrointestinal tract. It is
characterized by transmural infiltration, which can result in complications such as
granulomas, fistulas and strictures [86] . Genome-wide studies have associated
polymorphisms in the NOD2 gene as a high genetic risk factor for the development of
CD[85]. NOD2 is an intracellular pattern recognition receptor that recognizes muramyl
peptides derived from bacterial peptidoglycans. NOD2 stimulation leads to the
activation of NF-κB and MAPK signaling pathways[87], and mutations in NOD2 lead to
irregular host-microbe interactions that can trigger a dysregulated immune response
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as observed during TNBS colitis[88]. TNBS haptenizes colonic proteins turning them
immunogenic to the host’s immune system[89].
The induction of colitis by this method is simple and reproducible. TNBS is
dissolved and instilled intrarectally in ethanol, which acts as the vehicle but also aids
in breaking the mucosal barrier to induce intestinal inflammation. Depending on the
desired colitis severity, concentrations of 50 to 150 mg/kg bodyweight can be
administered either as a single dose for acute colitis or repetitive lower doses for
chronic colitis[90]. After TNBS administration, animals will gradually develop intestinal
bleeding, diarrhea and weight loss. During the development of colitis, the intestinal
epithelial barrier is disrupted, and the architecture of intercellular junctions is
compromised leading to the development of a leaky barrier. This allows for
translocation of luminal antigens to the lamina propria and loss of tolerance to its own
microbiota thus inducing Th1-Th17 cell-mediated immune responses with elevated
production of IL-12, IL-17, IL-18, IL-23, IL-27 and IFN-γ[91,92]. Histologically, TNBStreated animals develop a transmural inflammation characterized by severe
infiltration of leukocytes in the mucosa and submucosa at an early stage followed by
infiltration to the muscularis propria resulting in ulceration, goblet cell depletion,
fibrosis and thickening of the colon wall, characteristics also found in CD patients[86,93].

NUTRITIONAL SUPPLEMENTS TESTED AS POTENTIAL
ALTERNATIVE THERAPY IN TNBS-INDUCED COLITIS
Phytochemicals
Traditional medicine worldwide utilizes a variety of herbal extracts to treat diverse
inflammatory disorders. Thus, there is a current interest in finding the exact
phytochemicals that exert the anti-inflammatory property and the underlying
mechanisms. For example, nobiletin, a flavone found in citrus fruit peels, ameliorated
TNBS colitis by restoring barrier function due to reduced MLCK and NF-κB
expression and Akt activation. Treatment with 20 mg/kg or 40 mg/kg of nobiletin
during 7 d after the induction of colitis reversed excessive intestinal epithelial
permeability as effectively as the standard drug sulfasalazine[94] (Table 2).
Moreover, the flavonoid farrerol extracted from rhododendron showed antiinflammatory properties during TNBS-colitis and prevented the reduction of mRNA
expression of the TJ molecules ZO-1, claudin-1 and occludin, suggesting that farrerol
may also prevent hyperpermeability; however, this was not specifically tested[95].
Geniposide purified from Garnedia jasminoides fruits had barrier stabilizing activity
during intestinal inflammation in TNBS-treated Sprague-Dawley rats. Geniposide
treatment reduced excessive intestinal permeability by preventing MLCK activation
and stabilizing the expression of occludin and ZO-1. Of note, the TNBS-induced
decrease in AMPK phosphorylation was prevented by geniposide when administered
at a high dose. This is important as AMPK is involved in the regulation of TJ integrity,
and its activity is decreased during colitis. Overall, geniposide-treated rats developed
a milder colitis compared to controls[96] (Table 2).
The plants Anemarrhena asphodeloides and Mangifera indica L. contain neomangiferin
that possesses anti-inflammatory effects. In a recent study, purified neomangiferin
was fed to TNBS-colitic C57Bl/6 mice causing a less severe form of colitis due to
reduced levels of TNF-α, IL-1β and IL-6. Of note, neomangiferin prevented the typical
imbalance between Th17 cells and Treg cells associated with colitis. Although barrier
function in vivo was not determined, TNBS-induced down-regulation of TJ proteins
ZO-1, claudin-1 and occludin was prevented by neomangiferin[97].
The barrier stabilizing effects of wild jujube [Ziziphus jujuba Mill. var. spinosa
(Bunge) Hu ex H. F. Chou] sarcocarp polysaccharides (WJPs) were proven in TNBSinduced colitis in rats. WJPs attenuated weight loss, diarrhea, intestinal bleeding and
inflammation and led to a better preservation of overall tissue structure. WJPs-treated
colitic rats showed significantly reduced intestinal permeability compared to control
rats, and down-regulation of the expression of ZO-1, occludin, claudin-1 and claudin4 was prevented. WJPs also induced the activation of AMPK in vitro and in vivo thus
contributing to correct TJ assembly and epithelial barrier function[98].

Butyrate
Butyrate is a short-chain fatty acids product of dietary fiber fermentation by gut
microbiota and a ligand of GPR109A that is associated with inhibition of
inflammation[99]. WT and GPR109A-deficient mice received sodium butyrate (SB) in
drinking water 6 wk before the induction of TNBS-colitis [100] (Table 2). WT mice
treated with SB developed a significantly milder colitis compared to GPR109Adeficient mice. Increased permeability and down-regulation of ZO-1, claudin-1 and
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Table 2 Nutritional supplements tested in 2,4,6-trinitrobenzene sulfonic acid-induced colitis
Product

Active compound

Animals

Effects on barrier function Ref.

Citrus fruit peels

Nobiletin

Rats

Decreases FITC-dextran
permeability Reduces MLCK
and NF-κB and PI3K
expression Decreases Akt
phospho-rylation

Rhododendron

Farrerol

Mice

Upregulates ZO-1, claudin-1
and occludin genes

Garnedia jasminoides

Geniposide

Rats

Increases expression of ZO-1
and occludin Decreases FITCDextran permeability
Decreases MLCK activity and
increases AMPK
phosphorylation

Anemarrhena asphodeloides,
Mangifera indica L

Neomangiferin

Mice

Increases expression of ZO/1,
claudin-1 and occludin

Ziziphus jujuba

Sarcocarp polysaccharides

Rats

Decreases Evans blue
permeability Increases
expression of ZO-1, occludin,
claudin-1 and claudin-4
Decreases AMPK activity

Dietary fiber

Sodium butyrate

Mice

Decreases FITC-Dextran
permeability Upregulation of
ZO-1, claudin-1 and occludin
genes

Schistosoma japonicum

Ova

Mice

Increases expression of ZO-1
and occludin Upregulation of
ZO-1 and occludin genes

[94]

[95]

[96]

[97]

[98]

[100]

[101]

ZO-1: Zonula occludens-1; AMPK: adenosine monophosphate-activated protein kinase; NF-κB: Nuclear factor-ĸB

occludin were prevented by SB in the WT but not in GPR109A-deficient mice. These
data confirm that GPR109A activation by SB suppresses inflammatory effects during
TNBS colitis.

Parasites
An excess of hygiene has been correlated with a higher susceptibility to intestinal
inflammatory disorders, so it is not surprising that the presence of helminths in the
gastrointestinal tract has protective effects during experimental colitis. However,
parasitic infections are still harmful for the host. That is why isolating and studying
the components responsible for this anti-inflammatory effect in the intestines have
become a priority. While it has been shown that Schistosoma japonicum ova prevented
barrier dysfunction by increasing ZO-1 and occludin levels[101], the mechanistic basis
for the protective effects of parasitic compounds during the development of
experimental colitis remain elusive (Table 2).

DISCUSSION AND CONCLUSION
Most nutritional supplements discussed here show anti-inflammatory and
antioxidative properties in experimental colitis models leading to improved epithelial
junction architecture and barrier stability. Many do so by inhibiting proinflammatory
signaling mediated by NF-ĸB and MAPK and reducing the production of
proinflammatory cytokines. Thus, preservation of epithelial barrier functions is an
important goal of colitis treatments (drugs or supplements). However, while some
studies have analyzed the effects of supplements on proinflammatory signaling and
epithelial barrier function in detail, other studies remain rather superficial and only
describe the observed effects without providing mechanistic details. Thus, it will be
critical in the future to better understand the mechanistic details underlying the
beneficial effects. This will be even more critical when addressing another major
limitation of the described animal studies, i.e., whether findings from experimental
colitis models are applicable to human disease. This remains to be seen in many cases.
In some cases, clinical studies have been conducted with different results[4,7]. While
some supplements with beneficial effects in rodents have shown none in humans,
other supplements showed beneficial effects in both organisms. The interested reader

WJG

https://www.wjgnet.com

4193

August 14, 2019

Volume 25

Issue 30

Vargas-Robles H et al. Nutritional supplements protect against experimental colitis

is referred to another recent review that highlights clinical studies using supplements
and active compounds from alternative medicines [102] . Clearly, humans are very
different from rodents, thus limiting the usefulness of these data so that data from
experimental colitis models have to be interpreted with caution. On the other hand,
these models are inexpensive, easy to perform and reproducible so that they are
indispensable for the search of new treatment strategies.
The intestinal microvasculature and endothelial barrier functions are also of
importance during experimental colitis[103]. However, only few studies have addressed
direct effects of DSS or TNBS on endothelial junction proteins regulating vascular
permeability and neutrophil recruitment. For example, in mice with endothelialspecific JAM-A deletion, the outcome of DSS-induced colitis was similar to WT
mice [104] . On the other hand, the endothelial TRPV4 channel regulating vascular
permeability was overexpressed in endothelial cells of DSS-treated mice, which was
accompanied by reduced VE-cadherin expression, and TRPV4 KO mice showed less
severe colitis [105] . Given the importance of leukocyte recruitment from the blood
stream to the colitic mucosa, it will be also important to study in more detail the
mechanistic background of endothelial barrier regulation during experimental colitis.
Certainly, many exciting discoveries are still ahead of us regarding the protective
effects of nutritional supplements during colitis.
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Abstract
The huge prognostic difference between early and late stage hepatocellular
carcinoma (HCC) is a challenging diagnostic problem. Alpha-fetoprotein is the
mostly widely used biomarker for HCC used in the clinic, however it’s sensitivity
and specificity of is not optimal. The development and application of multiple
biotechnologies, including next generation sequencing, multiple “omics” data,
that include genomics, epigenomics, transcriptomics, proteomics, metabolomics,
metagenomics has been used for HCC diagnostic biomarker screening. Effective
biomarkers/panels/models have been identified and validated at different
clinical levels. A large proportion of these have a good diagnostic performance
for HCC, especially for early HCC. In this article, we reviewed the various HCC
biomarkers derived from “omics” data and discussed the advantages and
disadvantages for diagnosis HCC.
Key words: Hepatocellular carcinoma; Diagnosis; Circulating tumor cells; Exosomes;
Circulating tumor DNA; RNA; Metabolomics; Protein
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Compared to traditional biomarkers, high throughput technologies provide
novel insights and mechanistic understanding of hepatocellular carcinoma (HCC). In this
article, recent genomic, epigenomic, transcriptomic, proteomic, metabolomics, and
metagenomics based HCC diagnostic biomarkers and their performance was evaluated.
The advantages and disadvantages of these HCC diagnostic biomarkers are also
discussed.
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INTRODUCTION
In 2018, hepatocellular carcinoma (HCC) was the sixth most common cancer and the
fourth leading cause of deaths worldwide. It is estimated that about 841000 new cases
and 78000 deaths will occur each year. The incidence of HCC varies regionally but is
the most common cancer in thirteen geographically countries[1].
HCC accounts for 75% to 85% of all liver cancers[1]. HCC is a multifactorial disease
due to a variety of risk factors. Chronic infection with hepatitis B virus (HBV) or
hepatitis C virus, aflatoxin-contaminated food, heavy alcohol intake, obesity,
smoking, and type 2 diabetes are the main risk factors for HCC[2,3]. The occurrence of
HCC results from a combination of virus-specific factors, immune mechanisms,
environmental factors and genetics[4]. Due to the complicated etiology of liver cancer
and the different molecular subtypes observed in individuals, early diagnosis is
difficult[5]. As a result, the majority of patients are diagnosed with late-stage HCC,
with a five-year survival rate of only 10.1%[6]. Thus, early diagnosis is necessary to
improve HCC patient survival.
Early screening is essential for the early detection and treatment of HCC.
Diagnostic methods for HCC include clinical, imaging, molecular marker and omics
diagnosis[7]. Clinical symptom, Imaging diagnosis[8], and molecular biomarkers are the
most com-monly used evidences for HCC detection. The molecular markers
commonly used for the diagnosis of HCC are alpha-fetoprotein (AFP)[9], desaturationγ-lock-up-thrombin (DCP)[10], and phosphatidylinositol proteoglycan-3 (GPC-3)[10-12].
HCC heterogeneity significantly limits the diagnosis and treatment of HCC
patients[13-15], making the efficiency of diagnosis and treatment very low. With the
advent of next generation sequencing and the development of precision medicine,
individual heterogeneity-based histological diagnosis makes it possible for
individualized diagnosis and targeted HCC therapy[16,17]. Omics data, including but
not limited to genomic, epigenomic, transcriptomic, proteomic and metabolomic,
identifies biological heterogeneity and has provided novel insights for HCC
diagnosis, as shown in Figure 1. With regards to genomics, circulating tumor DNA
(ctDNA)[18] has been recognized as omics diagnostic markers. Currently, ctDNA can
be extracted using a small amount of peripheral blood from patients and is minimally
invasive. ctDNA can reveal genetic and epigenetic changes associated with specific
cancers and their metastatic potential, and provides unique insights for the
continuous monitoring of tumor genomes in a non-invasive, convenient, and accurate
way[18]. With regards to epigenomics, methylation patterns in ctDNA could be used
for the diagnosis of HCC[19]. Using transcriptomics, circulating miRNAs has been
demonstrated to have unique expression patterns for various tumors including
HCC[10,20,21]. In addition, circulating miRNAs combined with conventional AFP and
ultrasound screening tools have great application prospects for the prediction and
prevention of HCC in high-risk populations[5,22]. Proteomic markers such as AFP, AFPL3, DCP, GPC3, Golgi protein-73 (GP73)[9]etc. are considered diagnostic markers for
HCC, however they have poor sensitivity and specificity [9,23] . In addition to the
diagnostic tools mentioned above, metabolomics and metagenomics has also
contributed to the diagnosis of HCC. This review will focus on the omics based HCC
diagnosis.

CIRCULATING TUMOR CELLS
Circulating tumor cells (CTCs) are generally considered to be the “seeds” of tumors
that migrate from carcinomas in situ to the peripheral blood or lymphatic system[24].
This process takes place at every stage of tumor development. Hence, CTCs may be a
good tool for HCC diagnosis.
CTCs can be separated and enriched using methods based on their physical and
biological properties. The physical characteristics including size, density, migration
capacity, and charge and are independent of the expression of established cancer
epitopes. However, the separation and enrichment of CTCs are less cancer-specific[25].
Various bio-based technologies rely on specific antibodies that bind to CTC surface
markers, including but not limited to epithelial cell adhesion molecule (EpCAM),
human epidermal growth factor receptor, members of the cytokeratin (CK) family
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Figure 1

Figure 1 Multiple “Omics” data-based diagnostic biomarker for hepatocellular carcinoma. Circulating tumor
cells, circulating tumor DNA, exsomes, transcriptomics, proteomics, metabolomics and intestinal microorganisms
provide new non-invasive candidates diagnostic biomarkers for hepatocellular carcinoma. HCC: Hepatocellular
carcinoma; CTCs: Circulating tumor cells; ctDNA: Circulating tumor DNA.

(CK8, CK18 and CK19) and mesenchymal markers (N-cadherin and vimentin)[26].
Various technologies based on the physical or biological properties of CTCs have been
used for CTC detection. These include, the CellSearch® system (CSS: Veridex LLC, NJ,
United States)[27], RT-PCR method, the CanPatrol CTC analysis platform (SurExam,
China)[28], the ISET technology (segregation by the size of epithelial tumor cells)[29],
flow cytometry[30], and CTC-Chip[31,32].
Numerous studies have been performed to investigate the diagnostic value of CTCs
using these approaches. Guo et al[33] found that the rate of detectable EpCAMmRNA+
CTCs using their optimized qRT-PCR–based platform was significantly higher in
HCC patients compared to healthy controls (P < 0.05), while the area under the curve
(AUC) for EpCAMmRNA+ CTCs combined with AFP levels for discriminating HCC vs
controls was 0.857, with a sensitivity of 73.0% and specificity of 93.4%. In addition, it
was accurate for detecting early stage and AFP-negative HCC. Guo et al[34] demonstrated the clinical significance of CTC with stem-like phenotypes for diagnosing
HBV–related HCC using an optimized qPCR-based detection platform. They found
that using a panel containing four putative stem cell biomarkers (EpCAM, CD90,
CD133, and CK19) outperformed EpCAM alone for the diagnosis of HCC and had an
AUC of 0.88 and 0.93 in the training set and the validation set, respectively. CTCs may
induce metastases in distal organs and hence may play a significant role in
prognosis[35-37]. Qi et al[37] demonstrated that the percentages of CTC and mesenchymalCTC were significantly associated with early recurrence, multi-intrahepatic recurrence, and lung metastasis.

EXOSOMES
Exosomes are cell-derived vesicles about 30-100 nm in size. They are intraluminal
vesicles formed by the inward budding of the endosomal membrane, and secreted out
of the cell by the fusion of MVEs with the cell surface[25]. Exosomes are released into
the extracellular space by multiple cell types, and are present in many eukaryotic
fluids including blood, urine, cerebrospinal fluid and cultured cell culture media[38,39].
Exosomes are currently a good tool for the HCC diagnosis. Several exosomes isolation
technologies are used clinically, such as ultracentrifugation, sucrose-gradient
centrifugation, and immune-magnetic isolation[40].
mRNA, microRNA, and lncRNA in exosomes are prevented from being degraded
by RNases due to the exosome lipid layer. Several studies have recommended serum
exosomes and exosomes enclosed RNAs as HCC screening biomarkers[21,40]. Xu et al[41]
using 301 patient samples demonstrated that the combination of exosomal
ENSG00000258332.1, LINC00635 and serum AFP has an AUC of 0.885-0.894 for HCC
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diagnosis. The combination of exosomal miR-122, miR-148a, and serum AFP
increased the AUC to 0.931 for distinguishing early HCC from liver cirrhosis.
Additionally, exosomal miR-122 was the best for differentiating HCC from NC (AUC
= 0.990)[42]. Furthermore, serum exosomal heterogeneous nuclear ribonucleoprotein
H1, LINC00161, and miRNA224 were also able to distinguish HCC patients from
healthy controls (AUC = 0.865; AUC = 0.794; AUC = 0.91, respectively)[43-45]. Studies
have also demonstrated that exosome enclosed RNAs had the potential for HCC
prognosis[46,47].

CIRCULATING TUMOR DNA
Circulating cell-free DNA is defined as extracellular DNA present in plasma or serum
samples. ctDNA is specifically released from tumor cells undergoing metabolic
secretion, apoptosis or necrosis. ctDNA carries with it tumor-specific genetic or
epigenetic changes, such as DNA methylation, point mutations, copy number
variation, etc[18]. A recent study using minimally invasive examination of ctDNA
harvested from a small amount of patient peripheral blood demonstrated genetic and
epigenetic changes associated with specific cancers and their metastatic status. This
provides a unique insight for the continuous monitoring of tumor genomes in a noninvasive and precise way.
The methylation pattern of ctDNAs is applicable for the early detection of HCC.
Methylation changes occur in many genes that are involved in the initiation and
progression of HCC. Several studies have demonstrated changes in DNA methylation
in tumor tissues of HCC patients, including the aberrant methylation of the
glutathione S-transferase P1 (GSTP1) promoter region[48,49] and the cyclin-dependent
kinase inhibitor p15 and p16[50,51]. Hypermethylated GSTP1[52], p15[53] and p16[54] in
ctDNA from HCC patients have been observed. The study conducted by Wang et al[52]
demonstrated GSTP1 promoter CpG island hypermethylation in 23 of 26 (88.5%)
tumor tissues and 18 of 26 (69%) corresponding non-tumor tissues. Huang et al[19]
analyzed the methylation status of four genes (APC, GSTP1, RASSF1A and SFRP1) in
plasma and demonstrated sufficient diagnostic value of ctDNAs. The combination of
these four genes increased the AUC to 0.933 with 92.7% sensitivity and 81.9%
specificity for distinguishing HCC patients from normal healthy controls. MS-PCR
has been widely used in methylation studies and provides a quick and easy method
with high sensitivity and accuracy. The tissue specificity of methylation patterns in
ctDNA may help determine original tumor location. The above results indicate that
comprehensive assessment of circulating methylated DNA may be a promising tool
for HCC diagnosis and management.
In addition to changes in methylation patterns, other genetic or epigenetic changes
have been demonstrated in ctDNAs. These include microsatellite changes, point
mutations, chromosomal rearrangements, and viral DNA which may contribute to the
early diagnosis of HCC. Comparative genomic hybridization technology has enabled
scientists to study microsatellite changes in HCC, such as chromosome 8p, 17p and
19p deletions[55]. The loss of 8p has been reported in eight metastatic tumors, but only
in three corresponding primary tumors (P = 0.03)[56]. Droplet digital PCR[57] and wholegenome high-throughput sequencing[58] has been used to accurately detect rare and
multiple types of mutations in circulating DNA. Point mutations that inactivated
tumor suppressor genes or activate proto-oncogenes can be detected in ctDNA using
these technologies. Ser249 of TP53 is the most frequently reported mutation hotspot in
HCC patients, that results in a loss of specific DNA binding capacity[59]. Recent studies
have demonstrated that TP53 Ser249 mutations are highly correlated with cirrhosis
and HCC in China and Africa[60]. In addition, high recurring hotspot mutations have
been detected for TP53 R249S, CTNNB1 amino acids D32, S33, S37, T41 and S45, and
TERT c.-124C> T promoter mutations[61-63] and may be regarded as potential markers
for HCC diagnosis. Additionally, genomic sequencing revealed several recurrent
chromosomal rearrangements in HCC, including deletions, insertions, amplifications,
translocations, and more complex rearrangements. Detection of these chromosomal
rearrangements in ctDNA requires highly sensitive PCR. This has only been
successfully applied in a small group of patients, mostly with hematological
malignancies [18] . However, whole-genome sequencing of ctDNA provides an
opportunity to identify changes in chromosomal rearrangements or copy number in
HCC patients and will ultimately become a reliable and robust method for HCC
detection. Although ctDNA has been associated with disease stages and is easy to
measure, it lacks the sensitivity and specificity[64]. Additional case-control and clinical
studies should be performed to validate its utility, especially for diagnosis of early
stage HCC.
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SERUM RNAs
Among the diagnostic biomarkers of HCC, serum RNAs, including mRNAs, circular
RNAs, long non-coding RNAs and micro-RNAs have garnered recent attention, while
studies using urine RNAs have been seldomly reported. In this section, we will
mainly focus on long non-coding RNAs and micro-RNAs.
Micro-RNA are non-coding RNAs consisting of approximately 22 nucleotides.
miRNAs are not chemically stable, however circulating miRNAs in plasma makes
them ideal biomarkers to be studied for HCC. Using TLDA Chips, Yang et al. reported
that eight miRNAs were dysregulated in HCC. The AUC of the eight-miRNAs for
HCC diagnosis reached 0.802 for their patient cohort[65] in their phase three study. In
addition, four lncRNAs (miR-20a-5p, miR-320a, miR-324-3p and miR-375) have been
used as preclinical biomarkers for HCC. Another study demonstrated that plasma
miR-224 was significantly expressed in HCC patients. They found that the AUC for
diagnosis was 0.888-0.899 for early HCC patients[66]. Similar studies on miR-106b[67],
miRNAs 21, 199-a[68] and microRNA-21[69] have also reported their diagnostic value for
HCC, especially early HCC, with AUCs of 0.885, 0.865, and 0.943 respectively, with
some having prognostic value. However, the diagnostic and prognostic value of these
miRNA have not been replicated in other studies. The performance of these miRNAs
needs further validation before clinical use.
Long non-coding RNAs were usually more than 200 nucleotides. They function in
RNA stability, protein and DNA binding. Several circulating lncRNAs have
demonstrated diagnostic values for HCC. For example, Li et al[70] reported that by
combining circulating lncRNAs HULC and Linc00152, the AUC for HCC diagnosis
was 0.87, while combining them with AFP, the AUC could reach 0.89. Another study
combined three plasma lncRNAs (LINC00152, RP11-160H22.5 and XLOC014172) as a
model to discriminate healthy/chronic hepatitis patients from HCC patients and had
an AUC of 0.985-0.986[71]. Additional lncRNAs, including p34822, have also been
reported to have diagnostic value[72].

METABOLOMICS
Metabolomics is an “omics” method for the high-throughput identification, quantification and characterization of small metabolites (metabolites with an atomic mass <
1.5 kDa)[73]. Metabolomics provides direct information on metabolites produced by
both endogenously and exogenously[74]. Two major analytical platforms have been
used in HCC metabolomics studies: Nuclear magnetic resonance spectroscopy and
mass spectrometry (MS)[75]. The latter is generally equipped with different separation
instruments, that comprise liquid chromatography (LC), gas chromatography (GC),
and capillary electrophoresis[63,74] capabilities.
Blood, urine, and feces can be easily obtained from individuals and are generally
used in human metabolomic studies. Several metabolomics studies using blood and
urine have been reported for HCC diagnosis. Di Poto et al[76] performed GC coupled
MS (GC-MS)-based metabolomics on plasma samples from 128 individuals (63 HCC
cases and 65 cirrhotic controls). They demonstrated that a panel consisting of 11
metabolites and three clinical factors (AFP, Child–Pugh score, and etiologic factors)
had a higher area under the ROC curve (AUC = 0.985) compared to AFP alone. Luo et
al[77] performed LC-MS-based metabolomics on serum samples from 1448 individuals
(healthy controls and patients with chronic HBV infection, liver cirrhosis, and HCC),
and identified a biomarker panel (phenylalanyl-tryptophan and glycocholate) that
had a better diagnostic value (AUC = 0.807) compared to AFP (AUC = 0.650) for
distinguishing HCC patients from a high-risk cohort of cirrhosis patients. In addition,
Lu et al[78] found that serum acetylcarnitine was able to discriminate HCC patients
from patients with cirrhosis (AUC = 0.808-0.887). In addition, other biomarker panels
have been identified using different metabolites to discriminate HCC patients from
non-HCC patients[79-81].

PROTEIN
AFP, AFP-L3, DCP, Glypican-3 (GPC3), Osteopontin (OPN), Midkine (MDK), GP73,
Annexin A2, squamous cell carcinoma antigen, soluble urokinase plasminogen
activator receptor, and thioredoxin have been shown to have value for the early
diagnosis of liver cancer. An introduction for each protein and its sensitivity and
specificity for the early diagnosis of HCC have been compiled from literature and is
shown in Table 1. It is worth mentioning that AFP is regarded as the most useful
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biomarker for HCC diagnosis, and the only biomarker evaluated in randomized
controlled trials[82]. Most of the biomarkers were evaluated in case-control studies for
the detection of early stage HCC[83].
Early and accurate diagnosis of HCC patients is critical for patient prognosis.
Several studies have successfully identified promising biomarkers for the diagnosis of
HCC. However, current studies suggest that a single biomarker alone may not have
the best sensitivity and specificity for detecting HCC, especially for detecting early
stage HCC. Several studies have reported that combining several biomarkers
complements to improve the early diagnosis rate[84]. A study demonstrated that the
sensitivity and specificity of serum GP73 for HCC was 74.6% and 97.4% respectively,
while for AFP it was 58.2% and 85.3%. Combining both GP73 and AFP increased the
sensitivity to 89.2% (95%CI: 86.7-91.5%) and its specificity to 85.2% (95%CI: 83.4%86.4%)[84]. Adding clinical variables (such as age and gender) into the model based on
biomarker combinations can further increase the predictive performance for HCC
detection. It is worth noting that GALAD score, which is the combination of clinical
factors (gender, age) and biomarkers (AFP, AFP-L3 and Des-carboxyprothrombin),
has been validated to improve the performance of discerning between HCC and
cirrhosis[85]. More randomized control trials to validate the optimal combination of
biomarkers will contribute to better detection of early stage HCC.

INTESTINAL MICROORGANISMS
About 80 percent of normal human microbes are concentrated in the intestinal tract,
with a number of more than 100 trillion[86]. The symbiotic microbial flora in the human
body is closely related to the health of the host[87]. including carcinogenesis. Intestinal
microorganisms cause tumorigenesis by integrating carcinogenic genes into the host
genome, affecting the stability of the host genome, breaking the balance between the
host immune systems, and inhibiting the host immune system. Liver inflammation,
increase and inhibition of anti-tumor immunity are affected by intestinal leakage,
intestinal flora imbalance, microbe-associated molecular patterns and microbial
metabolites, which promotes the occurrence of HCC[88-90].
Therefore, intestinal microorganisms are powerful biomarkers for early diagnosis
of HCC. Bacteroides, Clostridium cluster XVIII,Prevotella and Oscillibacter were
increased in HCC group compared to control group, while Prevotella, Streptococcus
and Bifidobacterium were decreased in animal studies as Yamada et al[91], Liet al[92]
reported. Escherichia coli was regarded as microbiome factor in clinical trials as Grat et
al[93,94] reported, which was enriched in HCC patients. Escherichia-Shigella, Enterococcus,
Proteus and Veillonella were increased in HBV-related HCC versus HBV-related HCC.
On the other hand, Faecalibacterium, Ruminococcus, Ruminoclostridium,
Pseudobutyrivibrio, Lachnoclostridium and Phascolarctobacterium were decreased as Liu et
al[95] reported. Loomba et al[96] set a Random Forest model found that Proteobacteria,
Escherichia coli and Firmicutes were microbial diagnostic markers. This model had a
robust and statistically significant diagnostic accuracy, with AUC 93.60%. Currently,
Ren et al[97] reported that faecal microbial diversity was increased from cirrhosis to
early HCC. Phylum Actinobacteria was increased in early HCC vs cirrhosis. And 13
genera including Gemmiger and Parabacteroides were enriched in early HCC versus
cirrhosis. Butyrate-producing genera were decreased, while genera producinglipopolysaccharide were increased in early HCC versus controls. The AUC of this
diagnostic model was 80.64%.

BIOMARKS ENTERING CLINICAL TRIALS
Some biomarkers mentioned above have been validated their ability of HCC
diagnosis in different phases of clinical trials. Pepe et al[83] summarized five phases of
biomarker development and the only biomarker that has undergone five phases of
HCC biomarker development is AFP[98]. Three biomarkers, OPN[99], MDK[100] and
GALAD score[85], have passed phase III validation. More biomarkers are under phase
II biomarker development, such as AFP-L3[9], Dickkopf-1[101], and Glypican-3[102], etc.
The description of the phases (I, II, III) of biomarker development and the
corresponding candidate biomarkers are shown in Table 2.
Historically verification has been limited due to the lack of large-scale vertical
cohorts and available test samples. Fortunately, serial samples from several
longitudinal cohorts in the United States are being collected to allow for extensive
validation of these biomarkers[103]. In the next few years, through the improved big
data techniques and appropriate validation, the biomarker-based precision screening
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Table 1 The sensitivity and specificity of biomarkers in the diagnosis of hepatocellular carcinoma
Biomarker
AFP

Full name
α-fetoprotein

Sensitivity (%)

Specificity (%)

66

82

65

94

AFP-L3 (binding
fraction)

28

97

37

92

Des-γcarboxyprothrombin

77

82

61

70

GPC3

Glypican-3

55.2

84.2

GP73

Golgi protein-73

62

88

OPN

Osteopontin

75

62

MDK

Midkine

92.5

83.3

SCCA

Squamous cell
carcinoma antigen

56.1

74.9

AFP-L3

DCP
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Ref.
[9]
[107]

[9]
[108]

[23]
[9]

[11]

[9]

[99]

[109]

[110]

August 14, 2019

Description
A glycoprotein with a
molecular weight of
approximately 70 kDa
that transports a variety
of molecules, including
bilirubin, fatty acids,
steroids, and various
drugs
One of the three
glycoforms of AFP.
AFP-L3 is only derived
from cancer cells and
has a higher specificity
than AFP
Prothrombin, Des-γcarboxyprothrombin
(DCP), induced by
vitamin K deletion II
(PIVKAII), is an
abnormal prothrombin
molecule that is
increased in HCC
Glypican-3 (GPC3)
belongs to the glypican
family of heparan
sulfate proteoglycans.
GPC3 is involved in cell
proliferation, survival
and tumor suppression
It is a type II Golgispecific membrane
protein that is normally
expressed in epithelial
cells of various human
tissues, but not in
hepatocytes. However,
GP73 is detected in the
serum of patients with
liver disease, especially
HCC
Also known as
transformationassociated protein
phosphatase, a
glycophosphoprotein
that binds to integrin,
which is overexpressed
in many different types
of malignancies,
including lung, breast
and colon cancers
Midkine is a heparinbinding growth factor,
originally identified as a
retinoic acid response
gene that plays a key
role in cell growth,
survival, migration,
angiogenesis and
carcinogenesis
It is the member of the
high molecular weight
family of serine protease
inhibitors, highly
expressed in epithelial
tumors, and protects
tumor cells from
apoptosis
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Annexin A2

83.2

67.5

suPAR

Soluble urokinase
plasminogen activator
receptor

76.0

90.4

TRXs

Thioredoxins

74.9

87.5

[111]

A calcium-dependent
phospholipid binding
protein that is present
on endothelial cells and
on the surface of most
epithelial cells. It is upregulated in many
tumor types and has
multiple roles in various
tumorigenic processes

[112]

A
glycophosphatidylinosit
ol-linked membrane
protein, a circulating
form of the urokinasetype plasminogen
activator receptor
(uPAR). Recently,
suPAR has been
established as a
biomarker of immune
system activation and
cancer metastasis level

[113]

Thiol oxidoreductase is
ubiquitously expressed
and involved in several
biological processes,
such as regulation of
protein status, apoptosis
and proliferation, and
protection against
oxidative stress.

AFP: α-fetoprotein; AFP-L3: α-fetoprotein-L3 (binding fraction); DCP: Des-γ-carboxyprothrombin; HCC: Hepatocellular carcinoma; GPC3: Glypican-3;
GP73: Golgi protein-73; OPN: Osteopontin; MDK: Midkine; SCCA: Squamous cell carcinoma antigen; suPAR: Soluble urokinase plasminogen activator
receptor; TRXs: Thioredoxins.

method may become the main method for early detection of HCC.

DISCUSSION
Theoretically, the human body is an exquisitely organized system, while blood is
responsible for carrying the substances from tissues to tissues, to maintain the
complex functions. During carcinogenesis, the cells, organelles, macromolecules and
metabolites are inevitably altered to different degrees. Due to the rapid development
of high-throughput technologies, HCC biomarker screening is now feasible and
necessary, by detecting these cells, organelles, macromolecules and metabolites.
However, the genetic and environmental heterogeneity makes the carcinogenesis of
individuals unique. Therefore, the alteration on these biological levels varies, which
makes it difficult to develop an almighty biomarker for diagnosis. Technically, due to
the limitation of detection methods and the nature of targets, each method has its own
drawbacks and advantages. Plus, it is taken for granted that early-staged HCC has
less huge impact on the body, which makes the early HCC diagnosis difficult. Thus,
HCC diagnosis on different platforms is worth trying.
Protein biomarkers for HCC is mostly widely recognized in clinical practice,
However, the diagnostic value of several biomarkers has shown inconsistent results.
For example, the sensitivity and specificity of DCP reported by Sawada et al[23] was
77% and 82%, while it was 61% and 70% as reported by Marrero et al[9], which may
result from different parameter selection or system errors.
ctDNA analysis is convenient, non-invasive and has a precise diagnostic capability.
But serious technical hurdles in the detection and analysis of ctDNA, there has been
limited progress in determining its clinical applicability for HCC diagnosis. The low
levels of ctDNA, HCC heterogeneity and poorly characterized DNA alterations in
HCC are the three main challenges for using ctDNA technology for the early detection
of HCC[18].
CTCs are effective tools for diagnosing HCC as they are the “seeds” of tumors. One
study[37] detected low levels of CTCs in two of 12 HBV patients, and subsequently
detected small HCC tumors during the next 5 mo. This suggested that CTCs may be a
valuable tool for HCC early-diagnosis. But the precision of HCC diagnosis using
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Table 2 Phases (I, II, III) of biomarker development and corresponding candidate biomarkers
Phases

Description

Biomarkers

Phase I

Preclinical exploratory studies

miRNA

Ref.
[114]
[115]

Metabolomic

[116]

Cell-free DNA
Phase II

Clinical essay and validation

[9]

AFP-L3

[101]

Dickkopf-1
DCP(Descarboxyprothro
mbin)
GPC3 (Glypican3)
Golgi protein-73
Squamous cell
carcinoma
antigen
miRNA
Phase III

Retrospective longitudinal studies

Osteopontin
Midkine
GALAD score

[9]

[102]

[117]
[118]

[114]
[99]
[100]
[85]

AFP-L3: α-fetoprotein-L3 (binding fraction); DCP: Des-γ-carboxyprothrombin; GPC3: Glypican-3.

CTCs varies across cohorts and studies[33,34,104]. Exosomal cargo is protected from
degradation by its lipid bilayer which makes it a good HCC diagnostic tool. Although
several technology platforms have been developed for exosome enrichment, there is
still no standard separation technology that is widely used[105]. Plus, the expensive
extraction methods hinders the study of exosomes[40]. Cheaper and faster extraction
methods are needed to fully explore its utility. Although several studies have used
paneled metabolites for HCC screening, there have been no new markers or panels
that have been clinically utilized. This is because of the absence of standard sample
processing and analytical procedures that has led to metabolomics studies being
unable to be replicated[106]. Secondly the metabolomics detection platforms are not
mature enough to robustly and accurately detect metabolites.

CONCLUSION
Rapid high-throughput sequencing makes HCC diagnosis, especially early HCC
diagnosis more feasible, and studies concerning omics data-based HCC diagnosis is
still increasing. The most studies collected samples with a small sample size from
single or few cohorts. The sample processing steps are different in cohorts, and the
analyzing method even in same platforms still varies. These studies limited the
clinical utilization of biomarkers. It is believed that with the development and
maturity of techniques, omics data-based biomarker screening will finally become
clinically utilized tool for cancers, including but not limited to HCC.

REFERENCES
1

2

3

4

5

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]
Singal AG, El-Serag HB. Hepatocellular Carcinoma From Epidemiology to Prevention: Translating
Knowledge into Practice. Clin Gastroenterol Hepatol 2015; 13: 2140-2151 [PMID: 26284591 DOI:
10.1016/j.cgh.2015.08.014]
Gomes MA, Priolli DG, Tralhão JG, Botelho MF. Hepatocellular carcinoma: Epidemiology, biology,
diagnosis, and therapies. Rev Assoc Med Bras (1992) 2013; 59: 514-524 [PMID: 24041910 DOI:
10.1016/j.ramb.2013.03.005]
Ružić M, Pellicano R, Fabri M, Luzza F, Boccuto L, Brkić S, Abenavoli L. Hepatitis C virus-induced
hepatocellular carcinoma: A narrative review. Panminerva Med 2018; 60: 185-191 [PMID: 29856183
DOI: 10.23736/S0031-0808.18.03472-9]
Fu J, Wang H. Precision diagnosis and treatment of liver cancer in China. Cancer Lett 2018; 412: 283-288
[PMID: 29050983 DOI: 10.1016/j.canlet.2017.10.008]

4207

August 14, 2019

Volume 25

Issue 30

Liu XN et al. Multiple “Omics” biomarkers for HCC diagnosis
6

7
8

9

10

11

12

13
14
15

16
17
18
19

20

21

22

23

24

25
26
27

28

29

30

WJG

https://www.wjgnet.com

Zeng H, Zheng R, Guo Y, Zhang S, Zou X, Wang N, Zhang L, Tang J, Chen J, Wei K, Huang S, Wang J,
Yu L, Zhao D, Song G, Chen J, Shen Y, Yang X, Gu X, Jin F, Li Q, Li Y, Ge H, Zhu F, Dong J, Guo G,
Wu M, Du L, Sun X, He Y, Coleman MP, Baade P, Chen W, Yu XQ. Cancer survival in China, 20032005: A population-based study. Int J Cancer 2015; 136: 1921-1930 [PMID: 25242378 DOI:
10.1002/ijc.29227]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012; 379: 1245-1255 [PMID: 22353262
DOI: 10.1016/S0140-6736(11)61347-0]
Chedid MF, Kruel CRP, Pinto MA, Grezzana-Filho TJM, Leipnitz I, Kruel CDP, Scaffaro LA, Chedid
AD. Hepatocellular carcinoma: Diagnosis and operative management. Arq Bras Cir Dig 2017; 30: 272-278
[PMID: 29340553 DOI: 10.1590/0102-6720201700040011]
Marrero JA, Feng Z, Wang Y, Nguyen MH, Befeler AS, Roberts LR, Reddy KR, Harnois D, Llovet JM,
Normolle D, Dalhgren J, Chia D, Lok AS, Wagner PD, Srivastava S, Schwartz M. Alpha-fetoprotein, desgamma carboxyprothrombin, and lectin-bound alpha-fetoprotein in early hepatocellular carcinoma.
Gastroenterology 2009; 137: 110-118 [PMID: 19362088 DOI: 10.1053/j.gastro.2009.04.005]
Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-Agadjanyan EL, Peterson A,
Noteboom J, O'Briant KC, Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS, Stirewalt DL,
Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M. Circulating microRNAs as stable bloodbased markers for cancer detection. Proc Natl Acad Sci USA 2008; 105: 10513-10518 [PMID: 18663219
DOI: 10.1073/pnas.0804549105]
Jia X, Liu J, Gao Y, Huang Y, Du Z. Diagnosis accuracy of serum glypican-3 in patients with
hepatocellular carcinoma: A systematic review with meta-analysis. Arch Med Res 2014; 45: 580-588
[PMID: 25446613 DOI: 10.1016/j.arcmed.2014.11.002]
Li J, Wang T, Jin B, Li W, Wang Z, Zhang H, Song Y, Li N. Diagnosis accuracy of serum glypican-3
level in patients with hepatocellular carcinoma: A systematic review with meta-analysis. Int J Biol
Markers 2018; 1724600818784409 [PMID: 30071741 DOI: 10.1177/1724600818784409]
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]
Arzumanyan A, Reis HM, Feitelson MA. Pathogenic mechanisms in HBV- and HCV-associated
hepatocellular carcinoma. Nat Rev Cancer 2013; 13: 123-135 [PMID: 23344543 DOI: 10.1038/nrc3449]
Tu T, Budzinska MA, Maczurek AE, Cheng R, Di Bartolomeo A, Warner FJ, McCaughan GW,
McLennan SV, Shackel NA. Novel aspects of the liver microenvironment in hepatocellular carcinoma
pathogenesis and development. Int J Mol Sci 2014; 15: 9422-9458 [PMID: 24871369 DOI:
10.3390/ijms15069422]
Schork NJ. Personalized medicine: Time for one-person trials. Nature 2015; 520: 609-611 [PMID:
25925459 DOI: 10.1038/520609a]
Cyranoski D. China embraces precision medicine on a massive scale. Nature 2016; 529: 9-10 [PMID:
26738574 DOI: 10.1038/529009a]
Tang JC, Feng YL, Guo T, Xie AY, Cai XJ. Circulating tumor DNA in hepatocellular carcinoma: Trends
and challenges. Cell Biosci 2016; 6: 32 [PMID: 27182434 DOI: 10.1186/s13578-016-0100-z]
Huang ZH, Hu Y, Hua D, Wu YY, Song MX, Cheng ZH. Quantitative analysis of multiple methylated
genes in plasma for the diagnosis and prognosis of hepatocellular carcinoma. Exp Mol Pathol 2011; 91:
702-707 [PMID: 21884695 DOI: 10.1016/j.yexmp.2011.08.004]
Zhou J, Yu L, Gao X, Hu J, Wang J, Dai Z, Wang JF, Zhang Z, Lu S, Huang X, Wang Z, Qiu S, Wang X,
Yang G, Sun H, Tang Z, Wu Y, Zhu H, Fan J. Plasma microRNA panel to diagnose hepatitis B virusrelated hepatocellular carcinoma. J Clin Oncol 2011; 29: 4781-4788 [PMID: 22105822 DOI:
10.1200/JCO.2011.38.2697]
Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, Chen J, Guo X, Li Q, Li X, Wang W,
Zhang Y, Wang J, Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang X, Gong T, Ning G,
Wang J, Zen K, Zhang J, Zhang CY. Characterization of microRNAs in serum: A novel class of
biomarkers for diagnosis of cancer and other diseases. Cell Res 2008; 18: 997-1006 [PMID: 18766170
DOI: 10.1038/cr.2008.282]
Li L, Chen J, Chen X, Tang J, Guo H, Wang X, Qian J, Luo G, He F, Lu X, Ding Y, Yang Y, Huang W,
Hou G, Lin X, Ouyang Q, Li H, Wang R, Jiang F, Pu R, Lu J, Jin M, Tan Y, Gonzalez FJ, Cao G, Wu M,
Wen H, Wu T, Jin L, Chen L, Wang H. Serum miRNAs as predictive and preventive biomarker for preclinical hepatocellular carcinoma. Cancer Lett 2016; 373: 234-240 [PMID: 26850373 DOI: 10.1016/j.canlet.2016.01.028]
Sawada Y, Yoshikawa T, Nobuoka D, Shirakawa H, Kuronuma T, Motomura Y, Mizuno S, Ishii H,
Nakachi K, Konishi M, Nakagohri T, Takahashi S, Gotohda N, Takayama T, Yamao K, Uesaka K, Furuse
J, Kinoshita T, Nakatsura T. Phase I trial of a glypican-3-derived peptide vaccine for advanced
hepatocellular carcinoma: Immunologic evidence and potential for improving overall survival. Clin
Cancer Res 2012; 18: 3686-3696 [PMID: 22577059 DOI: 10.1158/1078-0432.CCR-11-3044]
Yin CQ, Yuan CH, Qu Z, Guan Q, Chen H, Wang FB. Liquid Biopsy of Hepatocellular Carcinoma:
Circulating Tumor-Derived Biomarkers. Dis Markers 2016; 2016: 1427849 [PMID: 27403030 DOI:
10.1155/2016/1427849]
Mann J, Reeves HL, Feldstein AE. Liquid biopsy for liver diseases. Gut 2018; 67: 2204-2212 [PMID:
30177542 DOI: 10.1136/gutjnl-2017-315846]
Alix-Panabières C, Pantel K. Challenges in circulating tumour cell research. Nat Rev Cancer 2014; 14:
623-631 [PMID: 25154812 DOI: 10.1038/nrc3820]
Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao C, Tibbe AG, Uhr JW, Terstappen LW.
Tumor cells circulate in the peripheral blood of all major carcinomas but not in healthy subjects or patients
with nonmalignant diseases. Clin Cancer Res 2004; 10: 6897-6904 [PMID: 15501967 DOI:
10.1158/1078-0432.Ccr-04-0378]
Wang Z, Luo L, Cheng Y, He G, Peng B, Gao Y, Jiang ZS, Pan M. Correlation Between Postoperative
Early Recurrence of Hepatocellular Carcinoma and Mesenchymal Circulating Tumor Cells in Peripheral
Blood. J Gastrointest Surg 2018; 22: 633-639 [PMID: 29159757 DOI: 10.1007/s11605-017-3619-3]
Vona G, Sabile A, Louha M, Sitruk V, Romana S, Schütze K, Capron F, Franco D, Pazzagli M, Vekemans
M, Lacour B, Bréchot C, Paterlini-Bréchot P. Isolation by size of epithelial tumor cells: A new method for
the immunomorphological and molecular characterization of circulatingtumor cells. Am J Pathol 2000;
156: 57-63 [PMID: 10623654 DOI: 10.1016/s0002-9440(10)64706-2]
Xu W, Cao L, Chen L, Li J, Zhang XF, Qian HH, Kang XY, Zhang Y, Liao J, Shi LH, Yang YF, Wu MC,
Yin ZF. Isolation of circulating tumor cells in patients with hepatocellular carcinoma using a novel cell

4208

August 14, 2019

Volume 25

Issue 30

Liu XN et al. Multiple “Omics” biomarkers for HCC diagnosis

31

32

33

34

35

36

37

38
39
40
41

42

43

44
45

46

47

48

49

50

51

52

53

54

55

WJG

https://www.wjgnet.com

separation strategy. Clin Cancer Res 2011; 17: 3783-3793 [PMID: 21527564 DOI:
10.1158/1078-0432.CCR-10-0498]
Sequist LV, Nagrath S, Toner M, Haber DA, Lynch TJ. The CTC-chip: An exciting new tool to detect
circulating tumor cells in lung cancer patients. J Thorac Oncol 2009; 4: 281-283 [PMID: 19247082 DOI:
10.1097/JTO.0b013e3181989565]
Kalinich M, Bhan I, Kwan TT, Miyamoto DT, Javaid S, LiCausi JA, Milner JD, Hong X, Goyal L, Sil S,
Choz M, Ho U, Kapur R, Muzikansky A, Zhang H, Weitz DA, Sequist LV, Ryan DP, Chung RT, Zhu AX,
Isselbacher KJ, Ting DT, Toner M, Maheswaran S, Haber DA. An RNA-based signature enables high
specificity detection of circulating tumor cells in hepatocellular carcinoma. Proc Natl Acad Sci USA 2017;
114: 1123-1128 [PMID: 28096363 DOI: 10.1073/pnas.1617032114]
Guo W, Yang XR, Sun YF, Shen MN, Ma XL, Wu J, Zhang CY, Zhou Y, Xu Y, Hu B, Zhang X, Zhou J,
Fan J. Clinical significance of EpCAM mRNA-positive circulating tumor cells in hepatocellular carcinoma
by an optimized negative enrichment and qRT-PCR-based platform. Clin Cancer Res 2014; 20: 4794-4805
[PMID: 25009297 DOI: 10.1158/1078-0432.CCR-14-0251]
Guo W, Sun YF, Shen MN, Ma XL, Wu J, Zhang CY, Zhou Y, Xu Y, Hu B, Zhang M, Wang G, Chen
WQ, Guo L, Lu RQ, Zhou CH, Zhang X, Shi YH, Qiu SJ, Pan BS, Cao Y, Zhou J, Yang XR, Fan J.
Circulating Tumor Cells with Stem-Like Phenotypes for Diagnosis, Prognosis, and Therapeutic Response
Evaluation in Hepatocellular Carcinoma. Clin Cancer Res 2018; 24: 2203-2213 [PMID: 29374055 DOI:
10.1158/1078-0432.CCR-17-1753]
Sun YF, Xu Y, Yang XR, Guo W, Zhang X, Qiu SJ, Shi RY, Hu B, Zhou J, Fan J. Circulating stem celllike epithelial cell adhesion molecule-positive tumor cells indicate poor prognosis of hepatocellular
carcinoma after curative resection. Hepatology 2013; 57: 1458-1468 [PMID: 23175471 DOI:
10.1002/hep.26151]
Schulze K, Gasch C, Staufer K, Nashan B, Lohse AW, Pantel K, Riethdorf S, Wege H. Presence of
EpCAM-positive circulating tumor cells as biomarker for systemic disease strongly correlates to survival
in patients with hepatocellular carcinoma. Int J Cancer 2013; 133: 2165-2171 [PMID: 23616258 DOI:
10.1002/ijc.28230]
Qi LN, Xiang BD, Wu FX, Ye JZ, Zhong JH, Wang YY, Chen YY, Chen ZS, Ma L, Chen J, Gong WF,
Han ZG, Lu Y, Shang JJ, Li LQ. Circulating Tumor Cells Undergoing EMT Provide a Metric for
Diagnosis and Prognosis of Patients with Hepatocellular Carcinoma. Cancer Res 2018; 78: 4731-4744
[PMID: 29915159 DOI: 10.1158/0008-5472.CAN-17-2459]
Keller S, Sanderson MP, Stoeck A, Altevogt P. Exosomes: From biogenesis and secretion to biological
function. Immunol Lett 2006; 107: 102-108 [PMID: 17067686 DOI: 10.1016/j.imlet.2006.09.005]
Chaput N, Théry C. Exosomes: Immune properties and potential clinical implementations. Semin
Immunopathol 2011; 33: 419-440 [PMID: 21174094 DOI: 10.1007/s00281-010-0233-9]
Chen R, Xu X, Tao Y, Qian Z, Yu Y. Exosomes in hepatocellular carcinoma: A new horizon. Cell
Commun Signal 2019; 17: 1 [PMID: 30616541 DOI: 10.1186/s12964-018-0315-1]
Xu H, Chen Y, Dong X, Wang X. Serum Exosomal Long Noncoding RNAs ENSG00000258332.1 and
LINC00635 for the Diagnosis and Prognosis of Hepatocellular Carcinoma. Cancer Epidemiol Biomarkers
Prev 2018; 27: 710-716 [PMID: 29650788 DOI: 10.1158/1055-9965.EPI-17-0770]
Wang Y, Zhang C, Zhang P, Guo G, Jiang T, Zhao X, Jiang J, Huang X, Tong H, Tian Y. Serum
exosomal microRNAs combined with alpha-fetoprotein as diagnostic markers of hepatocellular carcinoma.
Cancer Med 2018; 7: 1670-1679 [PMID: 29573235 DOI: 10.1002/cam4.1390]
Sun L, Su Y, Liu X, Xu M, Chen X, Zhu Y, Guo Z, Bai T, Dong L, Wei C, Cai X, He B, Pan Y, Sun H,
Wang S. Serum and exosome long non coding RNAs as potential biomarkers for hepatocellular carcinoma.
J Cancer 2018; 9: 2631-2639 [PMID: 30087703 DOI: 10.7150/jca.24978]
Xu H, Dong X, Chen Y, Wang X. Serum exosomal hnRNPH1 mRNA as a novel marker for hepatocellular
carcinoma. Clin Chem Lab Med 2018; 56: 479-484 [PMID: 29252188 DOI: 10.1515/cclm-2017-0327]
Cui Y, Xu HF, Liu MY, Xu YJ, He JC, Zhou Y, Cang SD. Mechanism of exosomal microRNA-224 in
development of hepatocellular carcinoma and its diagnostic and prognostic value. World J Gastroenterol
2019; 25: 1890-1898 [PMID: 31057302 DOI: 10.3748/wjg.v25.i15.1890]
Lee YR, Kim G, Tak WY, Jang SY, Kweon YO, Park JG, Lee HW, Han YS, Chun JM, Park SY, Hur K.
Circulating exosomal noncoding RNAs as prognostic biomarkers in human hepatocellular carcinoma. Int J
Cancer 2019; 144: 1444-1452 [PMID: 30338850 DOI: 10.1002/ijc.31931]
Sugimachi K, Matsumura T, Hirata H, Uchi R, Ueda M, Ueo H, Shinden Y, Iguchi T, Eguchi H, Shirabe
K, Ochiya T, Maehara Y, Mimori K. Identification of a bona fide microRNA biomarker in serum
exosomes that predicts hepatocellular carcinoma recurrence after liver transplantation. Br J Cancer 2015;
112: 532-538 [PMID: 25584485 DOI: 10.1038/bjc.2014.621]
Tchou JC, Lin X, Freije D, Isaacs WB, Brooks JD, Rashid A, De Marzo AM, Kanai Y, Hirohashi S,
Nelson WG. GSTP1 CpG island DNA hypermethylation in hepatocellular carcinomas. Int J Oncol 2000;
16: 663-676 [PMID: 10717233 DOI: 10.3892/ijo.16.4.663]
Zhong S, Tang MW, Yeo W, Liu C, Lo YM, Johnson PJ. Silencing of GSTP1 gene by CpG island DNA
hypermethylation in HBV-associated hepatocellular carcinomas. Clin Cancer Res 2002; 8: 1087-1092
[PMID: 11948118 DOI: 10.1093/carcin/23.4.669]
Matsuda Y, Ichida T, Matsuzawa J, Sugimura K, Asakura H. p16(INK4) is inactivated by extensive CpG
methylation in human hepatocellular carcinoma. Gastroenterology 1999; 116: 394-400 [PMID: 9922321
DOI: 10.1016/S0016-5085(99)70137-X]
Roncalli M, Bianchi P, Bruni B, Laghi L, Destro A, Di Gioia S, Gennari L, Tommasini M, Malesci A,
Coggi G. Methylation framework of cell cycle gene inhibitors in cirrhosis and associated hepatocellular
carcinoma. Hepatology 2002; 36: 427-432 [PMID: 12143052 DOI: 10.1053/jhep.2002.34852]
Wang J, Qin Y, Li B, Sun Z, Yang B. Detection of aberrant promoter methylation of GSTP1 in the tumor
and serum of Chinese human primary hepatocellular carcinoma patients. Clin Biochem 2006; 39: 344-348
[PMID: 16527261 DOI: 10.1016/j.clinbiochem.2006.01.008]
Wong IH, Lo YM, Yeo W, Lau WY, Johnson PJ. Frequent p15 promoter methylation in tumor and
peripheral blood from hepatocellular carcinoma patients. Clin Cancer Res 2000; 6: 3516-3521 [PMID:
10999738 DOI: 10.1159/000007311]
Wong IH, Lo YM, Zhang J, Liew CT, Ng MH, Wong N, Lai PB, Lau WY, Hjelm NM, Johnson PJ.
Detection of aberrant p16 methylation in the plasma and serum of liver cancer patients. Cancer Res 1999;
59: 71-73 [PMID: 9892188 DOI: 10.1142/9789812815606_0009]
Ren N, Qin LX, Tu H, Liu YK, Zhang BH, Tang ZY. The prognostic value of circulating plasma DNA
level and its allelic imbalance on chromosome 8p in patients with hepatocellular carcinoma. J Cancer Res

4209

August 14, 2019

Volume 25

Issue 30

Liu XN et al. Multiple “Omics” biomarkers for HCC diagnosis

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

WJG

https://www.wjgnet.com

Clin Oncol 2006; 132: 399-407 [PMID: 16502316 DOI: 10.1007/s00432-005-0049-5]
Qin LX, Tang ZY, Sham JS, Ma ZC, Ye SL, Zhou XD, Wu ZQ, Trent JM, Guan XY. The association of
chromosome 8p deletion and tumor metastasis in human hepatocellular carcinoma. Cancer Res 1999; 59:
5662-5665 [PMID: 10582679 DOI: 10.1086/302591]
Kinugasa H, Nouso K, Miyahara K, Morimoto Y, Dohi C, Tsutsumi K, Kato H, Matsubara T, Okada H,
Yamamoto K. Detection of K-ras gene mutation by liquid biopsy in patients with pancreatic cancer.
Cancer 2015; 121: 2271-2280 [PMID: 25823825 DOI: 10.1002/cncr.29364]
Takai E, Totoki Y, Nakamura H, Morizane C, Nara S, Hama N, Suzuki M, Furukawa E, Kato M, Hayashi
H, Kohno T, Ueno H, Shimada K, Okusaka T, Nakagama H, Shibata T, Yachida S. Clinical utility of
circulating tumor DNA for molecular assessment in pancreatic cancer. Sci Rep 2015; 5: 18425 [PMID:
26669280 DOI: 10.1038/srep18425]
Kirk GD, Camus-Randon AM, Mendy M, Goedert JJ, Merle P, Trépo C, Bréchot C, Hainaut P,
Montesano R. Ser-249 p53 mutations in plasma DNA of patients with hepatocellular carcinoma from The
Gambia. J Natl Cancer Inst 2000; 92: 148-153 [PMID: 10639517 DOI: 10.1093/jnci/92.2.148]
Hosny G, Farahat N, Tayel H, Hainaut P. Ser-249 TP53 and CTNNB1 mutations in circulating free DNA
of Egyptian patients with hepatocellular carcinoma versus chronic liver diseases. Cancer Lett 2008; 264:
201-208 [PMID: 18313840 DOI: 10.1016/j.canlet.2008.01.031]
Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, Pelletier L, Maad IB, Calderaro J, Bioulac-Sage P,
Letexier M, Degos F, Clément B, Balabaud C, Chevet E, Laurent A, Couchy G, Letouzé E, Calvo F,
Zucman-Rossi J. Integrated analysis of somatic mutations and focal copy-number changes identifies key
genes and pathways in hepatocellular carcinoma. Nat Genet 2012; 44: 694-698 [PMID: 22561517 DOI:
10.1038/ng.2256]
Fujimoto A, Furuta M, Totoki Y, Tsunoda T, Kato M, Shiraishi Y, Tanaka H, Taniguchi H, Kawakami Y,
Ueno M, Gotoh K, Ariizumi S, Wardell CP, Hayami S, Nakamura T, Aikata H, Arihiro K, Boroevich KA,
Abe T, Nakano K, Maejima K, Sasaki-Oku A, Ohsawa A, Shibuya T, Nakamura H, Hama N, Hosoda F,
Arai Y, Ohashi S, Urushidate T, Nagae G, Yamamoto S, Ueda H, Tatsuno K, Ojima H, Hiraoka N,
Okusaka T, Kubo M, Marubashi S, Yamada T, Hirano S, Yamamoto M, Ohdan H, Shimada K, Ishikawa
O, Yamaue H, Chayama K, Miyano S, Aburatani H, Shibata T, Nakagawa H. Whole-genome mutational
landscape and characterization of noncoding and structural mutations in liver cancer. Nat Genet 2016; 48:
500-509 [PMID: 27064257 DOI: 10.1038/ng.3547]
Cancer Genome Atlas Research Network. Electronic address: wheeler@bcm.edu.; Cancer Genome
Atlas Research Network. Comprehensive and Integrative Genomic Characterization of Hepatocellular
Carcinoma. Cell 2017; 169: 1327-1341.e23 [PMID: 28622513 DOI: 10.1016/j.cell.2017.05.046]
Liao W, Mao Y, Ge P, Yang H, Xu H, Lu X, Sang X, Zhong S. Value of quantitative and qualitative
analyses of circulating cell-free DNA as diagnostic tools for hepatocellular carcinoma: A meta-analysis.
Medicine (Baltimore) 2015; 94: e722 [PMID: 25860220 DOI: 10.1097/MD.0000000000000722]
Wen Y, Han J, Chen J, Dong J, Xia Y, Liu J, Jiang Y, Dai J, Lu J, Jin G, Han J, Wei Q, Shen H, Sun B,
Hu Z. Plasma miRNAs as early biomarkers for detecting hepatocellular carcinoma. Int J Cancer 2015;
137: 1679-1690 [PMID: 25845839 DOI: 10.1002/ijc.29544]
Okajima W, Komatsu S, Ichikawa D, Miyamae M, Kawaguchi T, Hirajima S, Ohashi T, Imamura T,
Kiuchi J, Arita T, Konishi H, Shiozaki A, Moriumura R, Ikoma H, Okamoto K, Taniguchi H, Itoh Y,
Otsuji E. Circulating microRNA profiles in plasma: Identification of miR-224 as a novel diagnostic
biomarker in hepatocellular carcinoma independent of hepatic function. Oncotarget 2016; 7: 53820-53836
[PMID: 27462777 DOI: 10.18632/oncotarget.10781]
Shi BM, Lu W, Ji K, Wang YF, Xiao S, Wang XY. Study on the value of serum miR-106b for the early
diagnosis of hepatocellular carcinoma. World J Gastroenterol 2017; 23: 3713-3720 [PMID: 28611524
DOI: 10.3748/wjg.v23.i20.3713]
Amr KS, Ezzat WM, Elhosary YA, Hegazy AE, Fahim HH, Kamel RR. The potential role of miRNAs 21
and 199-a in early diagnosis of hepatocellular carcinoma. Gene 2016; 575: 66-70 [PMID: 26302751 DOI:
10.1016/j.gene.2015.08.038]
Wang X, Zhang J, Zhou L, Lu P, Zheng ZG, Sun W, Wang JL, Yang XS, Li XL, Xia N, Zhang N, Dou
KF. Significance of serum microRNA-21 in diagnosis of hepatocellular carcinoma (HCC): Clinical
analyses of patients and an HCC rat model. Int J Clin Exp Pathol 2015; 8: 1466-1478 [PMID: 25973032]
Li J, Wang X, Tang J, Jiang R, Zhang W, Ji J, Sun B. HULC and Linc00152 Act as Novel Biomarkers in
Predicting Diagnosis of Hepatocellular Carcinoma. Cell Physiol Biochem 2015; 37: 687-696 [PMID:
26356260 DOI: 10.1159/000430387]
Yuan W, Sun Y, Liu L, Zhou B, Wang S, Gu D. Circulating LncRNAs Serve as Diagnostic Markers for
Hepatocellular Carcinoma. Cell Physiol Biochem 2017; 44: 125-132 [PMID: 29130980 DOI:
10.1159/000484589]
Wang C, Ren T, Wang K, Zhang S, Liu S, Chen H, Yang P. Identification of long non-coding RNA
p34822 as a potential plasma biomarker for the diagnosis of hepatocellular carcinoma. Sci China Life Sci
2017; 60: 1047-1050 [PMID: 28547580 DOI: 10.1007/s11427-017-9054-y]
Wishart DS, Tzur D, Knox C, Eisner R, Guo AC, Young N, Cheng D, Jewell K, Arndt D, Sawhney S,
Fung C, Nikolai L, Lewis M, Coutouly MA, Forsythe I, Tang P, Shrivastava S, Jeroncic K, Stothard P,
Amegbey G, Block D, Hau DD, Wagner J, Miniaci J, Clements M, Gebremedhin M, Guo N, Zhang Y,
Duggan GE, Macinnis GD, Weljie AM, Dowlatabadi R, Bamforth F, Clive D, Greiner R, Li L, Marrie T,
Sykes BD, Vogel HJ, Querengesser L. HMDB: The Human Metabolome Database. Nucleic Acids Res
2007; 35: D521-D526 [PMID: 17202168 DOI: 10.1093/nar/gkl923]
Guo W, Tan HY, Wang N, Wang X, Feng Y. Deciphering hepatocellular carcinoma through
metabolomics: From biomarker discovery to therapy evaluation. Cancer Manag Res 2018; 10: 715-734
[PMID: 29692630 DOI: 10.2147/CMAR.S156837]
Cox IJ, Aliev AE, Crossey MM, Dawood M, Al-Mahtab M, Akbar SM, Rahman S, Riva A, Williams R,
Taylor-Robinson SD. Urinary nuclear magnetic resonance spectroscopy of a Bangladeshi cohort with
hepatitis-B hepatocellular carcinoma: A biomarker corroboration study. World J Gastroenterol 2016; 22:
4191-4200 [PMID: 27122669 DOI: 10.3748/wjg.v22.i16.4191]
Di Poto C, Ferrarini A, Zhao Y, Varghese RS, Tu C, Zuo Y, Wang M, Nezami Ranjbar MR, Luo Y,
Zhang C, Desai CS, Shetty K, Tadesse MG, Ressom HW. Metabolomic Characterization of Hepatocellular
Carcinoma in Patients with Liver Cirrhosis for Biomarker Discovery. Cancer Epidemiol Biomarkers Prev
2017; 26: 675-683 [PMID: 27913395 DOI: 10.1158/1055-9965.EPI-16-0366]
Luo P, Yin P, Hua R, Tan Y, Li Z, Qiu G, Yin Z, Xie X, Wang X, Chen W, Zhou L, Wang X, Li Y, Chen
H, Gao L, Lu X, Wu T, Wang H, Niu J, Xu G. A Large-scale, multicenter serum metabolite biomarker

4210

August 14, 2019

Volume 25

Issue 30

Liu XN et al. Multiple “Omics” biomarkers for HCC diagnosis

78

79

80

81
82
83

84

85

86
87
88
89

90
91

92

93

94
95

96

97

98

99

100

101

102

103

WJG

https://www.wjgnet.com

identification study for the early detection of hepatocellular carcinoma. Hepatology 2017 [PMID:
28960374 DOI: 10.1002/hep.29561]
Lu Y, Li N, Gao L, Xu YJ, Huang C, Yu K, Ling Q, Cheng Q, Chen S, Zhu M, Fang J, Chen M, Ong CN.
Acetylcarnitine Is a Candidate Diagnostic and Prognostic Biomarker of Hepatocellular Carcinoma. Cancer
Res 2016; 76: 2912-2920 [PMID: 26976432 DOI: 10.1158/0008-5472.CAN-15-3199]
Liu Y, Hong Z, Tan G, Dong X, Yang G, Zhao L, Chen X, Zhu Z, Lou Z, Qian B, Zhang G, Chai Y. NMR
and LC/MS-based global metabolomics to identify serum biomarkers differentiating hepatocellular
carcinoma from liver cirrhosis. Int J Cancer 2014; 135: 658-668 [PMID: 24382646 DOI:
10.1002/ijc.28706]
Zeng J, Yin P, Tan Y, Dong L, Hu C, Huang Q, Lu X, Wang H, Xu G. Metabolomics study of
hepatocellular carcinoma: Discovery and validation of serum potential biomarkers by using capillary
electrophoresis-mass spectrometry. J Proteome Res 2014; 13: 3420-3431 [PMID: 24853826 DOI:
10.1021/pr500390y]
Liang Q, Liu H, Wang C, Li B. Phenotypic Characterization Analysis of Human Hepatocarcinoma by
Urine Metabolomics Approach. Sci Rep 2016; 6: 19763 [PMID: 26805550 DOI: 10.1038/srep19763]
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]
Pepe MS, Etzioni R, Feng Z, Potter JD, Thompson ML, Thornquist M, Winget M, Yasui Y. Phases of
biomarker development for early detection of cancer. J Natl Cancer Inst 2001; 93: 1054-1061 [PMID:
11459866 DOI: 10.1093/jnci/93.14.1054]
Xu WJ, Guo BL, Han YG, Shi L, Ma WS. Diagnostic value of alpha-fetoprotein-L3 and Golgi protein 73
in hepatocellular carcinomas with low AFP levels. Tumour Biol 2014; 35: 12069-12074 [PMID: 25209179
DOI: 10.1007/s13277-014-2506-8]
Johnson PJ, Pirrie SJ, Cox TF, Berhane S, Teng M, Palmer D, Morse J, Hull D, Patman G, Kagebayashi
C, Hussain S, Graham J, Reeves H, Satomura S. The detection of hepatocellular carcinoma using a
prospectively developed and validated model based on serological biomarkers. Cancer Epidemiol
Biomarkers Prev 2014; 23: 144-153 [PMID: 24220911 DOI: 10.1158/1055-9965.EPI-13-0870]
Wan MLY, El-Nezami H. Targeting gut microbiota in hepatocellular carcinoma: Probiotics as a novel
therapy. Hepatobiliary Surg Nutr 2018; 7: 11-20 [PMID: 29531939 DOI: 10.21037/hbsn.2017.12.07]
Garrett WS. Cancer and the microbiota. Science 2015; 348: 80-86 [PMID: 25838377 DOI: 10.1126/science.aaa4972]
Yu LX, Schwabe RF. The gut microbiome and liver cancer: Mechanisms and clinical translation. Nat Rev
Gastroenterol Hepatol 2017; 14: 527-539 [PMID: 28676707 DOI: 10.1038/nrgastro.2017.72]
Tripathi A, Debelius J, Brenner DA, Karin M, Loomba R, Schnabl B, Knight R. The gut-liver axis and
the intersection with the microbiome. Nat Rev Gastroenterol Hepatol 2018; 15: 397-411 [PMID:
29748586 DOI: 10.1038/s41575-018-0011-z]
Tsilimigras MC, Fodor A, Jobin C. Carcinogenesis and therapeutics: The microbiota perspective. Nat
Microbiol 2017; 2: 17008 [PMID: 28225000 DOI: 10.1038/nmicrobiol.2017.8]
Yamada S, Takashina Y, Watanabe M, Nagamine R, Saito Y, Kamada N, Saito H. Bile acid metabolism
regulated by the gut microbiota promotes non-alcoholic steatohepatitis-associated hepatocellular
carcinoma in mice. Oncotarget 2018; 9: 9925-9939 [PMID: 29515780 DOI: 10.18632/oncotarget.24066]
Li J, Sung CY, Lee N, Ni Y, Pihlajamäki J, Panagiotou G, El-Nezami H. Probiotics modulated gut
microbiota suppresses hepatocellular carcinoma growth in mice. Proc Natl Acad Sci U S A 2016; 113:
E1306-E1315 [PMID: 26884164 DOI: 10.1073/pnas.1518189113]
Grąt M, Wronka KM, Krasnodębski M, Masior Ł, Lewandowski Z, Kosińska I, Grąt K, Stypułkowski J,
Rejowski S, Wasilewicz M, Gałęcka M, Szachta P, Krawczyk M. Profile of Gut Microbiota Associated
With the Presence of Hepatocellular Cancer in Patients With Liver Cirrhosis. Transplant Proc 2016; 48:
1687-1691 [PMID: 27496472 DOI: 10.1016/j.transproceed.2016.01.077]
Gupta H, Youn GS, Shin MJ, Suk KT. Role of Gut Microbiota in Hepatocarcinogenesis. Microorganisms
2019; 7: pii: E121 [PMID: 31060311 DOI: 10.3390/microorganisms7050121]
Liu Q, Li F, Zhuang Y, Xu J, Wang J, Mao X, Zhang Y, Liu X. Alteration in gut microbiota associated
with hepatitis B and non-hepatitis virus related hepatocellular carcinoma. Gut Pathog 2019; 11: 1 [PMID:
30675188 DOI: 10.1186/s13099-018-0281-6]
Loomba R, Seguritan V, Li W, Long T, Klitgord N, Bhatt A, Dulai PS, Caussy C, Bettencourt R,
Highlander SK, Jones MB, Sirlin CB, Schnabl B, Brinkac L, Schork N, Chen CH, Brenner DA, Biggs W,
Yooseph S, Venter JC, Nelson KE. Gut Microbiome-Based Metagenomic Signature for Non-invasive
Detection of Advanced Fibrosis in Human Nonalcoholic Fatty Liver Disease. Cell Metab 2017; 25: 10541062.e5 [PMID: 28467925 DOI: 10.1016/j.cmet.2017.04.001]
Ren Z, Li A, Jiang J, Zhou L, Yu Z, Lu H, Xie H, Chen X, Shao L, Zhang R, Xu S, Zhang H, Cui G, Chen
X, Sun R, Wen H, Lerut JP, Kan Q, Li L, Zheng S. Gut microbiome analysis as a tool towards targeted
non-invasive biomarkers for early hepatocellular carcinoma. Gut 2019; 68: 1014-1023 [PMID: 30045880
DOI: 10.1136/gutjnl-2017-315084]
Bruix J, Sherman M; American Association for the Study of Liver Diseases. Management of
hepatocellular carcinoma: An update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Shang S, Plymoth A, Ge S, Feng Z, Rosen HR, Sangrajrang S, Hainaut P, Marrero JA, Beretta L.
Identification of osteopontin as a novel marker for early hepatocellular carcinoma. Hepatology 2012; 55:
483-490 [PMID: 21953299 DOI: 10.1002/hep.24703]
Vongsuvanh R, van der Poorten D, Iseli T, Strasser SI, McCaughan GW, George J. Midkine Increases
Diagnostic Yield in AFP Negative and NASH-Related Hepatocellular Carcinoma. PLoS One 2016; 11:
e0155800 [PMID: 27219517 DOI: 10.1371/journal.pone.0155800]
Jang ES, Jeong SH, Kim JW, Choi YS, Leissner P, Brechot C. Diagnostic Performance of AlphaFetoprotein, Protein Induced by Vitamin K Absence, Osteopontin, Dickkopf-1 and Its Combinations for
Hepatocellular Carcinoma. PLoS One 2016; 11: e0151069 [PMID: 26986465 DOI:
10.1371/journal.pone.0151069]
Qiao SS, Cui ZQ, Gong L, Han H, Chen PC, Guo LM, Yu X, Wei YH, Ha SA, Kim JW, Jin ZT, Li S,
Peng JR, Leng XS. Simultaneous measurements of serum AFP, GPC-3 and HCCR for diagnosing
hepatocellular carcinoma. Hepatogastroenterology 2011; 58: 1718-1724 [PMID: 21940340 DOI:
10.5754/hge11124]
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]

4211

August 14, 2019

Volume 25

Issue 30

Liu XN et al. Multiple “Omics” biomarkers for HCC diagnosis
104

105
106

107

108

109

110

111

112

113

114

115

116

117

118

WJG

https://www.wjgnet.com

Li J, Han X, Yu X, Xu Z, Yang G, Liu B, Xiu P. Clinical applications of liquid biopsy as prognostic and
predictive biomarkers in hepatocellular carcinoma: Circulating tumor cells and circulating tumor DNA. J
Exp Clin Cancer Res 2018; 37: 213 [PMID: 30176913 DOI: 10.1186/s13046-018-0893-1]
Im H, Lee K, Weissleder R, Lee H, Castro CM. Novel nanosensing technologies for exosome detection
and profiling. Lab Chip 2017; 17: 2892-2898 [PMID: 28745363 DOI: 10.1039/c7lc00247e]
Chen J, Zhang P, Lv M, Guo H, Huang Y, Zhang Z, Xu F. Influences of Normalization Method on
Biomarker Discovery in Gas Chromatography-Mass Spectrometry-Based Untargeted Metabolomics: What
Should Be Considered? Anal Chem 2017; 89: 5342-5348 [PMID: 28402628 DOI:
10.1021/acs.analchem.6b05152]
Gupta S, Bent S, Kohlwes J. Test characteristics of alpha-fetoprotein for detecting hepatocellular
carcinoma in patients with hepatitis C. A systematic review and critical analysis. Ann Intern Med 2003;
139: 46-50 [PMID: 12834318 DOI: 10.1177/0971890720030105]
Sterling RK, Jeffers L, Gordon F, Venook AP, Reddy KR, Satomura S, Kanke F, Schwartz ME, Sherman
M. Utility of Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein and des-gamma-carboxy
prothrombin, alone or in combination, as biomarkers for hepatocellular carcinoma. Clin Gastroenterol
Hepatol 2009; 7: 104-113 [PMID: 18849011 DOI: 10.1016/j.cgh.2008.08.041]
Shaheen KY, Abdel-Mageed AI, Safwat E, AlBreedy AM. The value of serum midkine level in diagnosis
of hepatocellular carcinoma. Int J Hepatol 2015; 2015: 146389 [PMID: 25737783 DOI:
10.1155/2015/146389]
Giannelli G, Fransvea E, Trerotoli P, Beaugrand M, Marinosci F, Lupo L, Nkontchou G, Dentico P,
Antonaci S. Clinical validation of combined serological biomarkers for improved hepatocellular carcinoma
diagnosis in 961 patients. Clin Chim Acta 2007; 383: 147-152 [PMID: 17582392 DOI:
10.1016/j.cca.2007.05.014]
Sun Y, Gao G, Cai J, Wang Y, Qu X, He L, Liu F, Zhang Y, Lin K, Ma S, Yang X, Qian X, Zhao X.
Annexin A2 is a discriminative serological candidate in early hepatocellular carcinoma. Carcinogenesis
2013; 34: 595-604 [PMID: 23188673 DOI: 10.1093/carcin/bgs372]
Chounta A, Ellinas C, Tzanetakou V, Pliarhopoulou F, Mplani V, Oikonomou A, Leventogiannis K,
Giamarellos-Bourboulis EJ. Serum soluble urokinase plasminogen activator receptor as a screening test for
the early diagnosis of hepatocellular carcinoma. Liver Int 2015; 35: 601-607 [PMID: 25348952 DOI:
10.1111/liv.12705]
Li J, Cheng ZJ, Liu Y, Yan ZL, Wang K, Wu D, Wan XY, Xia Y, Lau WY, Wu MC, Shen F. Serum
thioredoxin is a diagnostic marker for hepatocellular carcinoma. Oncotarget 2015; 6: 9551-9563 [PMID:
25871387 DOI: 10.18632/oncotarget.3314]
Zekri AN, Youssef AS, El-Desouky ED, Ahmed OS, Lotfy MM, Nassar AA, Bahnassey AA. Serum
microRNA panels as potential biomarkers for early detection of hepatocellular carcinoma on top of HCV
infection. Tumour Biol 2016; 37: 12273-12286 [PMID: 27271989 DOI: 10.1007/s13277-016-5097-8]
Chen T, Xie G, Wang X, Fan J, Qiu Y, Zheng X, Qi X, Cao Y, Su M, Wang X, Xu LX, Yen Y, Liu P, Jia
W. Serum and urine metabolite profiling reveals potential biomarkers of human hepatocellular carcinoma.
Mol Cell Proteomics 2011; 10: M110.004945 [PMID: 21518826 DOI: 10.1074/mcp.M110.004945]
Julich-Haertel H, Urban SK, Krawczyk M, Willms A, Jankowski K, Patkowski W, Kruk B, Krasnodębski
M, Ligocka J, Schwab R, Richardsen I, Schaaf S, Klein A, Gehlert S, Sänger H, Casper M, Banales JM,
Schuppan D, Milkiewicz P, Lammert F, Krawczyk M, Lukacs-Kornek V, Kornek M. Cancer-associated
circulating large extracellular vesicles in cholangiocarcinoma and hepatocellular carcinoma. J Hepatol
2017; 67: 282-292 [PMID: 28267620 DOI: 10.1016/j.jhep.2017.02.024]
Marrero JA, Romano PR, Nikolaeva O, Steel L, Mehta A, Fimmel CJ, Comunale MA, D'Amelio A, Lok
AS, Block TM. GP73, a resident Golgi glycoprotein, is a novel serum marker for hepatocellular
carcinoma. J Hepatol 2005; 43: 1007-1012 [PMID: 16137783 DOI: 10.1016/j.jhep.2005.05.028]
Giannelli G, Marinosci F, Trerotoli P, Volpe A, Quaranta M, Dentico P, Antonaci S. SCCA antigen
combined with alpha-fetoprotein as serologic markers of HCC. Int J Cancer 2005; 117: 506-509 [PMID:
15906357 DOI: 10.1002/ijc.21189]

4212

August 14, 2019

Volume 25

Issue 30

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 August 14; 25(30): 4213-4221

DOI: 10.3748/wjg.v25.i30.4213

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

ORIGINAL ARTICLE
Basic Study

Novel magnetic compression technique for establishment of a
canine model of tracheoesophageal fistula
Yi Gao, Rong-Qian Wu, Yi Lv, Xiao-Peng Yan
ORCID number: Yi Gao
(0000-0002-9040-9955); Rong-Qian
Wu (0000-0003-0993-4531); Yi Lv
(0000-0002-7104-2414); Xiao-Peng
Yan (0000-0002-4103-1466).

Author contributions: Yan XP and
Lv Y designed the study; Gao Y
and Yan XP performed the
research and acquired the data;
Gao Y and Yan XP analyzed the
data; Yan XP, Gao Y, and Wu RQ
drafted the manuscript; Gao Y, Wu
RQ, Lv Y, and Yan XP contributed
significantly to the revision of the
manuscript.

Supported by the National Natural
Science Foundation of China, No.
81700545; the Natural Science Basic
Research Plan of Shaanxi Province
of China, No. 2017JQ8021; and the
Fundamental Research Funds for
the Central Universities, No.
xjj2018jchz14.

Institutional review board
statement: This study was
approved by the Institutional
Review Board of the First Affiliated
Hospital of Xi’an Jiaotong
University.

Institutional animal care and use
committee statement: All
procedures involving animals were
reviewed and approved by the
Institutional Animal Care and Use
Committee of the First Affiliated
Hospital of Xi’an Jiaotong
University.

Conflict-of-interest statement: The
authors declare no conflict of
interests.

Data sharing statement: No

WJG

Yi Gao, Yi Lv, Xiao-Peng Yan, Department of Hepatobiliary Surgery, The First Affiliated
Hospital of Xi’an Jiaotong University, Xi’an 710061, Shannxi Province, China
Yi Gao, Rong-Qian Wu, Yi Lv, Xiao-Peng Yan, National Local Joint Engineering Research Center
for Precision Surgery and Regenerative Medicine, The First Affiliated Hospital of Xi’an
Jiaotong University, Xi’an 710061, Shannxi Province, China
Corresponding author: Xiao-Peng Yan, PhD, Doctor, Surgeon, Department of Hepatobiliary
Surgery, The First Affiliated Hospital of Xi’an Jiaotong University, No. 277, West Yanta
Road, Xi’an 710061, Shannxi Province, China. yanxiaopeng99@163.com
Telephone: +86-29-82657541

Abstract
BACKGROUND
Clinically, tracheoesophageal fistula (TEF) is lack of effective surgical strategies.
One reason is due to the lack of appropriate animal models of acquired TEF,
which is usually complex and difficult. Recently, the magnetic compression
technique has been applied for digestive tract anastomosis or vascular
anastomosis in animals. In this study, an animal model of TEF in dogs was
developed by using the magnetic compression technique, hoping to provide a
new method for mimicking TEF.
AIM
To establish a TEF model in dogs by using the magnetic compression technique.
METHODS
Six male beagles were used as models with two Nd-Fe-B permanent magnets for
TEF. The parent magnet and the daughter magnet were placed in the cervical
esophagus and trachea, respectively. The anterior wall of the esophagus and the
posterior wall of the trachea were compressed when the two magnets coupled.
After 4-6 d, the necrotic tissue between the two magnets fell off and the parent
and daughter magnets disengaged from the target location, leaving a fistula.
Gastroscopy/bronchoscopy, upper gastrointestinal contrast study, and
histological analysis were performed.
RESULTS
The establishment of the TEF model in all six beagles was successful. The average
time of magnet placement was 4.33 ± 1.11 min (range, 3-7 min). Mean time for the
magnets to disengage from the target location was 4.67 ± 0.75 d (range, 4-6 d).
TEFs were observed by gastroscopy/bronchoscopy and esophageal angiography.
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The gross anatomical structure of the esophagus and the trachea was in good
condition. There was no esophageal mucosa or pseudostratified ciliated columnar
epithelium at the site of the fistula according to histological analysis.
CONCLUSION
It is simple, feasible, and minimally invasive to use the magnetic compression
technique for the establishment of the TEF model in dogs.
Key words: Magnetic compression technique; Tracheoesophageal fistula; Beagle; Animal
model
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

manuscript

Core tip: The magnetic compression technique (MCT) is usually used clinically for
anastomosis. We propose a novel application for the MCT in establishing a canine model
of tracheoesophageal fistula (TEF). This is the first study to apply the MCT in the
development of a disease model. Findings showed that it is simple, feasible, and
minimally invasive to use magnetic compression technique for the establishment of the
TEF model in dogs. It can be used to study the pathophysiological changes of TEF and
to provide a good and stable model for exploring the advantages and disadvantages of
various surgical methods.
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INTRODUCTION
Tracheoesophageal fistula (TEF) is the pathological channel between the trachea and
esophagus caused by various pathogenic factors. According to the etiology,
tracheoesophageal fistula can be divided into congenital and acquired. The congenital
anomaly occurs in an estimated 1 in 2000-4000 live births [1] , and congenital tracheoesophageal fistula is often combined with esophageal atresia. Acquired TEFs are
rare, occurring in 0.5% of patients undergoing tracheotomy[2], 0.16%, 4.5%, and 14.75%
of patients[2] with primary lung, esophageal, or tracheal malignancies, respectively,
and secondary to esophageal carcinoma in 4.3%-8.1% of patients. TEF results in
substantial morbidity and mortality as it is associated with coughing while
swallowing, purulent bronchitis, pneumonia[1,3], sepsis, dysphagia, and malnutrition[4].
Surgery is first line treatment for TEF[5], but the techniques are diverse, and the
long-term outcomes are disparate[6]. Therefore, a suitable animal model is required to
explore the therapeutic effects of various surgical procedures.
Studies have shown that magnetic compression is a simple, minimally invasive,
and reliable technique for surgical anastomosis[7,8]. Currently, the magnetic compression technique (MCT) is applied therapeutically for repair and reconstruction in
esophageal atresia [9] , biliary stenosis [10-14] , vascular anastomosis [15-22] , and gastrointestinal anastomosis[23-30]. Conversely, the MCT can be used for destructive purposes,
and a recent report described magnetic compression gastrostomy in rats[31]. In the
current study, we proposed a novel application for the MCT in establishing a canine
model of TEF.

MATERIALS AND METHODS
Ethical statement
This study was carried out in strict accordance with the recommendations in the Xi’an
Jiaotong University Medical Center Guide for the Care and Use of Laboratory
Animals. The protocol was approved by the Committee for Ethics of Animal
Experiments at Xi’an Jiaotong University (Permit Number: 2017-773).
Six male beagles > 1 year old and weighing 8-10 kg were obtained from the
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Experimental Animal Center, College of Medicine, Xi’an Jiaotong University (Xi’an,
China). 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, and ad libitum access to food and water) for 2 wk prior to
the experiments.
This was an exploratory study; therefore, all animals were included in the experimental investigations, and there was no control group. At the end of the study, all
animals were euthanized by a barbiturate overdose (intravenous injection, 150 mg/kg
pentobarbital sodium) for tissue collection.

Magnets
Both the parent magnet (diameter, 14 mm; thickness, 5 mm) and daughter magnet
(diameter, 10 mm; thickness, 5 mm) were cylinders. An anchor magnet (cylinder;
diameter, 14 mm; thickness, 20 mm) and a transmission magnet with a guide wire
attached were also used (Figure 1). The magnets were constructed of neodymiumiron-boron (NdFeB, N45). The surface of the magnets was coated with titanium
nitride to improve erosion resistance. The magnetic force between the daughter
magnet and the parent magnet is 21 N. The magnetic density of the daughter and
parent magnets is 3200 GS and 3600 GS, respectively.

Study procedures
After fasting for 24 h, the beagles were weighed and anesthetized with intravenous
propofol (10 mg/kg). When loss of the paw withdrawal reflex had been confirmed,
the animals were placed on an operating table in the supine position. The glottis was
sufficiently exposed, and the daughter magnet was inserted into the trachea and
advanced to the target location using the transmission magnet and the guide wire
(Figure 2B). The anchor magnet was placed on the neck of the animal over the trachea
to fix the daughter magnet in its target location. The guide wire and transmission
magnet were withdrawn from the trachea (Figure 2C and D). Next, the parent magnet
was inserted into the cervical esophagus and advanced to the target location using the
transmission magnet and the guide wire. The parent magnet and daughter magnet
were automatically attracted to each other by magnetic force, the guide wire and
transmission magnet were withdrawn from the esophagus, and the anchor magnet
was removed (Figure 2E-G). Neck X-ray and gastroscopy were used to confirm the
target location and accurate coupling of the parent and daughter magnets.
Routine X-rays were performed daily to verify the position of the magnets. X-ray
gastroscopy at 5-7 d confirmed that necrotic tissue between the two magnets had been
shed and the parent and daughter magnets had detached from the target location and
entered the animal’s digestive tract (Figure 2H).

Specimen collection and histological analysis
The tissue sandwiched between the two magnets become ischemic, necrotic, and was
shed, resulting in the formation of a fistula, which was observed using esophageal
intubation, gastroscopy/bronchoscopy, and esophageal angiography. Following Xray confirmation of fistula formation, the beagles were weighed and anesthetized
with intravenous propofol (10 mg/kg) and placed on an operating table in the lateral
position. For gastroscopy/bronchoscopy, methylene blue was instilled into the
esophagus, above the fistula, using a gastric tube. A bronchoscope was inserted into
the trachea to observe the flow of methelyene blue from the esophagus to the trachea
and confirm the formation of a TEF. For esophageal angiography, the contrast agent
iohexol was instilled into the esophagus, above the fistula, using the gastric tube. The
fistula was visualized by esophageal angiography.
Subsequently, the beagles were euthanized with high dose barbiturate. All fistulas
were harvested. After gross observation, all samples were fixed in 10% formalin.
Sections (4-6 µm) were stained with haematoxylin and eosin (HE) and Masson dye for
light microscopy.

Statistical analysis
SPSS statistics software v17.0 was used for data analyses. Quantitative data are
expressed as the mean ± standard deviation (SD).

RESULTS
The study procedures were performed successfully in all six beagles. Mean operating
time was 4.33 ± 1.11 min (range, 3-7 min). X-ray confirmed that the magnetic devices
were coupled together in their target locations (Figure 3B and C). Mean time for the
magnets to disengage from the target location was 4.67 ± 0.75 d (range, 4-6 d) after
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Figure 1

Figure 1 The magnetic device. A: The daughter magnet and the transmission magnet; B: The parent magnet and
the transmission magnet; C: The anchor magnet; D: The transmission magnet and the anchor magnet can be used to
position the daughter magnet.

implantation (Figure 4A). Mean time for the magnets to be expelled from the animals’
bodies was 6.50 ± 0.96 d (range, 5-8 d) after implantation (Figure 4A and B). There was
no early magnet separation, trachea blockage, digestive obstruction, or other
complications resulting from implantation of the magnets.
Gastroscopy confirmed that the daughter magnet was located in the posterior wall
of the trachea, and the parent magnet was located in the anterior wall of the
esophagus (Figure 3D and E). When the magnets had separated from the target
location, gastroscopy revealed a TEF (Figure 4D and E). Gastroscopy/bronchoscopy
and esophageal angiography confirmed the formation of a TEF, as methylene blue
and contrast agent, respectively, were observed to flow from the esophagus to the
trachea (Figure 4C and F).

Gross and histological observations
The gross anatomical structure of the esophagus and the trachea was in good
condition. There was no tissue adhesion or scar formation between the trachea and
esophagus, except around the complete fistula that was seen between the trachea and
the esophagus. There was no hyperplasia of the tracheal mucosa, and the esophageal
mucosa around the fistula was smooth (Figure 5A-D).
There was no esophageal mucosa or pseudostratified ciliated columnar epithelium
at the site of the fistula according to histological analysis (Figure 5E and F).

DISCUSSION
The incidence of TEF is low, but the condition is associated with substantial morbidity
and mortality. If treatment is delayed, severe pulmonary infection and even death
may occur. Currently, non-surgical treatment is preferred for TEF, including
endoscopic stent implantation to seal the fistula, local injection of a biological glue to
close the fistula, or laser and argon plasma coagulation for thermal ablation [32] .
According to the location and size of TEF, different surgical methods can also be used.
However, long-term outcomes of surgery for TEF are variable, and a suitable animal
model is required to explore the efficacy and safety of surgery in TEF. At present,
published reports describing the establishment of animal models of TEF are scarce. A
rat model of TEF was developed using an adriamycin injection administered to
pregnant rats [33] and surgical procedures were used in the pig [34] . However, it is
complex and traumatic to establish an animal model of TEF by surgery, and outcomes
are variable. Specifically, severe adhesion of the trachea and esophagus occurs after
the initial surgery, which is unfavorable when testing the effects of a second corrective
surgical procedure.
The MCT is based on non-contact magnetic force and has been used successfully in
vascular, gastrointestinal, and biliary tract reconstruction. To the authors’ knowledge,
the MCT has not been applied to the establishment of an animal model of disease.
In the current study, the MCT was used to establish a canine model of TEF. The
parent and daughter magnets were placed in the cervical esophagus and trachea,
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Figure 2

Figure 2 Study procedures. A: Normal anatomy of the trachea and esophagus in the beagle; B: The daughter magnet was inserted into the trachea and advanced
to the target location using the transmission magnet and the guide wire; C: The anchor magnet was placed on the neck of the animal over the trachea to fix the
daughter magnet in its target location; D: The guide wire and transmission magnet were withdrawn from the trachea; E: The parent magnet was inserted into the
cervical esophagus and advanced to the target location using the transmission magnet and the guide wire; F: The parent magnet and daughter magnet were attracted
to each other by magnetic force; G: The guide wire and transmission magnet were withdrawn from the esophagus, and the anchor magnet was removed; H: 4-6 d
later, the necrotic tissue between the two magnets had been shed and the parent magnet and daughter magnet had detached from the target location. The
tracheoesophageal fistula was formed.

respectively. The posterior wall of the trachea and the anterior wall of the esophagus
were compressed when the parent and daughter magnet were coupled together. A
TEF resulted when the tissue sandwiched between the two magnets become ischemic
and necrotic. Following fistula formation, when the necrotic tissue between the two
magnets had been shed, the magnets detached from the target location. To avoid
entering the trachea, the magnets were designed with different sizes. The parent
magnet was located in the esophagus and was larger than the daughter magnet in the
trachea. The larger magnet could not enter the trachea; therefore, when the magnets
detached from the target location, they entered the esophagus and were
spontaneously discharged through the digestive tract. This method was feasible due
to the anatomical structure of the canine trachea and esophagus. There is minimal
tissue between the trachea and esophagus, which allows the parent and daughter
magnets to couple together.
Using the MCT to establish a canine model of TEF has several strengths: (1) The
procedure is very simple and non-invasive; after the magnets are placed in the target
location and coupled, no further intervention is needed, and the animals can eat and
drink normally; (2) The position and size of the fistula can be precisely controlled by
the anchor magnet and the diameter of the daughter magnet, respectively; therefore,
the fistula can be accurately replicated in multiple animals; (3) The absence of the
magnets at the target location is indicative of the presence of a fistula; this is easily
determined using X-ray examination of the neck; (4) A TEF was created in 100% of the
animals used in this study, indicating a high success rate; and (5) There was no tissue
adhesion or scar formation between the trachea and esophagus, except around the
fistula, which facilitates investigating the efficacy and safety of a corrective surgical
procedure.
This method has the advantages of less additional trauma and closer to clinical
reality. It can be used to study the pathophysiological changes of tracheoesophageal
fistula and to provide a good and stable model for exploring the advantages and
disadvantages of various surgical methods.
This study also had some limitations: (1) The corrective surgical procedure must be
performed as soon as the TEF has formed, otherwise severe lung infections and even
death may occur; and (2) The number of animals used in this study was small;
complications and defects may be found after increasing the number of experimental
animals.
In conclusion, it is simple, feasible, and minimally invasive to use the magnetic
compression technique for the establishment of the TEF model in dogs.

WJG

https://www.wjgnet.com

4217

August 14, 2019

Volume 25

Issue 30

Gao Y et al. A tracheoesophageal fistula model developed by magnetic compression
Figure 3

Figure 3 The study procedures were performed successfully in all six beagles. A: The parent and daughter magnets; B and C: Fluoroscopy showing that the
parent and daughter magnets were coupled and retained in the target location; D and E: Endoscopy showing the magnets in the trachea and the esophagus.
Figure 4

Figure 4 Results after implantation. A: 6 d after magnet implantation: X-ray showing that the magnets were located in the digestive tract; B: 8 d after magnet
implantation: the magnets were expelled from the animal through the digestive tract; C: 8 d after magnet implantation: esophageal angiography showing the contrast
media flowing from the esophagus into the trachea; D: Bronchoscopy showing a fistula located in the posterior wall of the trachea; E: Gastroscopy showing a fistula
located in the anterior wall of the esophagus; F: Gastroscopy/bronchoscopy showing methylene blue flowing from the esophagus into the trachea.
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Figure 5 Gross and histological observations. A: Gross specimens of the trachea and esophagus; B: There was no tissue adhesion between the trachea and the
esophagus, except around the fistula; C: Gross specimen showing the fistula in the esophagus; D: Gross specimen showing the fistula in the trachea; E and F:
Histological analysis demonstrated that the esophageal mucosa (blue arrow) and pseudostratified ciliated columnar epithelium (black arrow) were absent at the site of
the fistula.

ARTICLE HIGHLIGHTS
Research background
Tracheoesophageal fistula in children is a rare human disease worldwide. To date, there is no
ideal surgical strategy for the disease. The main reason is due to the lack of ideal animal models
to mimic this disease.

Research motivation
The magnetic compression technique has been used to prepare the animal model of digestive
tract anastomosis or vascular anastomosis. Therefore, we tried to use this new technique to
establish a novel model mimicking tracheoesophageal fistula in children, hoping to provide a
new surgical strategy for this disease.

Research objectives
To establish a canine model of tracheoesophageal fistula using the magnetic compression
technique.

Research methods
Using a magnetic device consisting of daughter and parent Nd-Fe-B permanent magnets, a
tracheoesophageal fistula model was established in male beagles through placing the device in
the cervical esophagus. After 4~6 days of operation, gastroscopy/bronchoscopy, esophageal
angiography, and histological analysis were carried out to identify the model.

Research results
After the operation, the esophageal mucosa and pseudostratified ciliated columnar epithelium
were absent at the site of the fistula in the beagle model of tracheoesophageal fistula. Mean
operating time was 4.33 ± 1.11 min, and mean time for successful establishment of the
tracheoesophageal fistula model was 4.67 ± 0.75 d.

Research conclusions
A simple, minimally invasive, and feasible model of tracheoesophageal fistula in canine was first
established by using the novel magnetic compression technique.

Research perspectives
Although providing a suitable model similar to tracheoesophageal fistula in children, the
feasibility, applicability, safety, and efficacy of new surgical treatment for tracheoesophageal
fistula using the specific model need to be explored in future studies.
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Abstract
BACKGROUND
Liver fibrosis is a refractory disease whose persistence can eventually induce
cirrhosis or even liver cancer. Early liver fibrosis is reversible by intervention. As
a member of the transforming growth factor-beta (TGF-β) superfamily, bone
morphogenetic protein 7 (BMP7) has anti-liver fibrosis functions. However, little
is known about BMP7 expression changes and its potential regulatory
mechanism as well as the relationship between BMP7 and TGF-β during liver
fibrosis. In addition, the mechanism underlying the anti-liver fibrosis function of
BMP7 needs to be further explored.
AIM
To investigate changes in the dynamic expression of BMP7 during liver fibrosis,
interactions between BMP7 and TGF-β1, and possible mechanisms underlying
the anti-liver fibrosis function of BMP7.
METHODS
Changes in BMP7 expression during liver fibrosis and the interaction between
BMP7 and TGF-β1 in mice were observed. Exogenous BMP7 was used to treat
mouse primary hepatic stellate cells (HSCs) to observe its effect on activation,
migration, and proliferation of HSCs and explore the possible mechanism
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underlying the anti-liver fibrosis function of BMP7. Mice with liver fibrosis
received exogenous BMP7 intervention to observe improvement of liver fibrosis
by using Masson’s trichrome staining and detecting the expression of the HSC
activation indicator alpha-smooth muscle actin (α-SMA) and the collagen
formation associated protein type I collagen (Col I). Changes in the dynamic
expression of BMP7 during liver fibrosis in the human body were further
observed.
RESULTS
In the process of liver fibrosis induced by carbon tetrachloride (CCl4) in mice,
BMP7 protein expression first increased, followed by a decrease; there was a
similar trend in the human body. This process was accompanied by a sustained
increase in TGF-β1 protein expression. In vitro experiment results showed that
TGF-β1 inhibited BMP7 expression in a time- and dose-dependent manner. In
contrast, high doses of exogenous BMP7 inhibited TGF-β1-induced activation,
migration, and proliferation of HSCs; this inhibitory effect was associated with
upregulation of pSmad1/5/8 and downregulation of phosphorylation of Smad3
and p38 by BMP7. In vivo experiment results showed that exogenous BMP7
improved liver fibrosis in mice.
CONCLUSION
During liver fibrosis, BMP7 protein expression first increases and then decreases.
This changing trend is associated with inhibition of BMP7 expression by
sustained upregulation of TGF-β1 in a time- and dose-dependent manner.
Exogenous BMP7 could selectively regulate TGF-β/Smad pathway-associated
factors to inhibit activation, migration, and proliferation of HSCs and exert antiliver fibrosis functions. Exogenous BMP7 has the potential to be used as an antiliver fibrosis drug.
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Core tip: Liver fibrosis is the repair response of the liver to chronic injury. Its long-term
persistence can eventually progress into cirrhosis or even liver cancer. Many cytokines
and signaling pathways participate in the development and progression of liver fibrosis.
The transforming growth factor-beta (TGF-β) superfamily member bone morphogenetic
protein 7 (BMP7) is reported to have anti-fibrosis functions. This study observed
changes in the dynamic expression of BMP7 during liver fibrosis, explored the
relationship between BMP7 and TGF-β1, and further investigated the possible
mechanism underlying the anti-liver fibrosis function of exogenous BMP7 using in vivo
and in vitro experiments. This study demonstrated the prospect of exogenous BMP7
application as a potential anti-liver fibrosis drug.
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INTRODUCTION
Liver fibrosis is a pathophysiological process of intrahepatic connective tissue
dysplasia. In the clinic, viral hepatitis, alcoholic hepatitis, non-alcoholic fatty liver,
and autoimmune diseases can all induce liver injury and further activate the repair
process of liver injury to induce fibrosis in the liver. Any liver repair and healing
process will induce liver fibrosis. If the long-term injury factors cannot be removed,
long-term, persistent fibrosis will progress into cirrhosis and further induce liver
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cancer. Studies in recent years showed that although late-stage cirrhosis and liver
cancer are irreversible, the early liver fibrosis process resulting from liver injury is
reversible[1,2]. Using early intervention in liver fibrosis to interfere with liver disease
progression is a feasible therapeutic strategy. Therefore, studies targeting liver tissue
fibrosis are always a hot spot in liver disease research.
Liver repair mechanisms activated by liver injury mainly include extracellular
matrix (ECM) hyperplasia and remodeling and normal hepatocyte proliferation. ECM
hyperplasia and degradation are regulated by matrix metalloproteases (MMPs) and
tissue inhibitors of MMPs (TIMPs) together[3]. Hepatic stellate cells (HSCs) play an
important role in liver fibrosis. When liver injury factors persist, dormant HSCs are
activated. HSCs inhibit MMP activity through TIMPs to cause ECM accumulation and
produce large amounts of related cytokines, including vascular endothelial growth
factor (VEGF), pro-inflammatory cytokine interleukin-6 (IL-6), and pro-fibrogenic
factors such as transforming growth factor-β (TGF-β). Secreted TGF-β can further
activate HSCs to cause its differentiation into myofibroblasts, which migrate to the
injury site to further express a large amount of type I collagen (Col I) and alphasmooth muscle actin (α-SMA); thus, ECM is replaced by newly produced collagen,
eventually resulting in the formation of liver scars[4]. Inhibition of HSC activity such as
promotion of their apoptosis or restoration of the dormant status of activated HSCs
can exert anti-liver fibrosis functions.
Molecular pathways that play important roles in liver fibrosis include Wnt, TGF-β,
and Alx[5]. As a member of the TGF-β family, TGF-β has diverse molecular functions
including regulation of cell proliferation, differentiation, and wound healing, and it
plays an important role in the development and progression of liver fibrosis[6]. For
example, TGF-β activates Smad3, α-SMA, and Col1a1 to promote collagen fiber
accumulation and further cause progression of liver fibrosis[7]. Bone morphogenetic
protein-7 (BMP7) is a member of the TGF-β family. Unlike TGF-β, BMP7 inhibits
fibrosis. In a carbon tetrachloride (CCl4)-induced liver fibrosis model in rats, BMP7
overexpression in the liver through tail injection inhibited liver fibrosis[8]. In a CCl4induced liver fibrosis model in mice, oral administration of recombinant BMP7
protein could also inhibit liver fibrosis, which might be associated with affecting the
TGF-β-mediated Smad signaling pathway[9]. In a Schistosoma japonicum-infected liver
fibrosis model, BMP7 regulated liver fibrosis through the TGF-β-Smad signaling
pathway[10]. During the development of liver fibrosis, BMP7 activated Smad1/5/8 to
inhibit fibrosis[11,12]. In addition, BMP7 inhibited ColIa1 expression by increasing
MMP13 and decreasing TIMP2 expression to further inhibit fibrosis[13]. A series of
studies reported that TGF-β1 and BMP7 play important regulatory roles in fibrosis.
During liver fibrosis in rats, the ratio of the TGF-β/BMP7 expression levels was
associated with epithelial-mesenchymal transition (EMT). Elevation of TGF-β/BMP7
suggested aggravation of liver fibrosis[14]. In retinal pigmented epithelial fibrosis, there
was an interaction between BMP7/Smad1/5/8 and TGF-β/Smad3, suggesting that
the dynamic balance between BMP7 and TGF-β could determine the outcome of liver
fibrosis[15]. In the development and progression of kidney diseases, BMP7 also plays
an important role[16]. During renal fibrosis caused by kidney injury, BMP7 had an antifibrosis function[17], and the mechanism might be associated with inhibition of the Akt
signaling pathway. Furthermore, BMP7 also inhibited the progression of renal fibrosis
through inhibition of Smad3, Col1a1, and α-SMA[18]. In patients with corneal abrasion,
ITF2357 attenuated corneal fibrosis through regulation of the TGF-β/BMP7 signaling
pathway[19]. In patients with chronic hepatitis B, the blood BMP7 level suggested its
anti-fibrosis potential[20].
The exertion of BMP7 functions has significant tissue specificity and cell specificity[21,22]. In previous research, BMP7 played an important role in repressing hepatic
fibrosis. However, the expression mode and potential mechanisms of BMP7 are still
unknown, and whether there exists a crosstalk between BMP7 and TGF-β1 remains to
be revealed. We hypothesized that the activation of BMP7-pSmad1/5/8 pathway may
repress hepatic fibrosis by antagonizing TGFβ1 signaling in CCL4-induced fibrotic
mice model. The goal of the current study was to investigate the role of BMP7 in liver
fibrosis and its potential mechanisms based on its expression mode. We established a
CCl4-induced liver fibrosis model in mice to confirm that with the progression of liver
fibrosis, BMP7 expression showed a changing trend of first increasing and then
decreasing; in contrast, TGF-β1 expression persistently increased. The mechanism
study showed that TGF-β1 inhibited BMP7 expression in a time- and dose-dependent
manner within a certain dosage range. In addition, we showed that high doses of
BMP7 antagonized the TGF-β1-pSmad3 signaling pathway through the pSmad1/5/8
pathway to inhibit HSC activation and subsequent pro-liver fibrosis processes such as
proliferation, migration, and collagen secretion. Our data demonstrate that BMP7 is a
vital anti-fibrotic factor, and recombinant BMP7 may serve as a potential therapeutic
agent for liver fibrosis.
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MATERIALS AND METHODS
Reagents and antibodies
TGF-β1 was obtained from R&D Systems (Minneapolis, MN, United States). The
following antibodies were purchased: BMP7 (Biosource, Camarillo, CA, United
States), procollagen alpha 1 type 1 (1A1) (Santa Cruz Biotechnology, Santa Cruz, CA),
p-Smad3, p-Smad1/5/8, p-P38 (EMD Millipore, Billerica, MA, United States), and
glyceraldehyde 3-phosphate dehy-drogenase (GAPDH) (Research Diagnostics,
Flanders, NJ, United States). Anti-α-SMA antibody, carbon tetrachloride (CCl4), corn
oil, and OptiPrep were purchased from Sigma-Aldrich (St. Louis, MO, United States).
BMP7 was purchased from Selleckchem and Fisher Scientific (Waltham, MA, United
States). All other chemicals and reagents were purchased from Sigma-Aldrich (St.
Louis, MO, United States) and Fisher Scientific (Waltham, MA, United States).

Generation of a mouse model of liver fibrosis
All animal interventions were approved by the Institutional Animal Care and Use
Committee (IACUC) of Guizhou Medical University. The methods and experiment
procedures were carried out in accordance with the relevant guidelines and
regulations. Mice (C57BL6, eight to ten weeks old) were housed in standard
conditions, and sex matched mice were treated with 2.0 µL/g body weight carbon
tetrachloride (CCl 4 ) [1:10 (v/v) dilution with corn oil] or corn oil as control by
intraperitoneal (i.p.) injections, three times per week for 4 wk[23]. Mice were challenged
with CCl4 or corn oil (Control), followed by intraperitoneal injection of BMP7 (100
ng/g, three times per week for 4 wk) or 0.9% saline (Vehicle). Mice were sacrificed at
48 h after the last CCl4 injection and tissues were harvested.

Western blot analysis
Immunoblotting was performed using 1% NP-40 whole liver tissue lysates or whole
cell lysates as described previously [23] . The total proteins were extracted and
quantified using Bradford protein quantification kits. Protein samples of 40 g each
were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE). The proteins were transferred onto polyvinylidene fluoride (PVDF)
membranes and incubated with primary antibodies overnight at 4 °C. On the second
day, the signal was developed with an electrochemiluminescence detection kit after
incubation with the appropriate secondary antibodies.

Collagen determination
Collagen deposition in liver tissue sections (5-10 µm, paraffin embedded tissues) was
localized by Masson’s trichrome staining using a commercially available staining kit
according to the manufacturer’s instructions (Poly Scientific, Bay Shore, NY, United
States). Fibrotic lesional density by area was measured on Masson’s trichrome stained
sections and quantified by morphometric methodology.

Cells and cell culture
Isolation of primary mouse HSCs was performed by enzymatic digestion and density
gradient centrifugation as described previously[24]. Briefly, cells were isolated from the
livers by in situ liver perfusion with pronase, liberase, and collagenase followed by
density gradient centrifugation. Dispersed cell suspension was filtered and
centrifuged at 50 g for 2 min to remove hepatocytes. The remaining cell fraction was
washed and resuspended in 11.5% OptiPrep, then gently transferred to the tube
containing a bottom of 15% OptiPrep, followed by adding the top layer of PBS. The
cell fraction was then centrifuged at 1400 g for 20 min. The HSCs fraction layer was
obtained at the interface between the top and intermediate layers. The purity of the
HSCs fraction was estimated based on autofluorescence. Purity of HSCs was assessed
and estimated by auto-florescence one day after isolation, and was always higher than
97%. Cell viability was also examined and HSCs were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS)
and antibiotics as described previously[25]. Cells were starved or treated on day 2 after
isolation and the duration of starvation or treatment is described in each figure
legend. The duration of the whole experiments was within 5-7 d of isolation of HSCs
and the passages were 1-2 (as some experiments were needed to passage cells from
regular culture flask to experimental cell culture wells).

BrdU cell proliferation assay and cell count
BrdU proliferation assay was performed per manufacturer's protocol (Millipore
#2750). Briefly, HSCs were seeded at a density of 2 × 104 cells per well in a 96-well
plate and treated with BMP7 (100 ng/mL). BrdU was added for the last 16 h of
incubation. Cells were then fixed, washed, and incubated with anti-BrdU monoclonal
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antibody and secondary antibody per the manufacture’s protocol. After washing,
TMB peroxidase substrate was added and incubated for 30 min in the dark, followed
by addition of stop solution. Incorporated BrdU was measured with a microplate
reader at 450 nm (Tecan, Invitrogen). For cell count, HSCs were seeded at a density of
1 × 104 cells per well in a 96-well plate and treated with BMP7 (100 ng/mL). Cells
were trypsinized and viable cells were stained with trypan blue and counted every 24
h after treatment for 5 d.

Cell migration assay and wound heal assay
The wound closure monolayer/scratch motility assay was performed as described
previously[25]. Briefly, fibroblasts were plated in serum-free DMEM with 1% bovine
serum albumin for 24 h. Mitomycin C was added to inhibit cell proliferation. The
monolayer was scratched, and the wound area covered by cell migration over
indicated time on digital photomicrograph images was calculated. The migration
capabilities of HSCs were assessed using a scratch wound assay. Cells were seeded in
24-well plate and maintained with 5% CO2 at 37 °C overnight to form a confluent
monolayer. Then, a linear wound of 0.4-0.5 mm in width was generated in the
monolayer with a sterile 200 μL plastic pipette tip. Any cellular debris was removed
by washing with PBS. Cells were then incubated in the presence or absence of BMP7
(100 ng/mL). Wound closure was monitored by collecting digitized images at 0, 12,
and 24 h post scratch, respectively.

Patient enrollment
The normal and liver fibrosis tissue samples were obtained from patients at the
Department of Hepatobiliary Surgery of the Affiliated Hospital of Guizhou Medical
University (Guiyang, China). Informed consent in writing was obtained from patients.
This study protocol was approved by the Review Committee of the Affiliated
Hospital of Guizhou Medical University (No. 20150050).

Statistical analysis
Data were analyzed using the Student’s t-test (Sigma Plot, SPSS Inc.) for differences
between two groups, and are expressed as the mean ± SE. For comparisons among
multiple groups, ANOVA (3-way) was performed, followed by t-test with
Bonferronni correction using SAS 9.3 (SAS Institute Inc., Cary, NC, United States). All
experiments were repeated at least 3 times. Differences were considered statistically
significant at P < 0.05 (aP < 0.05, bP < 0.01).

RESULTS
Decreased BMP7 and increased TGF-β1 in CCl4-induced liver fibrotic mice
Previous studies suggested that BMP7 has anti-fibrosis functions[8]. To explore the
potential molecular mechanism underlying the anti-fibrosis function of BMP7, we first
established a CCl 4 -induced liver fibrosis model. Mice received intraperitoneal
injections of CCl4 and were sacrificed after 4 wk. Livers were removed for Masson’s
trichrome staining. The CCl4 group exhibited a large area of collagen deposition,
whereas the control group rarely had traces of collagen formation. The quantitative
analysis results showed that the collagen expression level was 4 times higher in the
CCl 4 group than in the control group (Figure 1A and B). Because TGF-β1 is an
important pro-fibrogenic factor[6,12], we examined the expression of BMP7 and TGF-β1
in the liver of mice in the CCl4 group and the control group. After CCl4 injection, the
expression levels of BMP7 and TGF-β1 in the liver were already increased after 2 d.
With the persistent increase in TGF-β1 expression, the BMP7 expression level was
significantly reduced at week 3, and the reduction was even more evident at week 4
(Figure 1C and D), suggesting that TGF-β1 might inhibit BMP7 expression.
Furthermore, we examined the expression of Smad family proteins and important
proteins in muscle fiber formation, including α-SMA and Col1a1. Compared to the
control group, pSmad3 expression in the CCl 4 group was upregulated and
pSmad1/5/8 expression was downregulated, which was consistent with the changing
trend of TGF-β1 and BMP7. These results suggested that CCl4 treatment activated the
TGF-β1-pSmad3 signaling pathway and inhibited the BMP7-pSmad1/5/8 signaling
pathway. In addition, the α-SMA and Col I expression levels both significantly
increased (Figure 1E and F).

TGF-β1 inhibits BMP7 in a time- and dose-dependent manner
In the CCl4-induced liver fibrosis model in mice, the expression of TGF-β1 and BMP7
showed opposite changing trends. With the aggravation of fibrosis, TGF-β1
expression increased and BMP7 expression was downregulated, suggesting that TGF-
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Figure 1

Figure 1 Decreased bone morphogenetic protein 7 and increased transforming growth factor-beta 1 in carbon tetrachloride-induced liver fibrotic mice.
Mice were challenged by intraperitoneal injections of carbon tetrachloride (CCl4) or control vehicle (Control, corn oil as the vehicle) as described in Materials and
Methods. The severity of liver fibrosis was evaluated by using the measures, including A: Masson’s trichrome staining of fibrotic areas (by collagen deposition, 100×);
B: Morphometric analysis of fibrotic lesions in the liver; C: Western blot analysis of expression of BMP7 and TGF-β1. At the indicated time points after CCl4 injection (2
d, 1 wk, 2 wk, 3 wk, and 4 wk), equivalent amount of whole liver detergent lysates were blotted for detecting BMP7 and transforming growth factor-beta 1 (TGF-β1).
The level of BMP7 protein expression first rose and then fell, which significantly decreased at 4 wk, while TGF-β1 expression showed a gradual upward trend; D:
Trend chart of BMP7 and TGF-β1 protein expression in liver-injured mouse model induced by CCl4. cP < 0.01 or dP < 0.01 compared to time point 0, eP < 0.05
compared to time point 2 wk; E: Western blot analysis of expression of p-Smad3, p-Smad1/5/8, α-SMA, and Col I. At the time point 4 wk, equivalent amount of whole
liver detergent lysates were blotted for detecting p-Smad3, p-Smad1/5/8, α-SMA (a marker for myofibroblast differentiation), and Col I. Each lane represents one
individual mouse. GAPDH was used as a loading control; and F: Densitometry analysis of the expression of p-Smad3, p-Smad1/5/8, α-SMA, and Col I. Data are
pooled and represented as the mean ± SE, n = 8 animals per group. bP < 0.01. BMP7: Bone morphogenetic protein 7; p-Smad3: Phosphorylated Smad3; CCl4:
Carbon tetrachloride; TGF-β1: Transforming growth factor-beta 1; Col I: Collagen I; α-SMA: Alpha-smooth muscle actin.

β1 might regulate BMP7 expression. To investigate the potential regulatory relationship between TGF-β1 and BMP7, in vitro cell experiments were further
performed.
Mouse HSCs were isolated, starved, and then treated with different doses of TGFβ1. BMP7 expression was then measured. The results showed that when the TGF-β1
concentration reached 1.0 ng/mL, BMP7 expression began to decrease. Under
stimulation at higher concentrations (2.0 ng/mL and 5.0 ng/mL), the BMP7
expression level significantly decreased with increasing TGFβ1 doses (Figure 2A and
B), suggesting that TGF-β1 could inhibit BMP7 expression in a dose-dependent
manner. Was the inhibitory effect of TGF-β1 on BMP7 also time-dependent? BMP7
expression was examined at different time points after HSCs were stimulated with 2
ng/mL TGF-β1. The results showed that inhibition of BMP7 expression by TGF-β1
indeed was time-dependent (Figure 2C and D). Our results suggested that TGF-β1
could inhibit BMP7 expression, and this effect was time- and dose-dependent.

BMP7 inhibits HSC activation, myofibroblast differentiation, and collagen formation
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Figure 2

Figure 2 Transforming growth factor-beta 1 inhibits bone morphogenetic protein 7 in a time- and dose-dependent manner. A: Western blot analysis of
expression of BMP7. Primary mouse HSCs were serum starved for 20 h, treated with TGF-β1 at the indicated dose (ng/mL) for 24 h, and lysed. Equivalent amount of
whole cell detergent lysates were blotted with the indicated antibodies for detecting BMP7 and GAPDH. B: Densitometry analysis of BMP7 at the indicated TGF-β1
dose. C: Western blot analysis of expression of BMP7 and α-SMA. Primary mouse HSCs were serum starved for 20 h, treated with TGF-β1 (2 ng/mL) for the indicated
time periods (h), and lysed. Equivalent amount of whole cell detergent lysates were blotted with the indicated antibodies. D: Densitometry analysis of the association
of BMP7 and α-SMA at the indicated time in response to TGF-β1 stimulation. Data are pooled from at least three independent experiments and represented as the
mean ± SE. cP < 0.01 or dP < 0.01 compared to time point 0. BMP7: Bone morphogenetic protein 7; TGF-β: Transforming growth factor-beta; α-SMA: Alpha-smooth
muscle actin.

induced by TGF-β1
TGF-β1 can activate HSCs to differentiate into myofibroblasts, which express a large
amount of Col I and α-SMA; therefore, ECM is replaced by newly produced collagen
that eventually results in liver scar formation[4]. To confirm whether the anti-fibrosis
function of BMP7 is associated with HSCs, BMP7-regulated HSCs activation
experiments were performed. BMP7 expression was upregulated in the early stage of
liver fibrosis, suggesting that BMP7 has an anti-fibrosis function. It has been reported
that BMP7 could achieve its anti-fibrosis function through inhibition of α-SMA and
Col I expression[8]. During treatment with 2 ng/mL TGF-β1, stimulation with different
concentrations of BMP7 occurred. The results showed that TGF-β1 inhibited BMP7pSmad1/5/8 expression through activation of pSmad3 when the BMP7 dose was low,
whereas TGF-β1 activated pSmad1/5/8 and inhibited pSmad3 expression when the
BMP7 dose reached 100 ng/mL. These results suggested that the anti-fibrosis function
of BMP7 might be associated with feedback inhibition of TGF-β1 expression by high
doses of BMP7 (Figure 3A-C). Next, HSCs were stimulated with 2 ng/mL TGF-β1 and
100 ng/mL BMP7, and the expression of α-SMA and Col I was detected to measure
HSC activation and myofibroblast fiber formation ability, respectively. With BMP7
stimulation alone, the expression levels α-SMA and Col I were low. With TGF-β1
stimulation, α-SMA and Col I expression levels both increased. With stimulation by
both, high doses of BMP7 reversed TGF-β1 stimulation-induced upregulation of αSMA and Col I protein expression (Figure 3D and E). In summary, these results
suggested that high doses of BMP7 could inhibit HSC activation and formation of
myofibroblast fibers through the pSmad1/5/8 signaling pathway to achieve the antifibrosis function.

BMP7 inhibits HSC migration and proliferation via promoting Smad1/5/8 and
attenuating TGF-β1-Smad signaling
After activation, HSCs differentiate into myofibroblasts and migrate to the injury site
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Figure 3

Figure 3 Bone morphogenetic protein 7 inhibits hepatic stellate cell activation, myofibroblast differentiation, and collagen formation induced by
transforming growth factor-beta 1. A: Western blot analysis of expression of p-Smad3 and p-Smad1/5/8. Serum starved (for 20 h) primary mouse HSCs were
treated with transforming growth factor-beta 1 (TGF-β1) (2 ng/mL) followed by exogenous BMP7 at the indicated dose or Vehicle for 24 h, and lysed. Equivalent
amount of whole cell detergent lysates were blotted with the indicated antibodies. B and C: Densitometry analysis of the effect of exogenous BMP7 on phosphorylation
of Smad3 (p-Smad3) and phosphorylation of Smad1/5/8 (p-Smad1/5/8) at the indicated dose. D: Serum starved (for 20 h) primary mouse HSCs were treated with
TGF-β1 (2 ng/mL) followed by exogenous BMP7 (100 ng/mL) or Vehicle for 24 h, and lysed. Equivalent amount of whole cell detergent lysates were blotted with the
indicated antibodies. E: Densitometry analysis of the effect of exogenous BMP7 on HSCs myofibroblast differentiation and collagen expression evaluated by alphasmooth muscle actin (α-SMA) and collagen I (Col I) expression (normalized to GAPDH) in panel D. Data are pooled from at least three independent experiments and
represented as the mean ± SE. bP < 0.01. BMP7: Bone morphogenetic protein 7; p-Smad3: Phosphorylated Smad3; p-Smad1/5/8: Phosphorylated Smad1/5/8; TGFβ1: Transforming growth factor-beta 1; Col I: Collagen I.

to promote collagen formation and generate fibrotic tissues. Because BMP7 inhibits
HSC activation and collagen formation, BMP7 might inhibit migration and
proliferation of HSCs. To test this hypothesis, we performed wound healing
experiments and cell proliferation experiments to explore the regulatory function of
BMP7 on the migration and proliferation of HSCs. Compared to the control group, the
BMP7 treatment group exhibited significant inhibition of HSC migration (Figure 4A
and B) and proliferation (Figure 4C and D). Next, we further detected changes in
related molecular pathways. BMP7 treatment upregulated pSmad1/5/8 expression
and inhibited pSmad3 expression. Previous studies reported that p38 plays a positive
regulatory role in HSC activation and proliferation[22]. Our results showed that p38
expression was significantly downregulated in the BMP7 treatment group (Figure 4E
and F), suggesting that BMP7 might regulate HSC migration and proliferation
through inhibition of the p38 signaling pathway.

Exogenous BMP7 ameliorates liver fibrosis in a CCl4-induced mouse model
In vitro experiment results suggested that BMP7 has anti-fibrosis function. To clarify
whether this function is still present in mice, we treated CCl4-induced liver fibrosis
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Figure 4

Figure 4 Bone morphogenetic protein 7 inhibits hepatic stellate cell migration and proliferation via promoting Smad1/5/8 and attenuating TGF-β1-Smad
signaling. A: Exogenous BMP7 (100 ng/mL) reduced cell migration in a wound scratch heal assay. The scratch wounds were almost healed in the control but gaps
remained in the BMP7 treated cells at 24 h. B: Data are pooled and shown as % of wound area covered by cells over the indicated hours, relative to that of uninfected
wild type (WT) fibroblasts in dimethyl sulfoxide (DMSO) medium. C: Cell growth in the presence of BMP7 as measured by direct cell count. D: Cell proliferation
measured by BrdU cell proliferation assay in the presence of BMP7. E: Western blot analysis of expression of p-Smad3, p-Smad1/5/8, and p-P38. HSCs were treated
as in panel A and lysed at 24 h. Equivalent amount of whole cell detergent lysates were used for detection of phosphorylation of Smad3 (p-Smad3), phosphorylation of
Smad1/5/8 (p-Smad1/5/8), and phosphorylation of P38 (p-P38). F: Densitometry analysis of the effect of BMP7 on p-Smad3, p-Smad1/5/8, and p-P38 activation at the
indicated condition. Data are pooled from at least three independent experiments and represented as the mean ± SE. bP < 0.01. BMP7: Bone morphogenetic protein
7; p-Smad3: Phosphorylated Smad3; p-Smad1/5/8: Phosphorylated Smad1/5/8; TGF-β1: Transforming growth factor-beta 1; Col I: Collagen I; p-P38: Phosphorylated
P38.

mice with BMP7. Mice in the corn oil treatment and the CCl4 treatment groups were
stimulated with Vehicle and BMP7. Compared to the mice in the model group, the
degree of liver fibrosis was significantly attenuated in mice after BMP7 treatment
(Figure 5A and B), and α-SMA and Col I expression in liver tissues was significantly
decreased (Figure 5C and D), suggesting that BMP7 has the functions of anti-collagen
fiber deposition and inhibition of liver fibrosis.

BMP7 expression in human fibrotic liver
In the CCl4-induced liver fibrosis model in mice, BMP7 showed a changing trend of
rising first, followed by decreasing, suggesting that BMP7 has an anti-liver fibrosis
function (Figure 1C). Does BMP7 expression in patients with liver fibrosis also present
this trend? BMP7 expression levels were detected in liver tissues of patients with liver
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Figure 5

Figure 5 Exogenous bone morphogenetic protein 7 ameliorates liver fibrosis in carbon tetrachloride-induce mice model and bone morphogenetic protein
7 activation is abnormally changed in patient liver tissues. Mice were challenged with carbon tetrachloride (CCl4) or corn oil (Control), followed by intraperitoneal
injection of BMP7 (100 ng/g, three times per week for 4 wk) or 0.9% saline (Vehicle) as described in Materials and Methods. The severity of liver fibrosis was
evaluated. A: Masson staining (100 ×). B: Morphometric analysis of fibrotic lesions in liver. C: Western blot analysis of expression of α-SMA and Col I. Equivalent
amount of whole liver detergent lysates were blotted with the indicated antibodies. Each lane represents one individual mouse. GAPDH was used as a loading control.
D: Densitometry analysis of the effect of BMP7 on myofibroblast differentiation (alpha-smooth muscle actin), extracellular matrix production (collagen I). Data are
pooled and represented as the mean ± SE, n = 8 animals per group. bP < 0.01. E: Representative sections of Masson staining (100×) from paraffin-embedded
sections of normal, fibrotic, and cirrhotic human liver tissues and Western blot analysis of expression of BMP7. Equivalent amount of whole liver detergent lysates
were blotted with the BMP7 antibody. Each lane represents one individual person. GAPDH was used as a loading control. F: Densitometry analysis of BMP7 activation
in indicated liver tissues. bP < 0.01. BMP7: Bone morphogenetic protein 7; Col I: Collagen I; α-SMA: Alpha-smooth muscle actin; CCl4: Carbon tetrachloride.

fibrosis and cirrhosis. Compared to normal individuals, BMP7 expression was
upregulated in patients with liver fibrosis and downregulated in patients with
cirrhosis (Figure 5E and F). This trend is consistent with that in the mouse model,
suggesting that BMP7 in the liver exhibits a compensatory increase to exert its antiliver fibrosis function. When the disease further developed into cirrhosis, BMP7
expression was basically in a state of exhaustion, suggesting that the compensatory
anti-fibrosis ability of the body is significantly weakened.
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DISCUSSION
In this study, we found that negatively regulated by TGFβ1, the specific overexpression of BMP7 in fibrotic liver functions as an anti-fibrotic factor by repressing
the expression of Col I and α-SMA, thus reducing the formation of collagens.
During renal fibrosis, BMP7 inhibits collagen fiber formation through inhibition of
pSmad3, Col1a1, and α-SMA[18]. In liver fibrosis, focal adhesion kinase (FAK) could
activate HSCs to promote the liver fibrosis process[23]. Are changes in BMP7/TGF-β
also present in liver fibrosis? Our study showed that exogenous BMP7 inhibited HSC
proliferation and migration through the pSmad1/5/8 signaling pathway to resist liver
fibrosis, which is consistent with the results of previous studies showing inhibition of
liver fibrosis by adenovirus-mediated BMP7 overexpression in the liver[8,9]. This study
showed that exogenous BMP7 antagonized the TGF-β1-pSmad3-mediated pro-fibrosis
function through activation of the pSmad1/5/8 signaling pathway. p38-AMPK
participated in the processes of cell proliferation and differentiation[22]. Our results
suggested that BMP7 inhibited HSC proliferation and differentiation into
myofibroblasts through inhibition of p38 expression. Downregulation of the fibrosis
markers α-SMA and Col I suggested that fibrosis was inhibited. Our data revealed
that BMP7 inhibited myofibroblast secretion of the pro-fibrogenic factors α-SMA and
Col I to resist liver fibrosis. In summary, our experiments confirmed that BMP7
antagonized the TGF-β-pSmad3 signaling pathway through activation of
pSmad1/5/8 to inhibit the pro-liver fibrosis function caused by HSC activation.
This study not only used in vivo and in vitro experiments to confirm that the
increased BMP7 expression in the liver in the early stage of liver fibrosis lesions
mainly played an anti-fibrosis role but also discovered evidence of anti-liver fibrosis
by BMP7 in an animal model and patients with liver fibrosis. Our in vitro experiments
confirmed that increased BMP7 exerted its anti-fibrosis function through inhibition of
HSC activation and collagen formation. In the mouse model, the BMP7 expression
level first increased, followed by a decrease with the progression of liver fibrosis. The
results of detection of BMP7 expression in samples from patients with liver fibrosis
and cirrhosis also showed that its expression exhibited a similar change of increasing
first, followed by decreasing. The reduced BMP7 expression level in the late stage was
closely associated with the increase in TGF-β1 expression. In a lung fibrosis model,
BMP7 inhibited TGF-β1-Smad3-ColI expression[19]. Our data suggested that TGF-β1
could inhibit BMP7 expression and that this regulatory function was time- and dosedependent. When high doses of BMP7 were provided, activated BMP7-pSmad1/5/8
signals could in turn antagonize the pro-collagen formation signals of TGF-β1pSmad3. The antagonizing effect of BMP7 on TGF-β1 was only present with high
concentrations of BMP stimulation. In other words, TGF-β1 inhibited the anti-fibrosis
function of low doses of BMP7. Increased doses of BMP7 overcame the inhibitory
effect of TGF-β1 and antagonized the pro-fibrosis function of TGF-β1 through
activation of downstream pathways.
In summary, we speculate that TGF-β1 negatively regulates the expression of
BMP7, however, the inhibition exists within a certain dosage range. In other words,
high doses of BMP7 might antagonize TGF signaling in turn. Although we tried to
systemically investigate the anti-fibrosis function of BMP7, this study still has
limitations. For example, we elucidated the role of TGF-β1 in the regulation of BMP7
and the function of high doses of BMP7 in antagonizing TGF-β1; however, the
molecular mechanism underlying the regulation of BMP7 by TGF-β1 was not further
studied. To elucidate the regulatory mode between these two factors, we need to
further study the regulatory mechanism between TGF-β1 and BMP7, which is our
future study direction.
This study showed that increased BMP7 expression levels had an anti-fibrosis
function during liver fibrosis. With the progression of fibrosis, upregulated TGF-β1
expression inhibited the anti-fibrosis function of BMP7 to cause persistent aggravation
of fibrosis into cirrhosis. Our study suggested that BMP7 has an anti-fibrosis function
and that recombinant BMP7 could be used as a potential anti-fibrosis drug.

ARTICLE HIGHLIGHTS
Research background
Liver fibrosis is a refractory disease. With disease progression, it can eventually progress into
liver cirrhosis or even liver cancer, which severely threatens human health and brings heavy
economic burdens. It has been confirmed that early liver fibrosis is reversible after intervention
and that bone morphogenetic protein 7 (BMP7) has anti-fibrosis functions. However, the
relationship between BMP7 expression and liver fibrosis and the specific mechanism underlying
the anti-liver fibrosis function are still not very clear. It is necessary to perform further studies
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and provide theoretical support for application of exogenous BMP7 in anti-liver fibrosis.

Research motivation
The imbalance of the BMP7/transforming growth factor-beta (TGF-β1) ratio plays a very
important role in the development and progression of organ fibrosis. It has been reported that
BMP7 has an anti-liver fibrosis function. However, the mutual regulatory relationship between
BMP7 and TGF-β1 and the mechanism underlying the anti-fibrosis function of BMP7 still require
further elucidation. Therefore, observation of the dynamic changes in BMP7 and TGF-β1 during
liver fibrosis and investigation of the possible mechanism underlying the anti-liver fibrosis
function of BMP7 have positive significance in the further understanding and treatment of liver
fibrosis.

Research objectives
Changes in BMP7 and TGF-β1 expression in the liver fibrosis process were observed to explore
the interaction between these two and further study the possible mechanism underlying the antiliver fibrosis function of BMP7.

Research methods
Dynamic changes in BMP7 in the liver fibrosis process in mice and the interactive relationship
between BMP7 and TGF-β1 were observed. Mouse primary HSCs were treated with exogenous
BMP7 to observe the effect on activation, migration, and proliferation of HSCs and explore the
possible mechanism underlying the anti-liver fibrosis function of BMP7. Mice with liver fibrosis
were treated with exogenous BMP7 to observe the improvement of liver fibrosis by using
Masson’s trichrome staining and detecting the expression of the HSC activation indicator α-SMA
and the collagen formation associated protein Col I. Changes in the dynamic expression of BMP7
in liver fibrosis in the human body were further observed.

Research results
During liver fibrosis in mice, BMP7 expression first increased, followed by a decrease; the same
trend was observed in the human body. This change was accompanied by sustained
upregulation of TGF-β1 expression. In vitro experiment results showed that TGF-β1 could inhibit
BMP7 expression in a time- and dose-dependent manner. In contrast, high doses of exogenous
BMP7 could inhibit TGF-β1-induced activation, migration, and proliferation of HSCs; in
addition, this inhibitory effect was associated with upregulation of pSmad1/5/8 and
downregulation of pSmad3 and p-P38 protein expression by BMP7. In vivo experiment results
showed that exogenous BMP7 improved liver fibrosis in mice.

Research conclusions
Our study indicated that BMP7 expression first increased, followed by a decrease, during the
liver fibrosis process. This changing trend was associated with inhibition of BMP7 expression by
sustained upregulation of TGF-β1 in a time- and dose-dependent manner. High doses of BMP7
exhibited anti-liver fibrosis functions. This function was achieved through inhibition of TGF-β1induced activation, migration, and proliferation of HSCs. Exogenous BMP7 played an anti-liver
fibrosis role that was associated with activating BMP7-pSmad1/5/8 and antagonizing TGF-β1pSmad3 and p-P38.

Research perspectives
Our results further emphasized the anti-liver fibrosis function of BMP7 and exhibited the
relationship between dynamic changes of BMP7 and TGF-β1 in the liver fibrosis process, which
is helpful for deepening our understanding of the mechanism of liver fibrosis and has guiding
significance in the selection of anti-liver fibrosis targets. The investigation of the anti-liver
fibrosis mechanism of BMP7 suggested the prospect of application of exogenous BMP7 as an
anti-liver fibrosis drug.
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Abstract
BACKGROUND
There is a small and poorly studied population of patients with mild and limited
Crohn’s disease (CD), who either spontaneously enter remission and can
discontinue therapy, or be maintained on milder anti-inflammatory treatment.
AIM
To identify a group of children with mild CD who were not escalated to
immunomodulators (azathioprine, mercaptopurine, or methotrexate) or biologics
(infliximab or adalimumab) within the first two years after their Crohn’s
diagnosis and outline the natural history and phenotypic features of these
patients.
METHODS
In a retrospective chart review of the inflammatory bowel disease database at
Boston Children’s Hospital we reviewed all the mild CD patient’s clinic visits,
laboratory studies, and procedures for the duration of time they were followed at
the center. Patients were included if they had clear diagnosis of Crohn’s disease,
and they were not escalated to immunosuppressive therapies for at least 2 years
after the date of diagnosis. These mild CD patients were compared to controls
diagnosed at a similar time, that were treated with immunomodulators or
biologics. Data that was abstracted included: Age at diagnosis, sex, disease
location utilizing the Paris classification, medical treatment, surgical treatment,
endoscopic findings, histology, and hospitalizations. We also analyzed
differences in the phenotypic features between those with mild CD and those
with moderate to severe disease.
RESULTS
Out of 1205 patients with CD diagnosed between 1990 and 2013, we identified 29
patients that met the inclusion criteria, and they were matched with 58 controls.
There were no significant differences between the disease behaviors at
presentation, with approximately 90% of patients in each group having
inflammatory disease. However, patients with mild disease were more likely to
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have disease limited to the colon (31% vs 12%, P = 0.03). In contrast, patients with
moderate to severe disease (aka control group) were more likely to have
ileocolonic disease (70% vs 45% in the mild group, P = 0.02). Of the 29 patients,
only 8 required medication escalation to immunomodulators during the period of
follow-up. The primary indication for escalation to immune suppressive
therapies was corticosteroid dependence. We also found that patients treated
without immunomodulators or biologics for mild CD continue to exhibit
histologic intestinal inflammation. Of the 29 patients, three developed significant
complications of ileal disease, though only one required surgical intervention
during the period of follow-up.
CONCLUSION
We identified a cohort of children with mild CD, who were able to avoid the
institution of immune suppressive therapies for several years, and generally had
good outcomes during the period of follow-up. While a subset of these patients
will eventually require either immunosuppression or surgery, the majority of
them have a good quality of life despite having low-grade intestinal
inflammation. Importantly, this subset of patients has managed to avoid the
potential toxicities of immune suppression for several years. The majority of
these patients have either colonic disease with minimal small bowel involvement
or limited ileal disease.
Key words: Crohn’s disease; Colitis; Aminosalicylates; Antibiotics; Immunosuppression;
Inflammatory bowel disease; Child; Pediatric
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Core tip: We demonstrate that a higher percentage of patients with mild Crohn’s have
colonic disease compared to matched controls with moderate to severe disease. We show
that patients with mild disease can be maintained for several years on milder treatments
and the majority can avoid escalation to immunosuppressive therapies.
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INTRODUCTION
Over the last 15 years, immune suppressive agents (including immunomodulators
such as thiopurines, and biologics such as infliximab and adalimumab) have become
the treatment of choice in children and adults with moderate to severe Crohn’s
disease (CD)[1,2]. However, there is a small and poorly studied population of patients
with mild and limited Crohn’s, who either spontaneously enter remission and can
discontinue therapy, or be maintained on milder anti-inflammatory treatment. Such
treatments include aminosalicylates, dietary manipulations, or antibiotics. Because
clinical trials tend to focus on the moderate to severe population, definitive evidence
from placebo-controlled trials in the milder population is lacking. Physicians are
concerned about the risk of undertreating patients, and exposing them to
complications of a subtle, progressive disease [2] . However, utilizing immunosuppression on a group of patients with mild disease and a good prognosis may in
fact be “overtreating”, exposing patients to the risk of such therapies without any
benefit. The decision making is challenging, because the phenotypic features, natural
history, and long-term outcomes of children with mild disease is unclear. In addition,
there is no consensus definition on what constitutes “mild CD” .
In order to better outline the natural history of patients with mild CD, we identified
a group of children with CD who were not escalated to immunomodulators or
biologics within the first two years after their CD diagnosis. In this highly selected
group of mild patients, we demonstrate that a higher percentage of patients have
colonic disease compared to matched controls with moderate to severe disease. We
also show that patients with mild disease can be maintained for several years on
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treatments such as aminosalicylates, antibiotics, or dietary changes, and the majority
can avoid escalation to immunosuppressive therapies. However, subclinical
inflammation and growth impairment may persist in this group of patients.

MATERIALS AND METHODS
In order to identify patients with mild CD we conducted a retrospective review of our
IBD database at Boston Children’s Hospital. At the time of review, the database
contained 1205 patients with CD, diagnosed between the years of 1990 and 2013.
Patients were included if they had clear diagnosis of CD, and they were not escalated
to immunosuppressive therapies for at least 2 years after the date of diagnosis. No
patients with ulcerative colitis or indeterminate colitis [aka inflammatory bowel
disease unclassified (IBDU)] were included in this study. Exclusion criteria were
usage of methotrexate, mercaptopurine, azathioprine, or biologic therapies (e.g.,
infliximab, adalimumab, or certolizumab) initiated within the first 2 years after
diagnosis. We also excluded patients who developed surgical complications of CD
requiring bowel resection within the first two years. Patients with perianal disease
were not excluded.
The natural history of this mild group of CD patients was reviewed for the duration
of time they were followed as patients at our center. We reviewed all clinic visits,
laboratory studies, and procedures. Data that was abstracted included: age at
diagnosis, sex, disease location utilizing the Paris classification, medical treatment,
surgical treatment, endoscopic findings, histology, and hospitalizations[3]. We utilized
a standardized case report form, and the abstracted data was entered into a REDCAP
database.
To determine if there were differences in phenotypic features between the mild
group and patients with moderate to severe disease, we identified a matched control
group with moderate to severe disease. We matched each case with two “moderate to
severe” controls (aka patients started on an immunomodulator or biologic within the
first two years of diagnosis). Patients were matched by sex and age at diagnosis.
Because treatment of CD has changed significantly in the last 20 years, we also
matched patients by the year the patient was diagnosed (within 2 years). For example,
a 12-year-old female diagnosed in 2000 would be matched with a similar patient
diagnosed between 2000 and 2002, so as to avoid comparing a patient diagnosed in
2000 with a patient diagnosed in 2010.

Data management and statistical analysis
Data were entered by using Redcap and converted to SAS software (Version 9.4; SAS
Institute) for analysis. Descriptive statistics were used to summarize subject
characteristics at disease diagnosis. For continuous variables, mean and standard
deviation were derived and compared using independent T-tests; for categorical
variables, frequencies in absolute numbers and percentages were assessed and
compared using Chi-squared tests. In order to describe height data, we utilized Z
scores, with a Z score reflecting the number of standard deviations above or below the
mean for a specific data point or group of data points.
Cox proportional hazard models were used to identify risk factors of disease
escalation among the mild group of patients with CD. Potential risk factors
considered into the analysis include age at diagnosis, sex, Paris location, steroid use in
the first 2 years and after 2 years following diagnosis of CD, maintained on antibiotics
in the first 2 years following diagnosis of CD, and whether complications developed
after diagnosis of CD. Kaplan-Meier curve was used to show time to escalation after 2
years of diagnosis.
All variables were analyzed in a univariate manner. All statistical tests were twosided, with P value less than 0.05 considered significant.

RESULTS
Patients with mild CD are more likely to have colonic disease
Out of 1205 patients with CD diagnosed between 1990 and 2013, we identified 29
patients (15 male) that met the inclusion criteria and were matched with 58 controls.
Table 1 summarizes the demographic characteristics between the cases and the
control group. The mean age of diagnosis was 10 ± 4.2 years. All twenty-nine mild
patients were treated with aminosalicylates and 5 patients had combination of
aminosalicylates and antibiotics. There were no significant differences between the
disease behaviors at presentation, with approximately 90% of patients in each group
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having inflammatory disease (aka CD without the development of either perforating
or fibrostenosing complications). However, patients with mild disease were more
likely to have disease limited to the colon (31% vs 12%, P = 0.03). In contrast, patients
with moderate to severe disease (aka control group) were more likely to have
ileocolonic disease (70% vs 45% in the mild group, P = 0.02). At diagnosis, the mild
group had a lower mean CRP and a higher albumin (CRP 1.54 mg/dL, Albumin 3.8
mg/dL), compared to the control group (CRP 5.9 mg/dL, Albumin 3.3 mg/dL).
Hematocrit and ESR were similar for both groups (mild group mean HCT 35 %, ESR
32 mm/h; control group HCT 35 %, ESR 37 mm/h).

Most patients with mild CD for 2 years do not necessarily require escalation to
immune suppressive therapies
The mild CD group was followed for a mean of 4.5 years after diagnosis (range 1
month to 11 years). In order to look at long term outcomes via a survival curve, we did
not include the first two years of therapy (as we defined our mild population by the
absence of complications or drug escalation in those first two years). Figure 1 (KaplanMeier curve) illustrates the probability of avoiding escalation to immunomodulators
or biologics during the period of follow up. Of the 29 patients, 8 required medication
escalation to immunomodulators during the period of follow up (Table 2). The
primary indication for escalation to immune suppressive therapies was corticosteroid
dependence. Patients treated with corticosteroids during the follow up period were
more likely to undergo addition of immunomodulators (hazard ratio = 12.1, 95%CI:
1.4-102.7, P = 0.02) (Table 3). Only one of these 29 patients required bowel resection
during the follow up period (after 12 years), though 1 patient did require surgical
intervention for perianal disease.

Patients treated with minimal therapy for mild CD continue to exhibit histologic
intestinal inflammation
Of the 29 patients, 21 underwent follow up colonoscopy at some point after their
initial diagnosis. Fifteen of the 21 patients continued to demonstrate histologic
inflammation consistent with active CD (including granulomata, cryptitis, and
chronic active ileitis or colitis) (Table 4). One patient underwent two follow up
colonoscopies over an 8-year period. The first demonstrated active inflammation,
while the most recent was completely normal.

Growth impairment may persist in patients treated with aminosalicylate maintenance therapy
At diagnosis, the mean Z score for our aminosalicylate patient cohort on whom
accurate height data was available (n = 27) was -0.07 (range -1.88 to 2.37). At the end
of the period of follow up, the mean Z score had declined slightly to -0.19 (range -2.83
to -1.75). The mean change in Z score from diagnosis to end of follow up was -0.12,
suggesting that the subclinical histologic inflammation could potentially contribute to
impaired growth. Overall, 11 of 27 patients had a positive change in Z score from
diagnosis to the end of follow up, while 16 of 27 had a negative change.

Complications of mild CD occur in patients with ileal disease
Of the 29 total patients, three developed significant complications of ileal disease,
though only one required surgical intervention during the period of follow up. One
patient, diagnosed at age 10, was escalated to mercaptopurine at age 20 for persistent
ileal inflammation, and underwent limited ileal resection at age 22. The second
presented with an ileal phlegmon that was managed medically and escalated to
thiopurine therapy 39 months after diagnosis. The third patient presented with ileal
narrowing and lower gastrointestinal bleeding and received both infliximab and
thiopurine combination therapy with clinical improvement 63 months after diagnosis.
No other patient developed serious complications of their IBD. The patients with
complications during the follow up period were also more likely to subsequently be
treated with immunosuppression (hazard ratio = 5.6, 95%CI: 1.3-24.9, P = 0.02).

DISCUSSION
In this study, we have identified a cohort of children with mild Crohn’s disease, who
were able to avoid the institution of immune suppressive therapies for several years,
and generally had good outcomes during the period of follow up. This cohort of
children falls into two major categories: Those with limited ileal disease, which
sometimes may progress to an ileal stricture over time, and those with predominantly
colonic disease, who can have their symptoms controlled on aminosalicylate therapy,
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Table 1 Characteristics of mild Crohn’s patients at diagnosis, n (%)
Variables

Mild case (n = 29)

Moderate or severe case (n = 58)

P value

Age at diagnosis, yr

10.0 (4.2)

11.6 (3.3)

0.06

Male %

15 (51.7)

29 (52.7)

0.93

Lower 1/3 of ileum +/- base of cecum

6 (20.7)

7 (12.1)

0.29

Colon only

9 (31.0)

7 (12.1)

0.03

Ileum and colon

13 (44.8)

41 (70.7)

0.02

Upper GI proximal to ligament of treitz

7 (24.1)

25 (43.1)

0.08

Distal to ligament of treitz to proximal ileum

1 (3.5)

2 (3.5)

1.00

Inflammatory (non-stricturing, non-penetrating)

28 (96.6)

51 (87.9)

0.19

Stricturing

0 (0)

3 (5.2)

0.21

Penetrating

0 (0)

1 (1.7)

0.48

Perianal

3 (10.3)

12 (20.7)

0.23

Paris Location at diagnosis

Disease behavior at diagnosis

GI: Gastrointestinal.

and who remained asymptomatic despite the ongoing presence of colonic
inflammation. While a subset of these patients will eventually require either
immunosuppression or surgery, the majority of them appear to have a good quality of
life despite having low-grade intestinal inflammation, with the caveat that quality of
life is not formally assessed with questionnaires during most clinical visits.
Importantly, this subset of patients has managed to avoid the potential toxicities of
immune suppression for several years. However, the persistent colonic inflammation
may result in ongoing lack of catchup growth, as our cohort had a mild falloff in mean
Z score over the course of the study.
Most research on pediatric CD has focused on identifying and treating the
population of patients with moderate to severe disease, who will benefit from early
introduction of “top-down therapy” with immunomodulators (azathioprine,
mercaptopurine, and methotrexate) and biologics (infliximab, adalimumab, and
potentially ustekinumab and vedolizumab). Clinical, serologic, and genetic factors
that are associated with an increased likelihood to develop complications such as
stricturing or penetrating disease include deep fissuring colonic ulcers, the presence
of antibodies to Saccharomyces cerevisiae (ASCA), and the presence of the NOD2
gene. A paper from the prospective RISK cohort utilizing propensity score matching,
demonstrated that comparably ill patients have a better clinical outcome when treated
with anti-TNF agents, than when treated with immunomodulators or aminosalicylates. However, it is unclear how effective immune modulators and biologics are
in preventing progression to surgery. A large prospective study from the pediatric
inflammatory bowel disease registry demonstrated that early introduction of
immunomodulators does not necessarily reduce the likelihood of surgery [4]. More
recent data from RISK suggests that while early use of anti-TNF agents may reduce
disease activity, anti-TNFs do not necessarily prevent the development of
complications such as stricturing disease[5]. In contrast, there is almost no information
on the phenotype and natural history of clinically mild CD. In a prospective cohort
study in 2008, Dubinsky and colleagues demonstrated that the absence of serologic
markers (ANCA, ASCA) correlated with a reduced likelihood of surgery in children
with CD[6]. Siegel and colleagues have developed a web based tool that incorporates
clinical characteristics, NOD 2 genetics, and serology, which will allow physicians and
patients to predict the likelihood of complications in the future.
Our population was treated with a variety of agents, most notably sulfasalazine or
mesalamine. Mild CD is frequently treated with nonimmune suppressive medications
such as aminosalicylates[7]. Aminosalicylates have anti-inflammatory properties by
inhibiting prostaglandin and leukotriene synthesis [8]. In addition, sulfasalazine may
also have antimicrobial properties. The utilization of aminosalicylates in CD remains
highly controversial. Those in favor of aminosalicylate use cite a meta-analysis of
multiple trials by Hanauer et al[9], suggesting a modest reduction in the CD activity
index. In contrast, those who feel aminosalicylates are of little or no value in the
treatment of IBD state that the studies are highly conflicting, that the overall effect is
clinically insignificant, and there is no evidence that aminosalicylates produce
mucosal healing [10] . A recent meta-analysis of available clinical trials from the
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Figure 1

Figure 1 Probability over time of avoiding treatment escalation in children with mild Crohn’s disease. The X
axis represents the number of months after the first 2 years of diagnosis. The Y axis represents the survival
probability or the time to either escalation in therapy (i.e., immunomodulators/biologics) andor surgery. After 6 years
of additional follow up the probability of avoiding escalation to immunomodulators/biologics in selected patients was
70%.

Cochrane group suggested that sulfasalazine “is modestly effective” at inducing
remission in Crohn’s, though the efficacy is inferior to corticosteroids[11]. The same
review suggested that high dose mesalamine is not superior to placebo in the
treatment of Crohn’s. However, the clinical trial data is limited, and the group
recommended additional studies be performed to more fully answer the question as
to whether or not aminosalicylates are effective. Experts have suggested a limited role
for aminosalicylates in the treatment of CD, though aminosalicylates probably has
minimal efficacy when utilized as adjunctive treatment in patients receiving
immunomodulators or biologics[12].
In spite of evidence suggesting limited if any efficacy in CD, aminosalicylate
medications continue to be frequently prescribed by gastroenterologists[13]. A 2009
retrospective multicenter pediatric study conducted in the Netherlands analyzed
disease behavior at diagnosis and its effect on prescribing behavior. They found that
aminosalicylate monotherapy was more frequently prescribed for mild disease[14].
Additionally, a population based cohort study was published in 2008 where they
outlined the natural history of pediatric CD. They included all cases of pediatric CD in
the EPIMAD registry diagnosed between 1988 and 2002 with a median follow up time
of 84 months. At diagnosis most patients had disease in the ileum or colon that was
non-stricturing and non-penetrating in nature. Almost all children in this cohort
received aminosalicylates at one point in time[15].
We have little knowledge about those with mild disease who spontaneously enter
remission and can discontinue medical therapy all together. In a recently published
Canadian study evaluating a population-based database with patients diagnosed
from 1987 to 2002, about 50% of IBD patients were not on any medications 5 years
after their diagnosis and yet still continued to do well. Long term medication non-use
was defined as no IBD related medications for at least 1 year or longer. This was more
commonly seen in CD as compared to UC[16]. In another study, one third of patients
with CD at a tertiary care medical center were not on any IBD medications in a 2 year
time span. Approximately 50% of those nonusers were in clinical remission per
physician assessment. These non-users were older and had longer disease duration as
compared to those on medications. There was no significant difference in disease
location, disease behavior or the presence of perianal disease[17].
Other interventions which are utilized to treat mild CD include antibiotics and
dietary interventions. Antibiotics such as ciprofloxacin and metronidazole are
generally utilized short term, to treat “flares” of the disease characterized by
abdominal pain or diarrhea[18]. A recent paper by Levine and colleagues suggested
that the combination of azithromycin and metronidazole may be superior to the
utilization of metronidazole alone at treating active Crohn’s[19]. There is little data
however on the use of long-term antibiotics to prevent exacerbation of CD, and there
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Table 2 Outcome of mild disease patients after the first 2 years of study entry
n (%)
Starting immunomodulator

8 (27.6)

Starting biologic

0

Starting immunomodulator and biologic

0

Surgery

0

Continued on minimal therapy

21 (72.4)

are the potential risks of Clostridium difficile infection if recurrent courses of antibiotics
are used, or neuropathy (particularly with metronidazole). While a subset of our
patients did receive courses of antibiotic therapy, they were not utilized for long-term
treatment.
Dietary therapy is also of interest to patients. While exclusive enteral nutrition is
often utilized for induction of remission in patients with CD, data remains limited on
utilization of diet as long-term maintenance therapy. Gupta and Baldassano presented
outcomes of an enteral nutrition protocol in which patients took the majority of their
calories as liquid diet, but also were able to take a subset of their calories as food. The
majority of patients that utilize this protocol abandoned this intervention after 1 year,
suggesting the challenges of complying with such a restrictive diet[20]. Other diets of
interest to patients include the specific carbohydrate diet, which in at least one small
study has been suggested to promote intestinal healing[21].
Our study has several limitations. Most importantly, the population is highly
selected. Fewer than 5% of our patients met the inclusion criteria of being able to
avoid escalation to immunomodulators or biologics within the first 2 years. It is
unclear however whether disease severity warranted the introduction of more
immunosuppression, or whether the practitioners treating these patients subscribed
to a “top-down philosophy” of utilizing early immunosuppression. There is a
possibility that patients that fit this mild phenotype might be treated with
immunosuppression very early on. Though, the low frequency of such patients
emphasizes that the vast majority of children with Crohn’s will in all likelihood
require immunosuppression to treat their disease. In addition, though we could
identify histologic inflammation in patients, we could not adequately retrospectively
assess the extent of macroscopic (aka visible with the endoscope) inflammation,
because the endoscopic reports did not contain formal endoscopic activity indices
such as the SES-CD. Future prospective studies of mild CD that incorporate follow up
colonoscopy, should utilize respective endoscopic scoring systems.
Nevertheless, this study does suggest that there is a phenotype of mild CD, which
may not necessarily require immunomodulators or biologics. Our case-control study
suggests that the majority of these patients have either colonic disease with minimal
small bowel involvement or limited ileal disease. Further characterization of this
phenotype may require additional prospective studies, though possibly retrospective
examinations of large cohorts (such as the risk cohort) may also help identify and
better characterize this phenotype. In the future, we hope that additional genetic,
micro-biome, and serologic data may help us better predict a priori who constitutes
this milder cohort of patients and whether they can be treated in a more conservative
“step up” or “treat to target” manner, rather than all receiving immunomodulators or
biologics early in the course of their disease. The current concept of “treat to target”
encourages physicians to implement therapy, and then reassess the effects on the
patient on clinical remission, laboratory remission and endoscopic remission 6-12 mo
after the therapy is initiated. Identification and better characterization of this mild
subset of patients is very important, as most families would prefer to avoid
immunosuppression if possible. However, the benefits of avoiding immune
suppression must be weighed against the risks of potential future disease complications (including growth failure).
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Table 3 Predictors of escalation to immunomodulators among mild Crohn’s patients
Univariate
P value
Hazard ratio (95%CI)
Age at diagnosis

1.24 (0.97-1.59)

0.09

Gender (female vs male)

0.67 (0.15-3.00)

0.60

Lower 1/3 of ileum +/- base of cecum

1.29 (0.30-5.66)

0.73

Colon only

0.96 (0.19-4.99)

0.96

Ileum and colon

0.50 (0.10-2.53)

0.40

Upper GI proximal to Ligament of Treitz

1.00 (0.19-5.17)

1.00

Distal to Ligament of Treitz to proximal ileum

5.46 (0.61-49.27)

0.13

Any steroids in the first 2 yr

1.26 (0.30-5.35)

0.75

Any steroids after the first 2 yr

12.1 (1.4-102.7)

0.02

Complications

5.6 (1.3-24.9)

0.02

Paris location at diagnosis

GI: Gastrointestinal.

Table 4 Detailed outcomes of 29 patients on no immunosuppressive therapy for mild Crohn’s disease

Year (age) of diagnosis

Duration of followup after
Followup colonoscopy
initial 2 yr of treatment
histology findings
(mo)

Medications

Outcome/ complications

2002 (10 yr)

111

2007-normal colonoscopy

5-ASA (Asacol), prednisone

Escalation to 6MP(age 20)
Surgery for ileal stricture (age
22)

2004 (12 yr)

49

2009-Noncaseating
granulomas in TI and
throughout colon.

5-ASA (Pentasa, Lialda)

Stayed on ASA, no escalation

2001 (9 yr)

32

Not done

5-ASA, prednisone

Stayed on ASA, no
prednisone after induction,
no escalation

2002 (10 yr)

131

2009- chronic active ileitis
with ulceration

5-ASA (Pentasa, Lialda)

2015-escalation to
mercaptopurine, then
adalimumab

2003 (10 yr)

66

2010-severely active ileitis

5-ASA (Pentasa), 3 courses of 2012-began mercaptopurine
prednisone over 3 years

2005 (13 yr)

15

Not done

5-ASA (Asacol)

Ileal phlegmon, treated with
antibiotics and subsequent
mercaptopurine

2010 (16 yr)

43

2014-nonnecrotizing
granuloma throughout the
colon

5-ASA (Asacol)

Stayed on ASA, no escalation.

2010 (16 yr)

1

Not done

5-ASA (Asacol),
hydrocortisone

Stayed on ASA, no steroid
after initial induction

2008 (14 yr)

63

2010-mild active ileitis colitis
in ascending and sigmoid
colon

5-ASA (Asacol),
metronidazole

Stayed on ASA, no escalation

2012 (17 yr)

7

2014-nonnecrotizing
granulomas in left colon

5-ASA (Pentasa)

Escalation to mercaptopurine,
then adalimumab

2008 (14 yr)

65

2012-normal ileum, chronic
active colitis 2016-normal
colonoscopy

5-ASA (Pentasa), budesonide No escalation

2008 (13 yr)

47

2014-mild active colitis, in
ascending, granuloma in
ileum

5-ASA (Pentasa),
metronidazole

6MP initiated

2007 (12 yr)

71

2016-Inactive colitis at IC
valve

5-ASA (Asacol)

Ileal stricture in 2016, no
surgery yet

2008 (13 yr)

21

2009-active colitis in cecum,
5-ASA (Pentasa, Lialda)
inactive in remainder of colon

Discontinued all therapy,
never hospitalized

2005 (10 yr)

14

None prior to escalation

6MP, then infliximab
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2010 (15 yr)

6

None

5-ASA (Pentasa), prednisone
induction

No escalation

2005 (9 yr)

85

2013-focal mild ileitis

5-ASA (Pentasa),
metronidazole

No escalation

2000 (4 yr)

1

Not done

Sulfasalazine, flagyl

Begun infliximab for colonic
and perianal disease

2002 (12 yr)

38

2012-normal colonoscopy

5-ASA (mesalamine),
prednisone

No escalation

2006 (9 yr)

87

2016-chronic active colitis,
non- necrotizing granuloma
in transverse colon

5-ASA (Pentasa), two courses No escalation
of steroids in first two years

2002 (4 yr)

136

2010-mild active colitis

Sulfasalazine, budesonide

No escalation

2001 (3 yr)

100

Not done

Sulfasalazine, budesonide

No escalation

2003 (5 yr)

118

2012-focal moderately active
colitis

Sulfasalazine, prednisone

No escalation

2009 (10 yr)

41

2014-focal acute
inflammation

5ASA (Asacol), Budesonide

No escalation

2005 (7 yr)

99

2014-mildly active colitis

Pentasa

No escalation

2007 (6 yr)

97

2013- chronic inactive colitis

Pentasa, Sulfasalazine

No escalation

2012 (10 yr)

16

2013-mild active colitis with
granulomata

Asacol, prednisone induction No escalation

2008 (3 yr)

54

Not done

Sulfasalazine, probiotics

No escalation

2010 (3 yr)

11

2012-chronic moderately
active colitis

Sulfasalazine, prednisone
induction

No escalation

ARTICLE HIGHLIGHTS
Research background
A great deal has been written on the treatment of moderate to severe Crohn’s disease. There is a
subset of patients with milder disease, who may be able to avoid potent long-term immune
suppression. However, there is little or no data on the natural history of patients who are not
treated with immune suppressive agents. This is particularly relevant in children, who if treated
with immune suppression agents, may be at risk for serious toxicities such as infection and
lymphoma. However, the under treatment of Crohn’s disease could increase the risk of the
development of complications. We therefore desired to study the natural history of patients who
were not treated with immune suppressive agents.

Research motivation
Children with mild or limited Crohn’s disease are a poorly studied population. Phenotypic
features, natural history, treatments used, and long-term outcomes of children with mild disease
is unclear. We wanted to assess whether there are phenotypic differences such as disease
location or disease behavior in mild vs moderate and/or severe Crohn’s disease at the time of
diagnosis. We also wanted to define long term outcome in the mild population. We wanted to
see whether these patients develop complications or require surgery over time, and if so, what is
the time to escalation in therapy and also, what are the predictors of escalation.

Research objectives
The objective of the study was to determine the prevalence of complications in patients who did
not receive immunomodulators or biologics for at least 2 years. We identified a small subset of
patients in our cohort who were treated this way, we then reviewed charts in order to determine
the event-free survival, i.e., the time until treatment was escalated to immunomodulators,
biologics, or surgery.

Research methods
We conducted a retrospective chart review of the Inflammatory Bowel Disease Database at
Boston Children’s Hospital. We went through the detailed clinic visits, laboratory studies and
procedures for all the patients that met our inclusion criteria. And data was then filed into a
Redcap database. Descriptive statistics were used to summarize subject characteristics at disease
diagnosis. Chi-squared tests were utilized to assess categorical variables and independent T-tests
were used to compare continuous variables. Z scores were used to describe height data.

Research results
We identified a subset of patients who were able to avoid immune suppression for prolonged
periods of time, up to a decade. Interestingly, only a subset of these patients (approximately
30%) required escalation to more potent immunosuppression on clinical grounds. Patients that
required steroid courses after the first 2 years and had more complications were more likely to
require escalation in therapy. However, treatment without immunosuppressive drugs (such as
aminosalicylates), while often resulting in clinical improvement, did not result in histologic
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healing in the vast majority of patients.

Research conclusions
Not every child with new onset Crohn’s disease requires the early institution of
immunosuppressive agents (such as methotrexate, mercaptopurine, or anti-TNF treatment)
immediately after diagnosis. There is a small subset of children with mild Crohn’s disease, who
can be maintained on aminosalicylate therapy alone, and not require drug escalation for several
years. Currently, the phenotype that may have the best response to aminosalicylate therapy is
mild colonic disease.

Research perspectives
Mild Crohn’s patients may be able to be identified in the future through genetic or serologic
predictive models. It’s important to stratify low risk patients and prevent overtreatment with
immunomodulators and biologics. Future research should focus on establishing more genotypic
and environmental data to better characterize this low risk population.
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Abstract
BACKGROUND
Inflammatory bowel diseases (IBD) is a heterogenous, lifelong disease, with an
unpredictable and potentially progressive course, that may impose negative
psychosocial impact on patients. While informed patients with chronic illness
have improved adherence and outcomes, previous research showed that the
majority of IBD patients receive insufficient information regarding their disease.
The large heterogeneity of IBD and the wide range of information topics makes a
one-size fits all knowledge resource overwhelming and cumbersome. We
hypothesized that different patient profiles may have different and specific
information needs, the identification of which will allow building personalized
computer-based information resources in the future.
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To evaluate the scope of disease-related knowledge among IBD patients and
determine whether different patient profiles drive unique information needs.
METHODS
We conducted a nationwide survey addressing hospital-based IBD clinics. A
Total of 571 patients completed a 28-item questionnaire, rating the amount of
information received at time of diagnosis and the importance of information, as
perceived by participants, for a newly diagnosed patient, and for the participants
themselves, at current time. We performed an exploratory factor analysis of the
crude responses aiming to create a number of representative knowledge domains
(factors), and analyzed the responses of a set of 15 real-life patient profiles
generated by the study team.
RESULTS
Participants gave low ratings for the amount of information received at disease
onset (averaging 0.9/5) and high ratings for importance, both for the newly
diagnosed patients (mean 4.2/5) and for the participants themselves at current
time (mean 3.5/5). Factor analysis grouped responses into six informationdomains. The responses of selected profiles, compared with the rest of the
participants, yielded significant associations (defined as a difference in rating of >
0.5 points with a P < 0.05). Patients with active disease showed a higher interest
in work-disability, stress-coping, and therapy-complications. Patients newly
diagnosed at age > 50, and patients with long-standing disease (> 10 years)
showed less interest in work-disability. Patients in remission with mesalamine or
no therapy showed less interest in all domains except for nutrition and long-term
complications.
CONCLUSION
We demonstrate unmet patient information needs. Analysis of various patient
profiles revealed associations with specific information topics, paving the way for
building patient-tailored information resources.
Key words: Inflammatory bowel diseases; Information needs; Patient education;
Knowledge resources; Patient profiles
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: A majority of inflammatory bowel diseases (IBD) patients have inadequate
information regarding their disease. Self-knowledge in chronic diseases improves longterm outcomes. We performed a nationwide survey of 571 IBD patients utilizing a 28
items questionnaire to measure the adequacy of patients' knowledge and define unmet
needs, and examined whether different patient profiles drive unique needs. We found a
universal lack of information among the participants regarding IBD. Different patient
profiles, as derived from demographic and clinical parameters, had clinically relevant
associations with unique information needs. We aim for future adoption of a
personalized education approach by building a patient tailored information resource
website.

Citation: Daher S, Khoury T, Benson A, Walker JR, Hammerman O, Kedem R, Naftali T,
Eliakim R, Ben-Bassat O, Bernstein CN, Israeli E. Inflammatory bowel disease patient
profiles are related to specific information needs: A nationwide survey. World J
Gastroenterol 2019; 25(30): 4246-4260
URL: https://www.wjgnet.com/1007-9327/full/v25/i30/4246.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i30.4246

INTRODUCTION
Inflammatory bowel diseases (IBD) comprising Crohn’s disease (CD) and ulcerative
colitis (UC) are characterized by chronic, immune mediated inflammation within the
gastrointestinal tract. As exacerbations are unpredictable, and the course is potentially
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progressive, IBD have an important psychosocial impact[1,2]. Patients’ well-being,
mental state, employment, family planning and nutrition, among others, are all
negatively affected[3-5]. Furthermore, chronic dependence on medications and need for
surgery impose further burdens on patients. To help with coping, patients benefit
from consistent education, a recommendation made in consensus guidelines[1,2].
Previous studies have explored both the needs and the support systems available
for and used by IBD patients. While patients with active disease were often concerned
about symptoms, patients in remission still had disease-related concerns[3]. Both newly
diagnosed and those with long standing IBD believed it was highly important to
receive information on a wide range of topics close to the time of diagnosis, while in
fact, a majority indicated they received little or no information in many areas that they
judged to be very important[6-9].
Most IBD patients rely on their gastroenterologist and the Internet for obtaining
disease-related information. In two recent studies, medical specialists were rated as
the most desired vehicle for information transfer, but the Internet was considered to
be very acceptable source by more than 60% of patients[6,8]. Moreover, up to 75% of
patients felt that obtaining more information would be useful, and audits of IBD
internet support sites showed that continued enhancement was possible[8-10]. Finally,
understanding patient needs will also assist in patient activation and shared decision
making, and, as such, may improve outcomes[11,12]. According to the International
Patient Decision Aids Standards Collaboration, a key process in the area of
developing information decision aids is to find out what information patients need
and want [13] . In previous studies of information needs, no attempt was made to
explore whether different IBD patient characteristics drive specific information needs.
The aims of our study were to conduct a national survey of IBD patients'
information needs, to identify gaps in the information received, and to relate unique
patient characteristics to specific information needs. This would enable construction
of a Web-based information resource capable of tailoring information delivery for
patients’ specific characteristics.

MATERIALS AND METHODS
Study population
This study was approved by the Hadassah-Hebrew university hospital Ethics Boards.
All study participants or their legal guardian provided informed written consent
about personal and medical data collection prior to study enrolment. IBD patients
from the Israeli Crohn’s and Colitis Foundation database were contacted via email or
phone. Alternatively, IBD patients were approached during their follow-up visits in
five hospital-based IBD clinics in Israel and asked to participate in the survey.
Participants completed the questionnaire via the web from home or through dedicated
computers at the hospital clinics. Analysis of computer IP addresses showed that
there was a participation level of over 90% for patients recruited during the clinic
visit.
In all, 1320 subjects were contacted and 1221 agreed to participate, of these 571
completed the survey to a point that allowed inclusion into the study (43%). The
participants included 382 (66.9%) with CD, 179 (31.3%) with UC and 10 (1.8%) with
IBD-undefined. According to a recent epidemiological study, there are an estimated
38291 IBD patients in Israel, 20,196 with CD (53%) and 17810 with UC (47%)
(Unpublished data by the Israeli IBD Research Nucleus IIRN). There were no
significant differences regarding disease type, gender, country of birth, current age,
age at diagnosis, level of education, and occupational status between patients who did
not complete the survey and those who were included in the analysis (data not
shown).

Measures
We collected demographic information including sex, age, marital status, employment
and education. Clinical questions included disease type (CD, UC, IBD-undefined), age
at diagnosis, age at presentation, history of flare ups, previous hospitalization,
previous surgery, and current medical treatment (mesalamine, corticosteroids,
thiopurines, methotrexate and biologic agents). Additionally, respondents were asked
which health care professional informed them of their diagnosis. To assess recent
disease activity, subjects completed the Manitoba IBD Index (MIBDI), a single-item
rating scale validated to address symptom activity over the previous 6 months, that
correlates highly with other highly used symptom measures. Respondents with active
disease as determined by the MIBDI rated their disease as constantly active (A), often
active(B), sometimes active(C), or occasionally active (1-2 d/mo) (D). Those with
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inactive disease rated symptoms as occurring rarely to never over the previous 6 mo
(E and F respectively)[14].

Patient information needs
The questions in this study have been used in previous research, thus allowing
comparison of the findings[6,7]. First, the participants were asked to rate the amount of
information they received from different sources (medical staff, family, friends,
patient support groups and foundations and the internet etc.) within two months from
the initial diagnosis. We utilized a list of 28 questions or items covering information
regarding the disease, medical treatment, and self-management of IBD. Participants
utilized a 6-point Likert scale to rate the amount of information received: none, a little,
moderate amount, the right amount, too much, far too much. Additionally, there was
an option for "do not recall". In order to evaluate the importance of information items
for a newly diagnosed patient, participants were requested to answer the following
question: ‘‘If you had a close family member or friend who just found out that they
had IBD, how important do you think it would be for them to receive information in
the following areas in the first 2 mo after they had received their diagnosis.’’ A Likert
scale from 0 to 8 was utilized, with the anchors 0, not at all important; 4, moderately
important; and 8, very important. In the final section, participants were asked to rate,
on the same 0 to 8 Likert scale, the importance of the same information items to them,
currently.

Factor analysis of the questionnaire responses
We employed exploratory factor analysis of the questionnaire responses, to cluster
interrelated items to a small number of common factors or domains, that were
primarily responsible for co variation in the data, and reflect "areas of interest" to the
patients[15]. We analyzed the data concerning both current helpfulness of information
(current needs), and the importance of the information at disease onset (needs at
disease onset). This resulted in 6 and 4 domains, respectively. We calculated the
average rating for each domain based on the rating of its comprising items.

Patient profiles
Lastly, we explored the grading of importance (at diagnosis) and helpfulness
(currently) for information items as well as domains, as given by a hypothetical,
predetermined set of 15 patient profiles. We generated simple patient profiles (based
on one patient characteristic, e.g., time from diagnosis) as well as compound profiles
(based on multiple demographic and/or clinical characteristics) thought to represent
a significant portion of our real-life patients. The profiles were intended to have
minimal overlap, but some patients could fall into more than one profile. We sought
to examine whether specific profiles yielded positive or negative associations with
single information items or with domains, and whether these profiles were
statistically separate from the rest of study participants, regarding information needs.

Statistical analysis
For comparing demographic and disease characteristics between CD and UC, we
utilized Fisher's exact test (categorical variables) and T-test (quantitative variables). A
proportion test with Bonferroni adjustment was used to evaluate possible significant
differences pertaining to different sub-variables comprising a categorical variable (e.g.,
all possible occupational statuses comprising the variable "occupational status").
Univariate analysis of each of the items or the domains was done for association
with single demographics and clinical characteristics. As items ratings were ordinal,
we utilized Spearman’s correlation for continuous demographic variables, and
ANOVA with post hoc analysis for categorical demographic variables. We also
performed multivariate analysis based on a general linear model (linearity assumed
for items and factors distribution). Finally, we used t-test to evaluate possible
differences in the ratings of items and domains for single profiles in comparison to the
rest of participants. Statistical analysis was performed with the software by SPSS Inc.,
version 23, Chicago, IL, United States.

RESULTS
A total of 571 patients completed the questionnaire, of which nearly 30% were in
symptomatic remission, as defined by MIBDI (Table 1). When comparing UC with CD
patients, there were no significant differences regarding sociodemographic variables.
Nevertheless, CD patients had higher mean disability rate. Most patients were
informed about their disease by a gastroenterologist, though more CD patients were
informed by their family physician or a surgeon (P = 0.02). Consistent with previous
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research, respondents with CD had higher rates of past hospitalizations and surgeries
(P < 0.001)[16].
Table 2 shows the mean ratings (adjusted to a scale from 1-5) of the information
items as derived from the study questionnaires. There was a clear deficit in the
information received at disease onset, spanning all questions within the survey, with
an average rating of 0.9 out of 5. There were higher ratings (approaching 1.5/5) given
for information regarding medications, side effects, changes to diet, complications of
disease and contacting the treating physician. There was a large gap between
perceived importance of the information topics, and the actual amount delivered at
disease onset. In addition, the rating of current information needs was also
universally high, with few exceptions. Interestingly, some of the highest-ranking
items at disease onset still ranked high currently, implying continued relevance.
We performed factor analysis of the participants responses (see Tables S1 and S2,
Supplementary Data, which present the full results of factor analysis). Analysis of
items regarding current needs yielded 6 domains and regarding needs at disease
onset yielded 4 domains (Table 3, and Supplementary Table S3). Interestingly, most
information domains were homogenous and included clinically related information
items, implying that participants tended to give similar ratings to associated items.
Nevertheless, some items didn't intuitively fit into the domain theme (e.g., fertility
was clustered within the domain work-disability). The domains were named
according to the dominant theme of the clustered items.
Table 3 shows the rating of importance of information domains at disease onset
(3A), and rating of helpfulness of information domains at the current time (3B),
respectively, as derived from factor analysis. As for disease onset, all domains were
rated as "very important". Regarding current needs, all domains were rated "very
helpful" (6/8), except for domain 4 (family, society and religion) which was rated as
"moderately helpful" (3.2/8).
Univariate analysis of the items or the domains did not yield clinically significant
associations with the demographic or clinical characteristics. After considering typical
patients attending our IBD clinics, 15 different patient profiles were constructed, some
simple and some compound (Table 4). Apart from an overlap of 35% between profiles
5 and 13, the maximal overlap between profiles was 25%.
Profiles were analyzed for positive or negative association with domains and with
items, regarding both current needs, and needs at disease onset. The difference
between the average rating given by the profile and that given by the rest of the
participants was considered to be clinically significant if it was greater than 1 point
regarding domains, and greater than 0.5 points regarding single items. Table 5 lists all
the significant disparities in rating of domains between patient profiles (compound
and simple) and the rest of the participants. Significant disparities in ratings of items
are presented in Tables S4 and S5 (Supplementary Data). Importantly, within a given
profile, the highest-ranking items didn’t necessarily belong to the highest-ranking
domain. A graphical presentation of the differences between selected profiles vs.
other participants is shown in Figure 1.
Compared with the rest of the participants, patients with significantly active
disease (MIBDI A/B/C) and a history of hospitalization in the preceding year, ranked
higher scores for the domains work-disability, stress-coping and therapycomplications, all pertaining to current needs. Within work-disability the most
important items were: How to manage time away from work or school and how IBD
or the medications may affect fertility. Patients who had surgery during preceding
year ranked higher scores for work-disability and managing symptoms, therapycomplications, both pertaining to current needs. Within the latter, the most important
item was surgical treatments that may be required for IBD. Patients with significantly
active disease (MIBDI A/B/C) treated with immunomodulators and biologics gave
higher rating for nutrition and stress-coping concerning disease onset, and for stresscoping and managing symptoms, therapy-complications concerning current needs.
Patients in remission while treated with mesalamine or receiving no treatments
showed less interest in the domains family, society and religion, work-disability,
stress-coping and managing symptoms, therapy-complications, all pertaining to
current needs. At the item level, the most prominent negative associations were with
sources of support in coping with IBD and how to manage pain related to IBD.
Patients diagnosed at an age older than 50 ranked higher scores for long term
complications, nutrition, managing symptoms, therapy-complications pertaining to
current needs, and for complications pertaining to disease onset. On the other hand,
they showed less interest, currently, in work-disability. Patients aged > 50 but with a
recent diagnosis of IBD ranked lower scores for work-disability and stress-coping. On
the other hand, at the item level, the most prominent associations were increased
interest in risk of developing cancer and complications that may arise from IBD. As
for all patients with a recent diagnosis, positive associations didn’t reach a level of
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Table 1 Characteristics of the study participants
Crohn's Disease

Ulcerative colitis

Total

P value

Diagnosis, n (%)

392 (69)

179 (31)

571(100)

NS

Gender, M/F, n

190/162

75/78

505

NS

Current

33.8 ± 12.5

35.1 ± 15.1

34.2 ± 13.3

NS

At diagnosis

24.1 ± 10.8

26.8 ± 12.5

25.0 ± 11.4

NS

269 (69)

127 (71)

396 (69)

NS

Single

192 (49)

88 (49)

280 (49)

Married

176 (45)

80 (45)

265 (45)

Divorced

19 (5)

9 (5)

28 (5)

Widow

3 (< 1)

2 (1)

5 (< 1)

Separated

2 (< 1)

0 (0)

2 (< 1)

Total

392 (100)

179 (100)

571 (100)

Age, yr, mean ± SD

Active symptoms (MIBDI A-D)
Marital status, n (%)

NS

Occupational status, n (%)

NS
Full time work

163 (47)

64 (40)

227 (44)

Part time work

46 (13)

23 (14)

69 (14)

Homemaker

9 (3)

5 (3)

14 (3)

Student full time

47 (13)

25 (16)

72 (14)

Student part time

38 (11)

28 (17)

66 (13)

Retired

9 (3)

9 (6)

18 (4)

Unemployed

15 (4)

4 (3)

19 (4)

Disability

23 (7)

3 (2)

26 (5)

Total

350 (100)

161 (100)

511 (100)

High school completion

155 (50)

68 (50)

223 (50)

Bachelor’s degree

105 (34)

41 (30)

146 (33)

Master’s degree

43 (14)

25 (18)

68 (15)

Doctorate

10 (3)

2 (2)

12 (3)

Total

313 (100)

136 (100)

449 (100)

Family doctor

25 (6)

5 (3)

30 (5)

Gastroenterologist

306 (78)

155 (87)

461 (81)

Nurse

1 (< 1)

2 (1)

3 (< 1)

Surgeon

28 (7)

3 (2)

31 (5)

Parent

12 (3)

6 (3)

18 (3)

Someone else

20 (5)

8 (5)

28 (5)

Total

392 (100)

179 (100)

571 (100)

Israel

343 (88)

149 (83)

492 (86)

Former Soviet Union

18 (5)

11 (6)

29 (5)

Western Europe

12 (3)

6 (3)

18 (3)

USA/Canada

8 (2)

9 (5)

17 (3)

Middle East (Exc. Israel)

7 (2)

3 (2)

10 (2)

Latin America

3 (< 1)

1 (0.6)

4 (< 1)

Total

391 (100)

179 (100)

570 (100)

Level of education, n (%)

NS

Diagnosis informed by, n (%)

0.02

Country of birth, n (%)

NS

Religion, n (%)

NS
Jewish

384 (98)

173 (97)

557 (98)

Muslim

3 (< 1)

2 (1)

5 (1)

Druze

2 (< 1)

3 (2)

5 (1)

Christian

3 (< 1)

1 (< 1)

4 (< 1)

Total

392 (100)

179 (100)

571 (100)

Family history of IBD, n (%)
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1st degree relative
nd

2

degree relative

57 (15)

16 (9)

73 (13)

76 (19)

40 (22)

116 (20)

Total

133 (34)

56 (31)

189 (33)

Ever

276 (70)

86 (48)

362 (63)

< 0.001

Last year

120 (31)

43 (24)

163 (29)

NS

Ever

130 (33)

9 (5)

139 (24)

< 0.001

Last year

36 (17)

3 (4)

39 (14)

0.005

Prior hospitalization for IBD, n (%)

Prior surgery for IBD, n (%)

NS: Non-significant; MIBDI: Manitoba Inflammatory Bowel Diseases Index; IBD: Inflammatory bowel diseases.

significance, but they did show a statistically significant negative association with
stress-coping. Patients who were unemployed over the last year showed more interest
in familial, social and religious issues.

DISCUSSION
Our study demonstrates a large information deficit among IBD patients. In
responding to questions about the information received at disease onset, a majority
indicated they received little or no information on a wide variety of topics that they
judged to be very important.
The medical literature concerning patients' information about IBD has been
inconsistent. In studies performed up to the early 1990s, most patients viewed their
information as inadequate. Multiple European studies reported that 70%-80% of
participants viewed their information to be less than adequate and desired more
information[8,17-19]. Studies published since 2000 present a different view. For instance,
only 10% of Irish IBD patients and 15% of Spanish IBD patients, many of whom had
longstanding disease, felt they had inadequate information[20,21]. The average disease
duration in our study was 9.7 years for CD and 8.3 years for UC. Ninety-two
participants (16%) were diagnosed over the prior 12 mo, while 212 (37%) were
diagnosed more than 10 years ago.
In a British study from 2001 (n = 168), 64% reported being well informed [22] .
Bernstein et al[7] studied information needs and preferences of recently diagnosed
patients with IBD. Among 74 participants, 24%, 31% and 45% reported being
dissatisfied, moderately satisfied and very satisfied with the information about their
disease, respectively. The same group studied the information needs of 272 persons
with longstanding IBD. Recalling the information they were given at the time of
diagnosis, 80% rated as very important information regarding symptoms,
complications, and medical treatment, while only 10%-36% believed they received the
right amount of information about these issues. The majority of information items
were rated as very helpful at the current time by more than 50% of participants[6]. A
Swiss study from 2016 explored patient needs at different stages of disease and found
that 27% of 728 IBD patients were dissatisfied with information received at the time of
diagnosis. The activity of disease affected patients’ responses. Forty-three percent of
patients with flare were concerned about drugs and therapies, while 57% of patients
in remission had concerns on research and developments, and 27% of them searched
for information linked to daily disease management. Activity of disease was
positively correlated with Information-seeking[9].
Differences in study populations may have had influenced the results. The shorter
the disease duration, the more likely that patients reported that they didn’t accrue
enough information. In addition, it is reasonable that wider access to the internet
increased over the years and enabled patients to get more information regarding their
disease. Furthermore, English speakers probably have more information available
compared to other groups.
Prior to establishing educational and coping aids for patients, it is important to
understand their unique needs. Apart from disease duration and activity, previous
studies have not explored whether different patient characteristics drive specific
information needs. After analyzing 15 patient profiles, we demonstrated differences in
information needs, reflected by positive or negative associations with domains and
items. Some associations were expected, while others were surprising and nonintuitive. Patients with active disease showed more interest in the domains workdisability and stress-coping, ranking them higher than medical therapy, the latter
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Table 2 Mean rating (adjusted to a scale from 1-5) of the 28 questionnaire items
(A) Importance at (B) Actual
(C) Helpfulness
time of diagnosis amount received currently
Item

mean

± CI

mean

± CI

mean

± CI

1

Common symptoms of IBD

4.4

0.1

1.7

0.1

3.1

0.2

2

Complications that may arise from IBD

4.1

0.1

1.5

0.1

3.6

0.1

3

What is known (or not known) about the causes of IBD

3.9

0.1

1.3

0.1

3.5

0.2

4

Medication treatments for IBD

4.5

0.1

1.7

0.1

4.1

0.1

5

Possible side effects of medications

4.4

0.1

1.3

0.1

4.1

0.1

6

Surgical treatments that may be required for IBD

3.7

0.1

1.1

0.1

3.3

0.2

7

How to manage pain related to IBD

4.4

0.1

0.7

0.1

3.9

0.1

8

How to manage symptoms other than pain of IBD

4.3

0.1

0.8

0.1

3.9

0.1

9

How to adjust medications when symptoms cause more problems

4.5

0.1

0.9

0.1

4.0

0.1

10

When to contact your doctor

4.6

0.1

1.5

0.1

3.4

0.2

11

How IBD or the medications may affect their fertility

4.2

0.1

0.4

0.1

3.6

0.2

12

How to manage time away from work or school related to IBD

4.3

0.1

0.4

0.1

3.6

0.2

13

Insurance coverage if they run out of sick days at their work place

4.5

0.1

0.3

0.1

4.0

0.1

14

Changes to diet that may be helpful when the disease is active

4.6

0.1

1.5

0.1

3.9

0.1

15

Changes to diet that may be helpful when the disease is inactive

4.5

0.1

1.2

0.1

3.9

0.1

16

What foods offer the best nutritional value

4.3

0.1

0.9

0.1

3.8

0.1

17

What nutritional deficiencies you may be at risk for

4.4

0.0

1.0

0.0

3.8

0.0

18

When to use nutritional supplements

4.1

0.1

0.8

0.1

3.5

0.2

19

Patient's children risk of developing IBD at some point in their life

3.9

0.1

0.5

0.1

3.5

0.2

20

Informing family members about IBD

3.7

0.1

0.3

0.

2.3

0.2

21

Sources of support in coping with IBD

4.3

0.1

0.6

0.1

3.5

0.2

22

Long-term prognosis/outcome of IBD

4.3

0.1

0.7

0.1

3.9

0.1

23

Risk of developing cancer

4.1

0.1

0.7

0.1

3.8

0.1

24

Alternative medicine treatments for IBD

4.1

0.1

0.5

0.1

3.8

0.1

25

How to deal psychologically with the diagnosis of IBD

4.4

0.1

0.5

0.1

3.8

0.2

26

Tools for dealing with stress affecting or resulting from the disease

4.2

0.1

0.4

0.1

3.8

0.1

27

How IBD may affect military service

3.9

0.1

0.8

0.1

1.8

0.2

28

Religious topics that may be related to IBD

2.9

0.2

0.2

0.1

1.9

0.2

A: Rating of the importance of information for a friend or family member with new onset inflammatory bowel diseases; B: Rating of actual amount of
information received within 2 mo following diagnosis; C: Rating of helpfulness of information currently. IBD: Inflammatory bowel diseases.

generally considered by caregivers to be the most significant topic in the patientphysician interaction. A potential explanation might be the fact that a larger body of
information regarding medications and complications was relayed to patients upon
diagnoses, as Table 2 suggests. These results emphasize the importance of a multidisciplinary team caring for patients with IBD to inform patients on a wide range of
medical and social topics. Fertility was also a high-ranking topic in patient profiles
with active disease. Work-disability was the highest-ranking domain in patients
following surgery. Studies from recent years have shown work-disability rates
approaching 30% in patients with IBD, mostly being partial rather than complete
disability[23,24].
Nutrition was the leading domain for patients with active disease while receiving
maximal medical therapy. This may reflect the fact that lack of remission with medical
therapy may lead IBD patients to look for other treatment options. Stress-coping
followed nutrition in ranking. As expected, patients in remission while receiving
mesalamine or no therapy showed less interest in most domains.
A surprising finding was that participants older than 50 showed more interest in
long term complications, possibly reflecting more awareness of the natural history of
IBD among this population. On the other hand, patients below age 21 were less
interested in a wide range of domains and items, possibly a reflection of a wide lack of
awareness of the complexity and consequences of IBD and a higher reliance on
parents for decisions regarding the diseases. Alternatively, older, more mature
patients may have a greater curiosity as to the impact of the a newly diagnosed
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Table 3 Ratings of information domains
Rating of importance of information domains at disease onset1
Information domain as per factor analysis

Not important, n (%) Moderately/very important, n (%) Mean rating 0-8 (± CIa)

Domain 1 Managing symptoms and therapy

15 (3)

503 (97)

7.1 ± 0.1

Domain 2 Stress-coping

41 (8)

475 (92)

6.9 ± 0.1

Domain 3 Complications

52 (10)

465 (90)

6.4 ± 0.1

Domain 4 Nutrition

18 (4)

499 (96)

7 ± 0.1

Rating of helpfulness of information domains at current time2
Moderately/very helpful, n (%)

Mean rating 0-8 (± CIa)

Domain 1 Managing symptoms, therapy and complications 60 (12)

420 (88)

5.9 ± 0.2

Domain 2 Nutrition

59 (12)

423 (88)

6.1 ± 0.2

Domain 3 Stress-coping

64 (13)

317 (87)

6.1 ± 0.2

Domain 4 Family, society, and religion

247 (51)

235 (49)

3.2 ± 0.3

Domain 5 Work-disability

70 (15)

412 (85)

6.1 ± 0.2

Domain 6 Long term complications

68 (14)

413 (86)

5.9 ± 0.2

Not helpful, n (%)

Information domain as per factor analysis

1

Participants rated how important the information to be given to family member or friend during the two-month period following diagnosis with
inflammatory bowel diseases on a 9-point scale with the following anchors: 0-2 (not important); 3-5 (moderately important); 6-8 (very important);
2
Participants rated current helpfulness of information on a 9-point rating scale with the anchors: 0-2 (not helpful); 3-5 (moderately helpful); 6-8 (very
helpful).
a
95% confidence interval.

disease in many domains, whereas young adults may be more focused on issues that
have an immediate impact. An interesting finding was that patients with a recent
diagnosis, both below (not shown in Table) and above age 50, showed less interest in
stress-coping. Our data suggest that the activity of disease, rather than a recent
diagnosis, is the drive for stress and the determinant for seeking of coping tools and
aids.
The strength of our work lies in its large sample size, asking about information
needs at diagnosis and currently and implementing new approaches for analyzing
information needs. A limitation, however, is that surveys may be biased by who
completes and does not complete them. The high response rate in the clinic sample
increases our confidence that the findings are well representative of the IBD
population. The findings are also limited by the questions asked. Persons with IBD
may have other information needs that were not addressed here.
Our study demonstrates large information gaps among IBD patients. While it is
imperative to ask individuals what information they want in order to supply their
specific information needs accordingly, there are many patients, especially at disease
onset that are not fully aware what to ask regarding their disease. Our study
demonstrates that different patient characteristics drive specific information needs.
With the use of machine learning and advanced bioinformatics we plan to utilize the
data that were acquired to develop a web-based resource for IBD patients. By
analyzing simple clinical and demographic parameters that are introduced by the
patients, this platform would be able to suggest specific items that were shown in this
study to be of high interest in a large cohort of patients, and thus provide personalized information.
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Table 4 Number of responders matching each predetermined patient profile
Profiles

n

Compound
1

Patients with active disease (MIBDI A/B/C) and a history of hospitalization during the preceding 12 mo

94

2

Patients with significantly active disease (MIBDI A/B/C) treated with immunomodulators and biologic agents

52

3

Patients in remission while treated with immunomodulators and/or biologic agents

26

4

Patients in remission treated only with mesalamine or receiving no treatment

90

5

Patients aged 21-65 yr with any active disease (MIBDI A/B/C/D)

341

6

Patients with any active disease (MIBDI A/B/C/D) and a previous surgery for IBD

92

7

Patients older than age 50 yr, diagnosed during the preceding 12 mo

8

8

Patient younger than age 21 yr, diagnosed during the preceding 12 mo

21

Simple
9

Patients diagnosed during the preceding 12 mo

92

10

Patients hospitalized during the preceding 12 mo

163

11

Patients diagnosed more than 10 yr ago

212

12

Patients who had surgery during the preceding 12 mo

39

13

Patients with highly disease activity (MIBDI A/B)

246

14

Patients diagnosed at age > 50 yr

72

15

Patients who were unemployed or received disability pension during the preceding 12 mo

45

MIBDI: Manitoba Inflammatory Bowel Diseases Index; IBD: Inflammatory bowel diseases. MIBDI A/B: Highly active disease; A/B/C: Significantly active
disease (at least weekly symptoms); A/B/C/D: Refers to any active disease.

Table 5 Clinically significant disparities in rating of domains1
mean ± CI2 profile vs
others

Deltaa

P1: Patients with active disease (MIBDI A/B/C) and a history of hospitalization during the preceding 12 mo
Domains

DC5

Work-disability

7.1 ± 0.3 vs 5.9 ± 0.2

1.2

DC3

Stress-coping

6.7 ± 0.4 vs 5.9 ± 0.2

0.8

DC1

managing symptoms,
therapy-complications

6.5 ± 0.3 vs 5.8 ± 0.2

0.7

P2: Patients with significantly active disease (MIBDI A/B/C) treated with immunomodulators and biologics
Domains

DD4

Nutrition

7.6 ± 0.3 vs 6.9 ± 0.1

0.7

DC3

Stress-coping

6.7 ± 0.6 vs 6 ± 0.2

0.7

DC1

managing symptoms,
therapy-complications

6.4 ± 0.4 vs 5.8 ± 0.2

0.6

DD2

Stress-coping

7.4 ± 0.3 vs 6.8 ± 0.1

0.6

5.5 ± 0.8 vs 6.5 ± 0.1

-1

P3: Patients in remission while treated with immunomodulators and/or biologics
Domains

DD3

Complications

DD1

managing symptoms, therapy 6.6 ± 0.7 vs 7.2 ± 0.1

-0.6

P4: Patients in remission while treated with mesalamine or receiving no treatment
Domains

DC4

Family, Society & Religion

2.3 ± 0.6 vs 3.4 ± 0.3

-1.1

DC5

Work-disability

5.3 ± 0.6 vs 6.3 ± 0.2

-1

DC3

Stress-coping

5.3 ± 0.6 vs 6.2 ± 0.4

-0.9

DC1

managing symptoms,
therapy-complications

5.4 ± 0.5 vs 6 ± 0.2

-0.6

P5: Patients aged 21-65 yr with any disease activity (MIBDI A/B/C/D)
Domains

DC5

Work-disability

6.5 ± 0.2 vs 5.6 ± 0.4

0.9

DC1

managing symptoms,
therapy-complications

6.1 ± 0.2 vs 5.5 ± 0.3

0.6

DC3

Stress-coping

6.3 ± 0.3 vs 5.7 ± 0.4

0.6

P7: Patients older than age 50 yr, diagnosed during the preceding 12 mo
Domains

WJG

DC5

Work-disability

4.1 ± 2 vs 6.2 ± 0.2

-2.1

DC3

Stress-coping

4.2 ± 1.9 vs 6.1 ± 0.2

-1.9
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P8: Patients younger than age 21 yr, diagnosed during the preceding 12 mo
Domains

DC1

managing symptoms,
therapy-complications

4.6 ± 1.5 vs 5.9 ± 0.1

-1.3

DD1

managing symptoms, therapy 6 ± 1.1 vs 7.2 ± 0.1

-1.2

DD4

Nutrition

5.9 ± 1.3 vs 7 ± 0.1

-1.1

DD3

Complications

5.6 ± 1.1 vs 6.5 ± 0.1

-0.9

DC5

Work-disability

6.7 ± 0.3 vs 5.9 ± 0.3

0.8

DC1

managing symptoms,
therapy-complications

6.3 ± 0.3 vs 5.7 ± 0.2

0.6

Work-disability

5.5 ± 0.4 vs 6.5 ± 0.2

-1

DC5

Work-disability

6.8 ± 0.6 vs 6.1 ± 0.2

0.7

DC1

managing symptoms,
therapy-complications

6.4 ± 0.4 vs 5.8 ± 0.2

0.6

DC4

Family social and religion

3.6 ± 0.4 vs 2.9 ± 0.3

0.7

DC1

managing symptoms,
therapy-complications

6.2 ± 0.2 vs 5.7 ± 0.2

0.5

DC6

Long term complications

6.9 ± 0.4 vs 5.8 ± 0.2

1.1

DC2

Nutrition

6.9 ± 0.4 vs 5.9 ± 0.2

1

DC1

managing symptoms,
therapy-complications

6.6 ± 0.4 vs 5.8 ± 0.2

0.8

DD3

Complications

6.9 ± 0.3 vs 6.4 ± 0.2

0.5

DC5

Work-disability

5.3 ± 0.7 vs 6.2 ± 0.2

-0.9

P10: patients hospitalized during the preceding 12 mo
Domains

P11: Patients diagnosed more than 10 yr ago
Domains

DC5

P12: Patients who had surgery during the preceding 12 mo
Domains

P13: Patients with high disease activity (MIBDI A/B)
Domains

P14: Patients diagnosed at age > 50 yr
Domains

P15: Patients who were unemployed (or received disability pension) during the preceding 12 mo
Domains

DC4

Family social and religion

4.2 ± 0.9 vs 3.1 ± 0.2

1.1

1

Profile 6 and 9 not included due to lack of clinically significant differences;
95% confidence intervals;
a
P < 0.05. P: Profile; DD: Domains concerning needs at disease onset; DC: Domains concerning current needs.
2
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Figure 1

Figure 1 Forest plots showing the magnitude of difference ("Delta") between the rating of information domains given by profiles vs other participants. A,
B, C, D, E and F stands for profiles 1, 2, 4, 7, 12 and 14, respectively. A: Patients with active disease [Manitona Inflammatory Bowel Diseases Index (MIBDI) A/B/C]
and a history of hospitalization during the preceding 12 mo (n = 94); B: Patients with significantly active disease (MIBDI A/B/C) treated with immunomodulators and
biologics (n = 52); C: Patients in remission while treated with mesalamine or receiving no treatment (n = 90); D: Patients older than age 50 years, diagnosed during the
preceding 12 mo (n = 8); E: Patients who had surgery during the preceding 12 mo (n = 39); F: Patients diagnosed at age > 50 years (n = 72). Positive values indicate
increased interest in the information domain, negative value indicates decreased interest. 1In which case data pertains to information needs at time of disease onset,
presented data pertains to current information needs. MIBDI: Manitona Inflammatory Bowel Diseases Index.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel diseases (IBD) are heterogenous, lifelong diseases, with an unpredictable
and potentially progressive course. Being an IBD patient means, in most cases, chronic use of
medications, some with significant adverse effects, and, not infrequently, need for repeated
surgeries. As affected patients are mostly young in their second or third decade of life, IBD
imposes negative psychosocial impact on many aspects of their lives. Research on other chronic
illnesses suggests that patients who are well informed about their disease probably have
improved adherence and outcomes. Research among IBD patients showed that a majority of
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them received insufficient information regarding their disease. Patients usually rely on the
internet or their gastroenterologist to receive information regarding their disease. The fact that
IBD is a complex, heterogenous disease that encompasses a wide range of information topics,
probably makes a one-size fits all computerized knowledge resource overwhelming and
cumbersome, and make relevant and adequate patient education in the everyday visit in the
gastroenterology clinic impractical and ineffective. Yet, in previous research, no attempt was
made to explore personalized patient needs. We hypothesized that different patient profiles may
have different information needs, and as such may allow building versatile, personalized
computer-based information resources in the future.

Research motivation
The main topics that drove our interest in performing this research were: evaluating the selfknowledge among a large group of real-life patients, defining unmet needs in current practice,
and, most importantly, exploring whether information needs differ in relation to patients’
clinical and demographic characteristics. The central problem to be solved is how to
communicate personalized information to specific patients in a practical and effective way. The
findings of our research are to serve as a platform for large scale future research and for applying
the gained knowledge in the process of building new platforms for patient educations.

Research objectives
We aimed at and were actually able to evaluate the scope of patient self-knowledge in a large
nationwide survey of IBD patients, to identify gaps of knowledge and define unmet needs, and
explore whether different patient profiles correlate with different information needs. Our
findings will serve future comparable research in other countries, and assist in planning newer
platforms for patient education and assess their impact on compliance and outcomes.

Research methods
We performed a nationwide survey of 571 IBD patients (both ulcerative colitis and Crohn’s
disease) utilizing a 28 items questionnaire to measure the adequacy of patients' knowledge and
define unmet needs. The novelty of our research lies in two major methodological areas.
Following the analysis of the participants' responses we utilized the technique of factor analysis
in order to cluster the responses into a few, strongly representative clusters or “knowledge
domains”, that were used in further analysis of the data. Another innovation was the utilization
of a predefined set of real-world patient profiles for analyses of the data, replacing the
conventional statistical methods of uni- and multivariate analyses. By doing so we looked for
significant associations between specific patient profiles and unique information needs, both in
terms of domains and in terms of specific items.

Research results
In the initial analyses we found a universal deficit in patient self-knowledge, spanning most of
the items in the questionnaire. Participants gave low ratings for the amount of information
received at disease onset (averaging 0.9/5). As for the importance of the same information items,
participants gave high ratings, both as perceived for the newly diagnosed patient (mean 4.2/5)
and for the participants themselves at current time (mean 3.5/5). These findings emphasize the
need to delineate associations between patient- profiles and knowledge-needs, in a way that can
prioritize the supply of knowledge according to a patient's values and needs. Factor analysis
grouped participants’ responses into six information-domains. The responses of selected
patients’ profiles, compared with the rest of the participants, yielded significant, clinically
relevant, associations. Patients with active disease showed a higher interest in the domains
work-disability, stress-coping, and therapy-complications. Patients newly diagnosed at age > 50,
and patients with long-standing disease (> 10 years) showed less interest in work-disability.
Patients in remission with mesalamine or no therapy showed less interest in all domains except
for nutrition and long-term complications. Larger, populations-based studies, incorporating a
wide range of IBD patient are needed to further delineate the links between patient
characteristics and information needs, in a way that computerized algorithms can, in a stepwise
process, navigate the patient through all knowledge domains that may be relevant to him.

Research conclusions
Our major findings are that IBD patients are mostly lacking self-knowledge regarding their
disease and that patients differ in their information needs. We made a clear demonstration of the
link between patient “profiles” (encompassing demographic, clinical and psychosocial variables)
and their information needs. Not all patients need the same information in a given disease state
and a given time in their life. Similar to drug therapy in the era of personalized medicine,
education and information delivery should not be generic to the whole range of patient
population. Rather, it should be personalized as much as possible, hoping to increase relevance
and effectiveness. Personalized education resources may improve patient compliance and
outcomes. The centrality of IBD in gastroenterological practice worldwide necessitates efforts to
improve the education of our patients so they can feel in control, and engage in shared decision
making that may in turn improve their compliance and outcomes. Our study paves the way to
building a patient tailored information resource.

Research perspectives
Patients with chronic, complex disease may lack adequate knowledge regarding their disease
state, and as such it may be not surprising that many of them do not comply with therapy and
experience negative psychosocial impact on their daily lives. Physicians may not be aware of the
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importance of patient education, and the everyday clinical encounter in the clinic is far from
being a suitable platform for relaying adequate information to our patients. In addition, different
patients are probably interested in different information topics at different disease states and
time, so our digital platforms should be updated to handle such heterogeneity. Large scale cross
sectional surveys can serve to fine-tune the process of patient education while prospective
cohorts can examine the impact of such education programs on disease control, patient well
being and long term outcomes.
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Abstract
BACKGROUND
In recent years, increasing evidence of second neoplasms associated with
gastrointestinal stromal tumors (GIST) has been found. Numerous case reports,
mostly retrospective studies and a few reviews, have been published. To our
knowledge, however, no systematic review or meta-analysis of the existing data
has been performed so far.
AIM
To prepare a compilation, as complete as possible, of all reported second tumor
entities that have been described in association with GIST and to systematically
analyze the published studies with regard to frequency, localization, and types of
GIST-associated neoplasms.
METHODS
The MEDLINE and EBSCO databases were searched for a combination of the
keywords GIST/secondary, synchronous, coincident/tumor, neoplasm, and
relevant publications were selected by two independent authors.
RESULTS
Initially, 3042 publications were found. After deletion of duplicates, 1631
remained, and 130 papers were selected; 22 of these were original studies with a
minimum of 20 patients, and 108 were case reports. In the 22 selected studies,
comprising a total number of 12050 patients, an overall rate of GIST-associated
neoplasias of 20% could be calculated. Most second neoplasias were found in the
gastrointestinal tract (32%) and in the male and female urogenital tract (30%). The
specific risk scores of GISTs associated with other tumors were significantly
lower than those without associated neoplasias.
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CONCLUSION
In this first systematic review, we could confirm previously reported findings of a
more than coincidental association between GIST and other neoplasias. The
question whether there is an underlying causal association will need further
investigation. Our data suggest that even GIST with a very low risk of disease
progression should prompt screening for second neoplasia and subsequent
frequent controls or extended staging.
Key words: Gastrointestinal stromal tumor; Associated; Secondary; Neoplasia; Tumor
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Core tip: Gastrointestinal stromal tumors (GIST) associated neoplasms have been
previously reported to occur with a more than coincidental frequency. Numerous case
reports, mostly retrospective studies and a few reviews have been published on this
topic. In this, to our knowledge, first systematic review we analyzed 108 case reports and
22 retrospective and prospective studies with a total of 12050 patients. An overall rate of
GIST-associated neoplasias of 20% could be calculated. Most second neoplasias were
found in the gastrointestinal tract (32%) and in the male and female urogenital tract
(30%).
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are the most common mesenchymal tumors of
the digestive tract. Yearly incidence rates vary from 4.3 to 22 per million in different
geographic regions, which may at least in part be caused by changing and improving
diagnostic criteria and a lack of established GIST registries. In most studies, however,
the yearly incidence is indicated as 10 to 15 per million[1], fulfilling the criterion of a
rare disease. Median age at diagnosis is reported to be between 60 and 69 years in
most studies[1,2]. GIST are considered to develop from interstitial cells of Cajal (ICC),
which play an important role in autonomous gastrointestinal movement[3]. The most
common localization of GIST is the stomach, followed by other gastrointestinal tract
localizations[2,4].
Several driver mutations have been identified as playing an essential role in the
development of GIST. The most frequent mutation can be found in the tyrosine kinase
receptor c-kit (c-KIT), which accounts for 70%-80% of GIST[5-7] and is nowadays the
most important target of medical tumor therapy in GIST patients. Other relevant
mutations can be observed in the platelet-derived growth factor receptor alpha
(PDGFR-α) in 5%-10%[5-7] and, in rare cases, in other genes such as neurofibromin 1
(NF1), succinate dehydrogenase (SDH), or BRAF[6,8].
GIST can occur in the setting of genetic syndromes such as neurofibromatosis 1[9],
Carney triad[10], or familial GIST[11] and, in these cases, frequently come along with
other benign or malignant neoplasias. In recent years, though, there has been
increasing evidence of second neoplasia in patients with sporadic GIST[12-15]. Several
retrospective studies and case series have been published on this topic, complemented
by many case reports and a few reviews, but so far to our knowledge, no metaanalysis or systematic reviews have been conducted. The aim of this first systematic
review is to prepare a compilation, as complete as possible, of all reported second
tumor entities that have been described in association with GIST and to systematically
analyze the published studies with regard to frequency, localization, and types of
GIST-associated neoplasms.

MATERIALS AND METHODS
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Literature research
We performed a literature search in the MEDLINE and EBSCO databases, using the
keywords GIST/secondary, synchronous, coincident/tumor, neoplasm. All results
were transferred to the citation manager Endnote® and duplicates were deleted. The
remaining results were screened by two authors with regard to suitable topic,
language, and publication standard. Discrepancies were resolved after discussion
with a senior third author. Case reports and case series/studies in English or German
were included. Only data that was fully published was eligible. Syndromic settings as
familial GIST or neurofibromatosis were excluded as well as cases involving children.
Studies had to include at least 20 patients, and studies that investigated only one
specific kind of second neoplasm were excluded. Second neoplasms were considered
regardless of the time frame between their occurrence and the occurrence of GIST.
Malignant as well as benign second neoplasms were selected. In addition, the
bibliographies of all selected papers that were published between 2016 and 2019 were
screened for suitable references, as were the six published reviews on this topic.

Statistical analysis
For statistical calculations, we used SigmaPlot 13.0 (Systat, Erkrath, Germany) and
Microsoft Excel (Microsoft Office 16). The chi-squared test was performed for testing
the relationship between two categorical variables. A a P-value of < 0.05 was
considered significant.

PROSPERO registration
Before starting the literature research, a registration of this systematic review in the
international Prospective Register of Systematic Reviews (PROSPERO, registration
number CRD42019122784) was performed.

RESULTS
The literature search revealed a total of 3042 publications before February 2019. After
deletion of duplicates, 1631 papers remained. Screening by the two authors
(Waidhauser J and Bornemann A) resulted in 126 eligible papers. In addition, one
study on 188 GIST patients that was performed at our institute by Mayr et al[15] and
had not been published by the time of the literature search was included. Of the 130
selected publications, 108 were case reports and 22 were case series or retrospective
and prospective studies (Figure 1).
All additional neoplasms that were reported in the case reports are listed in Table 1.
The most frequent types were gastric and colorectal adenocarcinomas.
Among the 22 retrospective and prospective studies, a total of 12050 patients were
included. Basic information on these studies is summarized in Table 2. The number of
patients in which an additional tumor to the GIST diagnosis was found was 2426
(20.1%). The median age at the diagnosis of GIST was 63 years in the total study
population and 68 years in those patients with an additional tumor. The male-tofemale ratio was 1.1:1 in the total population and 1.4:1 in the GIST with secondary
neoplasia group. The chi-squared test revealed a significant difference for the sex
distribution of P < 0.001 with a predominance of male gender in cases with associated
neoplasia (Table 3).
Of 2248 patients, for whom the respective data were available, 253 benign (11%)
and 1995 (89%) malignant neoplasias were reported, with the restriction that in some
studies, only patients with malignant second neoplasias were included. Chronological
considerations revealed that 50% (366 of 732) of second neoplasias occurred
synchronously to GIST, 26% (187 of 732) occurred before GIST, and 24% (179 of 732)
were diagnosed after GIST. Focusing on synchronous second neoplasias, a rate of 6%
(366 of 5131) was detected among all GIST patients. Of these synchronous second
neoplasias 77% (177 of 230) occurred in the GI-Tract and 7% (16 of 230) in the male
and female urogenital tract. The distribution of different histological subtypes
(spindle vs epithelioid vs mixed) revealed no differences between the GIST-only
patients and the patients with another neoplasm (spindle: 78% vs 80%; epithelioid: 8%
vs 6%; mixed: 14% vs 14%) (Table 4).
Figure 2 gives an overview of the different localizations of the GIST-associated
neoplasias. The most common manifestation was seen in the gastrointestinal tract
(32%), followed by urogenital and female genital tract (30%); 10% of additional
tumors were found in the breast and 6% each in the lung and in the blood and
lymphatic system.
Regarding the risk scores for disease progression or recurrence of GIST, there was a
significantly (P < 0.001) higher proportion of very low- and low-risk GIST in patients
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Figure 1

Figure 1 Flow of analysis based on the retrieved literature. GIST: Gastrointestinal stromal tumors.

with an additional tumor (65%) compared to the GIST-only group (35%), whereas in
this latter group, the portion of intermediate and high-risk patients was higher (69%
vs 31%). For calculation, we used the risk scores as they were applied in the different
studies, which were most frequently those according to Fletcher et al[4] or Miettinen et
al[16] (Table 5).
The mutational status of driver genes in patients with GIST and associated
neoplasias was reported in only four of the 22 studies, with a total of 167 patients.
These patients with GIST and second tumors showed mutations in exon 11 of the KIT
gene in 69%, non-exon-11 mutations of the KIT gene in 6%, mutations in the PDGFR-α
gene in 13%, and a “wildtype” status in 13%.
Data on follow-up was very heterogeneously reported or not available in most of
the included studies, which is why even a descriptive analysis was not feasible.

DISCUSSION
In our systematic review, we detected a rate of 20.1% of second neoplasias in GIST
patients, with the most frequent localization of associated tumors in the
gastrointestinal tract and in the urogenital and female genital tract. Previously
described rates of GIST-associated neoplasias varied between 11% and 50%[13,17]. The
general probability of being diagnosed with cancer twice in a lifetime is estimated
between 2% and 17% (syndromic settings or familial predisposition included)[18] or in
other words with a chance of 1:9[12,19]. Compared to this number the rate of second
neoplasias we found in GIST patients is obviously higher than expected. Several
reasons can be considered accountable for the development of multiple tumors in one
patient, for example, similar risk factors, environmental factors, or genetic
predisposition, but also the higher likelihood of detection of another tumor within the
examinations for staging or follow-up. In cases of sporadic GIST there are no
definitely confirmed intrinsic risk factors or environmental factors. Genetic factors
play a role in syndromes such as neurofibromatosis type I or Carney triad, but these
patients were excluded in our study, and only patients with sporadic GIST were
included. The occurrence of GIST-specific mutations such as in the c-KIT or PDGFRα
gene that we found in the group of patients with GIST and second neoplasms were
similar to those reported for GIST in general before[5-7].
The localization of GIST-associated neoplasias with the highest frequency in the
gastrointestinal tract, the urogenital, and female genital tract is consistent with
previously reported findings [20,21] . In addition to a possible common underlying
predisposition, the probability of detecting even small GIST during staging
examinations for gastrointestinal tract tumors might be higher than in cases of, for
example, lung or head and neck tumors. This is might also be the explanation for the
high rate of 77% of GI-tract localization in synchronous second neoplasias.
The median age of the total study population compared to the group of patients
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Table 1 Case reports: Overview of tumor entities
Tumor entity

Ref.

Gastrointestinal Tract
[29-55]

Gastric adenocarcinoma

[56-71]

Colorectal adenocarcinoma

[72]

Gastric high grade IEN

[48,59,73]

Esophagus SCC

[39]

Esophagus Small Cell Carcinoma

[74,75]

Gastro-esophageal junction adenocarcinoma

[76]

Duodenum adenocarcinoma

[77]

Papilla Vateri NET

[78]

Gastric Lipoma

[79-82]

Gastric NET

[67]

Doudenum NET

[83]

Ileum NET

[84]

Gastric Schwannoma

[85]

Colon NET

[86]

Jejunal Sarcomatoid Carcinoma

[87,88]

Pancreas adenosquamous carcinoma

[89,90]

Pancreas adenocarcinoma

[91-95]

Pancreas NET

[96-99]

Hepatocellular carcinoma

[100,101]

Cholangiocellular Carcinoma

[102]

Perivascular Epitheloid Cell Tumor Liver
Urogenital Tract

[103,104]

Renal Cell Carcinoma

[105]

Renal Chromophobe Cell Carcinoma

[40,69,82,106,107]

Prostate Adenocarcinoma

[86]

Transitional Cell Carcnimona Bladder
Female Genitale Tract

[108]

Ovarian Carcinoma

[109,110]

Ovarian Serous Adenocarcinoma

[91]

Uterus Leiomyoma
Breast

[111]

Sarcoma

[55,61,63,92]

Invasive Ductal Carcinoma
Blood/ Lymphatic

[112-114]

Acute Myeloid Leukemia

[100]

Acute Biphenotypic Leukemia

[115]

Chronic Lymphoid Leukemia

[116]

Low Grade B Cell Lymphoma Stomach

[117,118]

Extranodal DLBCL

[119]

Burkitt Lymphoma

[120]

Mantle Cell Lymphoma Appendix

[50,121]

MALT Lymphoma

[122]

Multiple Myeloma
Head and Neck

[123]

Oral Melanoma

[124]

Papillary Thyroid Carcinoma
Lung

[125-127]

Adenocarcinoma

[107]

SCC

[106]

NSCLC
Skin
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[128,129]

Melanoma

[130]

Squamous Cell Carcinoma

[131]

Merkel Cell Carcinoma
Soft Tissue

[82]

Myxofibrosarcoma

[132]

Dermatofibrosarcoma

[133]

Ewing Sarkoma
Others

[134]

Adrenocortical Carcinoma

[135]

Peritoneal Mesothelioma

[136]

Mesenterial Fibromatosis

[55]

Granular cell tumor

IEN: Intraepithelial neoplasia; SCC: Squamous-cell carcinoma; NET: Neuroendocrine tumor; DLBCL: Diffuse
large B cell lymphoma; MALT: Mucosa associated lymphatic tissue; NSCLC: Non-small cell lung cancer.

who developed a second tumor showed a difference of five years at the time-point of
GIST diagnosis, with the higher median age in the GIST with associated neoplasm
group. A possible explanation for this finding could be the age-dependent risk
increase for cancer in general[14]. Previously performed reviews on the topic of GIST
and associated neoplasms mostly concentrated on the occurrence rate and localization
of the associated tumors and, in some cases, on the outcome and follow-up [20-24] .
Analysis of age or sex distribution have not been performed on larger numbers of
patients. We found a significantly higher number of male patients who were
diagnosed with GIST and a second neoplasia than in the total population of GIST
patients. An equal sex distribution for GIST patients in general has been reported in
the literature before[1]. Regarding the overall incidence of cancer worldwide, the sex
distribution of patients diagnosed with cancer in 2018 is estimated at a male-to-female
ratio of 1.1:1 (9.5 million new cases in men and 8.6 million new cases in women).
Among gastrointestinal neoplasias, which were the most frequent GIST-associated
neoplasias in our review, there is a difference in the worldwide incidence between
men and women with a higher rate of gastrointestinal (GI) tumors diagnosed in men
in 2018 (2.7 million cases in men vs 1.4 million cases in women)[25]. Whether there is a
difference of distribution of the second neoplasias between sexes in our review
population remains unclear. In most analyzed studies, the reported data was not
sufficient to answer this question.
Several risk classification systems are used to assess the risk of disease progression
or recurrence of GIST[4,16]. Most of them use the size, localization, and mitotic rate of
GIST and are therefore, at least in part, comparable. By summarizing the risk
categories in two groups (very low and low vs intermediate and high), we could find
a significant difference between the GIST-only patients and those having GIST and
another neoplasia by using the chi-squared test. The patients with GIST-associated
neoplasias had lower risk scores, which might be due to a higher detection rate of
even small GISTs with low risk scores in the setting of another neoplastic disease.
Since the establishment of targeted therapies for GIST with imatinib or second-line
tyrosine kinase inhibitors, the prognosis even of advanced GIST has significantly
improved[26]. On the other side, there is growing interest in the question of elevated
risk of developing secondary neoplasia under the treatment with imatinib. Phan et al.
found a higher rate of secondary tumors among GIST patients in the imatinib era than
in the pre-imatinib era[27], although the most likely reason for this is the prolonged
survival even of patients with advanced GIST, as it has been described by different
authors[28]. Another point that relativizes the impact of imatinib on the development of
secondary tumors can be seen in our review: About 75% of associated neoplasias were
diagnosed either before GIST or synchronously with GIST; furthermore, not all
patients with a GIST diagnosis in advance were treated with imatinib.
In summary, in this, to our knowledge first, systematic review on the topic of
secondary neoplasia in patients with GIST, we confirm the previously described
elevated number of associated neoplasms and the most common localizations of this
neoplasms. We found a higher median age in the GIST with second neoplasia group
and significantly more male patients who developed associated tumors, whereas the
risk scores of GIST in this group were significantly lower. We conclude that even very
low- and low-grade GISTs should be a reason to consider frequent controls or
extended staging for early detection of second neoplasias, especially in the
gastrointestinal and urogenital tract. To understand whether there is an underlying

WJG

https://www.wjgnet.com

4266

August 14, 2019

Volume 25

Issue 30

Waidhauser J et al. GIST associated neoplasia

Table 2 Retrospective and prospective studies used for this investigation
Patient characteristics
Age average
Sex m/f
(median)
Date
Auof
Year
N
thor
diagnosis

Total
population

Organ systems affected by associated NPL
Number
(rate)
of
GIpatitract
ents
with
ass.
NPL

Liver/
gall
bladder/
pancreas

FemUro
ale
geniBregenital
ast
tal
tract
tract

13
9
(17%)

2

1

42/55 6/12

18
6
(17%)

3

2

54/50

44
16
(42%)

4

8

65

15/28 1/5

6
5
(14%)

64

62/42 22/10 32
9
(31%)

Pat.
with
ass.
NPL

Total
population

19972009

78

Aga- 2005
imy
et
al[14]

19972004

97

65

Agh- 2018
dassi et
al[138]

19932011

104

67

Am- 2013
aadour
et
al[139]

19982006

43

62

Fer- 2018
nandez
et
al[140]

19992016

104

Ferr- 2010
eira
et
al[141]

19982006

43

62

61

15/28 1/5

6
5
(14%)

Giu- 2012
liani
et
al[142]

20022010

24

66

69

12/12 5/3

8
6
(33%)

1

Gon- 2010
alves
et
al[143]

19982008

101

68

5/9

14
8
(14%)

2

2

1

Hec- 2015
htmann
et
al[144]

20092013

260

65

142/1 30/20 50
2
18
(19%)

21

1

8

8

7

1

3

3

6

Kra- 2015
mer
et
al[17]

20062011

836

69

423/4 148/1 422
118
13
19
(51%)

20

60

22

26

23

6

8

23

2

9

Lai
2016
et
al[145]

19952015

749

68

77/59 136
64
(18%)

27

12

10

7

1

9

13

4

3

10

Lis- 2007
zka
et
al[146]

19892006

82

64

38/44 12/10 22
17
(27%)

5

Mayr et
al[15]

2019

19982017

188

69

70
23
(37%)

1

17

2

5

Mur- 2015
phy
et
al[12]

20012011

6112

34

432

99

52

68

72

9/4

Other

Ad- 2011
im et
al[137]

WJG

62

Pat.
with
ass.
NPL

Blood/
Head
Skin/
lympand Lung mela Soft
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neck
noma
system

3252/ 727/4 1047 208
2860 81
(17%)
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3

2
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2
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1
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4

7

3
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2

2

1

1
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Pan- 2010
durengan et
al[147]

19952007

783

57

Ponti 2010
et
al[148]

19882007

141

66

Ric- 2008
hter
et
al[149]

19932005

54

65

Rod- 2016
riquenz
et
al[150]

20022014

128

65

Rub- 2015
ioCasadevall
et
al[151]

19962006

132

65

Sevi- 2011
nc et
al[152]

20022009

200

Smi- 2016
th et
al[13]

20012009

1705

63

69

885/8 95/86 181
20
(11%)

Vas- 2014
sos et
al[153]

20002009

86

66

70

50/36 27/10 37
19
(43%)

12050 63

68

1.1 : 1 1.4 : 1 2426
(20,1
%)

67

444/3 91/62 153
40
39
(20%)

8

48

14

15

12

77/64 20/26 46
18
(33%)

1

7

2

6

1

1

1

1

28/26

68

13
7
(20%)

3

59/69 19/27 46
24
(34%)

5

3

4

2

67/53

2

3

1

3

5

1

2

67

30
8
(23%)

20/12 32
16
(16%)

7

751 (32%)

5

706 (30%)

1

10

9

9

20

2

1

2

3

1

1

3

3

1

1

4

3

1

2

4

3

236
145
(10%) (6%)

85
(4%)

145
(6%)

3

1

101
(4%)

74
(3%)

130
(5%)

genetic cause for the elevated rates of GIST-associated neoplasias, further studies will
be needed.
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Table 3 Age and sex distribution
Total study population

GIST with associated neoplasia

No. of patients available for calculation

Age (median)

63

68

4176/1139

Sex male: Female

1.1:1

1.4:1

10444/2080

GIST: Gastrointestinal stromal tumors.

Table 4 Characteristics of gastrointestinal stromal tumors and associated neoplasias

Parameter

Quantification

No. of
patients
available
for
calculation

Designtion of associated NPL, n (%)

Benigne 253 (11)

2248

Malignant 1995 (89)
Chronological presentation, n (%)

Synchoronous 366 (50)

732

GIST first 179 (24)
Ass. NPL first 187 (26)
Histological subtypes of GIST, n (%)

Spindle

Total population 409 (78)

525; 185

GIST + ass. NPL 149 (80)
Epitheloid

Total population 43 (8)
GIST + ass. NPL 11 (6)

Mixed

Total population 73 (14)
GIST + ass. NPL 25 (14)

GIST: Gastrointestinal stromal tumors.

Table 5 Distribution of risk scores, n (%)
Risk score

GIST without associated neoplasia

GIST with associated neoplasia

Total

Low and very low

123 (35)

230 (65)

353

Intermediate and high

373 (69)

165 (31)

538

Total

496

395

891

GIST: Gastrointestinal stromal tumors.
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Figure 2

Figure 2 Localization of gastrointestinal stromal tumor-associated neoplasias. GI: Gastrointestinal.

ARTICLE HIGHLIGHTS
Research background
In recent years, numerous case reports, mostly retrospective studies and a few reviews on the
topic of second neoplasias associated with gastrointestinal stromal tumors (GIST) have been
published. To our knowledge, however, this is the first systematic review of the existing data.

Research motivation
The aim of this review was to prepare a compilation, as complete as possible, of all reported
second tumor entities that have been described in association with GIST, and to systematically
analyze the published studies with regard to frequency, localization, and types of GISTassociated neoplasms.

Research objectives
The main focus of this review was on frequency, localization, dependence of gender, age and
risk classification of GIST associated neoplasias. Summarizing the data of a large number of
patients could especially help in the daily clinical work with GIST patients.

Research methods
The MEDLINE and EBSCO databases were searched for a combination of the keywords
GIST/secondary, synchronous, coincident/tumor, neoplasm, and relevant publications were
selected by two independent authors. All case reports were summarized according to the
reported tumor entity and included clinical studies were analyzed with regard to the previously
mentioned topics.

Research results
Of the initially found 3042 publications, 130 papers were selected; 22 of these were original
studies, and 108 were case reports. In the 22 selected studies, comprising a total number of 12050
patients, an overall rate of GIST-associated neoplasias of 20% could be calculated. Most second
neoplasias were found in the gastrointestinal tract (32%) and in the male and female urogenital
tract (30%). The male-to-female ratio revealed a predominance of male gender in cases with
associated neoplasia. The specific risk scores of GISTs associated with other tumors were
significantly lower than those of GIST without associated neoplasias. The question if there are
specific genetic mutations that occur with a higher frequency in GIST patients with second
tumors could not be answered and would be an interesting topic for future research.

Research conclusions
GISTs are associated with other neoplasias with a rate of 20% and occur most frequently in the
gastrointestinal and urogenital tract. This confirms previous findings on a larger number of
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patients. GIST associated neoplasias occur with a higher likelihood in older, male patients with
low grade GIST. 50% of GIST associated neoplasias are detected synchronously. Our findings
should be a reason to consider frequent controls or extended staging for early detection of
second neoplasias, especially in the gastrointestinal and urogenital tract.

Research perspectives
If there is a causal relation between GIST and second tumors remains unclear. As data on genetic
mutations of the GIST were reported very heterogeneously focusing on this topic could be an
interesting point for future research.
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Abstract
BACKGROUND
Positive family history is a risk factor for development of colorectal cancer.
Despite numerous studies on the topic, the absolute risk in patients with a
positive family history remains unclear and therefore studies are lacking to
validate non-invasive screening methods in individuals with positive family
history.
AIM
To quantify the risk of colorectal cancer in individuals with a positive family
history.
METHODS
A comprehensive electronic literature search was performed using PubMed from
January 1955 until November 2017, EMBASE from 1947 until 2018, and Cochrane
Library without date restrictions. Two independent reviewers conducted study
selection, data extraction and quality assessment. A meta-analysis of MantelHaenzel relative risks was performed using the random effects model.
Newcastle-Ottawa scale was used to score the quality of selected papers. Funnel
plot and Egger’s regression test was performed to detect publication bias.
Subgroup analysis was performed comparing Asian and non-Asian studies.
Sensitivity analyses were performed to rule out the effect of the timing of the
study, overall quality, the main outcome and the effect of each individual study
in overall result.
RESULTS
Forty-six out of 3390 studies, including 906981 patients were included in the final
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analysis. 41 of the included studies were case-control and 5 were cohort. A
positive family history of colorectal cancer in first-degree relatives was associated
with significantly increased risk of colorectal cancer with a relative risk of 1.87
(95%CI: 1.68-2.09; P < 0.00001). Cochrane Q test was significant (P < 0.00001, I2 =
90%). Egger’s regression test showed asymmetry in the funnel plot and therefore
the Trim and Fill method was used which confirmed the validity of the results.
There was no difference between Asian versus non-Asian studies. Results
remained robust in sensitivity analyses.
CONCLUSION
Individuals with a positive family history of colorectal cancer are 1.87 times more
likely to develop colorectal cancer. Screening guidelines should pay specific
attention to individuals with positive family history and further studies need to
be done on validating current screening methods or developing new modalities
in this high-risk population.
Key words: Colorectal cancer; Risk; Family history
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The increased risk of developing colorectal cancer in individuals with a positive
family history remains unknown. Many independent studies have provided different
numerical risks with relatively large differences between the values. Here, we have
performed a systematic review and meta-analysis to provide a more accurate estimate of
this increased risk in an attempt to aid future guideline making and help implement
preventative measures for at-risk individuals.

Citation: Mehraban Far P, Alshahrani A, Yaghoobi M. Quantitative risk of positive family
history in developing colorectal cancer: A meta-analysis. World J Gastroenterol 2019;
25(30): 4278-4291
URL: https://www.wjgnet.com/1007-9327/full/v25/i30/4278.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i30.4278

INTRODUCTION
Colorectal cancer is the third most common cancer and the fourth leading cancerrelated cause of death worldwide[1]. Most colorectal cancer seems to have a stepwise
progression from precancerous lesions [2] . As an example, the number, size and
physical characteristics of adenomas can determine the likelihood of malignant
transformation[3]. Presence of advanced colorectal adenomas characterized by a large
size (greater than 1 cm), high multiplicity (more than 3 adenomas), villous morphology and high grade dysplasia results in higher risk of developing colorectal
cancer[4]. The incidence of colorectal cancer is expected to increase in the future,
leading to an additional 1.1 million deaths by the year 2030[5]. Given the morbidity
and mortality associated with this cancer, it is important for clinicians to understand
the quantitative risk associated with various risk factors.
Several environmental and hereditary factors are known as the risk factors for
colorectal cancer[6]. Some of these include previous history of inflammatory bowel
diseases (ulcerative colitis and Crohn’s disease), high amounts of processed meat in
the diet, high body fat, cigarette smoking and low fruit and vegetable consumption[7].
In addition, patients with inherited conditions such as, hereditary non-polyposis
colorectal cancer (HNPCC) and familial adenomatous polyposis (FAP) as well those
with a positive family history of colorectal cancer in relatives are at a higher risk of
developing this condition [8] . An old meta-analysis of 27 studies attempted to
determine the risk associated with colorectal cancer in individuals with a positive
family history of the condition, however, many newer studies have been published
and the recommended methodology to perform conventional meta-analysis has since
significantly changed specially in the area of risk of bias assessment[9].
Several case-control and cohort studies from different regions around the world
have attempted to quantify the risk of familial colorectal cancer [9] . However,
substantial variability is present amongst the estimated risks in different publications.
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Therefore, despite availability of multiple screening modalities for colorectal
precancerous and cancerous lesions such as colonoscopy, fecal occult blood test
(FOBT), and fecal immunochemical test (FIT), guidelines either lack specific
recommendations for preventative screening in individuals with a positive family
history of colorectal cancer or make conditional recommendation based upon quality
evidence[10-12]. Therefore, the aim of this study was to systematically review these
papers and perform a meta-analysis according to Cochrane Group Methodology to
provide a more accurate estimate for the risk of colorectal cancer associated with a
positive family history of the disease in first-degree relatives of the patient[13].

MATERIALS AND METHODS
Registration
The study protocol was registered (CRD42018094964) in the International prospective
register of systematic reviews (PROSPERO).

Search strategy
Comprehensive electronic searches of PubMed from January 1955 until November
2017, EMBASE from 1947 until 2018, and Cochrane Library without date restrictions
were performed using a highly sensitive search strategy to identify studies with
MeSH headings and text words which included (1) Family, (2) Colorectal Cancer, (3)
Medical History. No language restriction was applied. In addition, the bibliography of
selected articles were manually searched to find any additional studies for our metaanalysis.

Inclusion criteria
Case-control studies were included if they involved colon, rectal or colorectal cancer
patients as cases and non-colorectal cancer patients as controls. The exposure of
interest was a positive family history of colorectal cancer in first-degree relatives of
patients. Additionally, cohort studies were eligible for inclusion if they followed
individuals with positive and negative family history of colorectal cancer in firstdegree relatives and assessed the patients for the outcome of colorectal cancer. Studies
which did not clearly define relatives as first-degree relatives were also included,
however, we planned to do a sensitivity analysis to investigate their effect on overall
result.

Exclusion criteria
Abstracts, studies with insufficient data that did not allow for independent calculation
of relative risk, paediatric studies, as well as duplicate studies were excluded.
Moreover, we excluded studies which relied on the same patient databases and
medical records during overlapping patient recruitment periods to avoid duplications. Studies which included patients with known hereditary conditions (FAP
and HNPCC) or inflammatory bowel diseases were excluded. Studies that reported
family history without specifying colorectal cancer were not included in the analysis.

Outcome measure
The main outcome of interest in this meta-analysis was the relative risk of colorectal
cancer in first-degree relatives of patients. We independently calculated relative risk
based on original data presented in the studies[14].

Reliability
In order to reduce the risk of selection bias, two independent reviewers performed the
literature search, data extraction and quality assessment. In cases where an agreement
could not be reached, a third reviewer was involved.

Risk of bias
Newcastle-Ottawa scale (NOS) for the assessment of risk of bias in non-randomized
studies was sued to assess the quality of the included studies[15]. The score ranged
from 0 to 9 based on three categories: Selection, comparability and exposure/
outcome[15]. We defined a score greater than 5 as high quality and any score equal or
less than 5 was considered low.

Publication bias
We did not restrict our search strategy based on language, risk of bias, sample size or
geographical location of the study. A funnel plot analysis was also performed to
assess the likelihood of publication bias[16]. Egger’s regression test was also performed
to detect asymmetries in the funnel plot[17]. Comprehensive Meta-analysis Version 3.0
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was used for Egger’s regression analysis for assessing asymmetries in the funnel plot
and for Trim and Fill sensitivity analysis[18]. P values less than 0.05 were considered
significant for the significance of asymmetry.

Statistical analysis
Review Manager 5.3 was used to perform a meta-analysis of random model MantelHaenzel relative risk for case control and cohort studies[18]. P values less than 0.05
were considered to be statistically significant. Higgins I2 and Cochran’s Q were used
to measure heterogeneity as recommended by Cochrane Collaboration[19]. Additional
subgroup and sensitivity analyses were planned a priori to investigate sources of
heterogeneity in the result. Subgroup analysis was performed based on the
geographical location of the study by separately analyzing Asian and non-Asian
studies. Several sensitivity analyses were also conducted by excluding the largest
included trial as well as each included study by turn to ensure none single study has
significantly changed the conclusion of the study. P values less than 0.10 were
considered statistically significant for heterogeneity. Additional subgroup and
sensitivity analyses were planned a priori to investigate sources of heterogeneity in the
result. Subgroup analysis was performed based on the geographical location of the
study by separately analyzing Asian and non-Asian studies given different
prevalence of colorectal in these two areas. Several sensitivity analyses were also
conducted by excluding the largest included trial as well as each included study by
turn to ensure none single study has significantly changed the conclusion of the
study. results were presented with 95% confidence intervals whenever possible.

RESULTS
Characteristics of included studies
Of 3390 studies identified, 46 studies including 906981 patients were included in the
final analysis. All studies with exception of one were written in the English[20]. Figure
1 depicts the PRISMA diagram for our literature search. 41 of the included studies
were case control and 5 were prospective and retrospective cohort. In total, there were
47898 colorectal cancer patients and 320360 control subjects included in the case
control studies. In addition, there were 68345 patients with a positive family history of
colorectal cancer, and 470378 subjects without a family history of colorectal cancer.
Table 1 contains detailed information about the studies included. We observed small
visual asymmetry in the funnel plot (Figure 2) and Egger’s regression for the detection
of asymmetry (Figure 3) in the funnel plot was statistically significant (P = 0.047).

Relative risk of colorectal cancer in first-degree relatives
The relative risk of developing colorectal cancer in first-degree relatives of patients
was 1.87 (95%CI: 1.68-2.09; P < 0.00001) using the random effects model to account for
detected heterogeneity (Figure 4). We performed a subgroup analysis between Asian
and non-Asian studies as hypothesized a priori. 18 studies were conducted in Asian
countries and 28 studies were conducted in non-Asian countries. The relative risk of
colorectal cancer in first-degree relatives was 1.83 (95%CI: 1.54-2.16; P < 0.00001) in
Asian studies as compared to 1.88 (95%CI: 1.63-2.17; P < 0.00001) in non-Asian
studies. Heterogeneity remained in both subgroups (P < 0.00001, I2 = 72 and I2 = 93%
respectively). There was no significant difference in the relative risk between the
subgroups (P = 0.78). Figure 4 depicts this meta-analysis.

Sensitivity analysis
Family history as the primary objective: Thirteen studies reported information about
family history as their primary outcome and 33 studies reported information as their
secondary outcomes. Heterogeneity persisted in studies with family history as
primary or secondary outcome. The Mantel-Haenzel random effect relative risk was
not significantly different between the two subgroups (P = 0.28).
Risk of bias: There were 23 high-quality studies and 23 low-quality studies.
Heterogeneity was unaffected by quality of the included studies. The Mantel-Haenzel
random effects relative risk was not significantly different between the two subgroups
(P = 0.99).
Case control studies versus cohort studies: There were 41 case control studies and 5
cohort studies with non-significant difference in relative risk between the groups (P =
0.27). Design of studies did not affect the heterogeneity in the results.
Timing of the study: There were 12 studies published prior the year 2000 and 34
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Table 1 Characteristics of the included studies (n = 46)
Study author

Year of
publication

Type of study

Country of
origin

Type of family
history

Study period
(start-end)

Type of
outcome

Nos quality
scale

Arafa et al[33]

2011

Case control

Jordan

FDR

2008-2009

Secondary

6

Bener et al[34]

2010

Case control

Qatar

FDR

2003-2008

Primary

7

Bonelli et al[35]

1988

Case control

Italy

FDR

1980-1986

Primary

4

Castiglione et
al[36]

2012

Case control

Italy

FDR

1995-2009

Primary

4

Centonze et al[37] 1993

Case control

Italy

FDR

1987-1989

Primary

8

Crockett et al[38]

2012

Case control

United States

FDR

2001-2006

Secondary

7

Emami et al

2015

Case control

Iran

FDR

N/A

Secondary

5

Fernandez et
al[40]

2002

Case control

Italy

FDR

1985-1992

Secondary

5

Freedman et
al[41]

1996

Case control

United States

FDR

1982-1992

Secondary

6

Fuchs (health
professional
cohort) et al[42]

1994

Prospective

United States

FDR

1986-1992

Primary

3

Fuchs (nurse
health cohort)

1994

Prospective

United States

FDR

1982-1990

Primary

3

Grosso et al[43]

2014

Case control

Italy

Unclear

2000-2012

Secondary

7

Guo et al

2010

Case control

China

At least one FDR
or two or more
SDR

2007

Secondary

7

Huang et al[45]

2004

Case control

Japan

FDR

1988-1998

Secondary

2

Ibáñez-sanz et
al[46]

2017

Case control

Spain

FDR, SDR, TDR

2008-2013

Secondary

7

Il'yasova et al[47]

2003

Case control

United States

Unclear

1996-2000

Secondary

7

Jia et al

[20]

2007

Case control

China

FDR

2003-2005

Secondary

7

Jo et al[48]

2012

Case control

South Korea

Unclear

2004-2007

Secondary

3

Kampman et
al[49]

2000

Case control

United States

FDR

1991-1994

Secondary

6

Kim et al[50]

2009

Case control

South Korea

FDR

2001-2004

Secondary

4

Kotake et al[51]

1995

Case control

Japan

FDR

1992-1994

Primary

6

Kune et al[52]

2009

Case control

Australia

FDR

1980-1981

Primary

7

La vecchia et
al[53]

1996

Case control

Italy

FDR

1985-1992

Secondary

4

Le merchand et
al[54]

1999

Case control

United States

FDR

1987-1991

Secondary

8

Lee et al[55]

2014

[39]

[44]

Retrospective

Sweden

FDR: Sibling only 1958-2009

Primary

5

Lohsoonthorn et 1995
al[26]

Case control

Thailand

FDR: Parents only N/A

Primary

7

Mahmoudi et
al[56]

2014

Case control

Iran

Unclear

2009-2012

Secondary

4

Mahmoudi et
al[57]

2016

Case control

Iran

Unclear

2008-2012

Secondary

4

Minami et al[58]

2003

Case control

Japan

FDR

1997-2001

Secondary

5

Morois et al[59]

2014

Prospective

France

FDR

1990-2008

Secondary

4

Newcomb et
al[60]

1999

Case control

United States

FDR

1990-1991

Primary

7

Otani et al[61]

2006

Case control

Japan

Unclear

1990-2003

Secondary

7

Pou et al[61]

2012

Case control

Argentina

FDR

2006-2010

Secondary

7

Rennert et al[62]

2010

Case control

Israel

FDR

N/A

Secondary

5

Rosenberg et
al[63]

1998

Case control

United States

FDR

1992 -1994

Secondary

8

Russo et al[64]

1998

Case control

Italy

Unclear

1992-1996

Secondary

4

Samadder et
al[65]

2016

Case control

United States

FDR

2000-2010

Secondary

7

Schoen et al[66]

2015

Prospective

United States

FDR

1993-2001

Primary

5
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Senda-nakagawa 2017
herpacc (i) et
al[67]

Case control

Japan

FDR

1988-2000

Secondary

5

Senda-nakagawa 2017
herpacc (ii)

Case control

Japan

FDR

2001-2005

Secondary

5

Seow et al[68]

2002

Case control

China

FDR

1999-2000

Secondary

4

Shang et al[69]

2016

Case control

Australia,
Canada, United
States

FDR

1997-2012

Secondary

6

Sun et al[70]

2012

Case control

Canada

Unclear

1997-2003

Secondary

7

Turati et al[71]

2013

Case control

Italy, Switzerland FDR

1991-2009

Primary

3

Weigl et al

[72]

2016

Case control

Germany

FDR

2003-2014

Secondary

7

Wells et al[73]

2014

Case control

United States

FDR: colon cancer 1993-1996
only (not rectal)

Secondary

5

FDR: First-degree relative; SDR: Second degree relative; TDR: Third degree relative; NOS: Newcastle Ottawa scale.

studies published after. The Mantel-Haenzel random effects relative risk was not
significantly different between the subgroups (P = 0.14). Heterogeneity was not
significant in studies published before 2000 (P = 0.16, I2 = 29%), and significant in
studies published after 2000 (P < 0.00001, I2 = 92%).
Proximity of relative with positive history: Thirty-five studies reported family
history only in first-degree relatives and 11 studies were either unclear or included
other groups. Heterogeneity was unaffected by the family history information. The
relative risk between the two subgroups was not statistically significant (P = 0.30).
Excluding each study in turn: Excluding none of the included studies significantly
changed the results.
Trim and fill analysis: The adjusted Mantel-Haenzel random effects relative risk was
1.66 (95%CI: 1.47-1.87) in Trim and Fill analysis, which is not substantially different
from the crude value for the measure. Figure 3 shows the visual representation of the
funnel plot after the inclusion of imputations for possible missing studies.

DISCUSSION
Our meta-analysis of case control and cohort studies showed that patients with a
positive family history of colorectal cancer in first-degree relatives have a 1.87-fold
chance for the development of this condition compared to those without a family
history. To our knowledge, this is the first comprehensive published meta-analysis
estimating the relative risk for development of colorectal cancer in the context of
positive family history in the last 15 years including more than 900000 patients. The
only published meta-analysis included 26 studies published before the year 2000 to
estimate the relative risk of colorectal cancer to be 2.25 in patients with a positive
family history [9] . However, the authors only searched MEDLINE as opposed to
multiple databases which could have led to selection bias. On the other hand they did
not assess the studies for the risk of bias. In our study a subgroup analysis showed the
risk of colorectal cancer to be 2.06 in a sensitivity analysis of studies published before
the year 2000. These results could indicate the possibility of time lag publication bias
whereby over time, with newer studies available, evidence indicates that the initial
risk for familial colorectal cancer may have been overestimated[21]. Moreover, it is
possible that studies published before the year 2000 included patients with hereditary
conditions such as FAP and HNPCC due to lack of awareness or technological
advances to detect those patients, therefore contributing to the overestimation of
colorectal cancer risk in individuals with a positive family history. However, a
sensitivity analysis did not show a significant difference in the overall risk in studies
published before 2000 as compared to those published afterward.
We performed subgroup analysis based on the location of the study conducted.
This subgroup analysis was based on the fact that colorectal cancer has a higher
incidence in Europe and North America and it is less common in South and Central
Asia[22]. According to the 2018 global burden of cancer report published by the World
Health Association, the age standardized incidence of colorectal cancer is 17.7 per
100000 in Asia as opposed to 26.2 in North America, and 30 in Europe [ 2 2 ] .
Additionally, the Western diet has been associated with an increased risk of colorectal
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Figure 1

Figure 1 PRISMA diagram of the literature search conducted.

cancer especially for those diagnosed at a younger age[23]. However, our analysis
revealed that there was no significant difference between the two subgroups that may
indicate that the role of family history has equal importance in Asian as compared to
non-Asian populations. This finding may play an important role in developing
recommendations regarding individuals with family history of colorectal cancer in
screening guideline in Asian populations. One should note that the absolute risk
might still be lower in an individual with Asian background given the overall lower
prevalence despite similar relative risk.
We observed substantial heterogeneity in the results which persisted despite
various sensitivity analyses except for the subgroup of studies published before the
year 2000. We used random model effect analysis to reduce the effect of heterogeneity
on our results. We also performed several sensitivity analyses to explain the statistical
heterogeneity. Several factors may explain the observed heterogeneity. Various
environmental and lifestyle factors such as physical activity, smoking and alcohol
consumption also impact the likelihood of developing colorectal cancer[7]. Our metaanalysis was limited by the primary information provided and we were not able to
calculate an adjusted relative risk for familial colorectal cancer based on the
abovementioned factors. Consequently, it is possible that inherent differences
between the study subjects in other risk factors could have led to the presence of
heterogeneity in the results as one might expect from such a large meta-analysis. In
addition, evidence from previous studies shows that the familial risk of colorectal
cancer may also be site dependent which could have also contributed to heterogeneity
in the results[9]. Moreover, the familial risk of colorectal cancer is also dependent on
the number of relatives affected which could have led to heterogeneity in the results[9].
There are other possible shortcomings in this study due to intrinsic nature of each
meta-analysis. Firstly, there is a possibility for selection bias. Although we did not
restrict the language of the initial literature search and used a sensitive strategy to
include all the critical studies, it is possible that some eligible studies may not have
been included. Only one of the included studies was not published in the English
language[20]. However, in this case we were able to access duplicate publication of the
same results in English[24]. In addition to selection bias, given that most of the included
studies were retrospective in design, there is a possibility of recall bias. It is possible
that patients may have provided incorrect family history information[25]. Indeed, the
Newcastle-Ottawa scale tool revealed that only 1 included study used a blinded
trained interview as a method of determining patient family history information[26].
Another potential source of bias is publication bias which led us to perform Trim
and Film sensitivity analysis. We limited our search to published articles and
excluded abstracts. We observed small visual asymmetry in the funnel plot and
Egger’s test was significant for asymmetry. It is important to mention that the
presence of asymmetry in a funnel plot does not necessarily indicate publication bias
and could be caused by other reporting biases[17]. Since we were unable to offer other
possibilities than publication bias for the asymmetry of the funnel plot, we decided to
perform Trim and Fill analysis. Our results remained robust with the Trim and Fill
analysis with the adjusted relative risk overlapping greatly with the crude relative
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Figure 2

Figure 2 Funnel plot of included studies separated based on the country of origin (Asian vs non-Asian).

risk. These analyses indicate that although publication bias is a possibility in this
meta-analysis, it could not have substantially affected the results.
The cause for the increased risk of colorectal cancer in patients with a positive
family history is not well defined, but it can be attributed to both genetic and
environmental factors[27]. Some known environmental factors for colorectal cancer
include poor nutritional practices such as a diet rich in fats and red meat, smoking,
obesity, low physical activity and heavy alcohol consumption[27]. Recent advances in
cancer research has recognized the individual variability in biological markers in
cancer patients, leading to the emergence of pathological molecular epidemiology[28,29].
According to this emerging field, it is possible that specific environmental factors such
as dietary choices, physical activity and alcohol consumption contribute to the
incidence and prognosis of specific forms of colorectal cancer categorized through the
presence or absence of pathological molecular markers. For instance, it is well
established that mutations within KRAS and BRAF oncogenes lead to an increased
risk of developing colorectal cancer through the activation of the epidermal growth
factor receptor. A recent case case-control study of 959 Chinese CRC cases found that
one’s mutational status is associated with variables such as sex, smoking status, serum
carbohydrate antigen 19-9 and carcinoembryonic antigen[30]. According to the findings
of this paper, colorectal cancer tumours with mutated KRAS or BRAF were associated
with higher levels of serum carbohydrate antigen 19-9 and carcino-embryonic antigen
which are considered to be indicative of poor prognosis and survival in CRC
patients[30]. Moreover, another pathological molecular epidemiology study determined
that having a first degree relative with CRC is significantly associated with having
wild type KRAS[31]. Many of the studies looking at specific subsets of CRC patients are
recent and still substantial variability between individual papers is present, making it
exceedingly difficult to perform a meta-analysis with high clinical importance. Over
the next decade, as newer studies in the field of molecular pathological epidemiology
become available, an updated meta-analyses can potentially examine specific subsets
of colorectal cancer, such as those with mutated KRAS and BRAF to further explore
the role of family history as compared or in combination of other factors
demonstrated by molecular epidemiology studies.
Future studies should aim to determine how these environmental factors act in
conjunction with genetic factors to affect patients with a family history.
In conclusion, we have found that patients with a positive family history of
colorectal cancer in first-degree relatives are at a significantly higher risk of
developing the disease. These findings could be used for the development of
guidelines for screening and preventative programs for patients of colorectal cancer
relatives in all populations. The development of such guidelines could yield
population-wide health benefits, as national organizations such as the American
Cancer Society, currently focus on individuals at an average risk of colorectal cancer
as opposed to those at an increased risk for their guidelines[32]. In addition, although
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Figure 3

Figure 3 Trim and Fill analysis of the funnel plot to adjust for asymmetries. Red dots indicate studies which
were imputed.

some organizations, such as United States. Multi-society Task Force on Colorectal
Cancer, have produced guidelines directed at high-risk populations, they require
further validation by more recent studies[12]. Despite development of multiple noninvasive modalities to screen average-risk individuals, none has been validated in a
rigorous study in individuals with positive family history. Therefore, the results of
our meta-analysis might provide grounds for future studies to develop better
screening methods as compared to colonoscopy in this population[10-12].
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Figure 4

Figure 4 Relative risk of developing colorectal cancer in individuals with a first-degree relative. Subgroup analysis is conducted based on the geographical
location where the study was conducted (Asian vs non-Asian).
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ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is one of the most common and dangerous malignancies which is likely caused
by a combination of environmental and genetic factors. Although it has been long known that
individuals with a positive family history of colorectal cancer are at an increased risk of
developing this cancer, a robust quantitative estimate of this increased risk is not available in the
medical literature with large variability between individual studies.

Research motivation
Estimating the increased risk of individuals with a positive family history of colorectal cancer
could be crucial for the development of preventative and screening guidelines for these
individuals. The currently existing screening guidelines for individuals with a positive family
history are not based on high quality evidence or absent all-together.

Research objectives
The objective of this report was to accurately estimate the risk of developing colorectal cancer in
patients with a positive family history.

Research methods
This project was a meta-analysis of case-control and cohort studies of colorectal cancer patients.
Data from individual papers was extracted to independently calculate a relative risk of colorectal
cancer in patients with a positive family history.

Research results
We found that a positive family history of colorectal cancer in first-degree relatives is associated
with significantly increased risk of colorectal cancer with a relative risk of 1.87 (95%CI: 1.68-2.09;
P < 0.00001). Future research should aim to determine the influence of environmental factors
such as diet and exercise on the familial risk of developing colorectal cancer.

Research conclusions
We found that individuals with a positive family history of colorectal cancer have almost 2-fold
higher chance of developing this cancer. To our knowledge, this is the first manuscript in the
past decade which estimated the risk of familial colorectal cancer. Our results can substantially
contribute to the development of new screening guidelines for individuals with a positive family
history.

Research perspective
More research is required to gain a better understanding of the influence of environmental
factors on the familial risk of colorectal cancer. In addition, future projects should determine
whether the number of first degree relatives affected and their age of initial diagnosis has an
effect on the increased risk of this cancer.
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Abstract
Erythropoietic protoporphyria (EPP) is an extremely rare disease which is often
unrecognized as diagnosis. In the recent article Lui et al describe a patient with a
new diagnosis of EPP with severe liver injury. Approximately 5%-20% of patients
with EPP develop liver manifestations. The most severe complication of EPP is an
hepatic crisis, which is a medical emergency requiring urgent treatment.
Intensive treatment should consist of (exchange) transfusions and preferably in a
center that performs liver transplantations.
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Core tip: Erythropoietic protoporphyria (EPP) can be complicated by severe liver injury.
The major highlight of this letter is to stress that an EPP hepatic crisis has to be
recognized as it can be fatal, and the best therapeutic options are (exchange) transfusions
and preferably in a center that performs liver transplantations.
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TO THE EDITOR
With great interest we read the case report on the diagnosis of erythropoietic
protoporphyria (EPP) with severe liver injury by Liu et al[1] in the February 2019 issue
of World Journal of Gastroenterology. They report a case presenting with weight loss,
jaundice, and hepatitis. After extensive investigation the diagnosis of EPP was made
and the liver disease was explained as related to EPP. We greatly appreciate the
dedication of the authors to improve awareness of EPP and EPP related liver injury in
order to aid early recognition.
In addition to their paper, we like to propose treatment options for severely ill
patients. Approximately 5%-20% of patients with EPP develop liver manifestations[2].
Hepatic manifestations of the disease are diverse, ranging from mildly disturbed liver
enzymes, choledocholithiasis at early age to fatal hepatic failure. The case of Liu et al
reports elevated transaminases, hyperbilirubinemia, enlargement of the liver and
ascites on magnetic resonance imaging (MRI) suggesting severe liver disease. The
most severe complication of EPP, which can rapidly result in fatal hepatic failure, is
cholestatic liver failure, which we, by analogy with the hepatic crises of sickle cell
disease, designate as an EPP hepatic crisis, to accentuate that this condition is a
medical emergency requiring urgent treatment. These EPP crises present with severe
abdominal pain, jaundice, and biochemically severe cholestatic hepatitis,
accompanied by a significant increase in erythrocyte and plasma protoporphyrin IX
over preexisting levels. During a hepatic crisis, which is often provoked when the
liver is damaged by another cause such as alcohol consumption or viral hepatitis, the
biliary excretion of protoporphyrin is reduced, leading to a rise of protoporphyrin
levels which may further damage the canaliculi and biliary tract. This results in a
vicious circle causing further liver damage and rapidly leads to acute liver failure if
left untreated. In case of a hepatic crisis the suggested treatment of Liu et al, consisting
of avoiding light, drinking glucose water, and a carrot diet including β carotene,
resulted in recovery of their patient. We suggest a more intensive treatment in
severely ill patients to prevent possible fatal outcome. The cornerstone of this therapy
is to quickly lower protoporphyrin levels in order to provide an opportunity for the
liver to recover. This can be achieved with exchange transfusions[3]. In addition,
suppression of hematopoiesis and endogenous protoporphyrin production via blood
transfusions to supraphysiological hemoglobin levels should be considered[4]. If this
treatment fails, liver transplantation is the only treatment option left[5]. Because of the
severity of EPP-related liver crises, prevention of liver damage should be attempted in
all EPP patients, by advising against and restricting alcohol consumption, avoiding
potentially hepatotoxic drugs and vaccinating against hepatitis A and B virus[6].
To conclude, a severe EPP hepatic crisis can be fatal and should be treated
intensively via (exchange) transfusions and preferably in a center that performs liver
transplantations.
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Abstract
Rectal cancer constitutes a major public health issue. Total mesorectal excision
has remained the gold standard treatment for mid and low rectal tumors since its
introduction in the late 1980s. Removal of all lymph nodes located in the
mesorectum has indeed improved pathological and oncological outcomes.
However, when cancer spreads to the lateral lymph nodes (located along the iliac
and obturator arteries) Western and Japanese practices differ. Where the Western
guidelines consider this condition as an advanced form of the disease and use
neoadjuvant radiochemotherapy liberally, the Japanese guidelines define it as a
local disease and proceed to lateral lymph node dissection with or without
neoadjuvant treatment. Herein, we review the current literature regarding both
therapeutic strategies, with the aim of contributing to potential improvements in
treatment and outcome for patients with low and mid rectal cancer.
Key words: Total mesorectum excision; Mesorectal resection; Lateral node metastasis;
Extended lymphadenectomy
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Core tip: Total mesorectal excision has remained the gold standard treatment for mid and
low rectal tumors since its introduction in the late 1980s. However, where the Western
guidelines consider spread to the lateral lymph nodes as an advanced form of the disease
and use neoadjuvant radiochemotherapy liberally, the Japanese guidelines define it as a
local disease and proceed to lateral lymph node dissection with or without neoadjuvant
treatment. We review the current literature for therapeutic strategies, enhancing
knowledge for treatment of patients with low and mid rectal cancer.
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INTRODUCTION
Rectal cancer is ranked 8th among all cancers worldwide in terms of both incidence
(3.9%) and mortality (3.2%), according to the latest data from GLOBOCAN 2018[1].
Although introduction of the total mesorectal excision (TME) treatment method[2] led
to improved pathological and oncological outcomes-emerging as the gold standard
surgical procedure-the treatment of mid and low rectal cancers remains challenging[3].
TME allows for the removal of perirectal lymph nodes, reducing the local
recurrence rate from the pre-TME rates of 14%-40% down to 6.5%[4]; however, low and
mid rectal cancer cells have the tendency to spread to lateral nodes, such as the
internal iliac nodes, common iliac nodes, obturator nodes, and external iliac nodes[5].
Cases of metastases in these nodes reportedly range between 10.6% and 25.5% when
the lateral lymph node dissection (LLND) has been performed for advanced rectal
cancers (stages II-III)[6]. One of the main issues nowadays is what to do with these
lateral nodes? While they are considered as regional metastatic nodes and surgically
removed in Japan[7], they are defined as advanced disease in the West and lead to the
use of neoadjuvant treatment[8].

LYMPHATIC DRAINAGE OF THE RECTUM
Lymphatic vessels of the rectum are formed from the lymphatic plexuses located in
the rectal wall under the mucosa. Then, they reach the perirectal ganglia located in the
mesorectum. After crossing the mesorectum, they form three trunks with nodal
groups: the superior trunk drains into the rectosigmoid and forms the inferior
mesenteric nodal groups; the middle trunk drains into the internal, external and
common iliac lymph nodes and sacral nodes; and the inferior trunk drains into the
superficial inguinal and external iliac lymph nodes, but also into the pelvic, sacral and
internal iliac nodal groups. In case of cancer, its level of localization correlates to the
risk of lymph node metastasis[9]. Moreover, rates of lymph node metastasis follow the
depth of invasion and consequently the T stage[10,11].
The rectum is considered as a digestive segment, measuring around 15 cm in length
and consisting of two parts: One covered by the peritoneum and one without
peritoneum. However, there is no consensus regarding the definition of low rectum
and, as a consequence, none for the localization of low rectal cancers. Traditionally,
the rectum has been considered to be 15 cm long, as measured from the anal verge;
however, Germany and the United States have defined the length as 16 cm and 12 cm,
respectively[12]. Recently, the LOREC program of the United Kingdom (designed with
the aim of improving low rectal cancer management [13] ), proposed a magnetic
resonance imaging (commonly known as MRI)-based anatomical definition. In such,
low rectum is defined as the place “where the mesorectum tapers at the origin of the
levators, at the pelvic sidewall” (around 6 cm from the anal verge).
On the other hand, in Japan, the classification depends on location of the tumor in
relation to the peritoneal reflection, being either above (Ra) or below (Rb)[14]. However,
it is most often an operative findings’ based-classification. It may be indeed difficult to
achieve a correct preoperative assessment of the peritoneal reflection with the current
imaging modalities.

LATERAL LYMPH NODE METASTASIS CONSTITUTES AN
ONCOLOGICAL PREDICTOR
The latest tumor-node-metastasis classification (AJCC 8th edition)[15] considers lateral
lymph node (LLN) involvement as indicating distant disease status. However,
Japanese surgeons still acknowledge the presence of LLN involvement as a local
disease, and consequently as a resectable disease [16] . Thus, in addition to TME,
Japanese guidelines recommend performing systematic LLND when positive LLN(s)
are suspected or in cases of stages II-III[16].
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In addition, the presence of positive LLN(s) seems to be a prognostic factor not only
for local recurrence but for overall survival as well. Indeed, in a retrospective study of
66 patients with stage I-III low rectal cancer treated with TME and LLND (without
any neoadjuvant treatment), the presence of micro-metastatic LLN(s) was found to be
significantly associated with reduced 10-year overall survival and recurrence-free
survival[17].
In recent Japanese publications reporting on patients who underwent LLND for
advanced low rectal cancer, the prevalence of LLN metastasis has ranged from 6%[18]
to 50%[19]. This high heterogeneity in reported prevalence is in part due to bias in
patient selection, with some of the research groups having performed systematic
LLND[20] and others selective LLND based on preoperative imaging[21]. Recently, a
systematic review and meta-analysis showed that MRI was accurate for the
identification of LLN metastasis, with a pooled sensitivity of 0.72 and a pooled
specificity of 0.80[22].

TREATMENT OF METASTATIC LLNS
Considering both prevalence of LLN metastasis and its negative impact on
oncological outcomes, therapies should aim at treating LLN(s), especially in advanced
cancer stages. In the 1950s, LLND was performed systematically for all rectal cancer
cases but survival rates were not those expected and many complications, such as
bleeding, were observed[23]. A 5-year survival rate of 54% was reported in patients
treated with LLND vs 46% of those who did not undergo systematic dissection;
moreover, complications were more frequent and serious after LLND, including
increased transfusion rate, prolonged hospital stay, and major urinary complications.
A more recent Turkish cohort study showed an increase of 19% in urinary
incontinence and 12% in urinary retention in patients with extended LLND compared
to patients without[24]. Of note, similar findings were reported after preoperative
radiotherapy alone[25]. From a sexual function point of view, this was confirmed in a
Dutch cohort study, from which a decrease in sexual function was found to have
occurred after preoperative radiotherapy[26]. These results are in accordance with
Japanese data, which also showed worse sexual function after LLND[27].
Globally, the debate continues regarding the best management of patients with
suspected LLN. Very recently, in a large multicenter study, Ogura et al[28] found that
standard neoadjuvant treatment might be insufficient for preventing local recurrence
in patients with advanced low rectal cancer (cT3/T4) and enlarged LLNs (defined as
having a short axis of at least 7 mm). The authors reported that neoadjuvant
radiochemotherapy plus TME plus LLND led to a 5-year lateral local recurrence rate
of 5.7% (vs 19.5% without LLND). These results have to be taken cautiously as 19.5%
local recurrence rate is unusual after randomized clinical trial (RCT) and TME. Also,
the role of LLND in combination with neoadjuvant treatment could have been further
explored. Also, the role of LLND in combination with neoadjuvant treatment should
have been further explored. A recent Corean study[29] in which patients who had
neoadjuvant CRT followed by standard TME (without LLND) were analysed to see
whether they developed local recurrence in the lateral lymph node compartment. Out
of 366 patients having benefited from neoadjuvant chemoraditherapy and TME, 24
had lateral pelvic recurrence (6.6%); multivariate analysis showed that lateral pelvic
recurrence was significantly associated with ypN and size of lateral lymph node. It
has been suggested that the association of neoadjuvant RCT and TME might not be
sufficient to prevent lateral recurrence in the case of obvious lateral lymph node
metastases. Yet, the overall survival advantage of LLND is still under debate. In a
recent systematic review and meta-analysis including 5502 patients, LLND did not
improve the 5-year overall survival rate but instead led to higher rates of sexual and
urinary dysfunctions, as compared to TME without LLND (odds ratio of 3.7)[30].
Based on these contradictory facts, Japanese surgeons continue performing LLND
for advanced rectal cancers[31]. On the other hand, over the last 10 years, Japanese
teams have tried to improve their results, not only by attempting to decrease the
number of sexual and urinary complications through use of a nerve-sparing
technique[32] but also by limiting the indications of LLND[16]. Since the 2000s, Japanese
guidelines have recommended limiting LLND to tumors with a lower edge lying at or
below the peritoneal reflection[33] and classified as cT3-4 with or without lymphatic
node metastasis[34]. These adjustments have been shown beneficial in terms of both
functional[35] and oncological outcomes[36]. A recent Japanese randomized controlled
trial comparing TME with and without LLND for clinical stage II or III low rectal
cancer demonstrated the two groups to have similar incidence for early urinary
dysfunction (59% and 58% respectively)[35]. Considering oncological outcomes, Fujita
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et al[36] found 7.4% of patients treated with TME and LLND had local recurrences
compared to 12.6% of the patients treated with TME without LLND (P = 0.024).
Overall, both approaches have advantages and drawbacks. Specific strategies are
needed when dealing with low rectal cancer, especially when a significant risk of LLN
involvement is present.

PERSPECTIVES
Further research in this field is definitely needed, to precisely determine the
prevalence of metastatic LLN[37] and to identify the candidates for LLND. Subgroups
of patients should be identified based on preoperative workup[38,39], to offer targeted
therapies, including neoadjuvant radiochemotherapy and/or LLND, according to the
risk of metastatic LLN. It is conceivable that a multistep treatment, including both of
these therapeutic strategies, could be adopted consensually.
Imaging seems to constitute a key element in determining the aggressiveness of
LLN. Thus, by combining radiologic, histologic and proteomic/genomic findings and
using deep learning-machine (radiomics), we might develop a better prognostic
model, leading to personalized therapeutic strategy[40].
As a result, the best strategy to be chosen remains an open debate It is necessary to
underline that computed tomography and MRI methods in detecting nodal
involvement in this lateral region[41] proved to be efficient in only 80%-90%. Moreover,
in western countries, people have more often higher body mass index than in Asia
resulting in more difficulties for surgery. Despite these elements, good surgical
technique seems to be a key factor[42]. As a consequence, it is fundamental to have an
expert colorectal unit being able to perform LLND with preservation of nerves

CONCLUSION
To conclude, despite therapeutic improvements, rectal cancers remain a major health
issue. TME is the gold standard to treat mid and low rectal tumors. However, Japan
and Western guidelines differ as to the definition of when the cancer cells reach the
LLN(s), applying LLND for the former and neoadjuvant treatment for the latter. With
the Japanese approach, functional complications can occur but have been lessened by
the recent emergence of the nerve-sparing technique, whereas it appears that
neoadjuvant treatment exposes patients to long-term functional complications.
Furthermore, local recurrence can occur after radiochemotherapy, especially when
enlarged LLN(s) are found preoperatively in advanced low rectal cancers. Of note, the
survival advantage of LLND remains to be demonstrated. Thus, considering both
Western and Japanese strategies, it is necessary to focus more attention on the
preoperative findings in order to better identify LLN involvement and offer LLND to
the most appropriate, selected group of patients. Routine application of LLND is still
a matter of debate, at least in Western countries, where liberal use of neoadjuvant
radiochemotherapy remains the gold standard.

REFERENCES
1

2
3
4

5

6

7

8

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]
Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer surgery--the clue to pelvic
recurrence? Br J Surg 1982; 69: 613-616 [PMID: 6751457 DOI: 10.1002/bjs.1800691019]
Aitken RJ. Mesorectal excision for rectal cancer. Br J Surg 1996; 83: 214-216 [PMID: 8689166 DOI:
10.1046/j.1365-2168.1996.02057.x]
Ahuja V. 14-Open Surgical Techniques in Colorectal Cancer. In: Gearhart SL, Ahuja N, editors. Early
Diagnosis and Treatment of Cancer Series:. Colorectal Cancer. Saint Louis: W.B. Saunders; 2011; 145165 [DOI: 10.1016/B978-1-4160-4686-8.50019-1]
Fujita S, Kotake K, Longo WE, Reddy V, Audisio RA. Lateral Lymph Node Dissection for Rectal
Cancer. Longo WE, Reddy V, Audisio RA. Modern Management of Cancer of the Rectum. London:
Springer London; 2015; 187-197 [DOI: 10.1007/978-1-4471-6609-2_13]
Watanabe T, Ishihara S, Chang GJ. Management of Lateral Pelvic Lymph Nodes. Chang GJ. Rectal
Cancer: Modern Approaches to Treatment. Cham: Springer International Publishing; 2018; 213-230 [DOI:
10.1007/978-3-319-16384-0_13]
Akiyoshi T, Watanabe T, Miyata S, Kotake K, Muto T, Sugihara K; Japanese Society for Cancer of the
Colon and Rectum. Results of a Japanese nationwide multi-institutional study on lateral pelvic lymph node
metastasis in low rectal cancer: Is it regional or distant disease? Ann Surg 2012; 255: 1129-1134 [PMID:
22549752 DOI: 10.1097/SLA.0b013e3182565d9d]
van de Velde CJ, Boelens PG, Borras JM, Coebergh JW, Cervantes A, Blomqvist L, Beets-Tan RG, van

4297

August 21, 2019

Volume 25

Issue 31

Christou N et al. LLND in rectal cancer

9
10

11

12

13
14

15
16

17

18

19

20

21

22

23
24

25

26

27

28

29

30

WJG

https://www.wjgnet.com

den Broek CB, Brown G, Van Cutsem E, Espin E, Haustermans K, Glimelius B, Iversen LH, van Krieken
JH, Marijnen CA, Henning G, Gore-Booth J, Meldolesi E, Mroczkowski P, Nagtegaal I, Naredi P, Ortiz H,
Påhlman L, Quirke P, Rödel C, Roth A, Rutten H, Schmoll HJ, Smith JJ, Tanis PJ, Taylor C, Wibe A,
Wiggers T, Gambacorta MA, Aristei C, Valentini V. EURECCA colorectal: Multidisciplinary
management: European consensus conference colon amp; rectum. Eur J Cancer 2014; 50: 1.e1-1.e34
[PMID: 24183379 DOI: 10.1016/j.ejca.2013.06.048]
Frenkel JL, Marks JH. Predicting the risk of lymph node metastasis in early rectal cancer. Semin Colon
Rectal Surg 2015; 26: 15-19 [DOI: 10.1053/j.scrs.2014.10.005]
Nascimbeni R, Burgart LJ, Nivatvongs S, Larson DR. Risk of lymph node metastasis in T1 carcinoma of
the colon and rectum. Dis Colon Rectum 2002; 45: 200-206 [PMID: 11852333 DOI:
10.1007/s10350-004-6147-7]
Salinas HM, Dursun A, Klos CL, Shellito P, Sylla P, Berger D, Bordeianou L. Determining the need for
radical surgery in patients with T1 rectal cancer. Arch Surg 2011; 146: 540-543 [PMID: 21576608 DOI:
10.1001/archsurg.2011.76]
Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J, Miedema B, Ota D, Sargent D; National
Cancer Institute Expert Panel. Guidelines 2000 for colon and rectal cancer surgery. J Natl Cancer Inst
2001; 93: 583-596 [PMID: 11309435 DOI: 10.1093/jnci/93.8.583]
Dayal S, Moran. LOREC: The English Low Rectal Cancer National Development Programme. Bri J Hosp
Med 2013 [DOI: 10.12968/hmed.2013.74.7.377]
General rules for clinical and pathological studies on cancer of the colon, rectum and anus. Part II.
Histopathological classification. Japanese Research Society for Cancer of the Colon and Rectum. Jpn J
Surg 1983; 13: 574-598 [PMID: 6672391 DOI: 10.1007/BF02469506]
Weiser MR. AJCC 8th Edition: Colorectal Cancer. Ann Surg Oncol 2018; 25: 1454-1455 [PMID:
29616422 DOI: 10.1245/s10434-018-6462-1]
Watanabe T, Muro K, Ajioka Y, Hashiguchi Y, Ito Y, Saito Y, Hamaguchi T, Ishida H, Ishiguro M,
Ishihara S, Kanemitsu Y, Kawano H, Kinugasa Y, Kokudo N, Murofushi K, Nakajima T, Oka S, Sakai Y,
Tsuji A, Uehara K, Ueno H, Yamazaki K, Yoshida M, Yoshino T, Boku N, Fujimori T, Itabashi M,
Koinuma N, Morita T, Nishimura G, Sakata Y, Shimada Y, Takahashi K, Tanaka S, Tsuruta O,
Yamaguchi T, Yamaguchi N, Tanaka T, Kotake K, Sugihara K; Japanese Society for Cancer of the Colon
and Rectum. Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2016 for the
treatment of colorectal cancer. Int J Clin Oncol 2018; 23: 1-34 [PMID: 28349281 DOI:
10.1007/s10147-017-1101-6]
Shimoyama M, Yamazaki T, Suda T, Hatakeyama K. Prognostic significance of lateral lymph node
micrometastases in lower rectal cancer: An immunohistochemical study with CAM5.2. Dis Colon Rectum
2003; 46: 333-339 [PMID: 12626908 DOI: 10.1097/01.DCR.0000049446.90416.B9]
Kobayashi H, Mochizuki H, Kato T, Mori T, Kameoka S, Shirouzu K, Sugihara K. Outcomes of surgery
alone for lower rectal cancer with and without pelvic sidewall dissection. Dis Colon Rectum 2009; 52: 567576 [PMID: 19404054 DOI: 10.1007/DCR.0b013e3181a1d994]
Yano H, Saito Y, Takeshita E, Miyake O, Ishizuka N. Prediction of lateral pelvic node involvement in low
rectal cancer by conventional computed tomography. Br J Surg 2007; 94: 1014-1019 [PMID: 17436337
DOI: 10.1002/bjs.5665]
Masaki T, Takayama M, Matsuoka H, Abe N, Ueki H, Sugiyama M, Tonari A, Kusuda J, Mizumoto S,
Atomi Y. Intraoperative radiotherapy for oncological and function-preserving surgery in patients with
advanced lower rectal cancer. Langenbecks Arch Surg 2008; 393: 173-180 [PMID: 18172677 DOI:
10.1007/s00423-007-0260-8]
Nagasaki T, Akiyoshi T, Fujimoto Y, Konishi T, Nagayama S, Fukunaga Y, Ueno M. Preoperative
Chemoradiotherapy Might Improve the Prognosis of Patients with Locally Advanced Low Rectal Cancer
and Lateral Pelvic Lymph Node Metastases. World J Surg 2017; 41: 876-883 [PMID: 27730348 DOI:
10.1007/s00268-016-3748-y]
Hoshino N, Murakami K, Hida K, Sakamoto T, Sakai Y. Diagnostic accuracy of magnetic resonance
imaging and computed tomography for lateral lymph node metastasis in rectal cancer: A systematic review
and meta-analysis. Int J Clin Oncol 2019; 24: 46-52 [PMID: 30259217 DOI: 10.1007/s10147-018-1349-5]
Stearns MW, Deddish MR. Five-year results of abdominopelvic lymph node dissection for carcinoma of
the rectum. Dis Colon Rectum 1959; 2: 169-172 [PMID: 13652786 DOI: 10.1007/BF02616711]
Cöl C, Hasdemir O, Yalçin E, Yandakçi K, Tunç G, Kuçukpinar T. Sexual dysfunction after curative
radical resection of rectal cancer in men: The role of extended systematic lymph-node dissection. Med Sci
Monit 2006; 12: CR70-CR74 [PMID: 16449950]
Pollack J, Holm T, Cedermark B, Altman D, Holmström B, Glimelius B, Mellgren A. Late adverse effects
of short-course preoperative radiotherapy in rectal cancer. Br J Surg 2006; 93: 1519-1525 [PMID:
17054311 DOI: 10.1002/bjs.5525]
Marijnen CA, van de Velde CJ, Putter H, van den Brink M, Maas CP, Martijn H, Rutten HJ, Wiggers T,
Kranenbarg EK, Leer JW, Stiggelbout AM. Impact of short-term preoperative radiotherapy on healthrelated quality of life and sexual functioning in primary rectal cancer: Report of a multicenter randomized
trial. J Clin Oncol 2005; 23: 1847-1858 [PMID: 15774778 DOI: 10.1200/JCO.2005.05.256]
Fujita S, Akasu T, Mizusawa J, Saito N, Kinugasa Y, Kanemitsu Y, Ohue M, Fujii S, Shiozawa M,
Yamaguchi T, Moriya Y; Colorectal Cancer Study Group of Japan Clinical Oncology Group.
Postoperative morbidity and mortality after mesorectal excision with and without lateral lymph node
dissection for clinical stage II or stage III lower rectal cancer (JCOG0212): Results from a multicentre,
randomised controlled, non-inferiority trial. Lancet Oncol 2012; 13: 616-621 [PMID: 22591948 DOI:
10.1016/S1470-2045(12)70158-4]
Ogura A, Konishi T, Cunningham C, Garcia-Aguilar J, Iversen H, Toda S, Lee IK, Lee HX, Uehara K,
Lee P, Putter H, van de Velde CJH, Beets GL, Rutten HJT, Kusters M; Lateral Node Study Consortium.
Neoadjuvant (Chemo)radiotherapy With Total Mesorectal Excision Only Is Not Sufficient to Prevent
Lateral Local Recurrence in Enlarged Nodes: Results of the Multicenter Lateral Node Study of Patients
With Low cT3/4 Rectal Cancer. J Clin Oncol 2019; 37: 33-43 [PMID: 30403572 DOI:
10.1200/JCO.18.00032]
Kim TH, Jeong SY, Choi DH, Kim DY, Jung KH, Moon SH, Chang HJ, Lim SB, Choi HS, Park JG.
Lateral lymph node metastasis is a major cause of locoregional recurrence in rectal cancer treated with
preoperative chemoradiotherapy and curative resection. Ann Surg Oncol 2008; 15: 729-737 [PMID:
18057989 DOI: 10.1245/s10434-007-9696-x]
Georgiou P, Tan E, Gouvas N, Antoniou A, Brown G, Nicholls RJ, Tekkis P. Extended lymphadenectomy

4298

August 21, 2019

Volume 25

Issue 31

Christou N et al. LLND in rectal cancer

31

32

33

34

35

36

37

38

39

40
41

42

WJG

https://www.wjgnet.com

versus conventional surgery for rectal cancer: A meta-analysis. Lancet Oncol 2009; 10: 1053-1062 [PMID:
19767239 DOI: 10.1016/S1470-2045(09)70224-4]
Koyama Y, Moriya Y, Hojo K. Effects of extended systematic lymphadenectomy for adenocarcinoma of
the rectum--significant improvement of survival rate and decrease of local recurrence. Jpn J Clin Oncol
1984; 14: 623-632 [PMID: 6520971]
Moriya Y, Sugihara K, Akasu T, Fujita S. Nerve-sparing surgery with lateral node dissection for advanced
lower rectal cancer. Eur J Cancer 1995; 31A: 1229-1232 [PMID: 7577028 DOI:
10.1016/0959-8049(95)00164-E]
Ishiguro M, Higashi T, Watanabe T, Sugihara K; Japanese Society for Cancer of the Colon and Rectum
Guideline Committee. Changes in colorectal cancer care in japan before and after guideline publication: A
nationwide survey about D3 lymph node dissection and adjuvant chemotherapy. J Am Coll Surg 2014;
218: 969-977.e1 [PMID: 24661852 DOI: 10.1016/j.jamcollsurg.2013.12.046]
Luzietti E, Pellino G, Nikolaou S, Qiu S, Mills S, Warren O, Tekkis P, Kontovounisios C. Comparison of
guidelines for the management of rectal cancer. BJS Open 2018; 2: 433-451 [PMID: 30511044 DOI:
10.1002/bjs5.88]
Ito M, Kobayashi A, Fujita S, Mizusawa J, Kanemitsu Y, Kinugasa Y, Komori K, Ohue M, Ota M, Akazai
Y, Shiozawa M, Yamaguchi T, Akasu T, Moriya Y; Colorectal Cancer Study Group of Japan Clinical
Oncology Group. Urinary dysfunction after rectal cancer surgery: Results from a randomized trial
comparing mesorectal excision with and without lateral lymph node dissection for clinical stage II or III
lower rectal cancer (Japan Clinical Oncology Group Study, JCOG0212). Eur J Surg Oncol 2018; 44: 463468 [PMID: 29428473 DOI: 10.1016/j.ejso.2018.01.015]
Fujita S, Mizusawa J, Kanemitsu Y, Ito M, Kinugasa Y, Komori K, Ohue M, Ota M, Akazai Y, Shiozawa
M, Yamaguchi T, Bandou H, Katsumata K, Murata K, Akagi Y, Takiguchi N, Saida Y, Nakamura K,
Fukuda H, Akasu T, Moriya Y; Colorectal Cancer Study Group of Japan Clinical Oncology Group.
Mesorectal Excision With or Without Lateral Lymph Node Dissection for Clinical Stage II/III Lower
Rectal Cancer (JCOG0212): A Multicenter, Randomized Controlled, Noninferiority Trial. Ann Surg 2017;
266: 201-207 [PMID: 28288057 DOI: 10.1097/SLA.0000000000002212]
Huang YQ, Liang CH, He L, Tian J, Liang CS, Chen X, Ma ZL, Liu ZY. Development and Validation of
a Radiomics Nomogram for Preoperative Prediction of Lymph Node Metastasis in Colorectal Cancer. J
Clin Oncol 2016; 34: 2157-2164 [PMID: 27138577 DOI: 10.1200/JCO.2015.65.9128]
Toiyama Y, Inoue Y, Shimura T, Fujikawa H, Saigusa S, Hiro J, Kobayashi M, Ohi M, Araki T, Tanaka
K, Mohri Y, Kusunoki M. Serum Angiopoietin-like Protein 2 Improves Preoperative Detection of Lymph
Node Metastasis in Colorectal Cancer. Anticancer Res 2015; 35: 2849-2856 [PMID: 25964566]
Konishi T, Shimada Y, Lee LH, Cavalcanti MS, Hsu M, Smith JJ, Nash GM, Temple LK, Guillem JG,
Paty PB, Garcia-Aguilar J, Vakiani E, Gonen M, Shia J, Weiser MR. Poorly Differentiated Clusters Predict
Colon Cancer Recurrence: An In-Depth Comparative Analysis of Invasive-Front Prognostic Markers. Am J
Surg Pathol 2018; 42: 705-714 [PMID: 29624511 DOI: 10.1097/PAS.0000000000001059]
Madabhushi A, Lee G. Image analysis and machine learning in digital pathology: Challenges and
opportunities. Med Image Anal 2016; 33: 170-175 [PMID: 27423409 DOI: 10.1016/j.media.2016.06.037]
Wang Z, Loh KY, Tan KY, Woo EC. The role of lateral lymph node dissection in the management of
lower rectal cancer. Langenbecks Arch Surg 2012; 397: 353-361 [PMID: 22105772 DOI:
10.1007/s00423-011-0864-x]
Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal cancer: The Basingstoke experience of
total mesorectal excision, 1978-1997. Arch Surg 1998; 133: 894-899 [PMID: 9711965 DOI: 10.1001/archsurg.133.8.894]

4299

August 21, 2019

Volume 25

Issue 31

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 August 21; 25(31): 4300-4319

DOI: 10.3748/wjg.v25.i31.4300

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

REVIEW

Methionine adenosyltransferases in liver cancer
Ben Murray, Lucia Barbier-Torres, Wei Fan, José M Mato, Shelly C Lu
ORCID number: Ben Murray
(0000-0001-5375-2124); Lucia
Barbier-Torres
(0000-0002-7675-2888); Wei Fan
(0000-0001-6462-7425); Jose M Mato
(0000-0003-1264-3153); Shelly C Lu
(0000-0003-2128-5407).

Author contributions: Ben Murray
and Lucia Barbier-Torres
contributed equally in reviewing
the literature and drafting of the
manuscript. Wei Fan assisted in
literature review and drafting of
the manuscript. José M Mato
provided critical reading of the
manuscript. Shelly C Lu provided
critical editing and revision of the
manuscript. All authors approved
the final version of the manuscript.

Supported by National Institutes of
Health, NIAAA, No. R01AA026759
(Lu); National Institutes of Health,
NIDDK, No. R01DK107288 (Lu);
National Institutes of Health,
NCCIH, No. R01AT001576;
National Institutes of Health, NCI,
No. R01CA172086 (Lu and Mato);
Agencia Estatal de Investigación
MINECO, No. SAF 2017-88041-R;
ISCiii PIE14/00031, No. CIBERehdISCiii; and Severo Ochoa
Excellence Accreditation, No. SEV2016-0644) (Mato).

Conflict-of-interest statement:
None of the authors have any
conflict of interest.

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,

WJG

Ben Murray, Lucia Barbier-Torres, Wei Fan, Shelly C Lu, Division of Digestive and Liver
diseases, Department of Medicine, Cedars-Sinai Medical Center, Los Angeles, CA 90048,
United States
José M Mato, CIC bioGUNE, Centro de Investigación Biomédica en Red de Enfermedades
Hepáticas y Digestivas (Ciberehd), Technology, Park of Bizkaia, Derio 48160, Bizkaia, Spain
Corresponding author: Shelly C Lu, MD, Professor, Division of Digestive and Liver Diseases,
Department of Medicine, Cedars-Sinai Medical Center, Davis Building, Room No. 2097, 8700
Beverly Blvd., Los Angeles, CA, 90048, United States. shelly.lu@cshs.org
Telephone: +1-310-4235692
Fax: +1-310-4230653

Abstract
Methionine adenosyltransferases (MATs) are essential enzymes for life as they
produce S-adenosylmethionine (SAMe), the biological methyl donor required for
a plethora of reactions within the cell. Mammalian systems express two genes,
MAT1A and MAT2A, which encode for MATα1 and MATα2, the catalytic
subunits of the MAT isoenzymes, respectively. A third gene MAT2B, encodes a
regulatory subunit known as MATβ which controls the activity of MATα2.
MAT1A, which is mainly expressed in hepatocytes, maintains the differentiated
state of these cells, whilst MAT2A and MAT2B are expressed in extrahepatic
tissues as well as non-parenchymal cells of the liver (e.g., hepatic stellate and
Kupffer cells). The biosynthesis of SAMe is impaired in patients with chronic
liver disease and liver cancer due to decreased expression and inactivation of
MATα1. A switch from MAT1A to MAT2A/MAT2B occurs in multiple liver
diseases and during liver growth and dedifferentiation, but this change in the
expression pattern of MATs results in reduced hepatic SAMe level. Decades of
study have utilized the Mat1a-knockout (KO) mouse that spontaneously develops
non-alcoholic steatohepatitis (NASH) and hepatocellular carcinoma (HCC) to
elucidate a variety of mechanisms by which MAT proteins dysregulation
contributes to liver carcinogenesis. An increasing volume of work indicates that
MATs have SAMe-independent functions, distinct interactomes and multiple
subcellular localizations. Here we aim to provide an overview of MAT biology
including genes, isoenzymes and their regulation to provide the context for
understanding consequences of their dysregulation. We will highlight recent
breakthroughs in the field and underscore the importance of MAT’s in liver
tumorigenesis as well as their potential as targets for cancer therapy.
Key words: Methionine adenosyltransferases; S-adenosylmethionine; Liver cancer;
Hepatocellular carcinoma; Cholangiocarcinoma; Biomarkers; Therapeutic targets
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Core tip: In this review we provide the most comprehensive guide to methionine
adenosyltransferases discussing their structures, functions and consequences of
dysregulation in liver cancers emphasizing their potential as prognostic biomarkers for
liver cancers and as targets for liver cancer therapy.

manuscript

Received: April 13, 2019
Peer-review started: April 15, 2019
First decision: May 16, 2019
Revised: May 31, 2019
Accepted: July 19, 2019
Article in press: July 19, 2019
Published online: August 21, 2019
P-Reviewer: Guo K, Trovato GMM
S-Editor: Ma YJ
L-Editor: A
E-Editor: Ma YJ

Citation: Murray B, Barbier-Torres L, Fan W, Mato JM, Lu SC. Methionine
adenosyltransferases in liver cancer. World J Gastroenterol 2019; 25(31): 4300-4319
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4300.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4300

INTRODUCTION
This review examines the roles of methionine adenosyltransferases (MATs) in liver
cancers with a focus on how dysregulation of these proteins contributes to their
pathogenesis. Hepatocellular carcinoma (HCC) is the most common primary liver
cancer and currently the second leading cause of cancer-related death worldwide[1]. In
the majority of the cases, HCC develops in patients with underlying chronic liver
disease and cirrhosis, which are mainly derived from viral hepatitis infection, alcohol
abuse and non-alcoholic fatty liver disease (NAFLD)[2]. The threat of HCC is expected
to continue rising due to increasing cases of NAFLD given the obesity epidemic
occurring worldwide[3]. Even more alarming are reports of HCC from NAFLD that
occurred in the absence of cirrhosis[4]. Cholangiocarcinoma (CCA) is the second most
common primary liver cancer, which typically occur in the setting of chronic biliary
inflammation. MATs exert very similar roles in both types of liver cancers.

OVERVIEW OF MAT ENZYMES
MAT genes and isoenzymes
MATs (EC 2.5.1.6) belong to a family of enzymes that are essential to life as they
catalyze the biosynthesis of SAMe, the main methyl donor of the cell. Apart from
methylation, SAMe is also important as a precursor in glutathione (GSH) and
polyamine synthesis [5] . As SAMe is used for the methylation of biomolecules
including DNA, RNA, proteins, biological amines and phospholipids, any change in
its biosynthesis and catabolism within the cell has a profound effect on cellular
processes such as growth, differentiation and response to injury. Over the past decade
SAMe-independent roles of MAT enzymes have emerged, most notably, their ability
to function as bona fide transcription factors as well as their ability to form parts of
scaffold complexes which have been implicated in cancer development[6-9].
In mammals, three distinct genes, MAT1A, MAT2A, and MAT2B give rise to the
protein products MATα1, MATα2, and MATβ, respectively (Table 1, Figure 1)[10].
MAT1A encodes for a 395-amino acid (396 in mouse, and 397 in rat) catalytic subunit
in humans that is mainly expressed in hepatocytes (parenchymal cells of the liver) as
well as bile duct epithelial cells and pancreatic acinar cells [8,11] . MATα1 can
oligomerize to form a homotetramer (MATIII) or homodimer (MATI). The MATα2
subunit, the extrahepatic catalytic protein (395 amino acids), that has an 84% sequence
identity to MATα1, can also form dimers and tetramers but with a bias towards the
dimer conformation[10,12,13]. MATα2 is expressed in non-parenchymal cells of the liver
as well as in all extrahepatic tissues. The regulatory subunit MATβ has four known
isoforms, MATβV1, MATβV2, MATβV2a, and MATβV2b with the former two being
the major splice variants[14]. MATβV2a and MATβV2b are expressed at very low levels
compared to MATβV2 and have not been studied in detail[14]. MATβV1 is expressed in
fetal liver, prostate, lung, brain, thyroid and the adrenal gland, whilst MATβV2 is
expressed in skeletal muscle and heart. Both isoforms are expressed in the kidney and
thymus[14]. MATβV1 and MATβV2 are 331 and 323 amino acids long, respectively,
differ only by 20 amino acids at their N-terminus and share little sequence identity
(7%) to the catalytic MAT proteins. MATβ has a binding pocket for the cofactor
NADP+, which can interact with both major isoforms[12,15].

MAT expression patterns and subcellular localization
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Table 1 Mammalian MAT genes and isoenzymes
Gene

Protein

Amino
acids

Alternative Oligomeric Regulatory
K for
K for
Co-factors m
K for ATP i
names
state
subunit
methionine m
SAMe

X-ray
structure

MAT1A

MATα1

395

MATIII
MAT(α1)2

Dimer

No

210 μmol/L- 1-3 mmol
7 mmol

20BV

MATI
MAT(α1)4

Tetramer

No

23 μmol/L-1 0.2-0.5 mmol 400 μmol/L
mmol

MAT2A

MAT2B

MATα2

395

MAT(α2)2

Dimer

MAT(α2)4

Tetramer

4-10 μmol/L 70 μmol/L

None

60 μmol/L

5A19
5A1I

MATβV1

334

Monomeric

NADP+

MATβV2

323

Monomeric

NADP+

2YDX

Historically, MATII in the literature refers to complexes of MATα2 and MATβ.

MAT enzymes were first thought to function as SAMe producing factories in the
cytosol, and that SAMe would be delivered to the specific compartments such as the
nucleus or mitochondria for methylation reactions[16]. However, a decade ago MATα1
was reported to be present within the nucleus[17]. This was followed by publications
describing MATα2, MATβV1 and MATβV2 to also be within this organelle[6,18]. These
publications showed that a nuclear location of MAT proteins was associated with
enhanced histone H3K27 methylation, an epigenetic modification that leads to gene
silencing[17]. Most recently MATα1 was reported to be present in the mitochondrial
matrix of hepatocytes, enhancing mitochondrial function and negatively regulating
cytochrome P450 2E1 (CYP2E1) through methylation [19] . These accumulating
publications reinforce the concept that MATs are recruited to subcellular
compartments to provide a local source of SAMe.

Structural overview of MATs and MAT complexes
To date there are numerous crystal structures of MAT proteins from different species
in different active site conformations, complexed with substrates, products, or their
analogues[12,20-23]. The catalytic proteins have a three-domain organization that is
conserved amongst other MAT family subunits[21,22,24]. Monomeric MAT enzymes are
incapable of producing SAMe as they do not contain a complete active site. Upon
dimerization, both monomers contribute residues to form two active sites. The large
hydrophobic surface of monomeric MAT constitutes the site of the monomermonomer interface. A common feature of MAT enzymes is that they contain a “gating
loop” (in human MATα1 and α2 residues 113-131) that flanks the active site, which
has been hypothesized to move dynamically to allow access to the active site[21]. When
the active site is occupied, the loop closes to form a gate over the active site, but when
the active site is empty, the loop becomes disordered or open. MATα1 dimers can also
form tetramers through the central domain of the subunits[24]. Recent work has shown
that mutation to residues of the gating loop can reduce enzyme activity and SAMe
formation[25].
The regulatory βsubunit is structurally very different from the αsubunits, unable to
produce SAMe by itself. MATβ proteins contain signature motifs of the SDR (shortchain dehydrogenase/reductase) superfamily including a Rossman fold that can bind
FAD+ or NADP+ although MATβ favors the latter[22]. MATα2 and MATβ interact to
give rise to the MATα2β complexes (also referred to as MATII)[12,26] (Figure 1, Table 1).
To date only the structure of a MATα2βV2 complex has been solved and it consists of
a MATα2 tetramer flanked by two MATβV2 subunits (MATα2(4)βV2(2)). This showed
that MATα2 can exist and function as a tetramer in the presence of MATβ[12]. The
oligomeric state of this crystal structure, confirmed with small angle x-ray
scattering[12], is different from the suggested tetrameric form [MAT(α2)2(β)2][27] or the
proposed computational model in which MATαβ was assumed to be a trimer
[MAT(α2)2(β)1][15]. Mutational analysis showed by gel filtration that the minimum
motif required for the formation of the MAT(α2)4(βV2)2 complex comprises three
residues at the end of the C-terminus of MATβV2 (V321F322H323)[12]. Several publications,
using recombinant purified proteins, have shown that MATα1 can also interact with
MATβV1, although this interaction is several orders of magnitude weaker than that of
MATα2 and MATβ[12,25]. The MATα1βV1 complex is not likely to occur within the cell
as MATα1 and MATβ are generally not expressed at the same time.

MAT enzymatic mechanism
The wealth of structures available for MAT enzymes, as well as the range of
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Figure 1

Figure 1 Schematic representation of the oligomeric states of mammalian MAT enzymes.MAT1A and MAT2A
genes encode the catalytic subunits MATα1 and MATα2, respectively. Both MATα1 and MATα2 can be organized as
dimers and tetramers. MAT2B encodes the regulatory subunit for which there are four isoforms, MATβV1, MATβV2,
MATβV2a, and MATβV2b with the former two being the major splice variants. MATα2 and MATβ interact to give rise
to the MATα2β complexes. The MAT(α2)4(βV1)2 and MAT(α2)4(βV2)2 complexes consist of a MATα2 tetramer
flanked by two MATβV1 or MATβV2 subunits.

biochemical evidence, has provided terrific detail and insight into the enzymatic
mechanism. SAMe is produced by the addition of the amino acid methionine to the
energy molecule ATP (Figure 2). Upon entry of the substrates ATP and methionine
into the active site, the flexible gating loop becomes well-ordered closing the active
site. The synthesis of SAMe follows an SN2 catalytic mechanism[28,29], whereby the
sulphur atom of methionine attacks the C5’ atom of ATP displacing the
tripolyphosphate (PPPi) moiety to form SAMe. The PPPi is then hydrolyzed giving
rise to pyrophosphate (PPi) and orthophosphate (Pi), providing the energy to facilitate
product release by dislodging the gating loop [30] . For a detailed mechanism, see
Komoto et al[21] 2004 and Murray et al[23] 2016.

MAT activity
Despite high sequence identity MAT enzymes exhibit different kinetic and regulatory
properties for methionine, ATP, and SAMe. The Km for the methionine is lowest in
MATα2 followed by MAT(α1)2 and is the highest for MAT(α1)4[5]. The Km for ATP is
also highest for MAT(α1)4 (1–2 mmol), intermediate for MAT(α1)2 (0.2–0.5 mmol), and
lowest for MATα2 (70 μM)[31,32]. SAMe, the product produced by MAT, can act as a
feedback inhibitor to some of these enzymes[33]. MATα2 is the most sensitive to SAMe
with a 50% inhibitory concentration (IC50) of 60 μM which equates to the normal
physiological liver levels. MAT(α1)4 is minimally inhibited by SAMe (IC50 = 400
μmol/L) whilst MAT(α1)2 can be stimulated eight-fold by high SAMe levels (500
μmol/L)[33]. These differences between MATα1 and MATα2 are important to allow
MATα1 to maintain a high SAMe production in the liver (produces 6-8 g/day)
compared with MATα2, which does not contribute significantly to this SAMe pool[34].
Indeed, by expressing MATα1 the liver is able to catabolize 50% of methionine intake
via conversion to SAMe and allow an up to 10-fold rise in SAMe level following a
methionine rich meal[35]. Consistent with this, cells that express MATα1 have much
higher steady-state SAMe levels than cells that express MATα2[36]. When either major
isoform of MATβ interacts with MATα2 they increase the kcat (turnover rate of an
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Figure 2

Figure 2 SAMe synthesis reaction. MAT enzyme catalyzes the biosynthesis of SAMe from the amino acid methionine and the energy molecule ATP. The sulphur
atom of methionine attacks the C5’ atom of ATP displacing the tripolyphosphate (PPPi) moiety to form SAMe. The PPPi is then hydrolyzed giving rise to
pyrophosphate (PPi) and orthophosphate (Pi).

enzyme-substrate complex) of the MATαβ complexes [12,37,38] and increase the
susceptibility to feedback inhibition by SAMe[37].

DYSREGULATION OF MATS IN LIVER DISEASE AND
CANCER
Many studies have demonstrated that MAT proteins play important roles in chronic
liver disease and hepatocarcinogenesis and a switch in their expression pattern is a
frequent event in liver cancers. MAT1A, which is mainly expressed in the liver and
maintains the differentiated state of hepatocytes, is downregulated in most cirrhotic
patients[39], in patients with alcoholic hepatitis[40], during de-differentiation and in
HCC[41,42]. Conversely, MAT2A and MAT2B, which are normally expressed only by
non-parenchymal cells of the liver and extrahepatic tissues, are induced in HCC[14,42,43].
This MAT1A to MAT2A/MAT2B switch contributes to reduced SAMe levels and is an
important determinant of liver injury, fibrosis and liver cancer development in both
rodents and humans[5].

MAT gene regulation and dysregulation in HCC
While MAT1A is a marker for normal differentiated liver, MAT2A and MAT2B are
markers for rapid liver growth and de-differentiation. MAT2A and MAT2B are
transcriptionally induced in human HCC, during rapid liver growth, dedifferentiation, and in response to ethanol feeding in rodents[44-46]. Reduced hepatic
MAT activity has also been observed in cirrhotic patients, which explains why many
cirrhotic patients have hypermethioninemia[39]. In human HCC, the MAT1A:MAT2A
expression ratio has been inversely correlated with cell growth and genomic
instability and directly correlated with HCC apoptosis and overall DNA methylation;
a reduced ratio is a prognostic marker of more malignant and lower survival HCCs[47].
MATs are regulated at transcriptional, post-transcriptional and post-translational
levels by a complex network of mechanisms (Table 2). Many of these are dysregulated
in HCC and participate to alter MATs expression.

MAT1A transcriptional and epigenetic control
The MAT1A promoter contains binding sites for multiple transcription factors,
including hepatocyte nuclear factor (HNF), activator protein 1 (AP-1), CCAAT
enhancer binding protein (C/EBP), c-MYC and glucocorticoids[48]. Some of these
factors are determinants of liver-specific gene expression of MAT1A, such as HNF and
C/EBP, with the latter also control MAT1A expression by promoter regulation[48,49].
Prohibitin 1 (PHB1), which is highly expressed in normal hepatocytes and
downregulated in most HCCs, positively regulates MAT1A mRNA levels[50]. Finally, cMYC, MAFG and c-MAF, transcription factors that are overexpressed in human HCC
and CCA, have been shown to bind to a repressive E-box element in the human
MAT1A promoter to downregulate MAT1A transcription[8,9].
MAT1A expression is also regulated by DNA epigenetic modifications. Lower
MAT1A expression in HCC has been associated with promoter hypermethylation and
histone H4 deacetylation of its promoter[47,51]. Further investigation revealed a 750-base
pair (bp) region upstream of the MAT1A transcriptional start site for these epigenetic
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Table 2 Regulatory mechanisms of human MAT genes and proteins

Transcriptional regulation

MAT1A

MAT2A

MAT2B

Glucocorticoids (+)

CpG hypomethylation (+)

AP-1 (+)

C/EBP (+)

Histone H4 acetylation (+)

NFκB (+)

CpG hypermethylation (-)

c-MYB (+)

SIRT1 (+)

Histone H4 deacetylation (-)

SP-1 (+)

c-MYC (-)

AP-1 (+)

MAFG (-)

NFκB (+)

c-MAF (-)

HIF1α (+)
PPARγ (-)
PPARβ (+)
HBx (+)
CREB (+)

Post-transcriptional regulation

AUF1 (-)

HuR (+)

HuR (+)

miR-485-3p (-)

Methylated-HuR (-)

miR-21-3p (+)

miR-495 (-)

miR-21-3p (+)

miR-664 (-)

miR-34a (+)
miR-34b (+)

Post-translational regulation

Phosphorylation (-)

Phosphorylation (+)

Phosphorylation (+)

Nitrosylation (-)

Sumoylation (+)

GIT1 interaction (+)

Oxidation (-)

Acetylation (-)

MATα2 interaction (+)

MATβ interaction (+)

(+): Positive regulation; (-): Negative regulation.

modifications[51]. In HepG2 cells and cirrhotic human livers, hypermethylation of sites
+10 and +88, relative to the transcriptional start site have been reported to also
downregulate MAT1A transcription [52] . Low MAT1A mRNA levels and hypermethylation of both the MAT1A promoter and coding regions were also reported in
patients with advanced NAFLD[53].

MAT1A post-transcriptional control
Binding of AU-rich RNA binding factor (AUF1) to the 3’-untranslated region (UTR) of
MAT1A mRNA negatively regulates its stability. There is an inverse correlation
between AUF1 and Mat1a expression; de-differentiation of rat hepatocytes in culture
increases the expression of AUF1, contributing to the fall in Mat1a mRNA levels,
whereas during liver development AUF expression falls, which coincide with
increased Mat1a expression; AUF1 is highly expressed in human HCC and its
knockdown increased MAT1A mRNA levels[54].
MAT1A mRNA is also regulated by microRNAs (miRNAs) in HCC[55,56]. Injection of
2-acetylaminofluorene in rats resulted in preneoplastic liver lesions, induction of both
miR-22 and miR-29b and inhibition of Mat1a mRNA expression[55]. MiR-485-3p, miR495, and miR-664, which are increased in human HCC and responsible for the
induction of LIN28B, an oncoprotein that is overexpressed in HCC and represses the
tumor suppressor Let-7, have been shown to negatively regulate MAT1A. These
specific miRNAs, through the downregulation of MAT1A, lowered nuclear SAMe
levels, leading to hypomethylation of the LIN28B promoter region and increased
LIN28B expression[56]. Inhibition of these miRNAs reduced tumor growth in vitro and
in vivo by recovering MAT1A expression and inducing apoptosis[56].

MAT2A/MAT2B transcriptional and epigenetic control
MAT2A transcription is upregulated during liver growth and de-differentiation[57-59].
Like MAT1A, MAT2A is also regulated by multiple transcription factors including cMYB, E2F and specificity protein 1 (SP-1), all of which increase its promoter
activity[57,59]. The MAT2A promoter can also be induced by tumor necrosis factor-α
(TNF-α) via nuclear factor κβ (NF-κβ) and AP-1 elements in the promoter region[60].
Transforming growth factor β1 (TGF-β1) also increases the activity of the MAT2A
promoter via NF-κβ in hepatic stellate cells (HSC) [61] . Multiple PPAR response
elements (PPRE) that bind nuclear receptors including peroxisome-proliferator
activated receptors (PPAR) are present in the rat Mat2a promoter[62]. In normal liver
PPARγ is a marker of HSC quiescence, whilst PPARβ is induced in activated HSCs
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during liver fibrogenesis[63,64]. Both PPARγ and PPARβ occupy the same site on the
Mat2a promoter to cause opposite effects [62] . PPARγ negatively regulate Mat2a
transcription but during HSC activation PPARγ expression and activity fall, allowing
PPARβ to bind instead and induce Mat2a expression[62]. The MAT2A promoter is also
regulated by methylation and acetylation and in human HCC, MAT2A promoter is
hypomethylation and associate with higher histone H4 acetylation[58]. Expression of
MAT2A is also induced in a hypoxic tumor environment because hypoxia-inducible
factor-1α (HIF-1α) binds to a consensus sequence within the MAT2A promoter
activating its expression in human hepatoma cells[65]. Finally, hepatitis B X protein
(HBx) was shown to activate MAT2A gene transcription by facilitating NF-κB and
CREB binding to the MAT2A promoter, explaining MAT2A induction in HBVassociated HCC[66].
Mechanism of MAT2B transcriptional regulation remains poorly characterized. In
the human liver cancer cell line HepG2, TNF-α can upregulate MAT2B-V1 mRNA but
not MAT2B-V2 through an AP-1 and NF-κβ dependent mechanisms [14] . Sirtuin 1
(SIRT1), a NAD+-dependent deacetylase, can also induce the expression of MAT2B[67].
MAT2B-V1 mRNA expression has also been found to be regulated by leptin in HepG2
cells by mechanisms that involve extracellular signal regulated kinase (ERK) and
AKT[68].

MAT2A/MAT2B post-transcriptional control
The stability of MAT2A mRNA can be influenced by the human RNA-binding (HuR)
protein and its methylated form, methyl-HuR[54]. The function of HuR depends on the
methylated state of the protein with methyl-HuR destabilizing target mRNAs and
HuR stabilizing them[54]. During hepatocyte de-differentiation as well as HCC, HuR is
induced but there is a decline in methyl-HuR, which results in a higher HuR/methylHuR ratio. For MAT2A this causes increased binding of HuR to MAT2A mRNA
stabilizing it in HCC and de-differentiated hepatocytes[54]. HuR has also been shown
to stabilize MAT2B mRNA in a similar manner as MAT2A mRNA[67].
Drug-induced miRNAs including miR-21-3p have been shown to control MAT2A
and MAT2B stability in HepG2 cells. Either treatment with the anticancer drug
berberine, which induces miR-21-3p, or overexpression of miR-21-3p itself causes
apoptosis and inhibition of growth by downregulating both MAT2A and MAT2B[69].
Most recently miR-34a and miR-34b, tumor suppressor miRNAs that are downregulated in multiple cancers including HCC, were shown to directly target MAT2A
mRNA and lower its expression[70].
The N6-methyladenosin (m6A) methyltransferase METTL16, has been shown to
methylate the 3’UTR of MAT2A hairpins in HEK293T and HeLa cells[71,72]. In high
SAMe conditions methylation of hairpin 1 (hp1) of the MAT2A 3’UTR promotes
intron retention and nuclear degradation whilst low SAMe levels promote the
enhanced binding of METTL16 to the hp1 of MAT2A 3’UTR leading to increased
splicing and MAT2A translation[71,72]. Regulation of MAT2A by METTL16 has not been
reported in HCC.

MAT proteins post-translational modifications
The activity and stability of MAT proteins can be altered by post-translational
modifications including nitrosylation, phosphorylation and sumoylation. MATα1 has
cysteine at position 121 (C120 in human), which lies within the flexible gating loop,
can be both nitrosylated or oxidized leading to enzyme inactivation [73] . GSH, an
antioxidant, and other thiol-reducing agents can prevent and reverse this
inactivation [74] . MATα2 cannot be inhibited in this manner as glycine is at this
position. Pho-sphorylation of MATα1 at threonine 342 (T341 in human) by protein
kinase C was reported 25 years ago, and this modification does not alter the kinetic
properties of this enzyme [75] . However, treatment with alkaline phosphatase to
dephosphorylate T342 lowered the activity of both MAT(α1)2 and MAT(α1)4in vitro[75].
Whether this is true in vivo has not been examined.
MATα2 and MATβ have also been reported to be phosphorylated. During liver
fibrosis and HSC activation, MATα2 and MATβ are phosphorylated via mitogen
activated protein kinase/ERK kinase (MEK) and ERK, respectively, which leads to
their stabilization[76]. Analysis revealed Y371/Y374 in MATα2 and T257/Y259 in
MATβ to be the sites of phosphorylation and importantly, mutation of these residues
inhibited HSC activation[76]. The use of in vitro kinase assays, gene silencing, and
chemical inhibitors have shown that MEK could be responsible for the
phosphorylation of MATα2, whilst MATβ may be modified by ERK[76].
Sumoylation is a post-translational modification that involves the conjugation of
proteins with a small ubiquitin modifier (SUMO) that can lead to changes in the target
protein’s stability, localization, tertiary interaction and activity[77]. Attachment of
SUMO-1 to a protein is achieved through the sole E2-conjugating enzyme, ubiquitin-
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conjugating enzyme 9 (UBC9)[78]. The addition of SUMO-1 to a protein is generally
associated with stability, and it has been shown that MATα2 has three SUMO-1
modifications at the lysine residues K340, K369 and K394, that increase the stability of
MATα2 and also enhance its interaction with oncoproteins such as B-Cell
CLL/lymphoma 2 (BCL-2)[77,79]. It has been shown that treatment with SAMe in liver
cancer cells reduces the expression and activity of UBC9[80].
While in normal liver MATα2 acetylation at K81 by the E1A binding protein (P300)
causes its ubiquitination and degradation, in liver disease a lack of acetylation
stabilizes the protein, and this has been associated with HCC development that is
attributed to the deacetylase HDAC3[81].

The effect of SAMe on MAT expression
While the expression of MATs can influence the steady-state levels of SAMe[36], SAMe
level can, in return, influence MAT expression. During de-differentiation of primary
hepatocytes in culture MAT1A expression falls while MAT2A expression is induced[82].
This effect is due to a fall in SAMe level since it can be blocked by the addition of
SAMe. Consistently, a fall in SAMe level (by restricting L-methionine in medium)
leads to rapid induction of MAT2A expression that is blocked upon the addition of
SAMe [58,83] . Treatment with SAMe results in higher methyl-HuR level leading to
enhanced mRNA destabilization of MAT2A which may explain its negative effect on
MAT2A expression[54]. SAMe also inhibits MAT2B expression at baseline and prevents
leptin induced induction in hepatoma cells[68].

MAT proteins interactome
MAT proteins exhibit distinct interactomes in normal and diseased liver. All three
MATs interact with a variety of proteins regulating their expression and contributing
to liver injury and carcinogenesis.
MATα1 can act as a transcription co-factor by interacting with other E-box binding
regulatory proteins. MATα1 can heterodimerize with MAX in HCC to repress E-boxdriven promoter activity, which results in the negative regulation of the transcription
factors c-MYC, MAFG and c-MAF, and their oncogenic activity[9,50]. MATα1 has also
been found to interact with CYP2E1 to negatively regulate its protein expression by
inducing its proteasomal degradation[19]. Interestingly, MATα1 also interacts with p53
and DNA damage-regulated gene 1 (PDRG1) in hepatoma cells and in a mouse model
of acute liver injury, which exhibited reduced total MATα1 expression but
accumulation of nuclear MATα1[84]. PDRG1 is an oncogene that is upregulated in
bladder, breast and colon cancer[85]. Interaction of PDGR1 with MATα1 in the nucleus
resulted in a decrease in MAT activity and DNA hypomethylation[84]. The role of
PDRG1 in HCC remains unknown.
MATα2 not only binds to and stabilizes BCL-2 protein, it also enhances BCL-2
transcription in liver and colon cancer cell lines by binding to its promoter[79]. MATβ is
known to interact with HuR; when either of the MAT2B variants is overexpressed,
cytosolic HuR content increases leading to higher mRNA levels of HuR targets such
as cyclin D1 and cyclin A and proliferation[18]. MATβ also interacts with SIRT1, and
resveratrol increases this interaction by stabilizing them[67]. MATβ also interacts with
G-protein-coupled receptor kinase-interacting protein 1 (GIT1) to form a scaffold
complex that interacts and activates all components of the RAS/RAF/MEK/ERK
signaling pathway in liver cancer cells, promoting growth in vitro and in vivo [7] .
Interaction between MATβ and GIT1 appear to also stabilize MATβ[86]. Finally, both
MATα2 and MATβ are often overexpressed in parallel in multiple cancers and part of
the reason is that their interaction stabilizes both proteins[70].

CONSEQUENCES OF MAT GENES DYSREGULATION IN
THE DEVELOPMENT OF HCC
MAT genes deregulation has been widely associated with alterations that contribute
to liver disease and the development of HCC. MAT1A downregulation increases
oxidative stress, progenitor cells expansion, genomic instability and other
mechanisms implicated in tumorigenesis, whilst MAT2A and MAT2B, which are
induced in HCC, confer growth and survival advantages to cancer cells (Reviewed in
Lu 2012) [5] . In humans, the fall in MAT activity observed in cirrhotic patients is
thought to contribute to the pathogenesis and progression of the disease as well as
predisposition to HCC[39].

The Mat1a-KO mouse model
The Mat1a-KO mouse model has provided important insights into the mechanisms of
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how MAT1A might influence HCC development. This model is relevant to human
liver disease since MAT1A expression is markedly reduced in the majority of cirrhotic
patients[87]. Mice lacking Mat1a have markedly increased serum methionine levels and
chronically reduced hepatic SAMe (70% lower) and GSH (40% lower) levels. By three
months Mat1a-KO mice develop hepatic hyperplasia and are more susceptible to liver
steatosis in response to a choline-deficient diet. By eight months, Mat1a-KO mice
spontaneously develop NASH on a normal diet and by 18 to 20 months they develop
HCC[88]. The livers of Mat1a-deficient mice also exhibit oxidative stress caused by low
GSH levels, impaired mitochondrial function and increased expression of CYP2E1[34].
CYP2E1 is the principal P-450 enzyme responsible for the metabolism of hepatotoxins
such as alcohol, acetaminophen and CCl4 in the liver and has a critical role in the
generation of reactive oxygen species (ROS). Because of this, Mat1a-KO mice are more
susceptible to CCl4–induced liver injury[34]. Mitochondrial dysfunction is another
important mechanism that sensitizes Mat1a-KO mice to liver injury, which was
mainly attributed to low levels of both the mitochondrial chaperone PHB1 and
oxidative stress [34,89] . Our recent work adds loss of mitochondrial MATα1, an
important regulator of mitochondrial function, as another mechanism[19].

Genomic instability
Genomic instability, which arises from the large number of genomic mutations,
chromosomal aberrations, duplications, deletions and replication errors that cancer
cells carry, is a characteristic of most cancers including HCC and is considered an
early step in carcinogenesis[90,91]. Genomic instability may contribute to initiation of the
malignant transformation, progression of the cancer and even resistance to therapy,
influencing the overall prognosis of the cancer[92].
MAT1A regulates DNA methylation via SAMe and so MAT1A deficiency leads to
DNA hypomethylation, which may contribute to genomic instability. Interestingly,
alterations in the activity of MAT proteins and global DNA hypomethylation are
prognostic markers for human HCC possibly through genomic instability[93]. These
results suggest that early dysregulation of MAT proteins could influence the
progression from preneoplastic lesions to cancer. In addition, the Apurinic
/Apyrimidinic Endonuclease 1 (APEX1) protein, which participates in the base
excision repair of premutagenic apurinic/apyrimidinic (AP) sites, the most frequent
DNA lesion in cells, is markedly downregulated in Mat1a-KO livers. APEX1 protein
level is reduced in de-differentiated hepatocytes with reduced Mat1a expression and
low SAMe levels and is recovered by SAMe treatment [94] . Taken together, these
findings demonstrate that hepatic SAMe depletion promotes genomic instability by
different mechanisms contributing to malignant transformation.

Mitochondrial dysfunction
Along with oxidative stress, mitochondrial dysfunction represents an important
trigger to hepatocarcinogenesis[95,96]. Although mitochondrial metabolism in malignant
cells is controversial, deregulated cellular energetics associated with mitochondrial
dysfunction are considered a common event in cancer[95]. As described above Mat1aKO livers exhibit mitochondrial dysfunction from multiple mechanisms, including
lower PHB1 expression, loss of mitochondrial MATα1 and increased expression of
CYP2E1.

Decreased PHB1 expression
A proteomics study identified several mitochondrial proteins to be downregulated in
Mat1a-KO mice from birth until the development of NASH[89]. PHB1 is a well-known
mitochondrial chaperone that stabilizes newly synthesized mitochondrial proteins
and maintains the organization and stability of mitochondrial nucleoids. PHB1 is
essential for mitochondrial function and was found significantly downregulated in
the livers of Mat1a-KO mice as compared to wild-type animals. In vitro experiment
suggested low SAMe level promoted increased PHB1 degradation, as SAMe addition
prevented the fall in PHB1 protein during culture[89]. However, a recent study showed
PHB1 and MAT1A exert reciprocal positive regulation on each other at the mRNA
level[50], adding another mechanism to low PHB1 expression in the Mat1a-KO liver.
The generation of a liver specific Phb1-KO mouse model confirmed that PHB1
hepatic deficiency predisposes to liver injury and malignant transformation. Liverspecific Phb1-KO mice have liver injury at a very young age, abnormal mitochondria
and increased oxidative stress. Mice lacking Phb1 develop progressive fibrosis and
multi-focal HCC by 8-10 mo of age[97]. Although HCC could have developed as a
consequence of chronic inflammation, accumulating evidence support a tumor
suppressor function of PHB1 in the liver. For instance, PHB1 silencing in murine nontransformed AML12 cells increased cyclin D1, H19, and IGF2 expression and
enhanced E2F binding to the cyclin D1 promoter and proliferation [97] . PHB1 can
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cooperate with CCCTC-binding transcription factor (CTCF) to negatively regulate
H19 and IGF2 expression, both of which are induced in HCC [98] . Reduced PHB1
expression has also been shown to induce IL-8 transcription by activating NF-κB and
AP-1, resulting in enhanced IL-8 expression and release to promote tumorigenesis[99].
Finally, PHB1 also acts as a negative regulator of WNT signaling, and its
downregulation causes the induction of multiple WNT ligands and downstream
activation of canonical WNT β-catenin signaling in murine liver and human HCC
cells, in part through E2F[100].
It should be noted that the tumor suppressor role of PHB1 is highly controversial
since PHB1 expression is increased in other cancers. PHB1 is also found in the
nucleus, where it has been shown to interact with Rb and p53 among other proteins to
bring about a change in transcriptional activities of E2F and p53 [101] . Different
subcellular localizations and post-translation modifications may explain the
contradictory tumor regulatory activities of PHB1 in different cell types.

Mitochondrial MATα1
Recently MATα1 was shown to be present in the mitochondrial matrix in
hepatocytes [19] . Mat1a-KO hepatocytes had reduced mitochondrial membrane
potential and higher mitochondrial ROS, both of which were normalized when
MAT1A was overexpressed. Oxygen consumption rate, ATP production and maximal
and spare respiratory capacities were all reduced in Mat1a-deficient mitochondria,
supporting the negative effect that MAT1A deficiency has on mitochondrial function.
Another important finding that may contribute to mitochondrial dysfunction and
liver injury in Mat1a-KO mice is the interaction of MATα1 and CYP2E1 in the
mitochondria. Mat1a deficiency leads to higher CYP2E1 mitochondrial levels.
Mitochondrial CYP2E1 also regulates the production of ROS and is known to
contribute to liver injury and mitochondrial dysfunction[102,103]. MATα1 negatively
regulates CYP2E1 expression at mRNA and protein levels, with the latter being the
dominant mechanism that involves methylation of CYP2E1 R379, promoting its
proteasomal degradation[19].
MATα1 was found to also interact with important mitochondrial proteins including
several subunits of the electron transport chain complexes, which raises the possibility
that MATα1 could be regulating mitochondrial function in multiple ways. These
findings highlight a critical role of MATα1 in regulating mitochondrial function and
could provide a novel target for the treatment of different liver diseases where
mitochondrial dysfunction plays a key role. Taken together, reduced mitochondrial
MATα1 could play a key role in the mitochondrial dysfunction that is often observed
in HCC[104].

Cancer stem cells
Cancer stem cells, also known as tumorinitiating cells, are known to play a central role
in tumor development, metastasis and recurrence and are considered key therapeutic
target for cancer treatment. Hepatic oval cells are the cancer stem cells of the liver and
important contributors of hepatocarcinogenesis[105]. They are quiescent in normal adult
liver and low in number and expand during severe and prolonged injury as seen in
various models of experimental carcinogenesis[106].
Methyl-deficient diets have been used to induce oval cell proliferation and HCC
formation in susceptible models such as p53−/− mice[107]. Mat1a-KO livers contain
increased populations of liver cancer stem cells (or CD133+/CD49f+ oval cells), as they
age [108] . These cells have increased expression of several oncogenes and are
tumorigenic in vivo. Interestingly, Mat1a-KO’s cancer stem cells show increased
MAPK signaling with enhanced ERK activity, like Mat1a-KO’s hepatocytes, and
increased oncogenic signaling (K-Ras and Survivin)[108]. Constitutive ERK activation
makes these cells resistant to the apoptotic effect of TGF-β, a well-known growth
inhibitor in hepatocytes[109,110]. How SAMe deficiency allows expansion of oval cells
remains unknown.

Dysregulated pathways
Increasing evidence indicates that the deregulation of various signaling pathways
progressively increase with HCC progression and has a prognostic value. The MAT1A
to MAT2A/MAT2B switch is also associated with activation of multiple signaling
pathways including RAS/ERK[76,86,111], IκB kinase (IKK)/NF-kB[14,60], Phosphoinositide
3-kinase (PI3K)/AKT[68,112,113] and Liver kinase B1 (LKB1)/AMPK-activated protein
kinase (AMPK)[114]. Increased sumoylation[80] and c-MYC expression[8], which are wellknown contributors of hepatocarcinogenesis, have also been associated with reduced
hepatic SAMe levels.

ERK signaling
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ERK signaling is tightly regulated in normal cells but uncontrollably active in cancer
cells, being one of the several growth signals associated with highly malignant
HCCs[115,116]. ERK activity is regulated by the dual-specificity MAPK phosphatase
(DUSP1). DUSP1 is a member of a family of dual-specificity MAPK phosphatases that
dephosphorylates both serine/threonine and tyrosine residues[117]. Interestingly, there
is a reciprocal regulation between DUSP1 and ERK[111]. Transient activation of ERK
leads to catalytic activation DUSP1, which in turn inhibits ERK activity by
dephosphorylation[118]. DUSP1 feedback inhibits ERK and this activity of DUSP1 is
crucial for the regulation of ERK activity in liver cells. However, prolonged ERK
activation induces the phosphorylation of DUSP1 at the Ser296 residue rendering the
DUSP1 protein susceptible to proteasomal degradation[119]. In human HCC, DUSP1
expression is negatively correlated with proliferation and microvessel density and
positively with survival[118].
Hepatic DUSP1 expression is decreased in Mat1a-KO mice both at the mRNA and
protein levels, being more pronounced at the protein level and was normalized after
SAMe treatment[111]. SAMe increased DUSP1 mRNA level by enhancing p53 binding
to its consensus element in the DUSP1 promoter, which is known to activate DUSP1
transcriptionally[111]. Increased binding of p53 to the DUSP1 promoter in SAMe fed
mice was due to the fact that SAMe stabilizes APEX1, which is a known transactivator of p53[94]. DUSP1 lower protein level was attributed to its faster degradation
due to increased proteasomal activity in Mat1a-KO mice. SAMe treatment normalized
proteasomal activity, increasing DUSP1 protein level and normalized ERK activity in
Mat1a-KO mice[111]. These findings suggest that SAMe deficiency leads to uncontrolled
ERK activation due at least in part to decreased DUSP1 expression during HCC
development. ERK signaling was also found to be regulated by MAT2B since its
knockdown inhibited the activation of MAPK/ERK pathway induced by leptin in
liver cancer cell lines [68] . Finally, as mentioned earlier, the MATβ-GIT1 complex
efficiently binds to MEK and ERK leading to their activation. Consistent with this,
overexpression of MAT2B or GIT1 in the HCC cell line Huh7 enhanced tumor growth
and metastasis in a mouse orthotopic HCC model[86].

LKB1-AMPK signaling
Even though LKB1 is considered a tumor suppressor in a variety of cancers[120], its role
in liver carcinogenesis remains controversial given the fact that both reduced and
increased LKB1 levels have been reported in human HCC correlating with
prognosis[121-124]. In recent years, several publications have supported the oncogenic
role of LKB1 in liver cancer[122-125].
LKB1 phosphorylates and activates AMPK, a central metabolic sensor, to control
cell growth in response to environmental nutrient changes. Indeed, the LKB1/AMPK
signaling pathway has tumor suppressor activity since it serves as a metabolic
checkpoint arresting cell growth in conditions of nutrient deprivation or low
intracellular ATP levels[126]. In the liver the activation of LKB1 and AMPK leads to the
production of nitric oxide (NO) and is required for hepatocyte proliferation, as seen in
regenerating livers after partial hepatectomy and hepatocyte growth factor (HGF)
treated rat hepatocytes[114]. Interestingly, early during liver regeneration hepatic SAMe
level falls and exogenous SAMe inhibits regeneration[127]. The thought is that SAMe
level needs to fall in order to release the inhibitory tone it exerts on mitogenic
pathways. Although Mat1a–KO mice have higher basal proliferation, they exhibit
impaired liver regeneration because hepatic SAMe level remained unchanged[127].
Consistent with this, in the presence of SAMe, protein phosphatase 2A (PP2A)
interacts with AMPK, leading to its dephosphorylation and inactivation. One
explanation for the fall in hepatic SAMe level early in liver regeneration is due to
increased NO formation, which can inactivate MATα1[128,129].
Activation of the LKB1/AMPK pathway may contribute to hepatocarcinogenesis
through other mechanisms as well. Increased LKB1 and AMPK activity results in
nuclear to cytoplasmic HuR translocation and the subsequent stabilization of several
cyclin mRNAs enhancing cell proliferation [130] . LKB1/AMPK activation is also
required for survival of HCC cells derived from Mat1a-KO livers, named SAMe-D[114].
LKB1 can regulate AKT-mediated cell survival independent of PI3K, AMPK, and
mTOR2 (mammalian target of rapamycin complex). LKB1 is hyperactivated in SAMeD cells and can control survival through the phosphorylation and cytoplasmic
retention of p53. In normal cells, p53 expression is maintained at a low level and is
inactivated by Mdm2-mediated nuclear to cytosol transportation and proteasomal
degradation. In response to oncogenic insults, p53 translocates to the nucleus to exert
its tumor suppressor activity and activate pathways associated with DNA repair, cell
cycle arrest and apoptosis. Notably, HuR nucleocytoplasmic shuttling also stabilizes
p53 mRNA. Supporting these findings, increased cytoplasmic staining of p53 and
phospho-LKB1 were found in the Mat1a-KO livers and in livers from human HCC
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derived from both NASH and alcoholic steatohepatitis[131]. Figure 3 summarizes the
mechanisms of HCC development in the Mat1a-KO mouse model.

MAT DYSREGULATION IN CCA
CCA is, after HCC, the second most common primary hepatic malignancy and like
HCC, its development involves MAT genes deregulation. MAT1A is highly expressed
also in normal bile duct epithelial cells and is repressed during chronic cholestasis and
in murine and human CCA [8] . There are common mechanisms of MAT genes
deregulation between HCC and CCA. For example, hypermethylation of the MAT1A
promoter has also been observed in CCA. The transcription factors c-MYC, MAFG
and c-MAF, which are all induced both in HCC and CCA, also negatively regulate
MAT1A transcription in CCA by binding to its repressor E-box promoter region[8].
PHB1, which is also downregulated in most human CCAs, positively regulates
MAT1A while suppressing c-MYC, MAFG, and c-MAF expression in mice [9,50] .
Consistently, reduced PHB1 expression predisposes to the development of
cholestasis-induced CCA[8,50]. Figure 4 summarizes changes in MATs and SAMe in
HCC and CCA as compared to normal liver.

TARGETING MATS IN LIVER CANCER
Restoration of SAMe levels
The Mat1a-KO mouse model demonstrates that the switch from Mat1a to Mat2a leads
to hepatic SAMe deficiency and hypermethioninemia[88]. Patients with human liver
cirrhosis[39], alcoholic hepatitis[40], advanced NAFLD[53], as well as HCC [42] all have
lower MAT1A mRNA level. The restoration of hepatic SAMe level appears to be an
obvious therapy to overcome the fall in SAMe level due to the MAT1A/MAT2A
switch. There have been very few human trials that examined SAMe in chronic liver
disease. One study showed that SAMe treatment (1,200 mg orally per day in three
divided doses) for two years improved the survival or delayed liver transplantation in
patients who had alcoholic liver cirrhosis with less advanced liver disease (Child’s
class A and B) [132] . However, this was a post-hoc analysis, so it remains to be
confirmed. Another study in patients with hepatitis B-related advanced-stage (stages
B-C) HCC who received 1000 mg of SAMe two hours before surgery intravenously
and continued for five consecutive postoperative days showed a reduction of alanine
aminotransferase and aspartate transaminase levels, delayed recurrence and a greater
24-mo survival rate as well as a lower risk of complications[133]. However, analysis by
the Cochrane Hepato-Biliary group using a total of 330 alcoholic liver disease patients
treated with SAMe in 8 clinical trials did not confirm the beneficial effects of SAMe in
human liver cirrhosis although they were small with variable quality, which resulted
in the meta-analysis failing to show a significant benefit of SAMe treatment[134]. At the
present time the verdict on the effectiveness of SAMe in chronic liver disease is still
out and its utility in chemoprevention of HCC remains to be studied.
In CCl4-induced liver injury SAMe treatment prevented the activation of HSCs by
inhibiting the collagen promoter as well as downregulating TGF-β-induced
extracellular matrix protein, α-smooth muscle actin (α-SMA)[135]. It has also been
demonstrated that SAMe is selectively pro-apoptotic in liver cancer cells but antiapoptotic in normal hepatocytes [136,137] . This property makes SAMe particularly
attractive as a chemopreventive agent. Indeed, SAMe can chemoprevent against HCC
in several preclinical models[5]. However, SAMe was ineffective at treating established
tumors in an orthotopic HCC model[138]. Investigation into this revealed that buildup
of SAMe in the liver was prevented by the compensatory induction of glycine-N
methyl transferase (GNMT), an important enzyme abundantly expressed in the liver
that is responsible for catabolizing SAMe and keeping SAMe level within a tight
range[5,138]. Although acute pharmacologic SAMe treatment can transiently increase
liver SAMe level by 10-fold, prolong SAMe treatment induced GNMT expression so
that SAMe level increased only 30%, which is insufficient to exert a pro-apoptotic
effect [ 1 3 8 ] . However, in human cirrhosis and HCC GNMT express is often
downregulated[139], so the efficacy of SAMe for HCC treatment in human warrants
further investigation. At present, there are two SAMe ongoing clinical trials in HCC
treatment. One (NCT03178929) is designed to investigate SAMe treatment (2000 mg,
P.O.) in HCC patients (Barcelona Clinic Liver Cancer 0/A) after radical treatment,
where tumor recurrence is the endpoint. The other (NCT02586285) aims to study the
SAMe treatment (500-1000 mg, iv, per day) in HCC patients after curative treatment.
Although targeting SAMe has been the central focus for treatment, therapies that
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Figure 3

Figure 3 Mechanisms of hepatocellular carcinoma development in the Mat1a knockout mouse. Multiple mechanisms are known to influence hepatocellular
carcinoma development in the Mat1a-KO mouse. These include: oxidative stress due to lower GSH levels and higher CYP2E1 expression; mitochondrial dysfunction
due to reduced PHB1 and increased mitochondrial CYP2E1 levels; increased sumoylation, stabilizing MATα2, which acts as a transcription factor to enhance BCL-2
transcription as well as directly interacting with BCL-2 leading to its stabilization; enhanced activation of the LKB1/AMPK pathway which leads to the cytoplasmic
translocation of HuR from nucleus and subsequent stabilization of cyclins; aberrant activation of ERK which promotes uncontrolled cell growth; enhanced genomic
instability due to DNA hypomethylation and impaired DNA repair machinery and increased number of liver cancer stem cells with tumorigenic potential.

target the MAT proteins themselves could also offer potential benefit to which some
of these are described below.

Restoring the expression of endogenous MAT1A
Overexpressing MAT1A in the liver cancer cell line Huh7 resulted in a stable increase
in SAMe levels, an induction in tumor suppressor genes, downregulation of
angiogenesis genes, reduced cell growth and increased apoptosis in vitro and in
vivo[140]. This is a proof of principle that raising MAT1A expression in liver cancer
could be an effective treatment strategy. While delivering MAT1A gene therapy to
HCC cells is not a suitable approach, targeting miRNAs that downregulate MAT1A
expression might be feasible. MiR-485-3p, miR-495, and miR-664 are three miRNAs
that are increased in human HCC that directly target MAT1A at the 3’UTR [56] .
Treatment with siRNA against any of the miRNAs resulted in higher MAT1A
expression, reduced HCC growth in an orthotopic HCC model[56]. Higher SAMe level
as a result can also downregulate MAT2A/MAT2B to slow HCC growth. Taken
together, raising endogenous MAT1A expression and hence SAMe level in the HCC
cells is an attractive treatment approach that deserves further study.

Targeting of MAT proteins
Therapeutic agents to target MATα2 have been proposed for many years. In the 1970s
methionine analogs were suggested to act as substrate-competitive inhibitors and
proposed as chemotherapeutic agents[141]. Stilbene derivatives (FIDAS agents) have
been proposed as inhibitors of MATα2, but these compounds are unlikely to
specifically inhibit MATα2 because of their ability to bind multiple proteins targets[142].
Using molecules that directly target the active site of MATα2 may be problematic as
this protein is expressed in most extrahepatic cells which require MATα2 as the SAMe
generator. In addition, the high level of sequence and structural identity between
MATα1 and MATα2 makes it difficult to design active site molecules that would only
target one these proteins. One strategy is to target the interaction of the MATα2β
complexes as these complexes provide a proliferative advantage to HCC cells by
lowering steady state SAMe level, stabilizing each other as well as activating several
mitogenic pathways[7,43,68,86]. A novel allosteric inhibitor has been shown to bind to the
interacting site of these proteins, which demonstrated promise in lung cancer cells[13].
It remains to be examined in liver cancer models.
Targeting a posttranslational modification could also be a good strategy to only
target MAT proteins that are contributing to the pathogenesis of HCC. Designing a
molecule for a specific modification on MATα1, MATα2, or MATβ may be possible to
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Figure 4 MAT genes expression pattern in normal liver and liver cancer.MAT1A is mainly expressed in normal
liver by hepatocytes and bile duct epithelial cells; whereas MAT2A and MAT2B are expressed in extrahepatic tissues
and by the non-parenchymal cells in the liver. During liver disease and malignant transformation there is a switch
from MAT1A to MAT2A/MAT2B, being MAT2A and MAT2B the predominant MAT genes expressed in HCC and CCA.
MAT1A maintains the differentiated state of the liver whilst MAT2A and MAT2B give proliferative and survival
advantages to cancer cells. SAMe positively regulates MAT1A and negatively regulates MAT2A and MAT2B as well
as feedback inhibits MATII. Accordingly, steady state SAMe levels are lower in patients with chronic liver disease and
liver cancer due to the switch from MAT1A to MAT2A/MAT2B.

stabilizes MATα1 whilst destabilizing MATα2 and MATβ. For instance, sumoylation
on MATα2 facilitated BCL-2 induction in HCC, and induced chemoresistance in HCC
cells[79]. Using small molecules to block the addition of SUMO to MATα2 would lower
its expression as well as that of BCL-2. Similarly, MATα2 and MATβ are both
stabilized by phosphorylation at specific residues which facilitated HSC activation[76].
HSC activation is an important mediator of liver fibrosis, and therefore blocking the
site-specific phosphorylation of these MAT proteins could be a novel treatment for
liver fibrosis. As mentioned before, MATβ has been implicated to promote cell
survival in HCC due to its interaction with the MEK/ERK/MAPK pathway[68,86]. The
discovery that MATβ interacted with GIT1 and caused the amplification of RASmediated MAPK activation provides another novel target where a molecule could
block this protein-protein interaction to inhibit MAPK signaling and cell
proliferation[7].

MATs as potential molecular markers in liver cancers
Epigenetic alterations including DNA methylation are recognized as a major
characteristic in HCC and may serve as diagnostic and prognostic biomarkers[143].
MATα1 to MATα2 switch and low SAMe level are associated with HCC development
and strongly predict patients’ survival[47,144]. High MAT1A expression in human HCC
is negatively correlated to tumor size (> 5 cm), whilst up-regulation of MAT2A is
positively correlated to serum alpha-fetoprotein level and one-year recurrence after
hepatectomy[145]. Moreover, the MATα1 to MATα2 switch may promote HCC invasion
and metastasis and lower patient recurrence-free survival[146]. All these suggest MATs
may serve as diagnostic and prognostic molecular markers in HCC and likely CCA as
well.

CONCLUSION
Taken together, accumulating evidence demonstrates the importance of MAT genes in
liver tumorigenesis. Part of the mechanism is related to a lowering in the steady state
SAMe level. However, all three MATs are found in the nucleus where they regulate
gene expression via epigenetics as well as bona fide transcription factor and cofactors.
They also have distinct interactomes and affect a myriad of signaling pathways. SAMe
is an attractive chemopreventive and possibly therapeutic agent in liver cancer and its
efficacy in both warrant investigation. Small molecules that inhibit interactions
between MATβ-GIT1 or MATα2-β, both of which provide proliferative advantages to
liver cancer cells, and targeting posttranslational modifications that can increase
MAT1A and/or lower MAT2A/2B are all exciting future directions for translating the
knowledge gained from understanding mechanisms of MAT dysregulations to
therapy in liver cancer.
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Abstract
The ileal pouch anal anastomosis (IPAA) has revolutionised the surgical
management of ulcerative colitis (UC) and familial adenomatous polyposis
(FAP). Despite refinement in surgical technique(s) and patient selection, IPAA
can be associated with significant morbidity. As the IPAA celebrated its 40th
anniversary in 2018, this review provides a timely outline of its history,
indications, and complications. IPAA has undergone significant modification
since 1978. For both UC and FAP, IPAA surgery aims to definitively cure disease
and prevent malignant degeneration, while providing adequate continence and
avoiding a permanent stoma. The majority of patients experience long-term
success, but “early” and “late” complications are recognised. Pelvic sepsis is a
common early complication with far-reaching consequences of long-term pouch
dysfunction, but prompt intervention (either radiological or surgical) reduces the
risk of pouch failure. Even in the absence of sepsis, pouch dysfunction is a longterm complication that may have a myriad of causes. Pouchitis is a common
cause that remains incompletely understood and difficult to manage at times.
10% of patients succumb to the diagnosis of pouch failure, which is traditionally
associated with the need for pouch excision. This review provides a timely
outline of the history, indications, and complications associated with IPAA.
Patient selection remains key, and contraindications exist for this surgery. A
structured management plan is vital to the successful management of
complications following pouch surgery.
Key words: Ileal pouch; Restorative proctocolectomy; Ulcerative colitis; Crohn’s disease;
Familial adenomatous polyposis
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Core tip: The ileal pouch remains a mainstay for the surgical management of ulcerative
colitis and familial adenomatous polyposis. From its inception in 1978, there have been
developments in the technical approaches to this surgery, with recent advancements
including robotic surgery, transanal proctectomy, and single incision laparoscopic
surgery. Despite these advancements, pouch surgery remains confounded with
complications which must be recognised by gastroenterologist and surgeon alike. This
review looks to provide a contemporary outline of the history, indications, and
complications of ileal pouch surgery.
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INTRODUCTION
As the ileal-anal pouch procedure celebrated its 40th anniversary in 2018, a review of
the history of the pelvic ileal reservoir procedure, and its indications and
complications, is timely and relevant.

HISTORY OF THE ILEAL POUCH
The first reported case of the anastomosis of ileum to the anal sphincter complex was
presented by Rudolph Nissen to the Berlin Surgical Society in April 1933[1]. This case
appears to have involved the construction of a double-barrelled loop of ileum that
was anastomosed to the anal sphincter complex by means of a combined abdominal
and sacral approach. The end result was not successful.
Between 1941 and 1946, R Russell Best in Omaha, NE, United States, carried out
nine procedures that he labelled as ileoproctostomies, stating explicitly that the
anastomosis was between the ileum and the anus, thus differentiating this from an
ileorectostomy in which ileum would be anastomosed to the rectum. Best stated that
“any anastomosis 2.5 cm or more above the mucocutaneous line should be classified
as an ileoproctostomy”[2]. His first report of the procedure was not optimistic because
of the accompanying complications, but Best felt that improvements in technique
would alter the evaluation of the procedure.
In 1947, Ravitch and Sabiston[3], following a series of experiments on animals,
suggested anastomosis of ileum to the anus by a modified pull-through technique
with the entire colon and terminal ileum exteriorised through the anus, after which
the ileum was sutured to the anal sphincter mechanism. By 1951, Ravitch had carried
out this procedure in 13 patients. In Philadelphia, PA (1952), Valiente and Bacon
returned to Nissen’s premise of the use of loops of ileum as a functional reservoir and
constructed a three-loop pouch with an efferent spout that was sutured to the anal
sphincter. He performed this experimental series in seven dogs [4] . The authors
concluded that, although sadly five of the dogs died, the result from two of the dogs
were satisfactory - preservation of anal sphincter control in its entirety and a gradual
change in the consistency of stool from mushy to formed. They observed that perianal
irritation was minimal.
Interestingly, subsequent to this, the concept of the ileal reservoir was moved out of
the pelvis and onto the abdominal wall by the work of Nils Kock in Gothenberg,
Sweden (Figure 1A). The seminal paper was produced in 1969[5] and by the 1970s
many patients were being offered a continent ileostomy. When it worked well, the
continent ileostomy significantly improved the quality of life of the patient, but was
frequently associated with complications, particularly slippage of the nipple valve; in
this instance the patient would often require multiple revision procedures.
The great evolution in pouch surgery was heralded in 1978 when Sir Alan Parks
and Mr John Nicholls effectively combined the idea of a three-limbed ileal reservoir
with ileo–anal anastomosis. With this advance, Parks and Nicholls are credited as the
first to describe the ileal pouch anal anastomosis (IPAA), having fashioned the S-

WJG

https://www.wjgnet.com

4321

August 21, 2019

Volume 25

Issue 31

Ng KS et al. Ileal-anal pouches: A review
Figure 1

Figure 1 History of the ileal pouch. A: The Kock continent ileostomy; B: Common pouch configurations used in ileal pouches.

shaped pouch for patients with ulcerative colitis (UC) after proctocolectomy. Their
original description included a mucosectomy followed by a hand-sewn anastomosis
between pouch and anus[6].
Since then, much has progressed in the surgical approach to pouch formation. For
example, most surgeons nowadays favour a J-shaped pouch (Figure 1B), first
described in 1980 by Utsunomiya et al[7]. This preference for a J-pouch is supported by
a meta-analysis which demonstrated its superior function over S- or W-pouch
configurations[8]. The J-pouch also confers an excellent long-term quality of life, and is
easier to construct[9]. There has also been progression in the way the anastomosis is
fashioned, with most contemporary surgeons favouring a stapled rather than handsewn anastomosis. While hand-sewn anastomoses permit mucosectomy (i.e., removal
of a potentially diseased rectal cuff), any benefit from this seems offset by risk of
damage to the anal sphincter and anal transition zone (ATZ), which is an important
sensory rich area of the anal canal that allows flatus/stool discrimination[10]. A stapled
IPAA, on the other hand, avoids a mucosectomy and is quicker to perform [11] .
Moreover, it would appear that a stapled IPAA offers patients a better functional
outcome with lower incidence of incontinence and nocturnal seepage[12], justifying the
preference of surgeons towards a stapled IPAA.
Finally, the past decade has seen great advancement in the use of innovative
surgical technology for pouch surgery. While laparoscopic approaches for IPAA have
been described since the 1990s and have been demonstrated to be feasible and safe[13],
surgical techniques have progressed rapidly to robot-assisted techniques[14,15], single
incision laparoscopic surgery (SILS)[16], transanal proctectomy (TaTME)[17], and natural
orifice specimen extraction[18]. These new techniques promise to improve surgical
accuracy, postoperative recovery, and postoperative pain, and while studies exist to
demonstrate their feasibility[19], robust data regarding their efficacy in pouch surgery
is awaited[20].
Despite such modifications in surgical technique over the past 40 years, IPAA
remains a high-risk operation, with a recent push towards centralisation of this
operation to high volume centres[21,22]. IPAA is accompanied by complications that
challenge the surgeon and gastroenterologist alike, and have far-reaching
consequences for the patient. The subsequent sections of this review look to provide
an up-to-date appraisal of indications (and contraindications) to IPAA surgery, and
outline common postoperative complications and their management.

INDICATIONS
Restorative proctocolectomy (RPC) with an IPAA is the procedure of choice for a
variety of pathologies, including: UC; classic familial adenomatous polyposis (FAP);
and other polyposis syndromes or conditions with multiple synchronous cancers
involving the rectum. In one meta-analysis of over 9000 patients undergoing IPAA,
the indications for surgery were: UC (87.5%); indeterminate colitis (IC) (2%); Crohn’s
disease (0.8%); FAP (8.9%); and other diagnoses (0.7%)[23]. For all indications, though,
the aim of RPC/IPAA remains the same: To definitively cure disease and prevent
malignant degeneration, while providing adequate continence and avoiding a
permanent stoma[24].
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Ulcerative colitis
UC is a chronic inflammatory disease of the colon and rectum. Surgery for UC is
indicated in five instances: (1) Acute colitis unresponsive to medical therapy; (2)
Disease which is later refractory to medical treatment; (3) Patients who fail to tolerate
medical treatment or its adverse effects, including steroid-dependent disease; (4)
Cases of neoplastic or dysplastic transformation of the intestinal mucosa; and (5) In
the paediatric setting where there is failure to thrive.
Previous studies have estimated that approximately one-third of patients with UC
will succumb at some point to surgery [25,26] . However, contemporary studies
demonstrate that colectomy rates for UC are decreasing, probably due to
improvements in medical rescue therapies[27,28]. In fact, a recent population-based
cohort study observed 5-, 10-, 15-, and 20-year cumulative colectomy rates after
diagnosis of 4.1%, 6.4%, 10.4%, and 14.4%, respectively[29]. There are a number of
surgical options available to UC patients. Conventional proctocolectomy involves
removal of the colon and rectum and immediate formation of a permanent end
ileostomy[30]. While early studies suggested that patients adapt to their ileostomy[31,32],
other studies have described psycho-social problems as a result of stoma
formation[33,34]. Cli-nicians have therefore sought procedures that avoid the need for a
permanent ileostomy. Herein lies an important point, that in a sense, the sole
indication for a RPC (i.e., with IPAA) is the desire to avoid a permanent ileostomy.
Nevertheless, such has been the success with IPAA surgery that by as early as 1989,
the procedure was considered the first choice elective operation for patients with
UC[35].
There has been much debate in the timing of pouch surgery for UC patients. Most
surgeons would agree that the timing is largely driven by the physiological/metabolic
status of the patient and their existing immunosuppression[36]. Indeed, the majority of
patients undergoing surgery for UC are on chronically high doses of immunomodulating agents (including steroids, azathioprine, biological therapy), which
affect postoperative outcomes [37] . One study found that patients who received
preoperative steroids were at higher risk of pouch-related sepsis[38], and moreover,
patients taking higher steroid doses (> 40 mg) were at greater risk compared to those
taking lower doses or no steroid at all. The conclusion of that study was to defer IPAA
in favour of a non-restorative proctocolectomy or subtotal colectomy in patients
receiving > 20 mg of steroid at the time of surgery, a finding which is in agreement
with current European guidelines on pouch construction for UC patients[39].
Regarding anti-TNFα and anti-integrin agents, current Association of
Coloproctology Great Britain and Ireland (ACPGBI) guidelines suggest that where
clinical circumstances permit, these should be withheld for 14 to 30 d prior to elective
surgery for UC [36] . Evidence on this topic, however, is poor. One meta-analysis
demonstrated that pre-operative infliximab use increased the risk of short-term postoperative complications in UC patients [40] , although studies specific to IPAA
demonstrated no increased risk[41,42]. Several studies have failed to demonstrate an
increased risk of infective complications with anti-integrin therapy[43,44], although one
study demonstrated a strong trend towards more frequent intra-abdominal abscesses
and mucocutaneous separation in pouch patients treated with vedolizumab compared
with anti-TNFα agents[45]. The data regarding the peri-operative use of these agents in
patients undergoing IPAA surgery thus remains inconclusive, and high-quality
prospective trials are eagerly awaited.
Another point of controversy in IPAA surgery is with respect to the decision for
temporary proximal diversion, which largely defines the difference between”one-“,
“two-“, and “three-stage” pouch surgery. “One-stage” IPAA surgery refers to
proctocolectomy and pouch formation without loop ileostomy; “two-stage” surgery
refers to proctocolectomy and pouch formation with loop ileostomy followed by
ileostomy reversal; and “three-stage” surgery is usually reserved for patients who
present acutely with severe colitis where an initial subtotal colectomy is performed,
followed by an interval completion proctectomy/IPAA and proximal diversion,
thence followed by ileostomy reversal. In a survey of North American surgeons, 71%
of the 575 surgeons reported that they would routinely choose to create a loop
ileostomy[46]. The benefit of a temporary loop ileostomy appears logical in terms of
avoiding pelvic sepsis; however, there is a paucity of evidence to demonstrate that
proximal diversion improves outcomes after IPAA. Critics of proximal diversion
would suggest that the risk of morbidity from their interim stoma and subsequent
closure of their ileostomy would offset the benefits of diversion. Indeed, a high output
ileostomy has been reported to affect approximately 10% of patients, often requiring
early closure of their ileostomy[47]. Complications after closure of ileostomy are real,
with postoperative morbidity reported to affect between 10 and 30% of patients[48-56].
There is a single small randomised trial that has sought to evaluate the outcomes of
proximal diversion at the time of IPAA compared to a “one-stage” procedure[57].
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Grobler et al[57] studied forty-five patients who were randomised to either a “one-“ or
“two-stage” pouch procedure. All the patients were steroid naïve at the time of
surgery. Patients were randomised to the trial after an uncomplicated IPAA and a
negative intraoperative anastomotic leak test. The results did not show any difference
in the rate of septic complications between the two groups. However, the translation
of these findings should be interpreted with caution as the study was small and
demonstrated significantly greater number of females in the “one-stage” group
compared to the “two-stage” group. The effect of this observed gender difference
might have biased results, as it is perceived that pelvic dissection is often easier in
females and therefore the subsequent risks of pelvic sepsis may be reduced compared
to the narrow android pelvis of males. This study inadvertently highlights that patient
selection is of great importance when considering a “one-stage” procedure.
A meta-analysis performed by Weston-Petrides et al[58] reviewed the literature,
comparing the outcomes of RPC with and without ileostomy at a minimum follow-up
of 12 mo. The analysis reviewed 1486 patients across 17 studies. 721 of these patients
received a diverting ileostomy whilst the remaining 765 did not. The analysis found
that the overall incidence of anastomotic leakage and pouch related sepsis was 7%.
This was greatest in the group without ileostomy (odds ratio 2.37, 95% confidence
interval 1.39-4.04, P = 0.002). There was no significant difference in the incidence of
small bowel obstruction (SBO) between the two groups, and there was also no
difference in the incidence of pouchitis between the two groups. It would appear,
therefore, that meta-analysis supports the use of a routine diverting ileostomy,
demonstrating improved short-term outcomes over that of the “one-stage” procedure.

Familial adenomatous polyposis
Classical FAP is a syndrome characterised by hundreds (and often thousands) of
adenomatous polyps in the colon and rectum at a young age (usually by the third
decade of life). It is a genetic condition based on a mutation in the adenomatous
polyposis coli (APC) gene. There is a push nowadays for all at-risk patients to
undergo genetic testing that serves two purposes: (1) To provide a genetic basis to aid
diagnosis of the syndrome; and (2) To allow genotype-phenotype correlation which
helps predict the clinical manifestations of the syndrome and guide appropriate
management. Specifically, the site of the mutation in the APC gene influences the
expression of FAP, and can help distinguish between “severe” and “attenuated”
FAP[59].
Without prophylactic colectomy, the risk of colorectal cancer in FAP patients is
almost 100% [60] . Once a diagnosis of FAP is made, either by genetic testing or
endoscopic detection of polyposis, the aim is to offer prophylactic surgery before
cancer develops. In patients who are symptomatic, surgery is usually indicated as
soon as practical[60,61]. In most cases, however, it is preferable to defer surgery until
such a time when its impact on social functioning and educational activities will be
minimised[62].
As surgical options have increased, so has the debate surrounding the choice
between them. The available options are: (1) Colectomy and ileorectal anastomosis
(IRA); (2) RPC/IPAA; and (3) Non-restorative proctocolectomy. While
proctocolectomy is considered by some to be routine choice for all FAP patients, this
approach has been questioned of late[63], as it is increasingly recognised that selected
patients with FAP may do better with a colectomy/IRA instead[59]. This is because in
selected cases, the risk of developing rectal cancer is low, and the decision for
colectomy/IRA is reasonable so long as rectal surveillance can be assured. This is
relevant because functional outcomes in terms of bowel frequency and incontinence
are more favourable with IRA than IPAA, and sexual and reproductive function can
be adversely impacted with proctectomy. These are pertinent considerations for
typically young patients who are otherwise healthy, and who are undergoing surgery
for prophylaxis rather than treatment[60].
The decision for RPC/IPAA as opposed to colectomy/IRA therefore appears
largely driven by the underlying genotype-phenotype correlation. For example, polyp
burden has been demonstrated to predict future proctectomy risk. One study by
Church et al[64] followed 94 patients with < 5 rectal adenomas and < 1000 colonic
polyps who underwent IRA; after a median of 12 years, no patient required secondary
proctectomy. Conversely, over one-third of 74 patients who had > 20 rectal polyps
and underwent an IRA required interval proctectomy. Proctoscopic findings of < 5
rectal adenomas almost always correlates with mild disease, and in such cases, an IRA
appears a reasonable surgical option[63].
APC genotyping can also aid in the surgical planning for FAP patients. The two
genotypes that predict need for future proctectomy are: (1) Codon 1309 mutation; and
(2) Codon 1328 mutation[65]. Patients carrying these mutations should have a RPC[61]. In
the absence of these mutations, and in patients with: (1) No rectal cancer or advanced
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rectal neoplasia (e.g., large or high-grade tubulovillous adenoma); (2) Low polyp
burden in the rectum (< 20 adenomas); and (3) No colon cancer or profuse colonic
polyposis, a rectal sparing colectomy/IRA should be considered as a reasonable
alternative[63]. Importantly, however, for rectal sparing surgery to be recommended, a
rigorous rectal surveillance program must be adhered to, and if such a program seems
impossible, an IPAA should be recommended, irrespective of the polyp burden or
genetic profile of the syndrome[24].

CONTRAINDICATIONS TO THE ILEOANAL POUCH
PROCEDURE
Contraindications to RPC/IPAA can be broadly classified as absolute and relative.
Absolute contraindications include: (1) An incompetent anal sphincter mechanism[66];
(2) Emergency presentation with accompanying use of high-dose steroid[67]; and (3)
Carcinoma of the low rectum requiring complete excision of the anorectum. Relative
contraindications to RPC/IPAA include: (1) Crohn’s disease; (2) IC; and (3) Primary
sclerosing cholangitis (PSC). These contraindications are relative as they are
associated with a higher incidence of postoperative morbidity and pouch failure.
Formation of an IPAA for Crohn’s disease is generally contraindicated[66]. However,
it continues to be performed, often inadvertently. In some cases where there is
difficulty distinguishing between UC and Crohn’s, the patient’s histology is described
as “indeterminate”, although a subsequent diagnosis of Crohn’s disease will be made
in up to 15%[68]. Patients with IC or Crohn’s disease exhibit a higher incidence of
pouch failure compared to those with UC, with the incidence of pouch failure in this
cohort ranging from 20% to 60%[69-71]. Contentiously, pouch failure rates as low as 10%
have been published in Crohn’s patients[72]. These studies, however, strictly selected
patients whose inflammation was limited to the large bowel, and who had no small
bowel or anoperineal disease. On this basis, current European Crohn’s and
Colitis/European Society of Coloproctology guidelines state that in carefully selected
Crohn’s patients with no history of perianal or small bowel disease, RPC/IPAA can
be offered with expectation for a comparable quality of life to those with UC [73] .
Generally speaking though, IPAA surgery in Crohn’s patients is still treated with
caution, and most clinicians would seek to avoid restorative surgery in patients with
confirmed or suspected Crohn’s disease[74].
By contrast, the majority of patients with IC are known to benefit from RPC/IPAA,
although their risks of pouch failure are slightly higher than those with UC. One
study showed that 27% of IC patients suffered from pouch failure compared to 11% in
the UC group [68] . The higher rate in the IC group was largely attributed to the
diagnostic conversion of 15% to Crohn’s disease, with sub-analysis indicating that
patients with true IC have a similar failure rate to those with UC. It would therefore
appear that patients with IC are suitable candidates for pouch surgery[24], but should
receive appropriate counselling of the surgical risks and the implications of
subsequent conversion to Crohn’s disease.
PSC is a chronic cholestatic liver disease of unknown aetiology, and is viewed as a
relative contraindication to pouch surgery because of the increased risk of pouchitis
(almost double that of the normal pouch population)[75-78]. Patients with PSC also
exhibit high levels of perinuclear antineutrophilic cytoplasmic antibodies (p-ANCA).
One study found that patients with UC who displayed high levels of p-ANCA prior
to IPAA were more likely to develop pouchitis within 12 months of surgery compared
to those who were p-ANCA negative (100% vs 56%)[79]. It has been postulated that
preoperative p-ANCA levels may help to identify patients at risk of developing
pouchitis[80], although this is not a widely adopted approach.

QUALITY OF LIFE FOLLOWING IPAA SURGERY
There are two concepts that relate to the achievement of a “good” quality of life for
IPAA patients. The first and fundamental concept relates to the removal of disease
burden. The second relates to the avoidance of a permanent stoma.
Kohler et al[81] compared the quality of life of patients after the various types of
surgery for UC. The study evaluated three groups of surgical patients: Conventional
proctocolectomy with end ileostomy (406 patients), Kock continent pouch (313
patients) and IPAA (298 patients). The study demonstrated that quality of life was
greatest in those patients that received an IPAA and least in those with an end
ileostomy. Pemberton et al[82] performed a prospective cohort study to evaluate and
compare the functional outcomes and quality of life of 406 patients who had
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undergone an abdominal proctocolectomy and Brooke ileostomy between 1966 and
1980 and 298 patients who underwent an IPAA between 1981 and 1988. The study
demonstrated comparable satisfaction levels between both groups. However, the
performance status (activity) of patients with an IPAA was greater than those with an
ileostomy. These findings also translated to the patient’s sexual functioning, with 30%
of ileostomy patients reporting limited sexual functioning compared to 13% of
patients in the IPAA group. The authors report that the majority of ileostomy patients
were satisfied with their treatment, although 39% stated that they would desire a
change from their current situation with a view to an alternative surgical option. From
these two studies, it would appear that, despite removal of disease burden, the
avoidance of a stoma remains of great importance to patients.
That said, it is interesting to note the disparity in quality of life outcomes following
pouch surgery for FAP as opposed to UC. In keeping with UC patients, FAP patients
are typically young. However, unlike the majority of patients with UC, FAP patients
are often asymptomatic at the time of presentation. Heuschen et al[83] performed a
prospective study of 34 patients (27 patients with UC and 7 with FAP). They aimed to
compare the quality of life of patients before and after RPC, and again 1-year after
closure of their ileostomy. They found that the patients’ quality of life was
significantly improved in the UC group after surgery. However, the converse was
observed in patients with polyposis. Even after reversal of their ileostomy only a part
improvement in their scores was observed. It would appear that patients with UC are
sensitive to an improvement from their surgery owing to the removal of their disease
burden. In comparison, patients with FAP, who are often asymptomatic at the time of
their surgery, did not derive as obvious a benefit. This was reflected in their poorer
scores. This studies’ findings, which contrasts somewhat to that of Kohler et al[81] and
Pemberton et al [82] , would suggest that removal of disease burden, rather than
restoration of intestinal continuity, is the major determinant in providing a better
quality of life for the surgical patient.

COMPLICATIONS
The mortality rate for RPC/IPAA is low. Studies describe the rate to be between 0.2%
to 1.5%[22,84]. This low mortality rate is largely because patients are typically young,
healthy, and fit for major surgery. Further, operations are generally performed in
tertiary centres on well-selected patients who have undergone appropriate preoperative workup and counselling[85].
In distinct contrast to mortality, the IPAA procedure does have an appreciable
morbidity which patients should be aware of before choosing the procedure. Early
studies reported the incidence of major complications to be as high as 54%, but this
has decreased to 19% in contemporary literature as experience in this surgery has
increased[85]. A meta-analysis reported the most common pouch-specific complications
following IPAA to be: Pouchitis (18.8%), pelvic sepsis (9.5%), stricture (9.2%), and
fistula (5.5%)[23]. Morbidity following IPAA is traditionally classified into those which
are “early” (within 30 d of surgery) or “late” (usually following closure of ileostomy)
(Table 1).

Early post-operative complications
In the early postoperative period the main complications include haemorrhage, acute
pelvic sepsis, and portal vein thrombus.
Haemorrhage: Postoperative haemorrhage may be either reactionary or delayed, and
is usually related to the pouch staple line. It occurs in approximately 4% of patients
following pouch surgery[86]. Following anastomosis, the pouch should be examined for
any bleeding points, and if found, under-run. Persistent bleeding in the first 24 h
requires examination under anaesthesia[87]. In some cases, pouch endoscopy may be
required, during which clots are evacuated and the pouch irrigated with adrenaline
solution[88]; occasionally, a single point of bleeding may be seen and under-run with a
suture[87].
Less commonly, postoperative haemorrhage may be due to pouch ischaemia. The
distinction is usually easy to make, as suture line bleeding is bright in colour, whilst
blood from pouch ischaemia is darker red with clots[85]. Intra-abdominal bleeding that
does not directly originate from the pouch may be from the colonic bed, the lateral
pelvic walls, and/or the mesenteric vessels[87]. Finally, intramural hematoma of the
pouch is a rare complication that can lead to pouch fibrosis and longer-term pouch
dysfunction, due to development of a stiff non-compliant pouch [89] . In extreme
circumstances, an intramural haematoma may be a prelude to an anastomotic leak;
the patient should be commenced on broad-spectrum antibiotics, and a catheter
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Table 1 Complications following ileal pouch anal anastomosis
Complications following IPAA
Early
Haemorrhage
Staple line bleeding
Pouch ischaemia
Intraabdominal bleeding
Intramural haematoma
Acute pelvic sepsis
Anastomotic leak
Infected haematoma
Portal vein thrombus
Late
Chronic pelvic sepsis
Pouch fistulae (pouch-vaginal, pouch-anal, pouch perineal)
Small bowel obstruction
Pouch dysfunction
Mechanical causes (obstruction/ pouch stricture, poor compliance)
Pouchitis
Cuffitis
Irritable pouch syndrome
Pouch failure
Dysplasia/malignancy
Cuff dysplasia
Pouch dysplasia
Infertility

IPAA: Ileal pouch anal anastomosis.

should be carefully placed transanally to effect adequate pouch decompression[87].
Acute sepsis: Evidence of acute sepsis in the early postoperative period should arouse
suspicion of evolving pelvic sepsis. Early pelvic sepsis usually presents with fever,
anal pain, tenesmus, and/or purulent discharge per anus. Alertness to this common
postoperative complication is essential. Diagnosis is confirmed with cross-sectional
imaging by computed tomography or magnetic resonance imaging, which may
demonstrate an abscess or oedematous tissue planes.
Pelvic sepsis usually occurs as a result of an anastomotic dehiscence or the presence
of an infected haematoma. Because patients who develop early pouch sepsis have a
higher risk of subsequent pouch dysfunction and failure [ 9 0 ] , an aggressive
management approach is required. Prompt treatment maximises the chances of pouch
preservation, whereas delayed therapy results in a stiff, non-compliant reservoir.
Most patients respond to intravenous antibiotics, but patients with ongoing sepsis and
an organised abscess should undergo early drainage, either transanally or by a
radiology-guided percutaneous approach. If possible (and appropriate), a transanal
approach is usually preferred, during which a Depezer or Malecot catheter is placed
through the anastomosis to drain peripouch collections/abscesses[87]. Due to the
potential risk of fistulation along the drain tract, trans-gluteal drainage should be
avoided if possible[91].
If drainage of the cavity is inadequate with these measures, the abscess should be
deroofed and the cavity curetted through the anus, thereby upsizing the
communication between abscess and pouch. Several attempts may be needed to
eradicate sepsis. Recently, endo-cavitational vacuum therapy (Endo-SPONGE®) has
been embraced for the treatment of low pelvic leaks (Figure 2); first described for the
treatment of anastomotic leak following anterior resection [92] , its use has been
borrowed for the treatment of anastomotic dehiscence post-IPAA, with encouraging
results[91]. Rarely, an abdominal approach (re-laparotomy) is needed. If anastomotic
dehiscence is recognised pre-ileostomy closure, ileostomy closure should be delayed
until clinical and radiographic evidence of healing is achieved.
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Figure 2

Figure 2 Endo-cavitational vacuum therapy (Endo-SPONGE®). A: Endoscopic view of a pouch with a cavity
(arrow) at the anastomosis secondary to anastomotic leak. The true lumen is at the inferior aspect; B: Contents of the
Endo-SPONGE® kit (B Braun Medical Ltd); C: The foam of the Endo-SPONGE® is passed into the cavity and
negative pressure applied to collapse the cavity.

Portal vein thrombus: An association between portal vein thrombosis and
inflammatory bowel disease (IBD) has been established[93,94]. Factors contributing to
portal vein thrombosis following pouch surgery include the hypercoagulable state of
IBD patients, the inflammatory response secondary to pouchitis/sepsis, and
dehydration due to a high output stoma/pouch. Other factors include the need to
mobilise small bowel mesentery to its root, which can potentially result in endothelial
stretch and injury and a subsequent thrombotic cascade[95].
Portal vein thrombi have been documented to occur in up to 45% of patients
following RPC/IPAA who undergo postoperative imaging[93]. This, of course, is a
biased finding, as the proportion of patients with portal vein thrombi who do not
undergo postoperative imaging is unknown. Most portal vein thrombi are
asymptomatic, but may cause symptoms of abdominal pain, fever, nausea, or
vomiting[87]. Thrombi are treated with anticoagulation for 3-6 months. Interestingly,
with appropriate management, portal venous thrombi appear to have minimal impact
on long-term pouch function or quality of life[96], although potential sequalae, such as
portal hypertension and gastric varices, have not been thoroughly investigated[97].

Late post-operative complications
Chronic pelvic sepsis: Chronic pelvic sepsis is estimated to complicate 10%-20 % of
IPAAs. This phenomenon may manifest in a number of ways, which include: (1)
Pouch fistulae (pouch-anal, pouch-vaginal, pouch-perineal); (2) Anastomotic stricture;
and (3) Poor pouch compliance with resultant poor function.
The reported incidence of pouch-vaginal fistula ranges from 7% to 10%[98,99]. Pouchvaginal fistulae usually present with persistently abnormal (enteric) vaginal
discharge, and diagnosis is confirmed by an examination under anaesthetic which
demonstrates the fistula (Figure 3). Occasionally, a radiological contrast enema
(pouchogram) is required to clinch the diagnosis. Importantly, a pouch-vaginal fistula
should be excluded prior to ileostomy closure by careful examination of the vagina
and anal canal[98]. Causative factors of pouch-vaginal fistulae include inadvertent
injury to the vagina during rectal dissection, and anastomotic dehiscence with
subsequent pelvic sepsis[100].
Management of pouch fistulae depends on the severity of symptoms. When
symptoms are minimal, placement of a seton may be all that is required. In those with
incontinence, proximal diversion with an ileostomy should be performed if not
already present. At the time of de-functioning, sepsis should be adequately drained
(with or without placement of a seton). Fistula repair can then be embarked upon
when control of sepsis is achieved. Simple de-functioning alone does not usually lead
to fistula closure[101].
Surgical options of pouch fistula repair are divided into abdominal and perineal
procedures. Abdominal procedures include pouch revision with advancement of the
ileoanal anastomosis. Perineal approaches include fistulectomy with or without
sphincter repair, endoanal advancement flaps, or even transvaginal pouch repair. The
height of the anastomosis is the critical determinant of the chosen operative approach:
(1) Pouch-vaginal fistulae from an anastomosis at or above the anorectal junction
should be approached abdominally with pouch dissection, repair of the vaginal
defect, and refashioning of a new anastomosis[101,102]; while (2) A fistula arising from an
anastomosis within the anal canal should not be treated with an abdominal procedure
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Figure 3

Figure 3 Examination under anaesthesia performed for a female patient who presented with perineal sepsis
and abnormal per vaginal discharge following ileal pouch anal anastomosis. A pouch-vaginal fistula was
identified and confirmed with a probe.

as there is insufficient anal canal length distally for re-anastomosis. A perineal
approach is required in such circumstances, either by an advancement flap[98-100,103] or
transvaginal technique[100,104,105].
Small bowel obstruction: SBO occurs in up to 30% of patients over 10 years, and can
result from adhesions that form to the raw surfaces after colectomy and/or kinking at
the ileostomy. Patients who undergo IPAA are at particularly high risk for SBO
because of the extensive abdominal and pelvic dissection incurred during pouch
surgery, the need for multiple (staged) operations, and a possibly higher septic
complication rate compared with less complex procedures. In one study by MacLean
et al[106], the cumulative risk of SBO was found to be 9% at 30 d, 18% at 1 year, 27% at 5
years, and 31% at 10 years. The need for surgical intervention for SBO was 1% at 30
days, 3% at 1 year, 7% at 5 years, and 8% at 10 years. It would appear, therefore, that
while the risk of SBO after IPAA is high, most cases can be successfully managed
without surgery.
Important factors predictive of SBO include use of a diverting ileostomy, stomal
rotation 180° (as some authors advocated to reduce faecal spillage into the defunctioned pouch)[107], and need for pouch reconstruction[106]. Internal herniation,
possibly even under the pouch mesentery, should not be forgotten as a potential cause
of (usually early) SBO[108]. Intuitively, a lower incidence of SBO may be expected
following laparoscopic pouch surgery due to a reduction in adhesion formation. This,
however, is not supported by existing data, with one meta-analysis failing to
demonstrate any difference in adverse event rates and long-term functional outcomes
between open and laparoscopic pouch surgery[13]. In fact, with a totally laparoscopic
approach, it has been argued that a 180° degree twist in the pouch can be readily
missed; the resulting pouch “volvulus” has been known to cause SBO, noted only
following closure of ileostomy (Figure 4).
Pouch dysfunction: Michelassi et al[109] performed a large prospective observational
study of 391 patients with an IPAA. This seminal study reported the long-term
functional outcomes of patients at a median follow-up of 34 (range 0 to 180) months.
Based on the results of this study, which are in agreement with others performed on
separate (and indeed, larger) cohorts [110,111] , “normal” pouch function is usually
defined by a 24-h stool frequency of four to eight motions per day with one nocturnal
motion, and the ability to defer pouch evacuation until convenient[109]. Poor pouch
function is therefore defined by deviation of the patient’s median stool frequency
from the normal, and/or an inability of the patient to maintain both diurnal and
nocturnal continence.
The issue of pouch dysfunction is particularly important given its critical influence
on patients’ quality of life following surgery. While studies that have evaluated
quality of life in the context of IPAA surgery have generally described the procedure
as offering a “good” quality of life [112] , this demonstrates close correlation with
measured pouch function. For example, Tiainen et al[113] demonstrated that patients
who exhibited good postoperative pouch function, had a quality of life comparable to
that of healthy controls; in contrast, patients with poorer function (i.e., frequent
episodes of faecal incontinence and urgency) had a significantly poorer quality of life.
There are a number of causes of poor function of the pouch, which can be categorised
as: Mechanical; inflammatory (cuffitis, pouchitis); and septic (discussed above).
Mechanical causes of poor function of the pouch include: A small volume pouch, a
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Figure 4

Figure 4 A coronal computed tomography image of a patient who presented with early small bowel
obstruction following closure of ileostomy (6 mo post pouch creation). Computed tomography and operative
findings confirmed small bowel obstruction secondary to a 360° twist at the level of the anastomosis.

poorly compliant pouch, a weak sphincteric complex, and pouch outflow obstruction.
It is recognised that the manovolumetric characteristics of the pouch are linked to its
resultant function[114,115]. A small, non-compliant pouch will promote faecal urgency
and increased frequency[116]. A poor-quality sphincter complex with a weak-resting
pressure can cause frequent small volume incontinence. Obstruction to pouch outflow
usually occurs at the level of the anastomosis (Figure 5). Anastomotic stricture is
estimated to affect 14% of pouch patients [86] , and are usually related to a local
complication such as undue tension of the anastomosis and local ischaemia (with or
without subsequent anastomotic leakage). Full mobilisation of the mesentery to
minimise traction on the reservoir is an important manoeuvre to avoid stricture
formation. Interestingly, recent studies have demonstrated lower rates of stricture
following stapled rather than hand-sewn anastomoses[117-120]. Web-like strictures can be
easily broken with gentle passage of a finger, but such flimsy strictures rarely cause
significant symptoms. More fibrotic strictures may also be fractured digitally but
often require the insertion of graded dilators (bougie or Hegar) under anaesthesia[121].
On occasion, repeated dilatations are required, yet reasonable function can be
expected in more than one-half of patients[104,122,123]. Some patients may require selfdilatation with an anal dilator on a daily basis, a practice that is usually well-tolerated
by patients. The aim is to achieve a stable lumen diameter that admits an index finger
to the level of the proximal interphalangeal joint, as this seems to correlate with
reasonable function[87]. The longer the stricture, though, the less likely it is to yield to
simple dilatation, and rarely, a transanal approach involving excision of the stricture
and pouch advancement is required[124].
Cuffitis is an inflammatory condition of the residual rectal cuff, and may be related
to the anastomosis being fashioned to the rectum rather than to the top of the anal
canal (essentially an ileal pouch–rectostomy) [87] . Such an anastomosis therefore
incorporates rectal tissue, which in UC patients poses risk of recrudescence of
inflammation at the anastomosis[125]. Proponents of hand-sewn anastomoses would
argue this condition occurs less with their anastomoses given a mucosectomy is
routinely performed. Interestingly, the advent of laparoscopic pouch formation has
been associated with an increase in patients coming to re-do surgery for long retained
rectal cuff [126] ; this is probably because cross-stapling of the anal stump remains
challenging with current laparoscopic staplers and inadvertent proximal stapling of
the distal rectum occurs instead. Cuffitis may respond to topical steroids,
suppositories or 5-aminosalicylic acid preparations. In cases that prove resistant, the
residual mucosa can be dissected off via a perineal approach, and mucosectomy is
carried out from the dentate line to the anastomosis. The anastomosis is then
disconnected circumferentially to permit delivery of the pouch down to the level of
the anal verge. A new anastomosis is made with interrupted sutures[87].
Pouchitis is the most common complication associated with the IPAA, affecting
44% of patients at 10-year follow-up[127]. It is characterised clinically by the presence of
crampy lower abdominal pain, general malaise, and increased stool frequency, often
with the presence of bloody stools[128-130]. Studies suggest that pouchitis is most likely
to occur within the first year after construction of the pouch[131], with the first episode
typically occurring shortly after reversal of the ileostomy[132]. The time course of the
condition varies from patient to patient, and may be classified into two distinct
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Figure 5

Figure 5 Obstruction to pouch outflow usually occurs at the level of the anastomosis. A: A coronal computed
tomography image demonstrating a pouch outlet stricture. A stricture at the level of the anastomosis (arrow) caused a
dilated pouch that could not empty without intubation; B: A pouchogram of the same patient confirmed an
anastomotic stricture that eventually yielded to serial Hegar dilations.

entities: Acute pouchitis and chronic relapsing pouchitis.The aetiology of pouchitis
remains unclear, but it is interesting to note that pouchitis does not appear to affect
pouches formed for FAP [133] . The diagnosis of pouchitis requires a combined
evaluation of clinical symptoms, endoscopic assessment of the pouch (Figure 6), and
histopathology from pouch biopsies. A variety of scoring systems have been
described to assess the severity of pouchitis[67,134-136], the best known of which is the
pouch disease activity index [135] (Table 2). The treatment of pouchitis focuses on
correction of a perceived bacterial dysbiosis[137], and patients are commonly prescribed
ciprofloxacin or metronidazole[138-141]. Studies suggest that both antibiotic regimes are
effective, but ciprofloxacin is usually better tolerated than metronidazole. Therefore,
ciprofloxacin has largely become the antibiotic of choice. Some cases of pouchitis are
refractory to antibiotics alone though. Recent reports have suggested that altering the
pouch flora with probiotic bacteria may be an alternative or adjunct to antibiotic
use[142-144], especially in patients with chronic pouchitis. Two probiotic agents have
been studied in the context of pouchitis: VSL#3® and Lactobacillus rhamnosus GG.
Randomised studies have identified that VSL#3® confers a remission rate of 85% over
a median follow-up of 9[142] and 12 mo[143]. In patients with pouchitis refractory to
antibiotic and probiotic therapy, other disease modifying drugs have been tried, with
varying success. Recent reports have shown infliximab to be effective in the treatment
of chronic pouchitis complicated by fistulous disease[145,146], although in a recent metaanalysis, anti-TNF agents appear to have most efficacy in Crohn’s disease-like
complications of the pouch rather than true refractory pouchitis[147]. Topical or oral
mesalazine may also be of benefit in pouchitis[148], but 5-aminosalicylate therapy seems
to have a greater role in the treatment of cuffitis rather than pouchitis[125]. Finally,
while the prescription of steroids seems intuitive, there is a lack of evidence to
support its use in pouchitis, either in oral or enema form.
Pouch failure: Pouch failure can be defined as the need for pouch excision or an
indefinite defunctioning ileostomy. Early pouch failure is usually associated with
pelvic sepsis, while later failure is related to pouch dysfunction or Crohn’s
"conversion"[149]. The rate of pouch failure is between 5%-10%[150].
Much work has gone into predicting risk of pouch failure in individual patients. In
an ileal pouch failure model[151] [often referred to as the Cleveland Clinic Foundation
(CCF) ileal pouch failure score], patient diagnosis, prior anal pathology, abnormal
anal manometry, patient comorbidity, pouch-perineal or pouch-vaginal fistula,
presence of pelvic sepsis, and anastomotic stricture and separation were identified as
independent predictors of pouch survival. The CCF pouch failure score is presented
in Table 3, and remains a simple and accurate tool to predict the risk of pouch failure
in clinical practice. Interestingly, the CCF pouch failure model does not identify
pouchitis to be an independent risk factor, but the model is in keeping with findings
of previous studies which have highlighted pelvic sepsis as a clear risk factor for poor
pouch function[90,152].
Traditionally, pouch excision is the recommended management for the failed
pouch, especially in patients for whom restoration of intestinal continuity is not
pursued[152,153]. Such surgery is not without its burden though. In one study of patients
undergoing pouch excision, 57% experienced short-term postoperative complications
(most commonly a surgical site infection); 37% had long-term complications (most
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Table 2 The pouch disease activity index
Range
I Clinical
1 Stool frequency

(0, 1, 2)

2 Faecal urgency/Abdominal cramps

(0, 1, 2)

3 Rectal bleeding

(0, 1)

4 Fever > 37.8 °C

(0, 1)

Maximal clinical sub-score: 6
II Endoscopic finding
1 Oedema

(0, 1)

2 Granularity

(0, 1)

3 Friability

(0, 1)

4 Loss of vascular pattern

(0, 1)

5 Mucous exudates

(0, 1)

6 Ulcerations

(0, 1)

Maximal endoscopic sub-score: 6
III Histology-acute histological inflammation
1 Polymorphonuclear infiltration

(0, 1, 2, 3)

2 Ulceration per low power field (mean)

(0, 1, 2, 3)

Maximal histological sub-score: 6
Maximal total PDAI: 18

PDAI: Pouch disease activity index.

commonly perineal wound issues)[154]. In fact, persistent perineal sinus following
pouch excision has been associated with Crohn’s disease, perineal dissection which
leaves the external sphincter intact, chronic pelvis sepsis, and smoking, and may
require formal sinus excision and transposition flap if unhealed with conservative
measures[36].
Permanent ileostomy without pouch excision remains the obvious alternative.
Moreover, favourable outcomes have been described following salvage surgery for
pouch failure, including transanal pouch mobilisation/advancement, resection of an
elongated pouch efferent limb, and re-do pouch surgery[103,155-162]. It should be borne in
mind, however, that re-do pouch surgeries are complex procedures, performed
infrequently, with most existing data based on retrospective series and heterogeneous
groups of patients and their complications. A systematic review of salvage surgery
after IPAA reported complications in almost one-half, a 74% “success rate” and an
eventual 18% pouch excision rate after re-do pouch surgery[126]. Patients pursuing redo pouch surgery should also be aware that functional outcomes after re-do surgery
are inferior to those following “primary” IPAA formation, with higher rates of bowel
frequency, urgency, and incontinence reported[36].
Finally, with the complexities of pouch excision and revisional surgery recognised,
and with studies establishing a clear volume-outcome relationship in several aspects
of IBD management [163] , there has been a distinct push towards centralising the
management of the failing pouch to higher volume centres. Patients with
complications of pouch surgery including anastomotic leak and chronic pelvic sepsis
are likely to achieve better outcomes if they are referred to a specialist centre with
appropriate experience in managing such complications. Such observations have led
to the ACPGBI consensus statement that appropriate referral to a sub-specialist unit
should be considered for all IBD patients with complex or recurrent disease, including
those requiring revision and excision pouch surgery[36]. Intuitively, this is related to
the concentration of institutional experience in higher-volume centres when
managing such specialised cases.
Dysplasia and malignancy: Initially, RPC/IPAA was thought to remove all tissue at
risk of disease from UC and FAP, thus obviating the need for follow-up and removing
the future risk of malignancy. However, dysplasia and cancer can still occur in the
rectal cuff (or ATZ) and ileal pouch mucosa in both UC and FAP patients. The
pathophysiology of dysplasia is completely different in these two diseases, though. In
UC, persistent inflammation is the most important factor in progression to dysplasia,
whilst in FAP, residual rectal and/or small bowel mucosa may undergo dysplastic
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Figure 6

Figure 6 Endoscopic view of pouchitis (Pouch Disease Activity Index endoscopic sub-score 4).

change due to underlying genetic alterations associated with the disease; inflammation thus plays no part in this process[164].
The problem of cuff dysplasia relates to retention of islets of rectal mucosa, which
inevitably occurs with a stapled anastomosis. Cuff dysplasia is a rare event
though[165,166], and any retained rectal mucosa usually causes more problems with
cuffitis than dysplasia. It should also be noted that patients with mucosectomy and
hand-sewn IPAA are not “immune” to dysplasia or cuffitis, because islands of the
rectal mucosa can regrow or may be inadvertently preserved due to incomplete
mucosectomy; indeed, in one series, residual rectal mucosa was identified in 20% of
patients who underwent hand-sewn IPAA with mucosectomy[167].
Pouch dysplasia is distinct from cuff dysplasia, and relates to pathological changes
observed in the true reservoir mucosa. Such pathological changes described include
chronic inflammation, crypt hyperplasia, and increased goblet cells. These features are
akin to colonic metaplasia, and there is suggestion that colonic-like mucosa in the
neorectum could be a potentially premalignant condition [85] . Indeed, neoplastic
characteristics such as aneuploidy and different degrees of dysplasia have been
reported in such “metaplastic” tissue[168], and pouch adenoma (Figure 7), and even
adenocarcinoma (Figure 8), are well-documented entities, though overall rare.[169,170].
The potential risk of cuff or pouch dysplasia explains the rationale for careful
follow-up and pouch surveillance of all patients after IPAA, which includes regular
clinical and endoscopic examination of the ileal pouch and cuff. However, there is
limited evidence for the ideal frequency of endoscopic surveillance. The British
Society of Gastroenterology surveillance guidelines distinguish low risk (no high risk
factors) and high risk (PSC, previous colorectal neoplasia, atrophic mucosa) groups
following colectomy, and recommend surveillance intervals of 5 years and 1 year,
respectively[171], but there is wide variation to this in daily practice[165].
IPAA and fecundity: Issues related to fertility, pregnancy, and the preferred method
of delivery are of great importance to the female IPAA patient, particularly given that
many are young and within their reproductive years. IPAA is associated with
decreased female fertility [172-176] , with approximately 40% having difficulty in
conception following pouch surgery[174]. One study from Scandinavia compared the
fecundity of women with FAP following colectomy/IRA versus IPAA; in that study,
the fecundity of women following IRA was similar to that of the general population,
but fecundity dropped to 54% following RPC/IPAA [177] . Preoperatively, young
women should be counselled about the impact of pouch surgery on fecundity, and
may decide to defer proctectomy until they have completed their family.
The significant decrease in postoperative fertility has been attributed to probable
tubal occlusion from adhesions. One approach to circumvent this is the placement of
an anti-adhesive membrane around the fallopian tubes and ovaries during surgery.
Additionally, as laparoscopic surgery is associated with fewer adhesions, this
approach may result in better preservation of female fertility [178,179] . Autonomic
neuropraxia or inadvertent transection of the hypogastric nerves have also been
suggested to lead to decreased lubrication and dyspareunia [180] , contributing to
decreased fertility postoperatively. Interestingly, a recent study has demonstrated that
IPAA has minimal impact on male fertility[181].
The optimal method of delivery remains debated. Caesarean delivery decreases the
risk of incontinence secondary to obstetric anal sphincter injury, but yet is associated
with potential complications from abdominal surgery, including pouch injury.
Vaginal delivery may cause pudendal nerve damage and injury to the anal sphincter
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Table 3 The Cleveland Clinic Foundation ileal pouch failure score
Risk factor

Points

Diagnosis
FAP

0

UC or indeterminate colitis

1

Crohn’s disease

1.5

Patient co-morbidity
No comorbid conditions

0

1 comorbid condition

0.5

2 or more comorbid conditions

1

Prior anal pathology
No prior anal pathology

0

Prior anal pathology

1

Anal sphincter manometry
Normal manometry

0

Abnormal manometry (squeeze pressure < 100, resting pressure < 40)

1

Anastomotic separation
No anastomotic separation

0

Anastomotic separation

1

Anastomotic stricture
No stricture or asymptomatic stricture

0

Symptomatic stricture

1

Pelvic sepsis
No sepsis

0

One episode of pelvic sepsis

1

Two or more episodes of pelvic sepsis

2

Fistula formation
No fistula

0

Pouch-perineal fistula

1

Pouch-vaginal fistula

2

TOTAL score

This score is interpreted based on the number of years post pouch formation, and a probability of pouch
failure is then calculable (www.riskprediction.org.uk/index-ccfipf.php). FAP: Familial adenomatous
polyposis; UC: Ulcerative colitis.

mechanism, but minimises the risks associated with abdominal surgery. Indeed,
studies have shown vaginal delivery to be safe after IPAA[182]. The decision regarding
mode of delivery is made on an individualised basis after discussion with the patient.
Many patients (and clinicians) will opt for an elective Caesarean section rather than
risk compromise of pouch function.

CONCLUSION
RPC/IPAA has undergone significant modification since its introduction in 1978, and
future directions of research in pouch surgery must include the robust assessment of
novel techniques, including robotic surgery, SILS, and TaTME. The two primary
indications for IPAA are UC and FAP, with the majority of pouches being fashioned
for UC. In any case, the aim of IPAA surgery is the same: to definitively cure disease
and prevent malignant degeneration, while providing adequate continence and
avoiding a permanent stoma. The majority of patients experience long-term success
with an ileal pouch, but this procedure is associated with significant morbidity.
Complications following IPAA surgery can be grouped into those which are “early”
and “late”. Pelvic sepsis is a common early complication with far-reaching
consequences in terms of long-term pouch dysfunction, but a high index of suspicion
and prompt radiological or surgical intervention significantly reduces the chance of
ultimate pouch failure. Even in the absence of sepsis, pouch dysfunction is a long-
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Figure 7

Figure 7 Pouch adenoma. A: Magnetic resonance image and endoscopic view of a pedunculated pouch polyp (arrow) arising in the mid pouch that was completely
excised endoscopically; B: A serrated, near circumferential, lesion (arrow) that required formal pouch excision. Both pouch lesions were confirmed histologically to be
pouch adenomas.

term complication that may have a myriad of underlying causes. Pouchitis is one
common cause that remains incompletely understood and at times, difficult to
manage. Other causes of dysfunction include impaired pouch mano-volumetry,
pouch/anastomotic stricture, and cuffitis. 10% of patients succumb to the diagnosis of
pouch failure, which is traditionally associated with the need for pouch excision.
Finally, as the follow-up period following pouch surgery lengthens, the incidence of
unique complications such as pouch dysplasia and malignancy can be expected to
increase. The best management and surveillance strategies for such clinical entities
remains unclear, but emerging evidence from this burgeoning field of research should
help guide future clinical practice.
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Figure 8

Figure 8 A magnetic resonance image of a pouch with a large exophytic lesion (arrow) arising from its posterior aspect. Biopsies and formal histopathology
confirmed this to be a pouch carcinoma.
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Abstract
the bile duct system and pancreas show many similarities due to their anatomical
proximity and common embryological origin. Consequently, preneoplastic and
neoplastic lesions of the bile duct and pancreas share analogies in terms of
molecular, histological and pathophysiological features. Intraepithelial
neoplasms are reported in biliary tract, as biliary intraepithelial neoplasm (BilIN),
and in pancreas, as pancreatic intraepithelial neoplasm (PanIN). Both can evolve
to invasive carcinomas, respectively cholangiocarcinoma (CCA) and pancreatic
ductal adenocarcinoma (PDAC). Intraductal papillary neoplasms arise in biliary
tract and pancreas. Intraductal papillary neoplasm of the biliary tract (IPNB)
share common histologic and phenotypic features such as pancreatobiliary,
gastric, intestinal and oncocytic types, and biological behavior with the
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pancreatic counterpart, the intraductal papillary mucinous neoplasm of the
pancreas (IPMN). All these neoplastic lesions exhibit similar
immunohistochemical phenotypes, suggesting a common carcinogenic process.
Indeed, CCA and PDAC display similar clinic-pathological features as growth
pattern, poor response to conventional chemotherapy and radiotherapy and, as a
consequence, an unfavorable prognosis. The objective of this review is to discuss
similarities and differences between the neoplastic lesions of the pancreas and
biliary tract with potential implications on a common origin from similar
stem/progenitor cells.
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Core tip: The carcinogenesis process of the biliary tract and the pancreas has common
histological, biologic and molecular characteristics possibly due to similar
stem/progenitors origin. Such findings could set the base for studies aimed at identifying
novel strategies for prevention, surveillance and treatment of these deadly diseases.
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INTRODUCTION
The biliary tract and the pancreas share a common embryologic origin [1] . In the
primitive duodenum, the bilio-pancreatic progenitor differentiates in distinct lineages
driven by specific transcription factors such as Hes1 in the case of the hepatobiliary
fate, or Pdx1/Ngn3/MafA in the case of the pancreatic fate[2]. Stem/progenitors for
biliary tree and pancreas exist at early stages of human development and both derive
from the definitive anterior endoderm forming foregut [ 3 ] . During human
development, the hepatic diverticulum emerges from the foregut[4]. While the cranial
part of the diverticulum forms the liver and the intrahepatic bile ducts (IHBDs), the
extrahepatic bile ducts (EHBDs) and ventral pancreas arise from its caudal part[5]. The
large IHBDs and the EHBDs share the presence of glands in their duct walls, which
are named peribiliary glands (PBGs)[6]. PBGs are more commonly located at branching
points of the biliary tree and at the hepatopancreatic ampulla. It has been clearly
demonstrated that specialized glands of the biliopancreatic tract contain niches of
stem/progenitors cells that could have an important role in the carcinogenesis
process, when they are activated in response to chronic stimuli[7]. Niches of biliary tree
stem cells (BTSCs) are located at the bottom of PBGs, near the fibromuscular layer;
these cells express markers of stem/progenitors’ cells of endodermal origin and can
proliferate and self-renew[8]. BTSCs are able to differentiate in vitro and in vivo, in
experimental models of liver diseases or streptozotocin-induced diabetes, into
cholangiocytes and, hepatocytes, or pancreatic islets[9]. Interestingly multipotency
property and the capability to respond to hyperglycemia in vivo are suggested by data
obtained in animal models of diabetes and in humans affected by type II diabetes
mellitus, where PBGs undergo proliferation and expansion in response to
hyperglycemia differentiating toward insulin-producing cells[10]. These data open to
the exciting hypothesis that the PBG niche commitment to endocrine pancreatic fate
may contribute to the homeostatic pancreatic islet regeneration response observed in
diabetes [7] . Studies of human anatomy support the hypothesis that BTSCs are
organized in a proximal-to-distal axis, in which the hepatopancreatic ampulla is
considered the proximal site where the most primitive stem biliary tree and pancreas
reside. In fact, pancreatic stem cell traits persist in the adult biliary tree, especially at
the ampullary region[11].
In the pancreas, pancreatic ductal glands (PDGs) containing pancreatic committed
progenitors are observed within the walls of larger pancreatic ducts (Figure 1). PDGs
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are more numerous in the main pancreatic duct at the head of the pancreas than in the
tail and in larger interlobular ducts, where PDGs progressively reduce and finally,
disappear in interlobular ducts with a diameter < 300 μm[12]. PDGs are therefore
considered the pancreatic counterpart of PBGs[13], they are most abundant at the
hepatopancreatic ampulla and their distribution along larger pancreatic ducts shows
similarities with the distribution of PBGs in the biliary tree[7,12] (Figure 1).
To sum up, on the basis of the progenitor segregation, multiple stem cell niches
persist in specific anatomical locations within adult human organs: (1) BTSCs in PBGs
along EHBD and large IHBDs; and (2) Pancreatic stem cells that appear confined to
the biliary tree, particularly the hepatopancreatic common duct, while their
descendants, committed progenitors, are observed within the pancreatic ductal
system in PDGs[11] (Figure 1). These stem/progenitor cell niches may contribute to
repair pervasive, chronic injuries, whereas the replication of mature parenchymal cells
ensures physiological turnover and restoration of parenchyma after minor injuries.
The above mentioned similarities in the embryological and histological features
between the biliary tree and the pancreas are reflected in the clinic-pathologic
similarities of several diseases affecting these two organs, such as their involvement in
IgG4 related-disease, preneoplastic lesions and cancers [ 1 4 - 1 6 ] . Accordingly,
cholangiocarcinoma (CCA) and pancreatic ductal adenocarcinoma (PDAC) seem to
share molecular pathways and cells of origin as recently suggested by the results of
the wide molecular characterization of determined clinical-pathological classified
malignancies conducted in The Cancer Genome Atlas results[17,18]. Interestingly, there
is also evidence that common risk factors, such as obesity and diabetes mellitus, are
associated with both CCA[19] and PDAC[20].
The present review article will discuss available evidence concerning common
features between neoplastic and preneoplastic lesions of the biliary tree and the
pancreas.

INTRAEPITHELIAL NEOPLASMS OF THE BILIARY TRACT
AND PANCREAS
One of the most relevant malignant precursors of biliary tract cancers is represented
by the biliary intraepithelial neoplasm (BilIN), a microscopic not macroscopically
identifiable lesion, with a micropapillary, pseudopapillary or flat growth pattern,
involved in the process of multistep cholangiocarcinogenesis[21]. BilIN represents the
biliary counterpart of pancreatic intraepithelial neoplasia (PanIN)[13,22]. BilIN are
usually encountered in the epithelium lining the EHBDs and large IHBDs and may
also be found in the gallbladder[23,24]. Furthermore, these preneoplastic lesions have
been identified and characterized in chronic hepatobiliary diseases such as
hepatolithiasis, primary sclerosing cholangitis (PSC) and choledocal cyst, which are
associated with an increased risk of developing CCA, particularly the perihilar
CCA [23-27] . BilINs are also observed by histological examination in the biliary
epithelium close to invasive biliary tract cancers[28]. Based on the degree of cellular and
architectural atypia, BilINs have been classified into three categories: BilIN-1 (low
grade dysplasia) showing the mildest changes compared to non-neoplastic epithelium
of the bile ducts; BilIN-2 (intermediate grade dysplasia) with increased nuclear atypia
and focal anomalies of cellular polarity as compared to BilIN-1; BilIN-3 (high grade
dysplasia or carcinoma in situ), which are usually identified in proximity of CCA
areas[29] (Figure 2).
Regarding the expression of cell cycle-related molecules, it has been shown that p21
and cyclin D1 are progressively upregulated with the increase of BilIN grades, while
the expression of the tumor suppressor gene SMAD4 gets down-regulated.
Interestingly, a significant upregulation of p53 is observed in BilIN-3 and invasive
CCA in contrast to BilIN-1 and BilIN-2, suggesting an important role of p53 in the
acquisition of invasive growth capacity in the final step of transformation into CCA.
Importantly, p21, cyclin D1 and p53 are not expressed in the non-neoplastic
epithelium of bile ducts[30].
The expression pattern of cytoplasmic and luminal surface mucins is also altered
during the increase in the degree of BilIN, with some evidences showing that the
expression of MUC1 increases with the increase of BilIN grades, while the expression
of MUC5AC is high in all BilIN grades [31] . Interestingly, BilIN are sporadically
associated with intestinal metaplasia that could explained the focal immunohistochemical expression of MUC2, whereas this mucin is not identified in
PanINs[22]. Moreover, the immunohistochemical expression of S100 proteins has been
found to be increased in BilIN compared to the non-neoplastic epithelium of bile
ducts. In particular, S100P is specifically expressed in BilIN-3 and invasive CCA
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Figure 1

Figure 1 Common and Distinctive Features of peribiliary and pancreatic ductal glands. The peribiliary glands are tubule-alveolar glands present within the walls
of larger biliary ducts, more commonly located at branching points of the biliary tree, in particular at the hepatopancreatic region. The pancreatic ductal glands
containing pancreatic committed progenitors are observed within the walls of larger pancreatic ducts. PBGs: Peribiliary glands; PDGs: Pancreatic ductal glands.

rather than in BilIN-1/-2, suggesting an involvement of S100P in the late phases of the
multistep cholangiocarcinogenesis process[32].
The demonstration that PBGs are stem cell niches of large IHBDs and EHBDs have
increased the attention on these structures in the neoplastic transformation of the bile
ducts. BilIN are also reported in PBGs and are graded as BilIN-1/-2/-3 as well[33].
Several studies suggested a role of PBGs in the response to chronic inflammatory
stimuli of bile ducts such as those occurring in PSC, through a process leading to the
occurrence of dysplastic lesions and consequently CCA development[34]. BilIN in PBGs
also showed a strong immunoreactivity to S100P, and carcinoembryonic and
carbohydrate antigen 19-9[35].
The pancreatic counterpart of intraepithelial neoplasm of the biliary tract is
represented by PanINs, defined as a microscopic flat or micropapillary noninvasive
lesions, usually inferior to 5 mm, and considered the most common malignant
precursors of PDAC, with a lower proportion of cases originating from intraductal
papillary mucinous neoplasms of the pancreas (IPMNs) and mucinous cystic
neoplasms (MCNs)[36]. PanINs have been classified, according to the degree of cellular
and architectural atypia, into low grade (previously classified as PanIN-1 and PanIN2) with mild-moderate cytological atypia and basally located nuclei, and high grade
(previously classified PanIN-3) with severe cytological atypia, loss of polarity and
mitoses[37,38]. The findings of loss of nuclear polarity, increased nucleus-to-cytoplasm
ratio, nuclear hyperchromasia, and architectural atypia are basically similar between
BilINs and PanINs[39].
As for the expression of cell cycle-related molecules, the immunohistochemical
expression of cyclin D1, p21 and p53 which is absent in nonneoplastic pancreatic
ductal epithelium, has been reported in high grade PanIN compared to low grade
PanINs, as well as in BilINs[22]. The loss of SMAD4 expression which is a typical late
event in pancreatic carcinogenesis has been demonstrated in high-grade but not in
low-grade PanINs[40]. As far as the expression of mucins is concerned, except for
MUC2 expression, that is almost absent in PanINs, a similar expression pattern is
found in BilINs and PanINs. MUC1 is progressively over-expressed in the process
from PanIN to PDAC, while MUC5AC is also expressed in PanIN, especially when
occurring in PDAC compared to normal pancreata[22,41]. The finding of upregulated
expression of the above mentioned mucins associated to higher PanIN grades
supports their role in the early phases of pancreatic carcinogenesis for which they
might be useful biomarkers. The expression of S100P is also increased in high grade
PanINs and PDAC compared to the low grade PanINs [42,43] . The most common
mutated gene found in in over 90% of PanINs is Kras, especially in the lowest
grades [44] . Mutated Kras is considered the initiating genetic event in PDAC
development but it cannot alone explain the progression to invasive carcinoma.
Hedgehog (HH) signaling pathway, crucial during embryonic pancreatic
development and stem cell regulation[45], resulted aberrantly activated both in PanINs
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Figure 2

Figure 2 Common and distinctive features of pancreatic intraepithelial neoplasias and biliary intraepithelial neoplasms. A: Pancreatic intraepithelial
neoplasia, high grade (PanIN-3, 10 ×) sorrounded by infiltrating adenocarcinoma. B: Biliary intraepithelial neoplasia, high grade (BilIN-3, 10 ×) with nearby infiltrating
adenocarcinoma Both lesions are microscopic precancerous lesions of pancreas (A) and biliary tree (B), not identifiable by radiological imaging.

and in invasive carcinoma[46,47]. Sonic Hedgehog (SHH) is one of the three protein of
the Hh signaling pathway family. Overexpression of SHH is reported in PanINs and
PDAC but not in normal pancreas, many studies showed a synergic crosstalk between
mutated Kras and activation of SHH in the early development of cancer[48]. In the
biliary counterpart, Kras mutations are reported in about 30% of cases of BilINs, thus
less frequently compared to PanINs but, similarly to what is reported in the
pancreatic counterpart, they occurr from the lowest grades during the progression to
CCA[49]. Regarding the role of HH signaling pathway, studies revealed that Gli1, a
transcriptional activator target of HH pathway, when overexpressed is associated
with tumor invasion and metastasis in iCCA[50].
Similarly, to what has been reported regarding the activation of PBGs in disorders
associated with increased risk of carcinogenesis in the biliary tract, within in pancreas,
specialized PDGs, containing pancreatic committed progenitors, are activated in
response to longstanding stimuli such as in chronic pancreatitis[51]. The upregulation
of MUC-6 and a de-novo expression of MUC5AC has been reported in PDGs,
supporting the hypothesis that these niches might contribute to mucinous metaplasia
with features of PanIN-like lesions, and to the development of dysplastic pancreatic
lesions[52].
In conclusion, there is solid evidence that BilINs and PanINs share common
histological and immunohistochemical features and similar molecular changes
associated with the multistep carcinogenetic process respectively of CCA and PDAC.

INTRADUCTAL PAPILLARY NEOPLASMS OF PANCREATOBILIARY SYSTEMS
Intraductal papillary neoplasms of the biliary tract (IPNBs) are a rare variant of bile
duct tumors that are considered the biliary counterpart of pancreatic IPMNs. Both
arise within the ductal system and show a predominantly intraductal papillary
growth pattern[53]. IPNBs can arise along all the biliary tree from both EHBDs and
IHBDs and represent an alternative carcinogenesis pathway, distinct from BilIN[54,55].
Histologically, IPNBs show papillary proliferation of neoplastic biliary epithelium
with delicate fibrovascular cores associated with luminal dilatation of the affected bile
ducts, sometimes with mucin hypersecretion and, occasionally with prominent cystic
changes[56]. The neoplastic epithelium of IPNBs is characterized by a spectrum of
cytologic and architectural atypia. Based on these features, IPNBs are classified into
low or intermediate grade intraepithelial neoplasia, high grade intraepithelial
neoplasia and IPNB with invasive carcinoma [ 5 7 , 5 8 ] (Figure 3). Regarding the
immunophenotype and the histology, IPNBs are classified into four epithelial
subtypes: (1) Pancreatobiliary; (2) Gastric; (3) Intestinal; and (4) Oncocytic types,
according to the immunophenotype classification of IPMNs[59,60]. The pancreatobiliary
subtype is the most common subtype of IPNB followed by the intestinal, gastric and
oncocytic ones[61]. Immunohistochemically, mucin core proteins are associated with
the epithelial subtypes in IPNB, as well as in IPMNs[62]. MUC-1 has been reported to
be expressed mainly in the pancreatobiliary subtype but not in the others, while
MUC-2 is expressed in the intestinal subtype and MUC5AC in all subtypes including
the oncocytic one, which also shows a focal expression of MUC-1 and/or MUC-2[63].
For this reason, the oncocytic form could be considered a variant of the
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pancreatobiliary subtype. While mucin hypersecretion is a typical and frequent
feature of IPMNs, its presence in IPNBs is more frequently reported in the gastric and
intestinal subtypes rather than in the pancreatobiliary one[64].
The expression of several cytokeratins has also been related to the different
subtypes. Particularly, CK-20 expression has been associated with the intestinal
subtype, whereas CK-7 with the gastric subtype[65].
Several studies suggested a role of PBGs in the development of IPNBs [33,66] . A
possible hint toward the origin of IPNBs from PBGs is represented by the high level of
expression of another gastric mucin MUC6, which is not normally expressed in the
biliary epithelium, both in PBGs and IPNBs, supporting the hypothesis of PBGsderived IPNBs[67].
As far as regards the pancreas, IPMNs are defined as a grossly visible noninvasive
epithelial neoplasm constituted of mucin-producing cells which could arise from the
main pancreatic duct (IPMN-MD) and/or from the branch ducts (IPMN-BD) [68] .
Microscopically, IPMNs show a papillary proliferation with delicate fibrovascular
cores[69]. Based on cytoarchitectural atypia, IPMNs are classified according to WHO
classification into: (1) Low grade dysplasia characterized by regular tall columnar cells
with no or only minor signs of atypia; (2) Intermediate grade dysplasia with moderate
cytological atypia, such as hyperchromasia and enlarged nuclei; and (3) High grade
dysplasia, which displays marked nuclear atypia with loss of polarity, enlarged and
pleomorphic nuclei[57,70].
IPMNs are extremely common incidentally diagnosed lesions with a prevalence of
some 7% in the healthy population[71], the majority being represented by IPMN-BD,
that are associated with a relatively low risk of neoplastic transformation estimated in
0-7% per year[72]. In contrast, IPNBs are rare lesions, mostly reported in far eastern
nations like Taiwan, Japan, and Korea where chronic diseases such as hepatolithiasis
and clonorchiasis are endemic[62,73]. The most common epithelial subtype of IPMN-BD
is represented by the gastric subtype, which is MUC-1 negative, MUC5AC positive,
and CK20 negative, meanwhile the most common epithelial subtypes reported in
IPMN-MD are the intestinal and the pancreatobiliary subtypes, which are respectively
MUC-2/MUC5AC positive and MUC-1 negative, and MUC-1/MUC5AC positive and
MUC-2 negative[74].
Several studies reported that the pattern of expression of mucins is related with two
distinct types of tumor progression that might occur in IPMNs: the MUC1positive
pathway leading to tubular adenocarcinoma and the MUC2positive pathway which
evolves into mucinous adenocarcinoma[75]. There is some evidence suggesting that the
pancreatobiliary subtype is strongly associated with invasive tubular carcinoma
which holds the poorest prognosis due to the more advanced stage at presentation
and high recurrence after curative resection [76] , and that MUC-1 expression is
associated with a shorter overall survival, similarly to what reported in IPNBs[56,77,78].
Similarly to what has been reported for the possible origin of IPNBs from PBGs, it
has been hypothesized that PDGs might have a central role in the development of
IPMNs, as suggested by the observed high levels of expression of Trefoil factor family
2 (TFF2) in IPMNs, a protein expressed also by PDGs[79]. As mentioned above, the
expression patterns of mucin core proteins and cytokeratins of IPMNs, especially the
main duct ones, resembles that observed in IPNBs[80].
Beyond all the similarities, there are also several differences between IPMNs and
IPNBs: (1) Mucin production is observed in almost all cases of IPMNs whereas it is
reported in only one third of IPNB cases; (2) The gastric subtype of IPNB is rare
compared to what observed for IPMNs and; (3) The expression of CK20 is far more
common in IPNBs compared with IPMNs [80,81] . In conclusion, while there are
evidences suggesting that IPNBs and IPMNs of the MD share common histologic and
phenotypic features associated with a relatively high risk of malignant
transformation, supporting the case of an almost identical entity, on the contrary,
most IPMN-BDs have a different molecular profile and biological and clinical
behavior.

CHOLANGIOCARCINOMA AND PANCREATIC DUCTAL
ADENOCARCINOMA
As discussed above, both microscopic (PanINs and BilINs) and macroscopic (IPMNs
and IPNBs) precursor lesions of pancreatic ductal adenocarcinoma (PDAC) and
cholangiocarcinoma (CCA) share many common aspects, which may be explained by
the described common embryologic development of the biliary tract and the
pancreatic duct system.
CCA is the second most common primary liver tumors [82] and its incidence is

WJG

https://www.wjgnet.com

4348

August 21, 2019

Volume 25

Issue 31

Zaccari P et al. Common features of biliary and pancreatic tumors
Figure 3

Figure 3 Common and distinctive features of pancreatic and biliary intraductal papillary mucinous neoplasms. Low power view of intraductal papillary
mucinous neoplasm of the pancreas (A) with oncocytic aspects (B), causing evident dilatation of the Wirsung duct which was detected radiologically as a macroscopic
lesion. Low power view of intraductal papillary neoplasm of the bile duct (C) characterized by a polypoid growth inside the common hepatic duct, composed of multiple
papillary projections with a fibrovascular stroma and covered by oncocytic cells (D). In the upper left part of panel D at higher magnification, the transition between the
normal bile duct epithelium and the papillary neoplastic proliferation is evident.

increasing worldwide[83]. CCA constitutes a heterogeneous group of malignancies
arising within the biliary tree[84,85], and based on its anatomical location, it is currently
classified into intrahepatic CCA (iCCA), perihilar CCA (pCCA), and distal CCA
(dCCA)[86-88]. While, the pCCA and dCCA are typically conventional mucin-producing
adenocarcinomas or papillary tumors, iCCA may present histologically as
conventional adenocarcinoma, cholangiolocarcinoma (CLC), or as rare histological
variants[88]. Recently it appeared that the conventional iCCA comprise two separate
histological subtypes: The small bile duct-type iCCA, described as nodular invasive
peripheral tubular or acinar adenocarcinoma with no or minimal mucin production,
and the large bile duct-type iCCA characterized by the mucinous production and by
the involvement of the large IHBDs[88]. Interestingly the large bile duct-type iCCA, but
not small bile duct-type iCCA, share similar characteristics with pCCA and PDAC[89].
Based on embryology, iCCA subtypes reflect the different cells of origin. In fact,
several studies reported that the small bile duct-type iCCA could emerge from the
hepatic/stem progenitor cells located at the level of canals of Hering or ductules, in
opposition to the p/dCCA and large bile duct-type iCCA which could originate from
cholangiocytes or PBG-cells[90,91]. A large body of evidences indicates that large bile
duct-type iCCAs and p/dCCA originate from PBGs [92] on the basis of: (1) The
anatomical location of PBGs is similar to those of large bile duct-type iCCA and
p/dCCA origin in the biliary tree; (2) PBGs activation can lead to mucinous
metaplasia favoring the occurrence of preneoplastic lesions; and (3) Cells with
stem/progenitor markers exclusively located at the bottoms of PBGs, are detected in
cancer stem cells identified in large bile duct-type iCCAs and p/dCCA[93].
PDAC is the one of leading causes of cancer mortality in developed countries, and
one of the most lethal malignant neoplasms across the world[94,95]. PDAC represents
nearly 90% of all pancreatic neoplasms[96] and can be considered as the pancreatic
counterpart of p/dCCA. Based on these premises, we will focus on the common
aspects between p/dCCA and PDAC. In fact, these malignancies both appear
macroscopically as firm grayish infiltrating masses with a nodular-sclerosing pattern
of growth; histologically, both can produce mucin, are generally well differentiated
tubular adenocarcinomas sometimes with a micropapillary component, commonly
present perineural and lymphovascular invasion and are characterized by abundant
fibrous stroma[97]. On the basis of histological characteristics and in particular for the
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large amount of stroma, PDAC and CCA share many cross-sectional imaging features
both at computed tomography (CT) scans and magnetic resonance imaging (MRI).
CCA appears as a hypodense lesion on non-contrast-enhanced CT scans, and after
contrast media injection in the early arterial phase presents an irregular peripheral
enhancement with only minor enhancement in the center of the tumor, followed by
progressive enhancement in the portal and the delayed phase, with the late phase
accentuated by the presence of fibrous stroma[98,99]. On MRI, CCA usually appears as a
hypo to isointense lesion on T1-weighted MR images and variably hyperintense in T2weighted images[100]. On CT-scan PDAC behaves like a hypoattenuating mass that
shows less or no enhancement compared to the normal peripheral pancreatic
parenchyma. On MRI it appears as a hypointense lesion on T1-weighted with a
variable appearance on T2 weighted MRI images[101,102]. New advanced endoscopic
techniques such as peroral cholangioscopy and pancreatoscopy are encouraging in
order to better identify p/dCCA and PDAC, their diagnostic role is useful to
differentiate indeterminate biliary and pancreatic duct strictures, distinguishing
benign and malignant lesions through a bioptic mapping[103,104].
From an immunohistochemical point of view, PDAC and p/dCCA are both
characterized by mucin overexpression[105]. Notably, while in the healthy pancreatic
ducts mucins are rarely expressed, their expression in biliopancreatic cancers is
upregulated, particularly that of MUC1, MUC4, and MUC5AC [106] . MUC1 in
particular, has been associated with tumor size and high grade of dysplasia. Some
80% of PDAC samples express MUC1[107-109]. Interestingly, an increased expression of
MUC1 in p/dCCA is also reported, particularly, patients with high levels of MUC1
expression carry a significantly worse survival when compared to those with low
MUC1 expression and high MUC2 expression[110]. A correlation between MUC1 and
the presence of metastasis has also been reported in CCA[111].
Regarding MUC4, it is not expressed in normal pancreas, but it has been reported
to be expressed in the earliest PanIN lesions[112]. Furthermore, MUC4 expression has
been associated with the severity of dysplasia, as during carcinogenesis, a gradual
expression of MUC4 has been demonstrated. An association between MUC4
expression and PDAC poor prognosis has also been reported[113,114]. In the normal
biliary epithelium, MUC4 is not expressed[115], whereas in CCA, MUC4 expression is
significantly related to worse prognosis, similarly to what is observed in PDAC[116,117].
Moreover, in both biliopancreatic tumors MUC5AC is overexpressed[118-120] and in
studies in which p/dCCA and iCCA are distinctly evaluated, p/dCCAs more
frequently express MUC5AC than iCCA[121,122].
The two most commonly mutated genes found in PDAC are Kras and p53. PDAC is
arguably the most Ras-addicted cancer, in fact, Kras mutations are recognized in
virtually 100% of PDAC cases, from the earliest stages[123-125]. In CCA, Kras mutations
have also been reported, but in a smaller quote of cases compared to the pancreas[126].
Several studies revealed that Kras mutations occur early in BilIN during the
cholangiocarcinogenic process[127]. The tumor suppressor gene p53 is also commonly
mutated in both CCA and PDAC and seem to be involved in the latest phases of
tumorigenesis process[128,129]. Regarding the immunophenotype profile, both PDAC
and CCA are characterized by common phenotypic traits such as the expression of
S100P[42,130,131]. Furthermore, they share common tumor markers such as cytokeratin-7,
cytokeratin-17 and cytokeratin-19[132]. In the past decades, with the improvement of
technology many studies aimed to determine the gene-expression profiles of PDAC
using microarray techniques and RNA sequencing[133]. PDAC presents a significant
inter-tumor and an intra-tumor heterogeneity and based on patterns of gene
expression profiling, researchers classified PDAC into sub-groups with different
molecular features such as (1) squamous; (2) pancreatic progenitor; (3) immunogenic;
and (4) aberrantly differentiated endocrine exocrine, that reflect a different clinical
behavior with a potential for specific personalized treatment[134-136]. Genomic profiling
studies have highlighted distinct subtypes also regarding CCA[137], some evidences
demonstrated two main classes: the inflammation and the proliferation, with the latter
being associated with worse outcome compared to the inflammation class[138]. In
addition, in the past few years, an increasing attention has been paid on the potential
role of noncoding RNAs (ncRNAs), classified according to their length into long (>
200 nucleotides) and small (18 to 200 nucleotides), for their involvement in cell
proliferation, growth, tumor progression and drug resistance of several tumors[139,140].
Among small noncoding RNAs, microRNAs (miRNAs), composed by 18 to 24
nucleotides in length, are the most investigated and they act as master gene regulators
involved in a variety of cellular pathways crucial to regular cellular functions[141,142].
The earliest evidences demonstrated a role of miRNAs in cholangiocarcinogenesis, in
fact, the overexpression of certain miRNAs, for example miR-21, miR-25, miR-26a,
miR-191, and miR-221, is involved in proliferation, tumor growth, migration and
invasion of CCA [143-147] . Many efforts have been made to isolate and characterize
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miRNAs on CCA specimens and body fluids (serum, bile and urine) for their possible
usefulness in clinic as promising diagnostic and prognostic biomarkers[148-152]. MiRNAs
are extensively studied also in pancreatic carcinogenesis; they have been classified in
oncogenic and tumor suppressor miRNAs according to their role in carcinogenic
process. The upregulation of certain miRNAs such as miR-21, miR-196a, miR-221/222,
is involved in mechanisms of cell proliferation, migration, inhibition of apoptosis and
chemoresistance of PDAC, and several evidences showed miRNAs’ potential role as
prognostic and diagnostic biomarkers[153-156]. In addition, in PDAC samples certain
miRNAs acting as tumor suppressor are found to be downregulated, such as miR-126
and let-7 involved in the control of migration and invasion of PDAC[157,158].
These two tumor entities, therefore, share a wide range of common features such as
histological aspects and immunophenotype profiles. These molecular characteristics
could explain the similar dismal prognosis of both PDAC and CCA, which is
substantially due to advanced stage at time of presentation and poor response to
conventional chemotherapy and radiotherapy (Table 1).

CONCLUSION
In conclusion, preneoplastic and neoplastic lesions of the biliary tract and the
pancreas share similar histologic, biologic and molecular characteristics. These
features are principally due to their anatomical proximity and common embryological
origin. On the basis of these important similarities, it would be relevant to conduct
studies aimed at identifying new strategies to prevent and treat biliopancreatic
neoplastic lesions, considering them as a common disease entity
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Table 1 Main similarities and differences in terms of embryologic origin and molecular characteristics between biliary and pancreatic
neoplastic lesions
Biliary tract

Pancreas

Embryologic origin of the ductal
system

EHBDs and large IHBD from ventral
part of foregut; small IHBD from
Mesenchymal cells surrounding the
septum transversum

Ventral part of MPD from the ventral
part of foregut. Dorsal part of MPD
from the dorsal bud that obliterates
completely; the ducts of the dorsal
bud fuse with the ductal system of
the ventral part

Niches of Stem/progenitors’ cells

PBGs located in EHBDs and large
IHBDs. Canals of Hering

PDGs located in MPD and larger
interlobular ducts > 300 μm

Microscopic (intraepithelial)
precursors of cancer

BilIN-1 low grade, BilIN-2
intermediate grade, BilIN-3 high
grade

PanIN low grade, previously -1, -2
PanIN high grade, previously -3

Macroscopic (intraductal)
precursors of cancer

IPNB

IPMN

Kras role in cancer

Mutated in 15%-30%

Mutated in > 90%

p53 role in cancer

Mutated in 35%-60%

Mutated 40%-87%

SHH role in cancer

Overexpressed ~ 50%

Overexpressed ~ 70%

Mucin expression in biliopancreatic
cancers

MUC-1+ 45%-70% MUC-4+ 35%-50% MUC-1 + ~ 80% MUC-4+ 30%-80%
(worse prognosis compared to MUC4 (worse prognosis compared to MUC4
negative) MUC5AC+ 30%-60%
negative) MUC5AC+ 10%-70%

S100P expression

upregulated in ~75%

upregulated in ~ 90%

Ref.
[1-5]

[6-12]

[21-26,29,37-39]

[54-62]

[44,123,124,127,129]
[49,125-129]
[159,160]
[106-122]

[42,43,130,131]

EHBDs: Extrahepatic bile ducts; IHBDs: Intrahepatic bile ducts; MPD: Main pancreatic duct; PBGs: Peribiliary glands; PDGs: Pancreatic ductal glands;
BilIN: Biliary intraepithelial neoplasm; PanIN: Pancreatic intraepithelial neoplasm; IPNB: Intraductal papillary neoplasm of the biliary tract; IPMN:
Intraductal papillary mucinous neoplasm of the pancreas.
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Abstract
Hepatocellular carcinoma is one of the most frequent malignant tumors
worldwide: Portal vein tumor thrombosis (PVTT) occurs in about 35%-50% of
patients and represents a strong negative prognostic factor, due to the increased
risk of tumor spread into the bloodstream, leading to a high recurrence risk. For
this reason, it is a contraindication to liver transplantation and in several
prognostic scores sorafenib represents its standard of care, due to its
antiangiogenetic action, although it can grant only a poor prolongation of life
expectancy. Recent scientific evidences lead to consider PVTT as a complex
anatomical and clinical condition, including a wide range of patients with
different prognosis and new treatment possibilities according to the degree of
portal system involvement, tumor biological aggressiveness, complications
caused by portal hypertension, patient’s clinical features and tolerance to
antineoplastic treatments. The median survival has been reported to range
between 2.7 and 4 mo in absence of therapy, but it can vary from 5 mo to 5 years,
thus depicting an extremely variable scenario. For this reason, it is extremely
important to focus on the most adequate strategy to be applied to each group of
PVTT patients.
Key words: Portal vein tumor thrombosis; Sorafenib; Systemic chemotherapy;
Transarterial chemoembolization; Transarterial radioembolization; Percutaneous ablation
therapies; Combined therapies; Surgery; Liver transplantation
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Core tip: Portal vein tumor thrombosis (PVTT) is a complex anatomical and clinical
condition, including patients with different prognosis according to the degree of portal
system involvement, tumor biological aggressiveness, complications caused by portal
hypertension, patient’s clinical features and tolerance to antineoplastic treatments. For
this reason, it is extremely important to focus on the most adequate treatment strategy for
each group of PVTT patients.

Citation: Cerrito L, Annicchiarico BE, Iezzi R, Gasbarrini A, Pompili M, Ponziani FR.
Treatment of hepatocellular carcinoma in patients with portal vein tumor thrombosis: Beyond
the known frontiers. World J Gastroenterol 2019; 25(31): 4360-4382
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4360.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4360

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent malignant tumors
worldwide accounting for 749000 new cases/year and about 745000 deaths/year,
with an incidence that ranges from less than 5 per 100000 individuals in Northern
Europe, United States and Japan to over 20 per 100000 in sub-Saharan Africa and
Eastern Asia[1-3].
Portal vein tumor thrombosis (PVTT) occurs in about 35%-50% of patients[4] and
involves the main trunk at the time of diagnosis in 15%-30% of cases[5]. However,
PVTT prevalence is certainly underestimated, being incidentally found in about 62%
of autoptic livers and in 14% of surgical specimens obtained from HCC patients[6]. In
those with already known history of HCC, the probability of malignant vascular
infiltration is as high as 30%, decreasing to 20% in case of contemporary diagnosis of
both HCC and thrombosis[7].
The presence of PVTT is considered a strong negative prognostic factor, due to the
increased risk of release into the bloodstream of cancer cells, leading to a high
recurrence risk; for this reason, it is considered a contraindication to LT and is
included in several HCC-prognostic scores [e.g., Barcelona-Clinic Liver Cancer (BCLC)
staging system, French classification of HCC, Cancer of the Liver Italian Program
(CLIP) classification, the Hong-Kong Liver Cancer (HKLC) staging system, Chinese
University Prognostic Index (CUPI) score, and Japan Integrated Staging (JIS)][8-14]. In
most of these classifications, sorafenib is the standard of care for patients with PVTT
due to its antiangiogenetic action related to the inhibition of the vascular endothelial
growth factor (VEGF). However, sorafenib can grant only a poor prolongation of life
expectancy in these patients[15].
Recent scientific evidences lead to consider PVTT as a complex anatomical and
clinical condition, including a wide range of patients with different prognosis and
new treatment possibilities according to degree of the portal system involvement,
tumor biological aggressiveness, patient’s clinical features and tolerance to
antineoplastic treatments, severity of liver dysfunction, and complications caused by
portal hypertension (e.g., variceal hemorrhage). The median survival has been
reported to range between 2.7 and 4 mo in absence of therapy[16,17], but it can vary from
5 mo to 5 years according to liver function, tumor features and treatment applied,
thus depicting an extremely variable scenario[4,8]. For this reason, it is extremely
important to focus on the most adequate strategy to be applied to each group of PVTT
patients.

DIAGNOSTIC APPROACH TO PVTT
Ultrasound (US) examination represents the first-line imaging technique for the
detection of PVTT with sensitivity and specificity of 80%-100% and diagnostic
accuracy of 88%-98%[18-20]. The thrombus appears as a hypo/isoechoic inhomogeneous
material obstructing partially or completely the vessel, with an expansive aspect of
the mass and difficult or absent detection of the infiltrated vascular walls. Colour and
Power Doppler-US is able to detect pulsatile signs of arterial neovascularization
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within the endoluminal mass, while pulsed Doppler identifies high resistance index in
intralesional arterial flow[18].
Contrast enhanced ultrasound (CEUS) represents the most sensitive and cheap
method to depict neoplastic endovascular invasion, with a better diagnostic
performance compared to computed tomography (CT)-scan (sensitivity 88%-100%,
specificity 94%-96% in differential diagnosis between benign and neoplastic PVT)[21];
PVTT presents a HCC-like contrast behaviour, with a rapid wash-in during arterial
phase and wash-out in the portal/late phase, while benign thrombus has no contrast
enhancement in all the study phases[22].
CT-scan and magnetic resonance imaging (MRI) can distinguish between neoplastic
and non-neoplastic portal thrombosis and add further information on thrombosis
extension and presence of collateral vessels, with a sensitivity of 86% and 100% and a
specificity of 100% and 90%, respectively. In particular, CT texture analysis and
attenuation values grant the distinction between neoplastic and benign thrombosis on
portal-phase CT imaging by analysing thrombus density, mean value of positive
pixels and entropy[23-27].
Percutaneous US-guided fine-needle aspiration is another simple, safe and effective
diagnostic method to distinguish non-neoplastic and neoplastic portal thrombosis
when a definitive diagnosis is not attained by imaging methods[28].
Another promising tool to achieve differential diagnosis between non-malignant
thrombosis and PVTT is 18F-Fluorodeoxyglucose positron emission tomography/CT
(18F-FDG PET/CT), which seems to be able to identify metabolic abnormalities of the
thrombus before the detection of the typical morphological and contrast enhanced
signs detected on CT-scan. Hu et al[29] defined thrombus malignancy by visual analysis
and a maximum standardized uptake value (SUVmax) > 3.35.

CLASSIFICATION OF PVTT
PVTT classification is crucial to define a proper therapeutic approach. There are many
studies describing PVTT stages according to the classifications created in different
medical centers. In 2010 Ikai et al[30,31] on behalf of the Liver Cancer Study Group of
Japan (LCSGJ), distinguished four grades of PVTT and three grades of hepatic vein
tumor involvement [Vp1: Presence of a tumor thrombus distal to the second-order
branches of portal vein (but not involving them directly); Vp2: Invasion of the secondorder branches of portal vein; Vp3: Presence of the thrombus in the first-order
branches; Vp4: Tumor thrombus in the main trunk of the portal vein and/or a portal
vein branch contralateral to the primarily involved lobe; Vv1: Tumor thrombus in a
branch of the hepatic vein; Vv2: Tumor thrombus in the main trunk of the hepatic
veins; Vv3: Thrombus reaching the right atrium] (Figure 1).
Another classification proposed by Cheng et al describes the portion of portal vein
involved, identifying 4 categories: Type I0 indicating microscopic portal invasion,
Type I combining Vp1 and Vp2, Type II corresponding to Vp3, Type III and IV
indicating thrombus in the main trunk and involvement of superior mesenteric vein,
respectively[32,33].
Finally, a simplified classification, divides patients with HCC and PVTT in group A
(tumor thrombus in the main portal trunk or in both the left and right portal veins)
and group B (involvement of either the left or the right portal vein)[34].

TREATMENT OPTIONS FOR HCC WITH PVTT: STATE OF
THE ART AND POSSIBLE FUTURE PERSPECTIVES
According to the Barcellona Clinic Liver Cancer (BCLC) classification, the
recommended treatment for HCC with PVTT is sorafenib. However, many other
treatment strategies have been attempted, with variable results. They include nonsurgical procedures, such as systemic chemotherapy, radiation therapy, transarterial
chemoembolization (TACE), microwave coagulation therapy (MCT), percutaneous
ethanol injection (PEI), radiofrequency ablation (RFA), and surgical options such as
resection and liver transplantation (LT).

Sorafenib
Sorafenib is a multi-tyrosine-kinase inhibitor targeting Raf/Mek/Erk-pathways,
vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF)
receptors, widely used as standard-of-care in the treatment of advanced HCC[35]. Its
efficacy has been investigated by two phase-III-trials: In the Sorafenib Hepatocellular
Carcinoma Assessment Randomized Protocol (SHARP, studying Western
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Figure 1

Figure 1 Portal vein tumor thrombosis classification according to the Liver Cancer Study Group of Japan.
MSTs: Median survival times; NA: Not available.

population), the median overall survival (OS) of patients with HCC and
macrovascular invasion (n = 108 patients) was 8.1 mo vs 4.9 mo in the placebo group
(n = 123 patients), while time to progression (TTP) was 4.1 mo vs 2.7 mo, respectively;
these results were confirmed by the Asia-Pacific Trial, but, as sorafenib was only able
to slightly prolong OS compared to placebo in advanced HCC (6.5 mo vs 4.2 mo, its
effect in presence of PVTT was even smaller (5.6 mo vs 4.1 mo, TTP 2.7 mo vs 1.3 mo)
in this study[35-38]. Yau et al[39] noticed a similar OS in both patients with and without
PVTT treated with sorafenib. Subsequent studies in patients with PVTT classified as
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Vp2-3-4 did not reveal satisfying performances. Jeong et al[40] analysed the effects of
sorafenib monotherapy in Vp3-4 PVTT, finding a 10% response rate and a 40% disease
control rate (OS 3.1 mo; TTP 2.1 mo); the overall incidence of drug-related adverse
events (AEs) was 90% and the most common AEs (grade 1-2) were dermatological,
gastrointestinal and constitutional.
As regards the combination of systemic treatments with other techniques, Giorgio
et al[41] demonstrated a better outcome for PVTT treated with both sorafenib and RFA
compared to sorafenib alone (1-2-3 year survival rates were 60%, 35% and 26% vs 37%,
0% and 0%, respectively); AEs were almost superimposable in the two groups
[abdominal pain, hand foot skin reaction (HFSR), asthenia, diarrhoea, weight loss]. A
recent multicenter phase III trial by Park et al[42] demonstrated that, in advanced HCC,
sorafenib combined with cTACE faced to sorafenib-alone does not achieve an increase
in OS (12.8 mo vs 10.8 mo; HR = 0.91; 90%CI: 0.69-1.21; P = 0.290) but improved TTP
(5.3 mo vs 3.5 mo; HR = 0.67; 90%CI: 0.53-0.85; P = 0.003), PFS (5.2 mo vs 3.6 mo; HR =
0.73; 90%CI: 0.59-0.91; P = 0.01) and tumor response rate (60.6% vs 47.3%, P = 0.005).
Surprisingly, patients with Vp3-4 PVTT or invasion of other vessels seemed to have a
survival benefit from sorafenib plus TACE, even though this trend was not
statistically significant (HR = 0.52; 95%CI: 0.27–1.02). It is also relevant to point out
that a high incidence of serious AEs was observed in the combination treatment group
faced to sorafenib-alone (33.3% vs 19.8%, P = 0.006, respectively), including elevation
of alanine aminotransferase (ALT), hyperbilirubinemia, ascites, HFSR,
thrombocytopenia and anorexia.
It should be noted that data on the efficacy of other antiangiogenetic drugs in
patients with PVTT are lacking. Indeed, in the registrative study of lenvatinib, which
has been shown to be non-inferior to sorafenib for the treatment of patients with
advanced HCC, patients with main portal trunk invasion were excluded[43].

Systemic chemotherapy
Traditional chemotherapy is not usually included in HCC treatment algorithms
because of its toxicity, which may be even more serious in patients with cirrhosis and
liver function impairment.
Okada et al[44] conducted a phase II study in which different systemic chemotherapy
regimens [Tegafur, Doxorubicin, Tegafur plus Uracil, Etoposide, Mitoxantrone,
Interferon-gamma, Cisplatin, 5-fluorouracil (5-FU)] were administered to 71 patients
with unresectable HCC, whose response varied from 0% to 20%; median survival time
was 5.6 mo, 1-year and 2-years survival rates were 23% and 5%. Among them, 22
patients had Vp4 PVTT, with a reported median survival time of 3.9 mo. Itamoto et
al [45] assessed hepatic arterial infusion of 5-FU and cisplatin in 7 patients with
unresectable HCC and Vp3-4 PVTT: Response rate was 33%; a reduction in size or
disappearance of thrombosis after chemotherapy was observed in 43% patients; mean
and median survival times were 8 and 7.5 mo, respectively. No serious AEs occurred,
whereas nausea and vomiting were the most common mild AEs requiring medical
management. Yamasaki et al[46] obtained good results in a randomized study on HCC
with PVTT by the addition of leucovorin to the protocol previously experimented by
Itamoto[45], with a 56% response rate vs 20% (P = 0.022); indeed, for leucovorin arm, 1and 2-year survival rates were 66.7% and 44.4% compared to 10% and 0% for the
control group (P = 0.033).
Ando et al [47] examined 9 patients with advanced HCC and Vp4-PVTT for the
efficacy of low-dose cisplatin and 5-FU arterial infusion by subcutaneously implanted
injection-port: overall response rate was 44.4%, 3-year survival rate was 40%, median
survival time 10.2 mo. Only tolerable AEs occurred (nausea, loss of appetite).
Interesting data also come from small studies using chemotherapy schemes
including interferon (IFN)-alpha. Urabe et al[48] treated 16 patients with HCC and Vp34 PVTT with a combined scheme of methotrexate, 5-FU, cisplatin and IFN-alpha 2b;
the reported response rate was 46.7%, median survival was 7 mo, and the 2-year
survival rate was 57.1%. Transient severe hematologic AEs were registered and more
than half of patients presented grade 2 nausea or vomiting. Similar results and safety
data were described by Kaneko et al[49] using the same therapeutic regimen (overall
response rate 45%, median survival 11 mo, 2-year survival 15%).
Some other studies showed encouraging results for the combination of
subcutaneous IFN-alpha and intra-arterial 5-FU in the treatment of HCC with Vp3-4
PVTT: Response rates ranged from 43.6% to 63% and mean survival rates from 6.9 to
11.8 mo[50-52].
Hepatic arterial infusion chemotherapy (HAIC) has been also investigated in the
treatment of PVTT, because of its property to carry anticancer drug directly at the
tumor site, thus limiting systemic AEs. Song et al[53] showed that HAIC was more
effective than sorafenib in the treatment of Vp2-4 PVTT (OS = 7.1 mo vs 5.5 mo, P =
0.011; TTP 3.3 mo vs 2.1 mo, P = 0.034); the most common AE in the sorafenib group
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was HFSR (45%, mainly grade 1-2), while in the HAIC group all patients had at least
grade 1 AEs, and grade 3-4 AEs were more frequent, with 98% anemia, 84%
thrombocytopenia, 74% bilirubin elevation and 72% ALT elevation (68% HAIC group
vs 27% sorafenib group).
Ikeda et al[54] designed a phase II trial that proved a fair efficacy of intra-arterial
cisplatin infusion in Vp3-4 PVTT, with a response rate of 28%, a mean survival time of
7.1 mo and grade 3 AEs (blood cell decrease, transient transaminases elevation) not
requiring treatments. However, other similar experiences did not confirm such
encouraging results[55-56].
Another interesting perspective is offered by metronomic chemotherapy protocol
(MET) that should act by preventing tumor cell proliferation and angiogenesis and
stimulating the immune system.
Yang et al[57] compared MET with cisplatin and 5-FU to sorafenib in the treatment of
advanced HCC with PVTT, finding better outcomes as regards median survival time
(158 d vs 117 d) and OS rate in the first group (P = 0.029). Main AEs in the MET group
were leukopenia (48%), hyperbilirubinemia (30%), thrombocytopenia (22%), serum
ALT elevation (17%); in the sorafenib group, mainly skin (28% HFSR) and
gastrointestinal tract toxicity (40%), hyperbilirubinemia (36%) and increase in ALT
serum levels (17%) were reported. The difference between grade 3-4 toxicity rates in
both groups was not statistically significant. An Italian experience[58] proved that MET
with capecitabine was effective in improving patients’ survival after sorafenib
discontinuation compared to best supportive care. However, in this study, patients in
the MET group showed a lower prevalence of PVTT, which represented itself a
negative prognostic factor.

TACE
TACE is considered the preferential palliative therapy for multinodular HCC for
patients with well-preserved liver function. TACE usefulness in PVTT, especially in
type III/IV, remains uncertain, because of the limited effect on survival compared to
systemic treatments and the potential risk of ischemia related post-TACE liver
function failure; this risk appears increased if the collateral blood circulation
surrounding the obstructed portal vein is insufficient [59-61] . The main studies
concerning TACE in PVTT patients are summarized in Table 1.
A metanalysis by Xue et al compared TACE and conservative treatment in 1601
patients with PVTT: 6-mo and 1-year survival were better in TACE group than in
supportive therapy group, with good results for both Child-Pugh A and B patients[62].
These results were confirmed in another metanalysis by Leng et al[63]l including 600
patients.
A review by Silva et al[63] including 13 studies with 1933 patients with PVTT treated
with TACE, showed a 1-, 3-, 5-year survival of 29%, 4% and 1%, respectively. Main
trunk PVTT demonstrated the worst outcome, although the Modified Response
Evaluation Criteria in Solid Tumors (mRECIST) response rates were similar in cases
with main portal vein or portal vein branches thrombosis (14% vs 16%, P = 0.238).
Compared to conservative treatment, TACE allows to achieve a mean survival time
of 19 mo vs 4 mo in type I PVTT (Vp1-2), 11.0 mo vs 1.43 mo in type II PVTT (Vp3),
and 7.1/4.0 mo vs 1.3/1.0 mo in type III/IV(Vp4), respectively (P < 0.01)[65]. Chung et
al reported a median OS of 5.6 mo vs 2.2. mo (P < 0.001) in a study in which TACE
arm was compared faced to supportive care arm. The best survival results were
achieved in patients with Vp4. The AEs rate was 28.9%, with gastrointestinal
hemorrhage more frequent in the TACE group[66]. Another small study evidenced
satisfying survival rates at 3-, 6- and 12-mo (82%, 71%, 47% respectively), with a
median survival rate of 10 months and better OS in Child-Pugh A compared to Child
B patients (15 mo vs 5 mo, respectively)[67]. Tawada et al[68] retrospectively analyzed the
AEs in a group of patients with PVTT treated with TACE: The main grade 3 AEs were
ALT and AST (Aspartate Aminotransferase) elevation (54.5% and 69.7%, respectively)
whereas the occurrence of thrombocytopenia, hyponatremia, hyperbilirubinemia,
leukopenia and anemia was rare. In this study, treatment response was evaluated by
CT at one or two months after TACE, and was considered separately as
“parenchymal-response” and “PVTT-response”. Mean survival times were 11.1 mo vs
5.5 mo for parenchymal response positive patients compared to negative ones, and
14.0 mo vs 5.8 mo for PVTT response positive patients compared to negative ones.
TACE efficacy in the treatment of PVTT seems to be related to the degree of hepatic
arterial supply to the thrombus. Indeed, patients showing a good accumulation of
lipiodol after TACE presented a better response to TACE, with an OS of 10 mo vs 2.7
mo (P < 0.001)[69].
When TACE is compared to sorafenib in BCLC-C HCC, the median OS seems to be
similar (9.2 mo vs 7.4 mo; P = 0.377) but the incidence of AEs appears to be higher in
the TACE group (30% vs 17%)[70].
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Table 1 Outcome of transarterial chemoembolization in patients with hepatocellular carcinoma and different portal vein tumor
thrombosis grades
First author, Patients
year
(patients)

Treatment

PVTT Class
(Vp)

Median
survival
time (mo)

1-yr survival
rate

2-yr survival
rate

3-yr survival
rate

5-yr survival
rate

Okazaki M,
1991

163

TACE

Vp 2 (48) Vp 3
(56) Vp 4 (59)

4.3 mo 4 mo 3.8 mo

-

-

-

Chung JW,
1995

83

TACE

Vp 3,4 (83)

6 mo

30%

18%

9%

-

Georgiades
CS, 2005

32

TACE

Vp 3,4 (32)

9.5 mo

25%

-

-

-

Luo J, 2011

84

TACE

Vp 1,2 (40) Vp 3 10.2 mo 5.3 mo
(44)

30.9% 3.8%

9.2% 0%

-

-

Niu ZJ, 2012

115

TACE

Vp 1 (12) Vp 2
(52) Vp 3 (42)
Vp 4 (9)

27.8%

6%

-

-

Peng ZW,
2012

402

TACE

Vp 1 (54) Vp 2 (136) Vp 3 (166)
Vp 4 (46)

41.1% 37.9%
36.1% 30.4%

-

8.9% 6% 4.2%
4.3%

3.6% 0% 0% 0%

-

22%

-

-

Vp 1,2 (98) Vp 3 6
(90)

38%

17%

3%

-

Ajit Y, 2014
Liu L, 2014

TACE
188

19 11 7.1 4

6.2 mo

TACE

Liu PH, 2014

181

TACE

Vp 1,2 (181)

-

60%

-

42%

33%

Chern MC,
2014

50

TACE

Vp 1,2,3,4

6.2 mo (range,
1.7–50.9 mo)

22%

10%

8%

-

Tawada A,
2014

81

TACE

Vp 1,2,3,4

NA

45%

23%

20%

-

Ye JZ, 2014

338

TACE (86
patients)

Vp 1,2,3,4

7.0 mo

17.5%

0%

0%

-

Tan X, 2015

116

TACE (64
Type I, II, III
patients)
(according to
TACE+PVE (52 Shi et al)
patients)

27.7 mo

60.9% 80.7%

41% 59%

25% 36.5%

0% 11.5%

The combination of sorafenib and TACE is reasonable considering their
complementary effects: On one side, TACE determines hypoxia that could enhance
the release of angiogenic factors; on the other side, sorafenib has an antiangiogenic
activity (anti-VEGF-2 and 3, anti- PDGF Receptor) and suppresses tumour
proliferation[71]. A metanalysis by Liu et al[72], examining 17 studies on the combination
of sorafenib and TACE in unresectable HCC compared to TACE alone, showed
benefits in TTP but not in OS (TTP: 7.1-9.0 mo; OS: 12-27 mo). AEs were mainly grade
1-2 (alopecia, fatigue, nausea, diarrhoea, HFSR, haematological events, hepatotoxicity)
and manageable with sorafenib dose-reduction. Heavy limitations of this analysis
were represented by the wide heterogeneity of accessible data, and lack of OS and
TTP in non-comparative studies that were, however, included. Furthermore, the
phase II trial START performed in Asia and assessing the effectiveness of the
combination of TACE with Sorafenib showed promising results in PVTT patients in
terms of 3-year OS (86.1%) with acceptable rates of AEs[73].
A retrospective study by Kim et al[74] demonstrated better OS and longer TTP for
patients treated with the combination of TACE and RFA than with TACE or sorafenib
alone.
Zhang et al[75] observed an improved outcome applying percutaneous transhepatic
portal vein stenting (PTPVS) and TACE, with or without 3-dimensional conformal
radiotherapy (3-DCRT): Median OS was 16.5 mo in the radiotherapy (RT) group vs 4.8
in the non-RT one. This study also demonstrates better results of PTPVS-TACE with
3-DCRT especially in avoiding stent re-occlusion due to tumour thrombus regrowth.
On the whole, TACE alone improves survival of selected patients with unresectable
HCC, but its effectiveness in improving OS and TTP of PVTT patients is not
definitively proven[76]. The association of TACE to other treatments could provide an
additional benefit by improving local control of HCC growth but further data are
needed in order to demonstrate a positive influence on OS.

RT
HCC is a radio-resistant carcinoma, but, in selected patients with PVTT, RT was
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demonstrated to be effective with a dose-related response[77,78]. However, RT can lead
to severe liver damage[79]. Indeed, concerns exist upon a “veno-occlusive-diseasemimicking” radiation-induced liver disease (RILDS) characterized by jaundice, severe
hypertransaminasemia, hepatomegaly and ascites appearing 2-3 mo after RT. This
threatening condition still remains without specific treatments and its prognosis is
potentially negative [80] . However, a small volume of liver tissue could tolerate
potentially tumoricidal high radiation doses. Indeed, Lawrence et al[81] demonstrated
that the use of dose-volume histogram allows to concentrate a higher radiation dose
on neoplastic tissue while sparing 2/3 of normal hepatic tissue, producing response
rates 2-3 times higher faced to conventional therapy, thus obtaining a better local
disease-control) and new technologies allow to achieve a highly selective target
receiving high doses radiation and sparing normal tissue, thus avoiding RILDS[82].
Some attempts to make this technique more selective and tolerable were made
through the use of 3-DCRT which allows to apply radiation selectively on both tumor
mass and PVTT and to avoid irradiation on the surrounding hepatic and non-hepatic
tissues[83].
Tang et al[84] compared RT to surgery in a retrospective study on 371 patients with
resectable HCC and PVTT obtaining better outcomes for the RT arm: Median OS was
12.3 mo vs 10 mo, respectively; 1-, 2-, and 3-year OS was 51.6%, 28.4%, 19.9% for the
RT group and 40.1%, 17.0%, 13.6% for the surgery group (P = 0.029). Other studies on
Vp3-4 PVTT showed a survival rate of 5.3-7 mo, with response rates ranging between
32.6% and 83%[78,85-88].
A study by Nakazawa et al[89] comparing RT to placebo on high grade PVTT (Vp3-4,
Vv2-3), showed a 48% overall objective response rate (complete plus partial response):
56% for Vp, 50% for Vv, 20% for both Vp and Vv). Median survival time in patients
receiving RT was 10 mo vs 3.6 mo in the control group; furthermore, 1- and 2-year
cumulative survival rates were significantly higher (38% and 20.7% vs 8.3% and 2.7%).
No grade 3-4 AEs occurred; the most common AEs were fatigue, anorexia, leukopenia
and hypertransaminasemia of grade 1 or 2.
A recent study performed using the propensity score matching highlighted the
superiority of RT vs sorafenib in patients with Vp3-4 PVTT (OS 10.9 mo vs 4.8 mo; P =
0.025); complete regression was achieved in 3.6% patients, partial response in 50.2%
and stable disease in 25.6% in the RT arm. Serious AEs were more frequent in the
sorafenib group (hypertransaminasemia, anorexia, nausea, HFSR), while only one
case of grade 3 leukopenia occurred in patients undergoing RT[90].
Positive results have also been reported on proton-beam therapy (PBT) in HCC
with PVTT, because of the possibility to locally concentrate the radiation delivery. In a
study by Sugahara et al[91] the median OS was 22 mo, with 91% 2-year local control rate
and 48% 2-year survival rate; only a few patients presented grade 3 AEs, mainly
consisting in leukocytopenia and thrombocytopenia. In another study 12 patients with
Vp3-4 PVTT were studied after PBT: 2 of them obtained a complete response without
recurrence 4.3 and 6.4 years after treatment. The remaining 10 showed partial
response 1-3 mo after PBT (objective response rate 100%), with appearance of new
HCC outside the irradiated volume after further 0.1-2.4 years from PBT. PFS and OS
rates were 67%/24% and 88%/58% at 2 and 5 years, respectively. No grade 3 AEs
were observed[92].
Several RT techniques (3-DCRT, intensity-modulated RT, stereotactic body RT
(SBRT), and RT with proton beams and carbon ion beams) showed promising
outcomes in HCC patients with and without PVTT: PBT, unlike RT with X-rays, allow
to precisely deliver high-dose radiations to the target volume, sparing the normal
liver tissue and the surrounding organs[93,94]. Furthermore, a metanalysis by Qi et al[95]
demonstrated a higher rate of survival for PBT compared to CRT, with lower AEs.
Gamma knife radiosurgery (GKR) is a type of external radiation treatment applied
especially on brain lesions, focusing with gamma beams radiations precisely on the
target, thus avoiding damage to surrounding healthy brain tissue. It consists in a
single application whereas RT requires multiple sessions to attenuate the effects of
radiations on healthy tissues. In a few Chinese cancer centers, GKR has been applied
on HCC-PVTT for more than a decade. A retrospective study by Lu et al[96] identified a
remarkably increased median OS of HCC-PVTT patients receiving combined TACE
and GKR faced to TACE alone. A subsequent retrospective study by Lu et al [97]
investigated the efficacy and safety of GKR monotherapy on PVTT-HCC, highlighting
an OS advantage in both patients with branch or main PVTT (6.1 mo for GKR group
vs 3.0 mo for supportive therapy)[35,36]. Grade 1-2 AEs were predominant and easily
managed. Despite the need of further future validation, GKR was reported to be
effective on HCC with PVTT, without differences related to its extension[97].
The combination of RT with other treatment modalities represents also an
interesting approach. For example, TACE determines the necrosis of the tumor
thrombus by reducing the arterial supply and stimulates G0 cells to enter into the
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proliferating phase, allowing the increase of RT-related antitumor effect. The first
study in patients with Vp2 PVTT was made by Chen et al [98] on 10 patients who
received TACE combined with RT: 6 patients died after a period ranging from 3 to 10
mo (because of advanced HCC, liver failure, HCC-rupture) while the others survived
more than 6 mo. Further studies also reached satisfying response rates[76,78,99-103].
Similarly, conventional chemotherapy could cause a significant enhancement in RT
effect: Katamura et al[104] compared patients treated with intra-arterial 5-FU and IFNalpha alone or combined with 3D-CRT in the treatment of PVTT (patients received
3D-CRT concomitantly with the first course of intra-arterial 5-FU/IFN): In the RT
group an improvement in PVTT and a reduced incidence of portal hypertensionrelated AEs were noticed, the objective response rate of PVTT was higher in RT group
(P = 0.012), but the median survival time was similar to non-RT group (7.5 mo vs 7.9
mo). Comparing the RT and non-RT groups, a complete PVTT resolution was
achieved in 19% vs 6%, PR in 56% vs 19%, SD in 25% vs 44%, PD in 0% vs 31%,
respectively.
Another study claimed the superiority of surgery plus neoadjuvant RT over
surgery alone in preventing tumor recurrence (1-year OS 69.0% vs 35.6%, 2-year OS
20.4% vs 0%, 6-mo RR 49.0% vs 88.7%, 1-year RR 77.0% vs 97.7%)[83].
Finally, Nakagawa et al [105] demonstrated the relevant role of RT followed by
percutaneous ethanol injection (PEI), RFA or TACE in HCC with Vp2-4 PVTT, with a
50% response rate and 1-, 3- and 5-year survival rate of 45.1%, 15.2% and 5.1%
respectively. Table 2 summarizes the most important papers analyzing the
effectiveness of RT alone or associated with other treatments in PVTT.

Transarterial radioembolization
Transarterial radioembolization (TARE) acts by delivering local beta radiation within
HCC through the selective release of iodine-131-labeled lipiodol (131I), iodine (125I) or
yttrium (90Y) in lobar, segmental, or subsegmental hepatic arteries supplying the
tumor[106,107]. In contrast to TACE, for which PVTT is a technical issue and an absolute
contraindication in case of Vp3-4 stage due to the increased risk of liver ischemic
necrosis and treatment-related death, TARE can be performed in patients with PVTT
without major concerns, thanks to the minimal embolic effect of 90Y-glass
microspheres and consequent lower risk of liver ischemia[108].
In a small study on 32 patients, Shae et al[109] compared the effects of TARE and
TACE in a subgroup of patients with major vascular invasion, obtaining a median
survival of 12 mo vs 9 mo (3-year survival rate 20.3% vs 9.7%).
TARE has also been shown to be more tolerable than TACE or Sorafenib: The most
frequent AE, observed in 20-55% of patients, is post-embolization syndrome (fever,
nausea, abdominal pain, malaise), which does not require medical intervention in
most cases[110]. However, in a retrospective, multicentre, therapy registry, doxorubicin
drug eluting beads (DEBDOX) resulted to be safer in the treatment of unresectable
HCC with PVTT, achieving better disease control (67% vs 20%; P = 0.0014) and
median survival time than TARE[111]. Furthermore, although TARE was reported to be
superior to sorafenib in prolonging survival of PVTT patients in some retrospective
studies[112-115], two phase III trials (SorAfenib versus Radioembolization in Advanced
Hepatocellular carcinoma – SARAH – and Selective Internal Radiation Therapy
Versus Sorafenib – SIRveNIB)[116,117] failed to demonstrate a significant superiority of
TARE compared to sorafenib. In particular, in the SARAH study the presence of PVTT
seems to favor sorafenib in term of OS.
An interesting point could be the selection of a subgroup of PVTT patients in whom
the benefit of TARE could be better. In a recent paper, Spreafico et al[118] developed a
prognostic classification showing that patients with at least one measurable HCC
lesion, PVTT non-occluding the main portal vein, absence of extra-hepatic metastasis,
Child-Pugh < B7, and good performance status achieved the best therapeutic results.

Percutaneous ablation therapies
Percutaneous treatments have been proposed for HCC complicated by PVTT, but
particular caution must be paid because of the potential risk of damaging portal and
biliary structures. However, some preliminary attempts have been done, with discrete
results.
In a study planned in 2005 when sorafenib was not available and including 35
patients with main trunk PVTT and a single HCC nodule (size 3.7-5 cm) who
underwent RFA of both the HCC lesion and PVTT, the 3-year survival rate was
significantly higher when compared to no treatment (77% vs 0%)[41], with a mean
survival time of 28.3 ± 3.8 mo vs 6.8 ± 0.5 mo (P < 0.001). A complete tumor necrosis
and main portal trunk recanalization was achieved in 26 patients (74%). In another
study[119], combined treatment with RFA and TACE on HCC complicated by PVTT
was reported to achieve a mean survival time of 29.5 months, with a 1-, 3-, 5-year
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Table 2 Main studies on the outcome of radiotherapy alone or combined with other treatments in patients with hepatocellular carcinoma
and different portal vein tumor thrombosis grades
First author, year Patients (patients) Treatment

PVTT Class (Vp)

Response rate

Survival rate(yr)

Mean survival
time (mo)

Tazawa, 2001

24

RT (50 Gy)+TACE

Vp3,4

50%

NA

9.7 mo

Yamada, 2001

8

RT (30 Gy)

Vp3

37.5%

NA

NA

Ishikura, 2002

20

TACE+RT (50 Gy)

Vp3

50%

25% (1-yr)

5.3 mo

Yamada K, 2003

19

TACE and 3D-RT
(30Gy)

Vp3

57.9%

40.6%(1-yr), 10.2%
(2-yr)

7 mo

Nakagawa, 2005

52

3D-CRT (39-60 Gy)

Vp2,3,4

NA

5.1% (5-yr)

NA

Kim DY, 2005

59

3D-CRT (39-70.2 Gy) Vp3,4

45.8%

20.7% (2-yr)

10.7 mo

Hata, 2005

12

Proton-beam
therapy (50-72 Gy)

100%

88% (2-yr) 58% (5yr)

27 mo

Lin CS, 2006

43

3D-CRT (21patients) Vp3,4
Conventional Rtp
(22 patients)

83% 75%

NA NA

6.7 mo 6.0 mo

Hsu WC, 2006

53

3DCRT+thalidomide

Vp3,4

50%

84.8% (6mo), 60.0%
(1-yr), 44.6% (2-yr)

24.0 mo

Nakazawa, 2007

32

RT

Vp3-4, Vv2-3

48%

38.0% (1-yr), 20.7%
(2-yr)

10.0 mo

Toya, 2007

38

3D-CRT (23.4-59.5
Gy)

Vp NA

44.7%

39.4% (1-yr)

9.6 mo (OS)

Shirai, 2009

26

3D-CRT using
SPECT

Vp3,4

30.7%

30% (2-yr)

10.3 mo

Kang, 2013

101

RT+TACE
TACE+RT

Vp NA

70.3%

A) 58.8% (1-yr),
17 mo 15 mo
29.4% (2-yr) B) 54.1%
(1-yr), 27.0% (2-yr)

Nakazawa, 2014

97

3D-CRT (30-56 Gy)

Vp3,4

45%

NA

10.9 mo

Lee, 2014

46

3D-CRT (35-60 Gy)

Vp3,4

32.6%

66.8% (1-yr)

NA

Vp3,4

3D-CRT: Conformal radiotherapy; Gy: Gray; NA: Not available; PVE: Portal vein embolization; PVTT: Portal vein tumor thrombosis; RT: Radiotherapy;
SPECT: single photon emission computed tomography; TACE: Transarterial chemoembolization.

survival rate of 63%, 40% and 23%. Slightly inferior rates were obtained when using
laser as ablation technique[120].
Cryotherapy has also been considered as a complementary treatment to sorafenib
in patients with branch and main-trunk PVTT, with a significant increase in OS (12.5
mo vs 8.6 mo respectively) and good safety profiles[121].
The main limitation of ablation techniques is the extension and the location of
PVTT within the portal system. Indeed, severe side effects such as neoplastic
embolization, irreversible damages of vascular and biliary structures, gallbladder,
gastric and duodenal walls have been occasionally reported after PVTT ablation using
percutaneous ethanol injection, RFA or laser[41,120,122]. Electrochemotherapy (ECT) is an
innovative method based on local application of short and intense electric pulses that
temporarily permeabilize cellular membranes, permitting the delivery of therapeutic
molecules. It has been used in a small prospective case series of HCC patients with
Child-Pugh A-B liver cirrhosis and Vp3-4 PVTT: Post-treatment CEUS examination
and biopsy of the portal thrombus showed in all cases a complete necrosis of tumor
cells without involution signs in perivascular tissues and portal endothelium. During
the subsequent 12-mo follow-up, no local recurrence was detected. The main concern
on this promising technique is the occurrence of thrombosis of main portal trunk and
fatal late gastrointestinal haemorrhage (17% of treated patients)[123].

Surgical approach
Since 1980s, surgical resection has been adopted for the treatment of HCC with PVTT
of the first-order branches[124]. In 1990s, Kumada et al[125] reported a surgical resection
of a tumor thrombus extended in the main portal trunk, describing five possible
surgical approaches: (1) Hepatolobectomy, consisting in the en-bloc resection of both
HCC (located either in the left or the right lobe) and PVTT (confined to the first portal
branch); (2) Thrombectomy with a balloon catheter that is introduced in the clamped
portal vein by an incision and used to extract the thrombus by suction or curettage; (3)
Portal vein bypass, consisting in the en-bloc resection of both the involved portal
branches and the thrombus when its extraction is technically complicated, followed
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by the creation of a bypass-graft between portal trunk and umbilical vein; (4) Portal
vein resection and anastomosis, performed in the presence of PVTT of the
contralateral first branch, with an en-bloc resection of both the thrombus and the
portal trunk, and the subsequent anastomosis between portal trunk and the residue of
portal vein; and (5) Thrombectomy, with the extraction of the thrombus through an
incision in portal wall at the bifurcation of right or left vein, while a biologic pump
redirects portal and vena cava blood flow to the axillary vein; if PVTT removal is
difficult, portal vein should be resected and subsequently reconstructed.
Nowadays, surgical approach to PVTT is based on three main methods:
Hepatectomy, tumor thrombectomy, and en-bloc-resection of portal vein and
thrombus with subsequent portal reconstruction. The first one represents an excellent
solution in case of PVTT in the first portal branches in patients with satisfying clinical
condition, as it grants a radical tumor and PVTT removal. The second one has the
potential advantage of avoiding tumor residuals, but it is technically more difficult to
perform, especially in case of extended thrombosis. The latter, applied to PVTT
involving the bifurcation with or without the main and/or contralateral portal veins,
presents high intraoperative mortality risk, but a more favorable result faced to
thrombectomy that is technically less difficult, but with a higher risk of tumor
residual or metastatization to the distal branches[126,127]. A study by Chok et al[128]
compared these three surgical methods (hepatectomy, tumor thrombectomy, and enbloc-resection of portal vein and thrombus), highlighting that median disease-free
survival was 4.21, 1.51 and 3.78 mo, respectively. This implies that adjuvant
treatments would be necessary to prevent the high incidence of recurrence but,
unfortunately, they are still unavailable.
It should be noted that no prospective study on surgical treatment for PVTT is
available to date. Some studies underlined the achievement of the same survival and
disease-free survival outcomes for en-bloc resection of the involved liver segment and
bifurcation with or without the main portal trunk compared to thrombectomy with
peeling-off technique[129-131]. Conversely, a propensity score analysis by Zhang et al[132]
demonstrated the superiority of en-bloc resection compared to thrombectomy with
peeling-off resection in type I-II PVTT (mean survival time, MST 18.2 mo vs 10.9 mo,
1-, 3-, 5-year OS 68.9%, 34.3%, 30.8% vs 49.1%, 22.1%, 15.8%; recurrence rate 9.7% vs
23.9%, P = 0.005, respectively).
Back-flow thrombectomy (BFT) has been employed in order to expand therapeutic
possibilities for Vp4 PVTT, which in Japan is surgically approached only in 8.8%
cases, minimizing the risk of migration of floating thrombus and allowing further
adjuvant treatments[133].
Beyond its pathological meaning and the debates on the most proper therapeutic
approach, PVTT itself has a fundamental role in defining the possible evolution of
HCC. In patients with HBV-related HCC macrovascular invasion, tumor
differentiation and size are all important prognostic factors[134]. As regards surgical
resection of large HCC (more than 10 cm), PVTT is an independent predictor of early
recurrence-related mortality and a major negative prognostic factor[135]. Since PVTT
invading portal trunk is considered to be a sign of advanced HCC, the purpose of
surgical approach is not to improve survival, but to help preventing the consequences
of excessively high portal pressure (e.g., variceal hemorrhage). However, even in
patients with PVTT of the portal trunk, a slight improvement of survival has been
reported even when compared to treatment with sorafenib[130,136-138]. A review of 24
studies including 4389 patients with PVTT undergoing surgical resection, evidenced a
1-year OS of 50% and 5-year OS of 18%[139,140]. Peng et al[141] showed a 1-, 3- and 5-years
survival rate for type I and II PVTT of 42%, 14.1%, 11.1% for surgery and 37.8%, 7.3%,
0.5% for TACE, respectively; however, the size of the surgery group was about half of
the TACE group (201 vs 402), and the subgroups analysis presented statistically
significant results only in type I and II PVTT (P < 0.001 and 0.002), but not in type III
and IV (P = 0.541 and 0.371); R0 resection could be achieved in 83% patients (88/106)
with HCC and PVTT but no vascular wall invasion, as already indicated by Shi et al[142]
who suggested thrombectomy as a proper treatment option if the tumor thrombus
does not infiltrate portal venous wall. Further studies confirmed the superiority of
surgery over TACE, especially in type I and II PVTT[143,144].
Liver resection and thrombectomy have a better 5-year OS if the PVTT is confined
to the first or second branch of the main portal vein rather than to portal trunk[30,145-147].
A review analyzing 23 articles and 2412 patients noticed a substantial difference in 5year post-resection survival related to PVTT stage: Vp1-2 45% (range: 25%-54%), Vp3
19% (range: 0%-38%), Vp4 14.5% (range: 0%-26.4%)[148]. Wang et al[149] suggested that,
beyond type I and II PVTT (according to Chang’s classification), surgery could be
effective also in selected cases of type III PVTT. Indeed, surgery allows an en-bloc
removal of neoplastic tissue in type I and II but in type III it is mandatory to clamp
portal vein, perform a thrombectomy and subsequent washing of the vascular lumen
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with saline solution, in order to remove possible neoplastic residuals.
At present, neither precise consensus nor indications have been established for each
Vp-category: According to LCSGJ, Vp1-3 are candidate to resection, but Vp4 has a
weak indication; taking into account Cheng’s classification, type I-III could be treated
by surgery, while type IV represents a contraindication. A study by Sakamoto et al[125]
proposed for Vp4 PVTT an en-bloc resection with reconstruction of the portal vein or
thrombectomy. Another Japanese group [150] underlined that only Vp3 may have
benefits from surgery, while Vp4 should be treated with alternative therapies.
Yamamoto et al[151,152] claimed that hepatectomy provides comparable survival rates
for both Vp3-4 and Vp1-2 but in this series Vp3-4 group is really small faced to the
Vp1-2 group. They also suggested that stage II-III patients [according to American
Joint Committee on Cancer (AJCC)] with high serum alpha-fetoprotein levels should
undergo neoadjuvant/adjuvant therapies.
A retrospective multicenter analysis of liver resection associated to thrombectomy
performed in Italy did not report a significant difference of 5-year survival among
Vp1, Vp2 and Vp3 patients[153]. Roayaie et al[154] reported a MST of 13.1 mo and 14% 5year survival in patients with PVTT treated with resection, whereas in case of
involvement of hepatic veins and vena cava MSTs felt to 4.7 mo. In case of HCC < 7
cm and AFP < 30 ng/mL, MST was 20 and 29 mo respectively. Prognostic elements
such as tumor size, extension of vascular invasion and AFP resulted to be
fundamental to define the outcome and should be considered when deciding if
resection is possible. The main studies concerning the clinical outcome of patients
with HCC and PVTT are reported in Table 3.
A metanalysis by Hyun et al[155], examining 5986 patients from 18 studies, showed
that primary hepatectomy is superior to TACE in BCLC-B/C stage HCC, with
significant OS benefit (HR = 0.59; 95%CI: 0.51-0.67; P < 0.00001); as per BCLC-B, also
in BCLC-C group, 1-, 3-, 5-years survival rates were higher for primary hepatectomy
than TACE (62%, 42%, 20% vs 45%, 16%, 8%, respectively). Despite these intriguing
results, the long-term effectiveness of surgery in advanced HCC is still to be proven,
since no comparison was made between surgery versus standard systemic treatment
with sorafenib in this group of patients. Zhang et al[156] proposed the preoperative
Eastern Hepatobiliary Surgery Hospital (EHBH) PVTT scoring system predicting
accurately the prognosis after R0 LR of HCC patients with type I-II PVTT: This
method could facilitate the decision between conventional systemic treatment and
surgery in patients with advanced HCC because of its accuracy in selecting patients
who could be advantaged by LR.
Associated Liver Partition and Portal vein ligation for Staged hepatectomy (ALPPS)
is an innovative surgical technique, first developed in 2012, for the management of
liver metastases in patients with potentially small residual liver volume, that reduces
the time of liver hypertrophy from 4-6 wk (in case of standard portal embolization) to
7-10 d. It consists of in situ splitting of the liver along the main portal scissura or the
right side of the falciform ligament, associated with right portal vein ligation[157]:
Vennarecci et al[158] demonstrated its efficacy in two cases of HCCs with major vascular
invasion in which the classical approach of radiological or surgical portal-vein
occlusion and subsequent resection after 4-6 wk could not be performed; these
patients were still alive 7 and 12 mo after surgery.

Surgery combined with other treatment methods
A combination strategy involving surgery has been reported to be more beneficial
than surgery alone[159]. However, the available data are still fragmentary and involve a
limited number of cases. Then, further prospective randomized clinical trials are
needed to achieve solid conclusions.
TACE following resection has been associated to a reduction in disease-recurrence
and a prolongation of OS. This effect is obtained especially in patients with highrecurrence-risk such as those with large tumors and vascular invasion[5,160-164].
Neoadjuvant RT can achieve tumor downstaging allowing surgery and improving
disease-free and OS without significant radio-mediated liver-damage[83]. In particular,
PVTT seems to have a better radio-sensitivity than HCC itself (response rate 27% vs
13% respectively): This allows to reduce the duration of the intervention, the
bleeding-risk and the possibility of micrometastatization by small thrombotic
fragments during surgery[160]. Kamiyama et al[165] described the possible role of RT as
neoadjuvant treatment before surgery in patients with Vp3-4 PVTT, helping to
improve prognosis through the inactivation of thrombus tumor cells and consequent
prevention of dissemination, with a mean survival time of 19.6 mo. Some studies also
proved TARE with yttrium-90 to be effective in downstaging unresectable HCC with
PVTT, increasing patients’ survival[166].
Sorafenib has been tested as adjuvant therapy to prevent recurrence after surgical
intervention. However, the initial promising results on animal models[167], were not
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Table 3 Selected studies concerning the outcome of resective surgery in patients with hepatocellular carcinoma and different portal vein
tumor thrombosis grades
First author, year

Patients (patients)

PVTT Class (Vp)

Mortality

5-yr survival rate

Median survival time
(mo)

Yamaoka, 1992

29

3-4

11%

11.6% (3-yr)

NA

Ikai, 1998

26

34

NA

11% 4%

NA

Ohkubo, 2000

47

2-3-4

0%

23.9%

14 mo

Wu, 2000

97 15

1-2-3 4

3.1% 0%

28.5% 26.4%

NA NA

Poon, 2003

20

3-4, Vv2

5.7%

13.3%

6.0 mo

Ikai et al, 2004 (21,711
patients treated from
1989 to 1999)

17,867 1609 672 679

0 1 2 3-4

NA

56.5% 34.4% 27.0%
17.3%

NA

Pawlik, 2005

102

3, Vv 2-3

5.9%

10%

11 mo

Ikai, 2006

78

3-4

3.8%

10.9%

8.9 mo

Chen, 2007

286 152

1-3 4

NA 2.6%

18.1% 0%

10.1 mo

Le Treut, 2006

26

3-4, Vv2-3

11.5%

13%

9.0 mo

Zhou, 2006

381

2-3-4

NA

12%

NA

Shi, 2011

144 189 86 22

1234

NA

26.7% (3-yr) 16.9% (3-yr) NA
3.7% (3-yr) 0% (3-yr)

Inoue et al. 2009

20

4

0%

39.0%

NA

Ban, 2009

45

34

0% 0%

41.8% 20.9

20.0 mo

Kondo, 2009

5

4

0%

0%

8.0 mo

Ikai et al 2010 (25,066
patients treated from
1994 to 2005)

20,195 1978 820 1,021

0 1 2 3-4

NA

59.0% 39.1% 23.3%
18.3%

NA

Shi, 2010

169 78

34

0.6% 0%

17.7% (3-yr) 3.6% (3-yr)

15.0 mo 10.0 mo

Wang, 2013

25

Vv3

0%

13.5%

NA

Chok, 2013

88

1-2-3-4

3.3%

11.2-14.3%

NA

Pesi, 2015

15 5 21 8 3

1 2 3 Vv2 Vv3

NA

53.3% 30.1% 20.0% NA
NA

NA

Xu, 2015

16 40

AB

100% NA

0% 5.2%

NA

Kokudo, 2016

1772 1475 1942 1285

1234

NA

NA

2.67 yr 1.51 yr 0.78 yr
0.50 yr

Kudo, 2016

1908 714 852

1 2 3-4

NA

48.2% 29.2% 25.05

NA

NA: Not available; PVTT: Portal vein tumor thrombosis.

confirmed in humans. An increased overall survival was reported in animal models
and in a small series of 12 patients with HCC in the BCLC-C stage treated with
sorafenib after resection faced to the 24 ones treated with surgery alone[168].
Tang et al[169] reported that combination of surgery plus chemotherapy is effective
for HCC with PVTT, increasing survival rates faced to other therapeutic strategies
(chemotherapy alone, surgery alone, conservative treatment). Remarkable data were
also obtained comparing hepatectomy plus thrombectomy to hepatectomy plus
thrombectomy plus chemotherapy (1-year and 3-years survival rates of 47% vs 70%
and of 22% vs 20%, respectively)[6]. Nagano et al[170] also showed a 100% overall 1-year
survival using subcutaneous IFN-alpha and hepatic arterial infusion of 5-FU after
palliative resection of advanced HCC with PVTT.
However, none of these studies clearly demonstrates that chemotherapy increases
PVTT outcome after surgery.

LT
According to international guidelines, HCC with PVTT still remains a
contraindication for LT because of the elevated risk of tumor recurrence, but also
because of technical difficulties and post-operative mortality[59,171-174].
However, based upon the positive experiences with living-donor LT after
successful downstaging, the role of PVTT as an absolute contraindication to LT
deserves a reconsideration. A recent study reported on the use a pre-waiting list LT
protocol of intensive downstaging treatment in a living donor LT program based on
concurrent chemoradiotherapy (CCRT) followed by HAIC[175]. Patients achieving
successful downstaging underwent LT and median patient and graft survival was 33
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months. Some important issues emerged from this study: Technical limitations due to
anatomic modifications determined by downstaging treatments, the prognostic value
of biomarkers (e.g., AFP, PIVKA-II – protein induced by vitamin K absence or
antagonist-II), the high recurrence rate (3/8 patients).
An interesting study by Levi Sandri et al[176] showed encouraging results of TARE
for PVTT-HCC downstaging prior to LT in four patients; DFS was 39.1 mo and in all
cases complete thrombosis regression was achieved, demonstrating the potential role
of TARE in tumour downstaging for LT candidates. These data underline the
importance of TARE as a useful downstaging tool for PVTT-HCC opening a possible
scenario for LT.
External radiation therapy has also been considered for PVTT as a bridging or
downstaging therapy [177] . A small retrospective series of 10 patients receiving
hypofractionated image-guided RT (HIGRT) followed by LT, presented pathologic
complete response in 27% of cases; in the others, the lesions were decreased or stable
in size[178]. Five years after LT all patients were alive and no recurrence was observed.
In another study on 38 patients treated with HIGRT and LT, complete plus partial
pathologic response was achieved in 68%[179].
HCC patients with PVTT treated with resection, TACE and LT present an increased
survival rate compared to those receiving conservative treatment (30% vs 12% at 1
year and 10% vs 4% at 3 years)[6].
All these experiences contribute to endorse downstaging strategies as an essential
preliminary condition to allow PVTT-HCC to undergo LT without an excessively
consistent risk of recurrence.

CONCLUSION
Patients with HCC and PVTT still remain a subgroup with poor survival, despite the
efforts to expand treatment indications outside the BCLC algorithm. The most evident
survival advantages can be attributed to surgery and several centers are moving
towards an extension of BCLC indications in these patients[136]. Recently released
guidelines by European Association for the Study of the Liver (EASL) and American
Association for the Study of Liver Diseases (AASLD) reflect this new tendency and
the favourable results reported by both Eastern and Western surgical groups for
patients with PVTT of the first/secondary branches (Vp1/2), support the
differentiation of treatment algorithms according to PVTT extension[59,180].
The importance of the scientific debate on PVTT treatment is summarized by Wang
et al[181] who focus on the exiguous survival advantage offered by palliative therapies
(such as sorafenib) confronted with their high health-costs. A revision of western
countries guidelines is required to fully recognize hepatic resection as a valid
alternative for selected cases of advanced HCC. The reason why this strategy is not
yet applied probably resides in the low incidence of HCC in Western countries
compared with Eastern ones and the coexistence in developed countries of several
comorbidities, such as cirrhosis, resulting in the risk of poor OS after resection, thus
leading either to conservative surgical strategies ot to merely palliative therapies.
Despite these concerns, a study by Kokudo et al [182] reported a less than 4%
postoperative 90-day mortality for hepatic resection in PVTT-HCC. For this reason,
notwithstanding obvious technical difficulties of surgery in complex patients (e.g.,
cirrhotic, cardiopathic ones), it should be given a larger space as a therapeutic option
in patients with first-order branch PVTT and normal liver function, because of its
safety and efficacy. For those with PVTT in main trunk or contralateral branches,
TARE and sorafenib (alone or combined) represent the most suitable solution.
There is still a deep gap of knowledge in the field of HCC associated with PVTT as
only preliminary and insufficient data are available on the effectiveness of combining
neoadjuvant treatment with resection and no prospective study comparing surgery
with other treatments has been reported. In the meanwhile, the involvement of a
multidisciplinary tumor board is mandatory in order to provide the best therapeutic
decision for complex, selected cases, considering risks and benefits in the light of
residual liver function which remains a decisive factor in the orientation of
therapeutic choices.
Although sorafenib represents at the present time the only recommended approach
in this category of patients, it is important to remind that, for selected cases,
alternative therapeutic approaches with a good safety and effectiveness profile such
as surgery and TARE are available, and that the sequential and personalized
combination of different treatment modalities will probably lead in the future to a
deep modification of BCLC treatment pathways.
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Abstract
Systemic inflammation is a marker of poor prognosis preoperatively present in
around 20%-40% of colorectal cancer patients. The hallmarks of systemic
inflammation include an increased production of proinflammatory cytokines and
acute phase proteins that enter the circulation. While the low-level systemic
inflammation is often clinically silent, its consequences are many and may
ultimately lead to chronic cancer-associated wasting, cachexia. In this review, we
discuss the pathogenesis of cancer-related systemic inflammation, explore the
role of systemic inflammation in promoting cancer growth, escaping antitumor
defense, and shifting metabolic pathways, and how these changes are related to
less favorable outcome.
Key words: Colorectal cancer; Inflammation; Prognosis; Cytokine; Chemokine; C-reactive
protein; Glasgow prognostic score; Cachexia; Metastasis
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Core tip: Increasing evidence indicates that systemic inflammation has wide-ranging
effects on colorectal cancer (CRC) pathogenesis, spanning from supporting primary
tumor growth by promoting tumor cell proliferation to helping angiogenesis by
enhancing the availability of pro-angiogenic molecules, to suppressing anti-tumor
immunity by recruiting anti-inflammatory cell types, and to shaping pre-metastatic
niches to promote subsequent metastasis. Systemic inflammatory biomarkers, such as
circulating acute phase proteins, cytokines, exosomes, and leukocytes, may help to
classify CRC patients into useful prognostic categories. However, further larger-scale
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studies are needed to determine optimal marker combinations for selecting patients to
receive specific treatments.
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INTRODUCTION
Interactions between tumor and host are important regulators of tumor
progression[1-3]. These interactions are mediated by a complex network of cytokines,
chemokines, growth factors, and matrix remodeling enzymes[4], reaching beyond the
local tumor microenvironment and evoking systemic responses[1,5] that have an effect
on the course of the disease[6]. Therefore, cancer progression is not only determined by
factors intrinsic for the tumor, but is largely directed by multifaceted systemic
processes[5].
Colorectal cancer (CRC) is the third most common cancer in the Western World,
and the second most common cause of cancer deaths[7]. Systemic inflammation is most
common in poorly differentiated and advanced CRC[8,9], but despite that it is also an
independent indicator of less favorable outcome in CRC [10,11] and associated with
shorter survival[6,12,13]. In the case of resectable disease, 21%–41% of CRC patients have
increased serum levels of acute phase proteins such as CRP (C-reactive protein),
indicating a systemic inflammatory response to the tumor[8,9,14].
Cancer-associated systemic inflammation is characterized by numerous alterations
in many organ systems distant from the site or sites of inflammation. Activation of
systemic inflammatory response in the liver results in a rapid increase in the
production of acute phase proteins, such as CRP[15]. Many disabling symptoms of
cancer patients, such as fever, anemia, fatigue and loss of appetite can be attributed to
the presence of systemic inflammation, and finally, metabolic changes such as loss of
muscle and negative nitrogen balance manifest in cachexia, a cancer-associated
wasting syndrome[16].
Many markers of systemic inflammation are based on counts, ratios, or scores of
circulating white cells or acute phase proteins, such as neutrophil/lymphocyte ratio
(NLR) and Modified Glasgow Prognostic score (mGPS), a measure based on elevated
serum CRP level and decreased serum albumin level[17], but more recent studies have
also evaluated the significance of alterations in circulating cytokine, chemokine, and
growth factor milieu[18-20], platelet transcriptome[21], or the composition of tumorderived extracellular vesicles[22]. Released by tumor cells or non-neoplastic cells in
tumor-elicited host reaction, IL6 (interleukin-6) is one of the most important
mediators of systemic effects of inflammation, such as the production of acute phase
proteins in the liver[15] and in cancer cachexia[16].
In this review, we aim to provide an overview of the factors contributing to
systemic inflammatory responses in CRC, of their downstream processes in the
responding tissues, as well as of the prognostic significance of systemic inflammatory
markers in CRC.

LITERATURE SEARCH
A literature search using PubMed was conducted to identify articles relevant to the
topic, using search terms: (“colorectal cancer” or “colon cancer” or “rectal cancer” or
“colorectal neoplasia”) and (“systemic inflammation” or “CRP” or “Glasgow
Prognostic Score” or “interleukin” or “chemokine” or “IL6” or “cytokine” or “CXCL*”
or “CCL*” or “cachexia” or “inflammation” or “premetastatic niche”). The last search
update was performed in March 2019. The titles and abstracts of the studies were
screened for studies relevant to the review topic. Additional relevant publications
were identified from the bibliographies of the included studies. Finally, this review
was based on 196 publications identified during the search.
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FACTORS UNDERLYING SYSTEMIC INFLAMMATION IN
CRC
The hallmarks of systemic inflammation in cancer patients include an increased
production of proinflammatory cytokines and acute phase proteins that enter the
circulation. Indeed, many proteins regulating the function of immune cells, or
produced in large quantities by immune cells or in inflammatory conditions, have
been reported to show altered serum levels in CRC patients compared to controls
(Table 1). For example, when evaluating serum profiles of 13 cytokines, chemokines,
and growth factors in 116 CRC patients and 86 healthy controls, it was found that
serum levels of five of these proteins showed statistically significant alterations,
including increased serum IL6, IL7, CXCL8 (IL8), and PDGFB levels, and decreased
serum CCL2 levels[18]. Increased serum IL6 and CXCL8 levels in CRC have been
reported in many studies, also summarized in two recent meta-analyses[23,24]. Further
highlighting the presence of systemic inflammatory markers in the sera of CRC
patients, in a systematic review and meta-analysis of diagnostic and prognostic serum
biomarkers of CRC[25], several of the most frequently reported diagnostic markers,
such as CRP, VEGFA, and TIMP1, were related to the systemic inflammatory
response.
The factors driving the systemic inflammatory response in CRC patients are
complex and thereby not clear, but they are related to the interaction between
neoplastic cells and the surrounding tumor microenvironment involving inflammatory cells, fibroblasts, extracellular matrix, and vasculature[5]. While tumor
cells can variably express different cytokines and chemokines[26], immune cells and
fibroblasts are capable of producing many of these factors at much higher levels[27-29].

Tumor cells produce inflammatory mediators
Cancer cells express highly variable amounts of different cytokines, chemokines, and
growth factors in vitro[26,30]. These include IL6, CCL2, CXCL8, CSF1 (macrophage
colony-stimulating factor, M-CSF), and CSF2 (granulocyte-macrophage colonystimulating factor, GM-CSF) (Table 2). These molecules contribute to a variety of
functions related to systemic inflammation and cancer progression. For example, IL6,
a seminal proinflammatory cytokine, regulates the acute phase response through the
induction of acute phase proteins in hepatocytes and the differentiation of monocytes
to macrophages[31], whereas CCL2 is essential for the recruitment of bone marrow
derived monocytes into peripheral organs and tumors[32]. CXCL8 is an important
proinflammatory chemokine, recruiting granulocytes but also promoting
angiogenesis[33]. Both CSF1 and CSF2 stimulate the proliferation, differentiation, and
survival of monocytes and macrophages, but while CSF1 is involved in M2-like antiinflammatory macrophage polarization, CSF2 contributes to M1-like proinflammatory macrophage polarization[34].
Tumor-derived extracellular vesicles have recently gained more and more interest
as potential regulators of tumor cell-immune cell interactions [35,36] . They are a
heterogeneous group of lipid bilayer-delimited particles released by tumor cells in the
tumor microenvironment and into the circulation[35,36]. They have been implicated in a
variety of functions in tumor progression, such as contributing to angiogenesis,
vascular leakiness, regulation of immune responses, and reprogramming of stromal
recipient cells in subsequent metastatic areas[35,36]. Based on their size and contents,
they can be divided into subcategories, such as microvesicles, exosomes, ectosomes,
and oncosomes.
The contents of tumor-derived extracellular vesicles can be highly variable. For
example, they have been reported to contain immunosuppressive proteins such as
TGFB[37,38], protease enzymes such as MMP9[38], and growth factors such as IGF1[38].
Moreover, nucleic acids (micro RNAs, miRNAs; and long non-coding RNAs,
lncRNAs) can be found in tumor-derived extracellular vesicles, and these can
contribute to tumor cell and stromal cell proliferation and apoptosis, and the
regulation of immune responses against the tumor[35,36]. For example, exosome-carried
miR-21, miR-29a, and miR-222-3p have been associated with immunoregulatory
functions in various tumor types[39]. However, current knowledge of miRNAs in the
regulation of immune reactions is limited, and further investigation is required to
show more clearly the significance of exosome-carried mRNAs in systemic
inflammatory reactions, relative to other factors[35].

Tumor-infiltrating immune cells produce inflammatory mediators
CRCs are infiltrated by a heterogeneous population of immune and inflammatory
cells, including proinflammatory cells, such as CD8+ cytotoxic T cells, type 1 CD4+
helper T cells (Th1 cells), NK cells, and M1 macrophages, anti-inflammatory cells such
as regulatory T cells (Treg), type 2 helper T cells (Th2 cells), M2 macrophages, and
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Table 1 Some systemic inflammatory markers showing altered circulating levels in colorectal cancer patients
Marker

Function

Detection method

Samples

Ref.

Acute phase proteins
CRP (C-reactive
protein)

↑

Acute phase protein

ELISA

serum

Gunter et al[157]

HP (haptoglobin)

↑

Hemoglobin-binding
acute phase protein

ELISA

serum

Sun et al[158]

Ferritin

↓

Protein that stores iron

meta-analysis

serum

Feng et al[159]

Cytokines and chemokines
IL6

↑

Proinflammatory
cytokine

meta-analysis

serum

Xu et al[23]

IL7

↑

Cytokine involved in
lymphocyte maturation

Multiplex magnetic
bead assay

serum

Kantola et al[18]

IL17A

↑

Proinflammatory
cytokine

meta-analysis

serum

Yan et al[160]

IL22

↑

Cytokine contributing to meta-analysis
tissue homeostasis

serum

Yan et al[160]

IL23

↑

Proinflammatory
cytokine

meta-analysis

serum

Yan et al[160]

CCL2

↓

Recruitment of
monocytes and
macrophages

Multiplex magnetic
bead assay

serum

Kantola et al[18]

CXCL5

↑

Recruitment of
neutrophils

ELISA

serum

Kawamura et al[161]

CXCL8 (IL8)

↑

Recruitment of
neutrophils

meta-analysis

serum

Jin et al[24]

CXCL10

↑

Recruitment of T cells
and NK cells

ELISA

serum

Toiyama et el [162]

CXCL16

↑

Recruitment of T cells
and NK cells

ELISA

serum

Matsushita et al[163]

SPP1 (secreted
phosphoprotein 1)

↑

Leukocyte chemotaxis

streptavidin–biotin
sandwich assay

serum

Werner et al[164]

Protease enzyme also
cleaving cytokines

immunofluorometric
assay

serum

Väyrynen et al[165]

Degradation of
ELISA
extracellular matrix and
regulation of neutrophil
action

serum

Wilson et al[166]

Inhibitor of
metalloproteinases

meta-analysis

serum

Meng et al[167]

Protease enzymes and their inhibitors
MMP8

↑

MMP9

TIMP1

↑

Growth factors and their inhibitors
ANGPTL2

↑

Growth factor
contributing to the
regulation of
inflammation and
angiogenesis

ELISA

serum

Toiyama et al[168]

ESM1

↑

Secreted angiogenic
factor

ELISA

serum

Jiang et al[169]

PDGFB

↑

Proliferation of
mesenchymal cells

Multiplex magnetic
bead assay

serum

Kantola et al[18]

VEGFA

↑

Vascular growth factor

ELISA

serum

George et el[196]

VEGFC

↑

Vascular growth factor

ELISA

serum

Wang et al[170]

↑

Energy source

G6PD

serum

Ferroni et al[171]

Oxygen carrier

HPLC Analyzer

serum

Ferroni et al[171]

Regulator of metabolism ELISA

serum

Ferroni et al[171]

Markers of metabolism
glucose (fasting)
HbA1c
insulin (fasting)

↑

ECM/endothelium-derived signaling proteins
Endostatin

↑

Angiogenesis inhibitor

ELISA

serum

Kantola et al[173]

POSTN (periostin)

↑

ECM protein

ELISA

serum

Ben et al[174]

VASTATIN

↑

Collagen VIII derived
matrikine

ELISA

serum

Willumsen et al[172]
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VCAM-1 (soluble)

↑

Multifunctional

ELISA

serum

Toiyama et el[175]

Other signaling molecules
DAND5

↑

BMP inhibitor

ELISA

serum

Miao et al[176]

LRP (leptin)

↓

Regulator of metabolism ELISA

serum

Kumor et al[177]

Resistin

↑

Regulator of metabolism ELISA

serum

Kumor et al[177]

ECM: Extracellular matrix; G6PD: Hexokinase/glucose-6-phosphate dehydrogenase.

myeloid derived suppressor cells (MDSCs). Other cells include B lymphocytes,
plasma cells, neutrophils, eosinophils and mast cells that co-operate with both
immunoenhancing and immunosuppressing cells [40,41] . In contrast to systemic
inflammatory response, which is associated with adverse outcome[12], an intense
immune cell infiltrate, evaluated using hematoxylin and eosin stained sections[42-45] or
by immunohistochemistry using antibodies to specific immune cell markers[46-50], has
frequently been associated with improved survival in CRC, independent of tumor
stage or other prognostic parameters. This has been attributed to the ability of
immune cells to recognize transformed malignant cells and restrict tumor growth
(immunosurveillance hypothesis)[3,51]. However, some types of immune cells such as
Th17 cells, characterized by their production of IL17, a proinflammatory cytokine,
have been associated with poor survival[52].
Immune cells are considered an important source of cytokines, chemokines, and
growth factors in tumor microenvironment (Table 3), but a few recent studies have
shown an inverse correlation or lack of correlation between local immune response
and systemic inflammation. A recent study evaluated the relationships between
serum levels of 13 cytokines and the densities of eight types of tumor-infiltrating
immune cells (CD3+, CD8+, and FOXP3+ T cells, CD68+ macrophages, CD1a+ dendritic
cells, CD83+ dendritic cells, ELANE+ neutrophils, and tryptase+ mast cells) in a cohort
of 147 stage I–IV CRC patients. In that study, serum cytokines and tumor-infiltrating
immune cells in CRC represented entities with high intra-group correlations but
relatively weak positive inter-group correlations. High macrophage density was
associated with increased serum CCL4 levels (which could reflect CCL4 production
by macrophages or recruitment of CCR5+ macrophages in tumors as a response to
CCL4) and high densities of CD3+ and CD8+ T cells were associated with increased
serum IL12 levels (which indicates that systemic IL-12 levels may contribute to or
reflect tumor-associated Th1 response). Yet another study reported a trend towards an
inverse relationship between local inflammation and systemic inflammation in a
cohort of stage II colon cancer patients[53].
The reasons underlying the relative weakness of the observed associations between
tumor immune cell densities and serum levels of inflammatory markers are unclear.
However, more precise definition of immune cell categories may be needed to show
more closely defined associations with circulating inflammatory mediators. For
example, general macrophage markers, such as CD68, do not adequately reflect the
phenotypic diversity of macrophages, which can produce copious amounts of various
cytokines depending on their polarization status (Figure 1)[28,54]. Also other immune
cells, including T helper cells[55], B cells[56], neutrophils[57,58], produce different types and
quantities of cytokines and chemokines related to the type of their activation. Based
on this, for example, neutrophil categorization into proinflammatory N1 and antiinflammatory N2 subsets has been suggested[59], but it is not as well established as T
helper cell classification (Th1, Th2, Th17, Treg) or macrophage classification (M1 and
M2)[60].

Cancer-associated fibroblasts produce inflammatory mediators
Cancer-associated fibroblasts (CAFs) contribute to proliferative signaling, invasion
and metastasis, angiogenesis, and inflammatory reactions [1,27] . Cancer cells and
fibroblasts may form a reciprocal positive feedback loop where tumor cells release
growth factors activating fibroblasts and, in return, fibroblasts secrete growth factors,
such as IGF1, which stimulate the proliferation of cancer cells. Recently, such an IGF1dependent feedback loop, promoting disease progression, was demonstrated in
radiotherapy-activated CAFs in CRC mouse model and human CRC samples[61].
CAFs also produce several factors contributing to tumor inflammatory reactions
(Table 4). For example, two recent studies indicated that stromal fibroblasts are an
important source of IL6 in CRC[29,62]. Nagasaki et al[29] found that stromal fibroblasts
had higher IL6 production than tumor cells, and that colon cancer cells enhanced IL6
production by isolated stromal fibroblasts. Moreover, in a xenograft mouse model,
anti-IL6R antibody targeting stromal tissue showed greater anti-tumor activity than
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Table 2 Examples of inflammatory mediators reported to be expressed by colorectal cancer cells
Inflammatory mediator

Function

Detection method

Samples

Ref.

IL6

Proinflammatory cytokine

IHC, RT-PCR

FFPE CRC specimens

Zeng et al[178]

CSF1

Proliferation, differentiation, IHC
and survival of monocytes,
macrophages, and bone
marrow progenitor cells;
polarization of pro-tumor M2
macrophages

FFPE CRC specimens

Nebiker et al[179]

CSF2

Proliferation, differentiation, IHC
and survival of monocytes,
macrophages, granulocytes
and bone marrow progenitor
cells, polarization of antitumor M1 macrophages

FFPE CRC specimens

Nebiker et al[179]

CCL2

Recruitment of monocytes
and macrophages

IHC, WB

CRC cell lines, FFPE CRC
specimens

Hu et al[180]

CXCL1

Recruitment of neutrophils

IHC

FFPE CRC specimens

Oladipo et al[181]

CXCL8

Recruitment of neutrophils

IHC, IF, WB

CRC cell lines, FFPE CRC
specimens

Xiao et al[30]

CXCL8

Recruitment of neutrophils

IHC

FFPE CRC specimens

Oladipo et al[181]

CXCL10

Recruitment of T cells and
NK cells

IHC, RT-PCR

CRC cell lines, FFPE CRC
specimens

Jiang et al[182]

CXCL12

Recruitment of lymphocytes
and endothelial progenitor
cells

IHC

FFPE CRC specimens

Akishima-Fukasawa et al[183]

VEGFA

Angiogenesis

IHC

FFPE CRC specimens

Tuomisto et al[184]

CRC: Colorectal cancer; FFPE: Formalin-fixed paraffin-embedded; IHC: Immunohistochemistry; IF: Immunofluorescence; RT-PCR: Real-time polymerase
chain reaction; WB: Western blot.

anti-IL6R antibody targeting xenografted cancer cells. Huynh et al [ 6 2 ] also
demonstrated that CAFs are a major source of IL6 in human CRC samples, and found
that IL6 production was associated with tumor promoting Th17 immune response. De
Boeck et al [63] performed secretome profiling of CAFs isolated from human CRC
samples, and found that in these experimental conditions, CAFs represent a rich
source of cytokines, chemokines, proteases, and growth factors, such as CXCL8
involved in neutrophil recruitment, CCL5 involved in T cell recruitment, VEGFA
involved in angiogenesis, and various matrix metalloproteinases (MMPs) (Table 4).
MMPs play an important role in extracellular matrix remodeling during tumor
invasion, but can also contribute to inflammatory regulation by, for example, cleaving
chemokines and cytokines[64,65].
TGFB signaling is a central immunosuppressive pathway in CRC progression[66,67].
Recently, Hawinkels et al [68] demonstrated a positive feedback loop, where the
interaction of tumor cells with resident fibroblasts results in hyperactivated TGFB
signaling in both cell types. In vitro, the treatment of CAFs with TGFB increased their
expression of collagen-1, PLAU (urokinase type plasminogen activator), various
matrix MMPs, including MMP2, MMP3, and MMP9, tissue inhibitors of matrix
metalloproteinases (TIMPs), and TGFB itself[68]. Collectively, these data support the
role of CAFs in the regulation of cancer associate inflammatory reactions.

The role of tumor necrosis in systemic inflammation
Necrosis, an uncontrolled process of cell death, provokes a rapid systemic
inflammatory response that is necessary for the removal of dead tissues from the body
by phagocytic cells like neutrophilic granulocytes and macrophages. Necrosis is also
prevalent and represents an indicator of less favorable outcome in colorectal, renal,
lung, and breast cancer[69-71]. Irreversible cell injury induces the systemic inflammatory
response, when dying cells release proinflammatory molecules into the extracellular
space, and this is further propagated when intracellular contents of the cells are
exposed[72]. In trauma patients, mitochondrional damage-associated components
released to the circulation are able to elicit systemic inflammation[73]. Richards et al[74]
and Guthrie et al [75] found that increasing amount of tumor necrosis in CRC is
associated with higher levels of markers of systemic inflammation, such as modified
Glasgow Prognostic Score (mGPS) and serum IL6, supporting the role of tumor
necrosis in the induction of systemic inflammatory response. In addition, further
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Table 3 Examples of inflammatory mediators produced by different inflammatory cells
Cell type

Inflammatory mediators

Functions

Ref.

M1 macrophage

IL6, TNF, IL12A, IL12B, IL23A,
CXCL5, CXCL9, CXCL10, CXCL11,

Activation of inflammation

Murray et al[178]

M2 macrophage

IL10, CCL4, CCL13, CCL17, CCL18,
MMP1, TGFB1

Resolution of inflammation

Murray et al[47]

Th1 lymphocyte

IFNG, IL2

Activation of cytotoxic immune
response

Zhu et al[55]

Th2 lymphocyte

IL4, IL5, IL10, IL13

Activation of humoral immune
response

Zhu et al[55]

Th17 lymphocyte

IL17A, IL17F, IL21, IL22

Activation of neutrophils

Zhu et al[55]

Treg lymphocyte

TGFB

Immunosuppression

Zhu et al[55]

Plasma cell

IL10, IL35. TNF, IL17A, CSF2

Both pro- and anti-inflammatory
mediators

Dang et al[156]

Neutrophil

IL1A, IL1B, IL1RA, IL6, IL12 CXCL8,
CXCL9, CXCL10, CXCL11, CCL2,
CCL3, CCL4, TGFB1, VEGFA

Activation of inflammation;
depending on the type of
polarization, also anti-inflammatory
mediators are secreted

Tecchio et al[58]

Eosinophil

IL1A, IL2, IL4, IL6, IL12, CXCL1,
CXCL8, CXCL10, CCL3, CCL5,
CCL11

Th2 type immune responses

Davoine et al[185]

Myeloid derived suppressor cell

IL10, TGFB

Immunosuppression

Bronte et al[87]

Mast cell

IL4, IL5, IL6, TNF, CSF2

Th2 type immune responses

Amin et al[186]

supporting the association between hypoxia and systemic inflammation, Bousquet et
al[76] showed that hypoxic conditions are related to a reduction of reactive oxygen
species (ROS) production and increased damaged mitochondrial DNA (mtDNA)
generation in vitro and that in rectal cancer patients with locally advanced disease, a
low circulating ROS to damaged mtDNA ratio was associated with systemic
inflammation. However, to our knowledge, the activation of systemic inflammation
by tumor necrosis has not been demonstrated in more experimental studies.

EFFECTS OF SYSTEMIC INFLAMMATION IN CRC
The effects of systemic inflammation span throughout the body; from primary tumors
to metastases, liver, bone marrow, gut, skeletal muscle, and other organs (Figure 2).
Recent studies have shown that even before metastatic disease, the systemic
inflammatory response promotes tumor progression by modifying the interactions
between neoplastic and non-neoplastic cells. The concept of pre-metastatic niche
describes the process in which instead of being passive receivers of circulating tumor
cells, the tissues and organs of a future metastasis are actively modified before the
metastatic spread[77].

Liver
The liver participates in a large number of tasks, such as macronutrient metabolism,
blood volume regulation, detoxification of chemicals and several metabolites, and
regulation of immune responses [78] . The liver synthesizes the majority of serum
proteins, such as albumin, fibrinogen, clotting factors, transport proteins, complement
proteins, and lipoproteins. It maintains whole body homeostasis via metabolism of
carbohydrates, lipids, amino acids and vitamins, and it also functions as an immune
organ that mediates and regulates systemic and local innate and adaptive immunity.
Digestion and nutrient absorption in the gastrointestinal tract provide a constant
source of antigens (and a potential route for pathogens) that enter the body, and liver
sinusoids are thereby rich in antigen-presenting cells, NK cells and NKT-cells that
have a key role both in immunotolerance and in the immune defense against
pathogens. Liver mediates immunotolerance via complex interaction of hepatocytes,
liver nonparenchymal cells and immune cells[79].
One of the best-known mechanisms of the liver in immunoregulation is the
production of acute-phase proteins in response to inflammation[15]. An acute-phase
protein has been defined as one whose plasma concentration increases (positive acutephase proteins) or decreases (negative acute-phase proteins) during inflammation.
Examples of positive acute-phase proteins include ceruloplasmin, CRP, haptoglobin,
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Figure 1

Figure 1 Phenotypic spectrum of macrophages. The illustration portrays the heterogeneity of immune cell main
categories in producing inflammatory mediators and growth factors based on their activation state. The image
illustrates the spectrum model of macrophage polarization based on the M1-M2 paradigm. Macrophage polarization
describes the type of macrophage activation at a given point in space and time[155]. The polarization can be viewed
as a continuum, with M1 (pro-inflammatory) and M2 (anti-inflammatory) as the extremes. The M1 and M2
designations are based on in vitro stimulation with either interferon gamma (M1) or interleukin 4 (M2) without
environmental influence[54]; in vivo, stimulation of macrophages with multiple cytokines may result in mixed
phenotypes. The image shows examples of transcription factors, cell surface molecules and inflammatory mediators
commonly associated with M1 and M2 polarization states. Similarly to macrophages, different activation states have
been associated with other immune cell types such as neutrophils[57,58], B cells[56], and plasma cells[156]. CCL: C-C
motif chemokine ligand; CD80: CD80 molecule; CD86: CD86 molecule; CXCL: C-X-C motif chemokine ligand;
GATA3: GATA binding protein 3; IL: Interleukin; IRF: Interferon regulatory factor; MHC II: Major histocompatibility
complex, type II; MMP1: Matrix metallopeptidase 1; MRC1; Mannose receptor C-type 1; pSTAT1: Phosphorylated
signal transducer and activator of transcription 1; STAB1: Stabilin 1; TGFB1: Transforming growth factor beta 1; TNF:
Tumor necrosis factor; VEGFA: Vascular endothelial growth factor A.

hepcidin, and SAA, whereas negative acute-phase proteins include albumin,
transferrin, transthyretin, and alpha-fetoprotein[15]. IL6 has been established as one of
the most important contributors to altered protein production in the liver during the
acute phase response. During response to infection, circulating IL6 levels quickly
increase, propagating inflammatory signaling throughout the body[80]. Notably, IL6 is
one of the cytokines showing the greatest increase in CRC patients relative to healthy
controls, and a further increase in metastatic disease compared to non-metastatic
disease[18].
IL6 also appears to be one of the main contributors to altered hepatic metabolism
during systemic inflammation. In a recent study, Flint et al[81] showed that, in a mouse
CRC model, tumor-induced IL6 caused systemic metabolic changes, such as
suppression of hepatic ketogenesis, which triggered marked glucocorticoid secretion
from the liver. In turn, this suppressed intratumoral immunity and caused failure of
anti-cancer immunotherapy. The IL6-ketogenesis suppression-glucocorticoid pathway
in the liver may represent one of the mechanisms by which immunosuppression in
tumor tissue, often observed in CRC patients with advanced cancer[40], is coupled with
changes in liver function and systemic metabolic changes.

Bone marrow
The immune system is governed by an appropriate balance of the lymphoid and
myeloid responses. Hematopoietic stem cells (HSCs) reside in the bone marrow,
producing different blood cell lineages in an highly organized manner [82] . HSCs
respond rapidly to acute blood cell demand, such as injury or inflammation[83]. In
patients with solid cancers, hematopoiesis is abnormal, leading to altered composition
of hematopoietic progenitor cells, with myeloid-biased differentiation[84]. Accordingly,
the systemic inflammation in cancer patients is widely reflected in hematological
parameters, such as neutrophil-to-lymphocyte ratio, with neutrophil predominance
over lymphocytes [85] . Together with CSF2, and CSF3, IL6 is among the leading
myelopoiesis-driving cytokines[86].
A prolonged demand for myeloid cells – as in the case of a severe prolonged
infection – results in sustained myelopoiesis that is characterized by the emergence of
immature myeloid cells in the circulation and in peripheral tissues[87]. Many of these
cells have been reported to harbor immunosuppressive functions, and this group of
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Table 4 Examples of inflammatory mediators reported to be expressed by colorectal cancer associated fibroblasts
Inflammatory mediator

Function

Detection method

Samples

Ref.

IL6

Proinflammatory cytokine

IF

FFPE CRC specimens

Nagasaki et al[29]

IL6

Proinflammatory cytokine

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

IL6

Proinflammatory cytokine

ELISA

CAFs isolated from human
CRC tissue

Zhang et al[187]

IL8

Proinflammatory cytokine

ELISA

CAFs isolated from human
CRC tissue

Zhang et al[187]

IL11

Anti-inflammatory cytokine

qRT-PCR

CAFs isolated from human
CRC tissue

Calon et al[188]

TGFB

Immunosuppression,
inhibition of cytotoxic T cells
and Th1 cells

IHC, WB

Cell culture (CRC cells,
fibroblasts)

Hawingkels et al[68]

CXCL5

Recruitment of neutrophils

IHC, in situ hybridization

FFPE CRC specimens

Li et al[189]

CXCL8

Recruitment of neutrophils

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

CCL5

Recruitment of T cells

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

MMP1

ECM degradation

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

MMP2

ECM degradation

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

MMP3

ECM degradation

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

MMP9

ECM degradation

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

TIMP1

Inhibition of MMPs

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

TIMP1

Inhibition of MMPs

IHC, in situ hybridization

FFPE CRC specimens

Joo et al[190]

TIMP2

Inhibition of MMPs

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

TIMP2

Inhibition of MMPs

IHC, in situ hybridization

FFPE CRC specimens

Joo et al[190]

VEGFA

Angiogenesis

LC-MS/MS

Cell culture (human cancer
associated fibroblasts)

De Boeck et al[63]

CRC: Colorectal cancer; ECM: Extracellular matrix; FFPE: Formalin fixed paraffin embedded; IHC: Immunohistochemistry; IF: Immunofluorescence; LCMS/MS: Liquid chromatography with tandem mass spectrometry; MMP: Matrix metalloproteinase; RT-PCR: Real-time polymerase chain reaction; WB:
Western blot.

myeloid progenitor cells with immunosuppressive activity has been named as
myeloid derived suppressor cells (MDSCs) [87,88] . In the peripheral blood, human
polymorphonuclear MDSCs are CD11b + CD14 - CD15 + and monocytic MDSCs are
CD11b+CD14+CD15-HLADR-/low[87]. In addition to these gating criteria, functional
suppression assays are required to precisely define MDSCs because of the overlap
between their phenotype with that of more mature monocytes and granulocytes[87].
Besides peripheral blood, the presence of cells with MDSC-like phenotype has been
reported in human CRC tissue[89].
The mechanisms by which MDSCs mediate immunosuppression and support
tumor progression are complex and not fully understood [90] . However, several
potential key pathways include the ARG1 pathway, IDO1 pathway, PD1/PDL1
pathway, and cytokine pathways (such as IL10 and IL6)[90,91] (Figure 3). L-arginine is
an amino acid that is consumed by T cells and many other immune cells. MDSCs are
characterized by high production of ARG1, which metabolizes L-arginine to Lornithine and urea, resulting in L-arginine depletion and thus local immune
suppression[92]. IDO1, expressed in a subset of MDSCs[87], converts tryptophan to
kynurenine. The depletion of tryptophan suppresses activity in the mTORC1
signaling pathway, leading to autophagy in T cells and immunosuppression[93]. PD1
and PDL1 form an inhibitory immune checkpoint mechanism restricting excessive T
cell activation[94]. The binding of PDL1, expressed on a subset of MDSCs[95], to PD1
causes T cell inhibition[96].
Besides myeloid immune cells, such as granulocytes, monocytes, and MDSCs,
common myeloid progenitor cells can differentiate into megakaryocytes and red
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Figure 2

Figure 2 Overview of the effects of systemic inflammation in colorectal cancer. The illustration portrays some of the molecules and phenomena considered
important in the pathogenesis of colorectal cancer associated systemic inflammation. Some markers showing increased circulating concentrations in colorectal cancer
patients are listed in the center. ALB: Albumin; CCL: C-C motif chemokine ligand; CXCL: C-X-C motif chemokine ligand; CRP: C-reactive protein; CSF: Colony
stimulating factor; FGF2: Fibroblast growth factor 2; Gln: Glutamine; HP: Haptoglobin; IL: Interleukin; MMP: Matrix metallopeptidase; OPN: Osteopontin; PDGF:
Platelet derived growth factor; SAA1: Serum amyloid A1; THPO: Thrombopoietin; TIMP1: TIMP metallopeptidase inhibitor 1; VEGFA: Vascular endothelial growth
factor A; VEGFC: Vascular endothelial growth factor C; vWF: von Willebrand factor

blood cells. However, instead of erythrocytosis (an increase in the number of red
blood cells in the blood), CRC patients frequently have anemia (a decrease in the
number of red blood cells or hemoglobin concentration), with a prevalence of 33%43% in resectable disease[97-99]. Colorectal tumors frequently bleed into the lumen[100],
explaining the iron deficiency associated with microcytic anemia in a subset of
patients. However, systemic inflammation also appears to be one of the main
determinants of low blood hemoglobin levels, and, in particular, normocytic anemia,
in CRC patients[97-99]. There are several collaborating mechanisms linking systemic
inflammation and anemia. First, hepcidin, an acute phase protein produced in the
liver, limits iron absorption from small intestine [101,102] and iron availability for
erythroid cells [ 1 0 2 ] . Second, pro-inflammatory cytokines directly inhibit the
proliferation of erythroid progenitor cells[103]. Third, proinflammatory cytokines also
inhibit erythropoietin synthesis in the kidney, resulting in decreased
erythropoiesis[104]. In addition to the main symptoms associated with anemia such as
fatigue, weakness, or shortness of breath, decreased availability of oxygen in anemic
cancer patients may contribute to systemic metabolic changes, such as alterations in
circulating and liver lipid levels, which have been shown to associate with hypoxia in
animal models[105].
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Figure 3

Figure 3 Overview of the potential pathways involved in the suppression of anti-tumor immunity by myeloid derived suppressor cells. ARG1: Arginase 1;
IDO1: Indoleamine 2,3-dioxygenase 1; IL10: Interleukin 10; MDSCs: Myeloid derived suppressor cells; PD1: Programmed cell death protein 1; PDL1: Programmed
death ligand 1; TGFB1: Transforming growth factor beta 1.

Platelets are anucleate cells generated in the bone marrow by the megakaryocyte.
They contribute to hemostasis but also to cancer pathogenesis by releasing growth
factors and cytokines[106]. Thrombocytosis (increased blood platelet count) is common
in cancer patients. A recent prospective cohort study in the United Kingdom
investigated 1-year cancer incidence in 40000 patients aged ≥ 40 years with
thrombocytosis[107]. In that cohort, 11.6% of males and 6.2% of females developed
cancer in 1-year follow-up, with CRC and lung cancer as the most common
diagnoses[107]. The factors contributing to cancer-associated thrombocytosis include
CSF2, CSF3, FGF2 (fibroblast growth factor 2, basic fibroblast growth factor), IL6, and
THPO (thrombopoietin)[108]. In cancer patients with systemic inflammation, THPO
production in the liver is increased in response to IL6 and other cytokines, resulting in
increased platelet production[108,109].
Platelet granules contain a plethora of hemostatic factors (e.g., fibrinogen, VWF),
enzymes (e.g., MMP1, MMP2), growth factors (e.g., FGF2, PDGF, VEGF), chemokines
(e.g., CXCL8, CCL2, CCL3, CCL5), and cytokines (e.g., IL6, IL7), which are released on
platelet activation[110,111]. Reacting to the modified tumor vasculature, platelets can
release these factors in the tumor microenvironment, promoting tumor progression.
Although platelets lack nucleus, it has been demonstrated that the megakaryocyte
packs them with a protein translation machinery that includes ribosomes, initiation
and termination factors, miRNAs, and template messenger RNAs (mRNAs) [112] .
Moreover, recent studies have indicated that platelets are capable of exchanging
nucleic acids and proteins with tumor cells, leading to the concept of tumor-educated
platelets, i.e., platelets reflecting the properties of tumors and programmed to support
tumor growth[21,106]. Highlighting the alterations in platelet mRNA profile in cancer
patients, a recent study performed mRNA sequencing of 283 platelet samples and
found that tumor-educated platelets distinguished cancer patients from healthy
individuals with 96% accuracy, differentiated between six primary tumor types,
including CRC, with 71% accuracy, and identified several genetic alterations found in
tumors, such as KRAS mutation[113].

Pre-metastatic niches
In CRC, metastasis is the major cause of death and the main target organ of metastasis
is the liver[114]. The understanding of the biological mechanisms of cancer metastasis is
still limited. During the past few decades, it has been established that before
metastasis, primary tumors can create a favorable microenvironment, a pre-metastatic
niche, at tissue sites for subsequent metastasis. Among the first to describe the
phenomenon were Kaplan et al[115], who showed that in Lewis lung carcinoma and
melanoma mouse models, VEGFR1+ (vascular endothelial growth factor receptor 1)
bone marrow-derived progenitor cells homed to tumor-specific pre-metastatic sites
before the arrival of tumor cells, supporting the subsequent metastasis. The premetastatic niches are composed of stromal components of the distant organs, bone
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marrow-derived cells including stromal cells and immunosuppressive immune cells,
and tumor-derived secreted factors, such as cytokines, growth factors, and
extracellular vesicles [5,116] . Liu and Cao recently proposed that six hallmark
characteristics of pre-metastatic niche include inflammation supporting a
proliferatory microenvironment; immunosuppression; angiogenesis; lymphangiogenesis; metabolic, stromal, and epigenetic reprogramming; and organotropism.
Several studies have demonstrated pre-metastatic niches in CRC mouse models.
Seubert et al[117] found that high systemic TIMP1 levels led to increased hepatic levels
of neutrophil chemokine CXCL12, resulting in recruitment of neutrophils to the liver.
Both inhibition of CXCL12-mediated neutrophil recruitment and systemic depletion
of neutrophils reduced TIMP1-induced increased liver susceptibility towards
metastasis. In another study, Shao et al [ 1 1 8 ] showed that CRC-derived small
extracellular vesicles, also known as exosomes, are targeted to the liver where they
promote the formation of premetastatic niche and CRC metastasis. Liver
macrophages, Kupffer cells, engulfed these exosomes and their cargo, leading to
Kupffer cell polarization toward proinflammatory phenotype and increased CSF3 and
IL6 expression. An inflammatory microenvironment was created and expression of
apoptosis and matrix remodeling related genes was altered, promoting cancer
metastasis to the liver.
In a mouse model of pancreatic cancer, Lee et al[119] showed that IL6, produced by
tumor-adjacent non-cancerous fibroblasts, traveled to the liver and mediated STAT3
signaling in hepatocytes, resulting in the secretion of acute phase reactants serum
amyloid A1 and A2 (SAA proteins). SAA proteins attracted immunosuppressive
myeloid cells to the liver, promoted hepatic stellate cell activation and production of
extracellular matrix, creating a metastasis-prone environment in the liver. This study
also reported enhanced hepatic SAA expression in CRC patients. All in all, more and
more evidence supports the role of systemic inflammation in creating a tumorfavoring environment in distant organs, enabling metastatic tumor cells to survive
after colonization.

Gut microbiome and systemic inflammation
The large bowel is the dwelling place for a vast set of commensal micro-organisms,
mainly bacteria and fungi. Collectively, these are often described as intestinal
microbiome or microbiota. Changes in the intestinal microbiota are observed in many
situations, including CRC and cachexia[120,121]. The interplay between microbiota and
the immune system has gained increasing interest, although our knowledge is still
very limited. Still, recent studies have shown that the gut microbiota is able to
modulate patients’ responsiveness to PD1 and CTLA4 blocking immunotherapies[122,123]. Such findings give us a glimpse of the potential significance of
microbiota to its host.
In normal circumstances, intestinal bacteria are barred from entering the circulation
by several mechanisms, collectively known as the intestinal barrier. Increased
permeability of the mucosa allows the entry of bacteria or bacterial components into
the portal circulation and subsequently, the liver, where they elicit a succinct
response[124]. In mouse cancer models, strong correlation exists between circulating IL6
levels and intestinal permeability[121,125]. Animal models of colon cancer have also
indicated that areas adjacent to cancer present a disrupted barrier function[126,127], and
that systemic inflammation may induce endotoxemia often associated with cancer.
Besides bacteria or bacterial components, also bacterial metabolites such as shortchain fatty acids (SCFAs) can modulate peripheral immune response. SCFAs are
capable of shifting the effector T to regulatory T cell balance by facilitating the
differentiation of regulatory T cells, and thereby limit the systemic inflammation [128].

Skeletal muscle, cancer cachexia, and amino acid metabolism
The international consensus definition of cachexia is an ongoing loss of skeletal
muscle mass – with or without loss of fat mass – that cannot be fully reversed by
conventional nutritional support and leads to progressive functional impairment[129].
Systemic inflammation is a key driving factor in cancer-associated cachexia[16]. In CRC
patients, the presence of systemic inflammation is associated with low skeletal muscle
mass[130,131]. Cachexia not only reduces patient’s quality of life and treatment response,
but it is also an indirect cause of death in about 20% of patients who eventually die of
cancer[16].
The ApcMin/+ mouse is a widely used animal model of CRC and CRC-associated
cachexia[132]. In this mouse line, the cachexia progression is associated with increased
plasma IL6 levels, and cachexia does not progress in the absence of IL6 despite the
presence of intestinal and colon tumors [ 1 3 3 ] . However, in control mice, the
overexpression of IL6 does not induce cachexia [133] , suggesting that IL6 is an
indispensable but not sufficient factor in cancer cachexia pathogenesis. Systemic
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inflammation in the absence of malignancy, such as in sepsis, is also able to induce
severe muscle wasting[134], verifying that active inflammatory reaction is an important
driver in muscle catabolism.
Active immune response is a highly energy-consuming process [135,136] . Thus,
activation of systemic inflammation in cancer patients requires the utilization of
stored energy and nutrients, especially as anorexia is a common symptom in cancer
patients with advanced disease. A recent study investigated the relationships
between systemic inflammatory markers and circulating levels of nine amino acids in
336 CRC patients and found that, of the studied factors, systemic inflammation was
the main determinant of low serum glutamine level in these patients[137]. Glutamine is
the most abundant amino acid in the body, and circulating glutamine is mainly
derived from skeletal muscle, functioning as an inter-organ carbon, nitrogen and
energy transporter to be utilized by rapidly dividing cells such as enterocytes and
lymphocytes[138]. In healthy humans, circulating glutamine is mainly consumed in the
gut and kidney [138] . Tumor tissue can either consume or produce glutamine,
depending on tissue of origin and oncogene activation[139]. Patients with sepsis have
decreased plasma glutamine levels [ 1 4 0 ] resulting from increased glutamine
consumption [141] . Mouse studies have shown that tumor induces a decrease in
circulating glutamine levels, stimulates glutamine release and decreases the
glutamine content in skeletal muscle[142]. Accordingly, it has been suggested that
altered interorgan glutamine homeostasis in cancer patients is an essential driver in
cachexia.

PROGNOSTIC SIGNIFICANCE OF SYSTEMIC
INFLAMMATION AND ASSOCIATED PARAMETERS IN CRC
The prognostic and predictive classification of CRC has mainly been based on tumor
stage [143,144] . However, each patient and tumor is unique [145] , and a more exact
classification of the disease based on the features of the tumor and host could enable
more personalized treatments. Indeed, patient selection for anti-EGFR treatment for
metastatic CRC is currently based on RAS and BRAF mutation testing[146], and antiPD1 antibody treatment has been approved for metastatic CRC with high-level
microsatellite instability or mismatch repair deficiency[147]. Considering the impact of
systemic inflammation in CRC progression, systemic inflammatory markers represent
potential additional prognostic and predictive parameters (Table 5).
Acute phase proteins, including CRP, albumin, and their composite mGPS (mGPS0:
serum CRP ≤ 10 mg/L and serum albumin ≥ 35 g/L or < 35 g/L; mGPS1: serum CRP
> 10 mg/L and serum albumin ≥ 35 g/L; mGPS2: serum CRP > 10 mg/L and serum
albumin < 35 g/L), are among the best-studied systemic inflammation-based
prognostic parameters in CRC [10] . Numerous studies have reported that high
circulating CRP levels, low albumin levels and high mGPS are associated with
adverse patient outcome (Table 5). In addition, blood differential leukocyte count
parameters have well-established prognostic value in CRC. Myeloid cell proliferation,
associated with systemic response to CRC, leads to an increase in circulating
neutrophil and monocyte counts, relative to lymphocytes, which has been associated
with adverse outcome [148,149] . Indices based on relative counts of these cell types
represent promising prognostic parameters. Preoperative anemia, reflecting systemic
inflammation in a subset of patients, has also been associated with adverse
outcome [150] . Platelet count and platelet-to-lymphocyte ratio can also provide
potentially clinically relevant prognostic information[151-153], with high platelet counts
associated with poor survival. In future, more sophisticated analyses of platelet
composition and function, such as platelet RNA sequencing, may complement these
parameters to provide more nuanced information of the status of platelet activation
and education during systemic inflammation[21].
Several studies have indicated that circulating cytokine concentrations provide
prognostic information in CRC. Recently, using proximity extension assays, Birgisson
et al [20] analyzed plasma levels of 92 oncology-related proteins, including an
assemblage of cytokines, chemokines, and growth factors, in a cohort of 261 stage IIIV CRC patients. Many of these molecules, including CSF1, CXCL10, CXCL9, HGF
(hepatocyte growth factor), IL6, osteoprotegerin, PGF (placental growth factor), and
VEGFA, were significantly associated with survival in univariable analysis, and of
these, osteoprotegerin was the best in predicting survival in multivariable survival
models[20]. Analyzing multiple markers in one sample may improve the prognostic
power relative to measuring the levels of a single marker. However, caution needs to
be employed when interpreting the results of such studies because of the well-known
risk of multiple hypothesis testing, necessitating confirmation of the findings in
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Table 5 Selected systemic inflammation based prognostic markers in colorectal cancer
Marker

Ref.

Study design

Study population

Outcome, HR

CRP

Woo et al[191]

Meta-analysis, 21 studies

3934 CRC patients, stage I-II

OS, HR 2.04 (1.45–2.86); CSS,
HR 4.37 (2.63–7.27); DFS, HR
1.88 (0.97–3.67)

Albumin

Gupta et al[192]

Systematic review, 12 studies 3644 CRC patients, stage I-IV Low albumin associated with
worse survival (no metaanalysis conducted)

Albumin

Ghuman et al[193]

Case-case study within a
prospective cohort study
(AMORIS)

4764 CRC patients, stage I-IV OS, HR 0.57 (0.29–1.14); CSS,
HR 0.36 (0.16–0.85)

mGPS

Lu et al[194]

Meta-analysis, 41 studies

9839 CRC patients, stage I-IV OS, HR 2.20 (1.88–2.57); CSS,
HR 1.86 (1.59–2.17)

HP (haptoglobin)

Ghuman et al[193]

Case-case study within a
prospective cohort study
(AMORIS)

4764 CRC patients, stage I-IV OS, HR 1.28 (1.08–1.51); CSS,
HR 1.17 (0.95–1.45)

Neutrophil-to-lymphocyte
ratio

Li et al[148]

Meta-analysis, 16 studies

5897 CRC patients, stage I-IV OS, HR 1.66 (1.36–2.02); CSS,
HR 2.27 (1.75–2.96); DFS, HR
1.54, (1.18–2.02)

Lymphocyte-to-monocyte
ratio

Tan et al[149]

Meta-analysis, 15 studies

11783 CRC patients, stage IIV

Platelet count

Rao et al[152]

Meta-analysis, 9 studies

3413 CRC patients, stage I-IV OS, HR 2.11 (1.68-2.65); DFS,
HR 2.51 (1.84-3.43)

Meta-analysis, 15 studies

3991 CRC patients, stage I-IV OS, HR 1.53 (1.24–1.89), DFS,
HR 1.68 (1.07–2.62)

Meta-analysis, 12 studies

3588 CRC patients, stage I-IV OS, HR 1.56 (1.30-1.88), DFS,
HR 1.34 (1.11-1.61)

Acute phase proteins

Blood cell count parameters

Platelet-to-lymphocyte ratio Tan et al[153]
Wilson et al[150]

Anemia

OS, HR 0.57 (0.52-0.62); CSS,
HR 0.55 (0.32-0.95); DFS, HR
0.77 (0.70-0.84)

Cytokines, chemokines, and their receptors
IL6

Xu et al[23]

Meta-analysis, 10 studies

860 CRC patients, stage I-IV

OS, HR 1.76 (1.42–2.19); DFS,
HR 2.97 (1.76–5.01)

TNFRSF11B
(Osteoprotegerin)

Birgisson et al[20]

Prospective cohort study

261 stage II-IV CRC patients

OS, HR 3.33

Meta-analysis, 10 studies

1477 CRC patients, stage I-IV OS, HR 2.25 (1.56-3.25)

Protease enzymes and their inhibitors
Lee et al[195]

TIMP1

CRC: Colorectal cancer; CSS: Cancer-specific survival; DFS: Disease-free survival; HR: Hazard ratio; OS: Overall survival.

independent study populations. As indicated by a recent meta-analysis[154], a few
multiple cytokine array studies have been conducted in CRC, but mainly in fairly
small populations, with varying markers and methods, making further larger scale
studies necessary to draw more convincing conclusion about the prognostic
significance of the reported marker combinations.
During the past decade, increasing effort has been directed towards the
investigation of circulating tumor-derived extracellular vesicles as potential
prognostic and diagnostic biomarkers in CRC and other tumors. Based on this
approach, several promising results have been reported. For example, Liu et al[22]
recently studied circulating exosomal miRNA content from 369 stage I–IV CRC
patients. They found that exosomal miR-27a and miR-130a predicted survival.
However, as for multiplex cytokine arrays, the selection of optimal combination of
markers as well as independent validation studies would be required to establish
circulating exosomal miRNA signatures as clinically relevant prognostic parameters
in CRC.

CONCLUSION
The research conducted during the past few decades indicates that systemic
inflammation has wide-ranging effects on CRC progression, including supporting
primary tumor invasion, proliferation, angiogenesis, and metastasis, as well as
suppressing anti-tumor immunity. Several systemic inflammation-based prognostic
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parameters, such as neutrophil-lymphocyte ratio, modified Glasgow Prognostic Score,
and platelet-lymphocyte ratio, have been found to have impressive prognostic value
in a large number of studies and are widely available in clinical laboratories
worldwide. However, larger-scale multi-institutional studies of their predictive value
for the response to specific adjuvant therapies are needed. Moreover, these markers
only begin to scratch the surface of the potential of systemic inflammation-based
biomarkers in predicting patient survival. In future, additional tests, such as multiple
cytokine-chemokine-growth factor assays, analysis of tumor-derived extracellular
vesicles, and profiling of tumor-educated platelet transcriptome may translate into
improved prognostic and predictive parameters, ultimately enabling accurate
identification of patients who might benefit from specific adjuvant therapies, as well
as into improved methods of non-invasive disease monitoring. Factors regulating the
formation of pre-metastatic niches in CRC, suppression of anti-tumor immunity,
tumor-platelet interactions, and CRC-associated cachexia also represent potential
targets for drug development.
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Abstract
Pancreatic cysts are identified at an increasing frequency. Although mucinous
cystic neoplasms represent a pre-malignant condition, the majority of these
lesions do not progress to cancer. Over the last 10 years several societies have
established guidelines for the diagnosis, initial evaluation and surveillance of
these lesions. Here we provide an overview of five commonly used guidelines:
2015 American Gastroenterological Association, 2017 International Association of
Pancreatology, American College of Gastroenterology 2018, European Study
Group and American College of Radiology. We describe the similarities and
differences between the methods used to formulate these guidelines, the
population they target and their approaches towards initial evaluation and
surveillance of cystic lesions.
Key words: Pancreatic cyst surveillance; Cyst malignancy; Guidelines
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Core tip: There are multiple different guidelines with the aim of establishing set
guidelines for surveillance of pancreatic cysts. Our review article summarizes four of the
most commonly used guidelines for pancreatic cyst.
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INTRODUCTION
With the increasing utilization and resolution of cross-sectional imaging, the
identification of pancreatic cysts has increased dramatically[1]. Even by conservative
estimates, 3%-14% of all patients undergoing routine imaging are now incidentally
found to have pancreatic cysts [2-6] . Multiple types of pancreatic cysts have been
recognized, all with varying natural histories and malignant potentials. However,
after excluding malignancies with cystic degeneration, mucinous cysts represent the
predominant pre-malignant lesions, and these include main duct and branch duct
intraductal papillary mucosal neoplasms (IPMNs), and mucinous cystic neoplasms
(MCNs)[7]. Due to their prevalence and uncertain malignant potential, pancreas cysts
may be a source of significant angst for both the patient and his/her provider[8,9].
Hence, guidelines have been formed to assist in clinical decision making with regards
to pancreas cyst management and surveillance[10-12]. These guidelines serve two broad
purposes: (1) To provide algorithms regarding a diagnostic work up or intervention at
diagnosis or discovery of a pancreatic cyst and (2) To provide guidance regarding the
method and timing of surveillance for those cysts that are potential precursors but
without sufficient presumed risk to warrant intervention at diagnosis. In this review
we have focused on the most recent update of the European Study Group guidelines,
the American College of Gastroenterology (ACG) guidelines, the American
Gastroenterological Association (AGA) guidelines, the American College of
Radiology and the International Association of Pancreatology guidelines[15-18]. As each
guideline differs in its method of formulation, target population (i.e., all pancreatic
cysts, mucinous cysts or IPMNs) and significant differences exist between the
variables considered and timeline of surveillance recommended, our goal was to
identify these differences and provide a practical overview to common clinical
scenarios. Our focus was on the initial work-up and surveillance of cystic lesions by
the guidelines, but it is important to note that some of the guidelines do make specific
treatment recommendations (i.e., surgical approaches and post-operative surveillance)
as well[13,14].

THE GUIDELINES
Here we will first consider each of the current guidelines with particular attention to
the subset of cysts or cystic neoplasms they target, the mechanisms that led to the
guideline formulation and their specific recommendations for initial management of
cysts and surveillance of lower risk lesions. We have included the most broadly used
guidelines developed in the last 5 years. For those guidelines that represent a revision
of a prior version we discuss the differences or evolution of variables considered
compared to prior iterations.

European based guidelines[15]
Target population: All pancreatic cystic neoplasms.
Method of formulation: These guidelines were formed by a multidisciplinary expert
panel representing multiple different European associations. These guidelines
differentiate pancreas cyst risk and surveillance based on the type of cyst defined by
the World Health Organization (WHO) classification criteria, although do not offer
specific upfront criteria to distinguish between and diagnose the different types of
cysts [IPMN, MCN, serous cystic neoplasm (SCN), and undefined cysts].
Approach to initial risk stratification: These guidelines distinguish between absolute
indications for surgery, where further work up is not recommended, and relative
indications where “patients without significant comorbidity and one or more relative
indications for surgery” are advised to undergo an operation.
(1) Suspected IPMN: Patients presenting with jaundice, an enhancing mural nodule
≥ 5 mm, solid mass, positive cytology, or a dilated main pancreatic duct (MPD)
diameter measuring ≥ 10 mm meet the absolute indication. Relative indications for
surgery are summarized in Table 1. Two features in these guidelines are notably
unique: The inclusion of new onset diabetes and a cyst size cut-off of 4 cm (greater
than the size criterion of 3 cm used in other guidelines). Notably, these guidelines
include CA19-9 levels both as a relative indication and as a means of surveillance.
(2) Suspected MCN: Patients with an MCN ≥ 40 mm, symptomatic from MCN or
having risk factors such as mural nodules (irrespective of size) are also recommended
surgery. Although these guidelines are unique in distinguishing MCNs and IPMNs,
for lesions between 3 and 4 cm no clear guidance is provided. For lesions < 3 cm the
IPMN guidelines apply.
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Table 1 Variables considered in the initial evaluation of pancreatic cystic neoplasms

Symptoms

European

ACG

AGA

IAP

ACR

Jaundice

AI

HR

HR

HR

HR

Pancreatitis

RI

HR

> 10 mm AI 5-10
mm RI

> 5 mm HR

HR

> 10 mm HR 5-10
mm WF

> 10 mm HR 7-10
mm WF

Imaging based cyst Main pancreatic
characteristics
duct dilation
Associated mass

WF

HR

HR

HR

HR

Mural nodule

> 5 mm AI < 5 mm
RI

HR

HR

> 5 mm HR < 5 mm
WF

WF

Cyst size

≥ 4 cm RI

≥ 3 cm HR

> 3 cm WF

> 3 cm WF

Parenchymal
atrophy

WF

Lymphadenopathy
Serum based

WF

CA19-9

RI

New onset diabetes

RI

HR

WF

AI: Absolute indication; RI: Relative indication; HR: High risk; WF: Worrisome features.

(3) Suspected SCN: Asymptomatic patients should be followed for one year. After 1
year, symptom-based follow-up is recommended. Surgery is recommended in
patients with symptoms related to compression of adjacent organs such as the bile
duct or stomach.
(4) Undefined cysts: Patients with cysts of unclear etiology with no associated risk
factors for malignancy, measuring < 15 mm are recommended to receive follow-up
after one year. Patients with cysts ≥ 15 mm diameter are recommended to receive
follow-up after six months. Follow up is recommended with MRI.
Approach to surveillance: (1) IPMN: Patients with a suspected IPMN that do not
meet indication for surgery (indications mentioned above) are recommended to
receive 6-month follow-up in the first year, and then yearly follow-up if no indications
for surgery arise. The guidelines recommend continued surveillance so long as the
patient remains surgically fit. Follow up surveillance is recommended with MRI
and/or EUS (Table 2); (2) MCN: Patients with an MCN < 40 mm, in the absence of risk
factors or symptoms, should undergo surveillance (MRI and/or EUS) every 6 mo for
the first year, and then annually if no changes are observed; (3) Suspected SCN:
Asymptomatic patients should be followed for one year. After 1 year, symptom-based
follow-up is recommended; and (4) Undefined cysts: Cysts of unclear etiology
measuring < 15 mm with no risk factors for malignancy should be re-examined after
one year (MRI and/or EUS). If the cyst is stable for 3 years, follow-up may be
extended to every two years. Cysts ≥ 15 mm, however, should receive follow-up
annually after the first year.

ACG guidelines for pancreatic cyst surveillance[16]
Target population: Patients who are found to have a pancreatic cyst but do not have a
strong family history of pancreatic cancer or genetic mutations that predispose to
pancreatic cancer.
Method of formulation: The guidelines were formed by an expert panel of
gastroenterologists.
Approach to initial risk stratification: These guidelines are unique with respect to
diagnosis of serous cystadenomas or pseudocysts and recommending cessation of
surveillance. Although not included in the algorithms, the guidelines also consider
solid pseudopapillary tumors and recommend surgery for these patients. An
additional distinction of these guidelines is the central role symptoms (jaundice,
pancreatitis) play. The guidelines do not focus on distinguishing high-risk stigmata
beyond recommending a multidisciplinary evaluation of patients presenting with
pancreatitis, jaundice or a mass. Those who do not have these features are stratified
further by EUS if they have MPD dilation > 5 mm, parenchymal atrophy or a cyst size
≥ 3 cm. Smaller cysts without these features are surveyed by imaging. Again, the
guidelines carefully specify that if EUS diagnosis of serous cystadenoma is achieved
no further surveillance is indicated. Although CA19-9 levels are not incorporated into
the algorithm, they are noted as a “high-risk” characteristic and therefore in patients
in whom an IPMN or MCN is suspected and no other explanation of elevation of
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Table 2 Approach to surveillance of pancreatic cysts without high risk or worrisome features at diagnosis
Size

IAP (Fukuoka)
2012

IAP (Fukuoka)
2017

< 1 cm

CT/MRI in 2-3 yr

CT/MRI in 6 mo
then every 2 yr

1-2 cm

CT/MRI annually ×
2 yr, then lengthen
interval if stable

CT/MRI in 6 m × 1
yr A Annually × 2
yr, then lengthen
interval if stable

2-3 cm

EUS in 3-6 mo, then
lengthen interval,
alternate MRI with
EUS as appropriate

EUS in 3-6 mo, then
lengthen interval,
alternate MRI with
EUS as appropriate

EUS/MRI q 6mo for For cysts > 2.5 cm q6
3 yr then yearly for 4 mo MRI/CT and
yr
then stop if stable
for over 10 yr; for
patients > 80 yr of
age, q2 year
imaging1

> 3 cm

Alternate MRI/EUS
every 3-6 mo

Alternate MRI/EUS
every 3-6 mo

EUS/MRI q 6mo for
3 yr then yearly for 4
yr

ACG 2018

ACR 2018

European 2018

MRI q 2 yr (lengthen MRI/CT q1 year for
after4)
cysts < 1.5 cm and
q6 mo for cysts 1.5MRI q 1 yrs FOR 3
2.5 cm × 4 and then
yr Then q 2 yr FOR 4
lengthen interval;
yr
stop after stability
over 10 yr1

AGA 2015

Surveillance q 6 mo MRI in 1 yr, then
× 2 with MRI and/or every 2 for 5 yr Stop
EUS, CA19-9; if
if stable
stable lifelong
surveillance is
recommended with
annual MRI/EUS,
CA19-9

1

These guidelines use < 1.5 cm, 1.5-2.5 and > 2.5 as cut off values. CT: Computed tomography; MRI: magnetic resonance imaging; EUS: Endoscopic
ultrasonography; ACG: American College of Gastroenterology; AGA: American Gastroenterological Association.

CA19-9 is found, a multidisciplinary evaluation is recommended. Finally, new onset
DM is not included in the guidelines but is noted as a potential marker of a higher risk
lesion.
Approach to surveillance: Patient with cysts measuring < 1 cm should undergo a
shorter interval MRI in 2 years, whereas those with cysts 1-2 cm in one year and for
cysts 2-3 cm in 6-12 mo. If the cyst remains stable, then a repeat MRI in one year is
advised, after which providers are recommended to follow the surveillance guidelines
based on cyst size (Table 1). Patients with cysts 1-2 cm with stable size and
appearance after 3 years are recommended to undergo MRI every 2 years for the
subsequent 4 years, and if the cyst remains stable, surveillance intervals may be
lengthened further. Patient with cysts 1-2 cm with increase in cyst size (> 3 mm)
should undergo shorter interval MRI or EUS/FNA within 6 mo. If the cyst is stable,
then a repeat MRI in one year is recommended, followed by surveillance according to
guidelines based on cyst size. Patients with cysts 2-3 cm and stable in size after 3 years
should undergo MRI annually for 4 years, and if the cyst remains stable, surveillance
intervals can be lengthened. Patients with cysts 2-3 cm with increase in cyst size (> 3
mm) should be referred to a multidisciplinary group with consideration of EUS/FNA.

AGA guidelines[17]
Target population: Patients with an asymptomatic pancreatic cystic neoplastic lesion.
These guidelines specifically do not consider solid papillary neoplasms, cystic
degeneration of adenocarcinoma, neuroendocrine tumors, and main duct IPMN
without branch duct involvement.
Method of formulation: The guidelines were formed by the AGA Clinical Practice
Guideline Committee, an expert panel of gastroenterologists. The authors developed a
series of questions that would be addressed by the guidelines. The authors identified
outcomes important for answering each question. The group then systematically
reviewed and summarized the evidence for each outcome. The quality of evidence
was divided into four categories rating from high to very low. The GRADE
methodology was used with each question framed in the PICO format. Seven PICO
questions were formed addressing initial imaging evaluation of cysts, surveillance of
cysts, surgery for pancreatic cysts, surveillance after surgery, and when to discontinue
surveillance.
Approach to initial risk stratification: No single clinical or radiologic feature was
sufficient for the guidelines to recommend either EUS/FNA or consideration of
resection. Patients identified as having two or more of the highest risk features
(dilated MPD, ≥ 3 cm cyst size, or solid cystic component) are recommended to
undergo EUS/FNA. Although the guidelines do not directly make recommendations
for surgery it is stated that either the presence of a dilated PD and a mass or a positive
cytology should be sufficient to recommend surgery. These guidelines do not
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differentiate an intermediate risk category. Patients with a cyst < 3 cm without a solid
component or a dilated MPD should undergo surveillance.
Approach to surveillance: Patients with significant changes in the characteristic of the
cyst including the development of a solid component, increasing size of the MPD, and
cyst size ≥ 3 cm, are recommended to undergo EUS/FNA, and upon identification of
any concerning cytology, be referred to surgery. These guidelines recommend against
continued surveillance of pancreatic cysts if no significant changes have occurred over
5 years, or if the patient is deemed to no longer be a surgical candidate.

International Association of Pancreatology Guidelines 2017[18]
Target population: Patients with suspected IPMNs.
Method of formulation: These guidelines were formed by an expert multidisciplinary
panel.
Approach to initial risk stratification: These guidelines categorize cysts into high
risk, worrisome features, and low risk cyst groups. High-risk features include
obstructive jaundice in a patient with a pancreatic head cyst, enhanced mural nodule
≥ 5 mm, or MPD ≥ 10 mm. These patients are advised to undergo surgery. Worrisome
features include cyst ≥ 3 cm, enhancing mural nodules < 5 mm, thickened cyst walls,
MPD 5-9 mm, abrupt change in the MPD with distal pancreatic atrophy,
lymphadenopathy, elevated CA 19-9, or rapid cyst growth at a rate of > 5 mm over 2
years. These patients should be evaluated by EUS/harmonic EUS. If EUS reveals a
definite mural nodule > 5 mm, main duct features suspicious for involvement, or
cytology suspicious or positive for malignancy, these patients should be referred for
surgery. In the absence of these features, cysts can be followed according to
recommendations based on cyst size. However, the guidelines recommend strong
consideration of resection for cysts > 3 cm in diameter in young fit patients who
would otherwise require prolonged surveillance. All remaining cysts are stratified
based on cyst size ranging from < 1 cm to 3 cm (Table 2).
Compared to the original guidelines released in 2012, the revised Fukuoka
guidelines include the presence of a smaller (< 5 mm) enhancing mural nodule,
lymphadenopathy, elevated CA 19-9, and increased growth rate of cyst in initial risk
stratification.
Approach to surveillance: Surveillance guidelines are determined by cyst size (Table
2). The revised guidelines are more aggressive than those in 2012 and Sendai
guidelines in 2006, with the recommendation for initial surveillance to occur at a
shorter interval (within 6 mo for cysts < 2 cm and within 3-6 mo for cysts 2-3 cm). This
change emphasizes the potential significance of growth rate as a predictor of
progression. Following initial risk stratification, cysts < 1 cm should be imaged every
2 years if there are no changes in the cyst. Cysts 1-2 cm should also be imaged every 2
years, whereas cysts 2-3 cm should undergo EUS or MRI yearly. As noted above, a
size change alone (≥ 5 mm growth in 2 years), in addition to development of any
worrisome features, is sufficient to recommend repeat EUS.

American College of Radiology 2017 White Paper[19]
Target population: Incidentally identified pancreatic cysts.
Method of formulation: These guidelines were formed by an expert multidisciplinary
panel of Radiologists, Gastroenterologists and Surgeons.
Approach to initial risk stratification: The target “audience” for these guidelines is
predominantly radiologists, and have certain unique features. For example, these
guidelines rely on age as a determinant of the algorithm. A somewhat more
conservative surveillance is recommended for patients > 80 years of age and for those
between 65 and 80 with cysts < 1.5 cm. Similar to most other guidelines, high risk
features include MPD > 10 mm, obstructive jaundice and enhancing solid component.
Worrisome features include cysts > 3 cm, non-enhancing mural nodule, thickened
enhancing cyst wall and a MPD > 7 mm. For cysts not meeting these criteria, sizedirected short interval imaging is recommended.
Approach to surveillance: Patients with worrisome or high risk features during
surveillance are recommended to undergo EUS. There are significant differences in
the intensity of surveillance based on the age of the patient (for > 80 years of age reimaging, every 2 years is recommended regardless of size) and baseline size (see
Table 2). Notably, these guidelines recommend either contrast MRI or pancreas
protocol CT as the preferred method of surveillance.
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Comparison of guidelines and their performance
Differences in guideline development process: An expert, multidisciplinary panel
consisting of gastroenterologists, surgeons, radiologists and pathologists formed the
European guidelines, ACR and IAP/Fukuoka. The AGA guidelines were formed by a
group of gastroenterologists after conducting a systematic review and meta-analysis.
The ACG guidelines were also formed by a group of gastroenterologists after a
literature review.
Differences in patient targets: The European guidelines are the most generalized,
and applicable to all patients with pancreatic cystic neoplasms, asymptomatic or
symptomatic. The AGA guidelines apply to patients with all types of cysts (although
they must be asymptomatic) and exclude some very high-risk entities (such as MD
IPMN). The ACR guidelines also pertain to all incidental cysts. The ACG guidelines
apply to any type of pancreatic cyst (symptomatic and asymptomatic), and are the
only guidelines that specifically exclude a possible genetic predisposition.
Interestingly, none of the other guidelines alter their approach based on this
association. The Fukuoka guidelines are the most specific, as they target only patients
with IPMN (Figure 1).
Differences in variables: Clinical symptoms or presentation is only considered by the
European, Fukuoka, and ACG guidelines. Specifically, the European and Fukuoka
guidelines recommend symptomatic patients (e.g., jaundice, pancreatitis) be referred
for surgery, while the ACG guidelines recommend symptomatic patients be referred
for EUS/FNA and a multidisciplinary group discussion. Again, the AGA guidelines
were not formed to address the management of symptomatic patients. No single
clinical (or radiological feature) was sufficient for the AGA to recommend surgery or
EUS/FNA, differentiating it from the other guidelines.
Cross-sectional or EUS imaging features are considered by all of the guidelines. All
of the guidelines take into account cyst size and the size of the main pancreatic duct.
Moreover, the European, ACG, and Fukuoka guidelines consider the presence of
mural nodules. Increasing cyst size is also a variable considered by the European,
Fukuoka, ACR and ACG guidelines. Lymphadenopathy and distal pancreatic atrophy
is specifically considered in the Fukuoka guidelines only.
Biomarkers are considered (CA-19-9/cytology) by all of the guidelines. However,
none of the guidelines considers molecular markers or fluid aspiration results.
The ACR white paper is the only set of guidelines that tailors its approach to the
age of the patient (Table 1).
Differences in approach to initial surveillance: The AGA guidelines recommend that
patients with 2 or more high risk features (enlarged MPD, solid cystic component, or
> 3 cm cyst) should be referred for EUS/FNA. Positive cytology was considered in the
European, Fukuoka, and ACG guidelines, and is an indication for referral to surgery
in the European and Fukuoka guidelines, while the ACG guidelines recommended
multidisciplinary referral and consideration of EUS/FNA. The presence of mural
nodules is considered in the European, ACG, and Fukuoka guidelines. Specifically,
patients with nodules > 5 mm are recommended for surgery in European and
Fukuoka guidelines, while the ACG guidelines do not specify a size cut-off. The ACR
guidelines define interval growth as > 20% change in greatest diameter. MPD size is
another factor considered in all of the guidelines, although the European, ACG and
Fukuoka guidelines have a size-cut off for what is high risk (> 5 mm in the ACG
guidelines, > 10 mm in European and Fukuoka guidelines), while just the presence of
an enlarged MPD is high risk in the AGA guidelines. It is important to note that the
Fukuoka guidelines consider distal pancreatic atrophy, abrupt change in the MPD,
and lymphadenopathy as “worrisome” criteria and therefore referral for EUS/FNA.
The remaining initial surveillance criteria is determined by cyst size, with all of the
guidelines outlining slightly different criteria (listed above) (Table 2).
Differences in long term surveillance: If there are no significant clinical or radiologic
changes, lifelong surveillance (until the patient is no longer surgically fit) is
recommended or suggested by most of the guidelines (European, ACG, and Fukuoka,
with the exception of the AGA and ACR guidelines). The AGA recommends cessation
of surveillance for cysts that do not show progression after 5 years, while the ACR
recommends discontinuing surveillance after stability for 10 years (or sooner if the
patients reaches 80 years of age after stability).
Differences in performance of guidelines: Performance of the surveillance
guidelines is measured by their ability to identify patients with high-grade dysplasia
or cancer. In a multicenter study comparing the performances of the AGA and
Fukuoka guidelines across 4 patient cohorts, the sensitivity of the AGA guidelines
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Figure 1

Figure 1 Target populations. Although there is significant overlap between the guidelines this graph shows how the
guidelines differ in the population they evaluate and make recommendations for. ACG: American College of
Gastroenterology; AGA: American Gastroenterological Association.

ranged 7%-73% (7%, 28%, 56 % and 73%), and the specificity ranged 63%-93% (63%,
80%, 88% and 93%). The AGA guidelines demonstrated an accuracy ranging 75%93%. The sensitivity of the Fukuoka guidelines ranged 28%-81% (28%, 58%, 73%, and
81%), and specificity ranged 34%-88% (34%, 45%, 79%, and 88%). The accuracy ranged
from 49% to 84%[20]. These studies are difficulty to directly compare due to differences
in methodology, criteria used for indication for resection (some have used only highrisk stigmata[21,22] and others both worrisome features and high-risk stigmata[20]), and
differences in outcome (advanced neoplasia vs invasive cancer). However, they
overall suggest that the Fukuoka guidelines likely will lead to a greater number of
benign resections, but fewer missed cancers[20-22]. These results are summarized in
Table 3. In an additional study comparing the final pathological outcome of surgically
removed pancreatic cysts with the indications according to three guidelines (IAP,
European Guidelines, and the AGA), surgery was found to be justfied (i.e., advanced
neoplasia was found) in 54%, 53%, and 59% of patients who would have had surgery
based on the IAP, European, and AGA guidelines, respectively. Furthermore, the
AGA guidelines would have avoided resection the most, with the trade-off of 12% of
patients with high grade dysplasia or maligancy being missed. Of note, neither the
Fukuoka nor the European guidelines would have missed a case of advanced
neoplasia in this cohort[23].

CONCLUSION
Management of pancreatic cystic lesions remains a significant challenge, and source of
uncertainty and anxiety for providers and patients. The overall remarkable similarity
between multiple guidelines is reassuring. However, as highlighted in our review,
there are important and notable differences. Our goals was to identify and emphasize
the differences that lead to the creation of these guidelines and assist the practicing
clinician to navigate these guidelines to better care for patients with cystic neoplasms.
Unfortunately, there has not been a large, sufficiently powered study that compares
these guidelines in a well-defined patient population. Therefore, it is difficult to
recommend one guideline against another. However, we provide an overview of
several studies that highlight the important differences between these guidelines.
We anticipate that over the next decade many more biomarkers and composite risk
scores will be integrated into practice and it is our hope that these will become part of
the standard of care and future guidelines. We anticipate that biomarkers and
histologic diagnosis (for example, using mircorforceps biopsies) will enable greater
precision in identifying pre-malignant cysts (i.e., IPMNs and MCNs) and allow the
guidelines to primarily focus on these entities. Clearly, the greatest need will be for
prognostic biomarkers that may help distinguish lesions at risk of progression from
those that are not.
In summary, although surveillance of pancreatic cystic lesions offers a unique
opportunity to recognize and prevent the development of pancreatic cancer, no
current guideline has sufficient accuracy to definitively guide our diagnostic strategy.
It is, however, likely that these guidelines are increasingly focusing our attention on
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Table 3 Comparison of performance between pancreatic cyst guidelines
Studies

Comparisons

Outcome

Result

Performance

Sighinolfi et al[21], 2017

Fukouka, AGA, and Sendai
Criteria1

Pancreatic Cyst with invasive AGA ROC 0.76, Fukouka
AGA and Fukuoka guidelines
cancer
ROC 0.78, Sendai ROC 0.65 (P with higher diagnostic
< 0.001)
accuracy for neoplastic cysts
compared to Sendai

Xu et al[20], 2017

AGA, Fukouka, and
American College of
Radiology1

Advanced neoplasia (HGD or (Sen, Spec, PPV, NPV) AGA;
cancer) in resected pancreatic 7.3%, 88.2%, 10%, and 84.1%
cysts
Fukouka: 73.2%, 45.6%,
19.5%, 90.4% ACR: 53.7%,
61%, 19.8%, and 88%

AGA with higher specificity,
but lower sensitivity than
Fukuoka and ACR

Ma et al[22], 2016

AGA and Fukouka2

Advanced neoplasia (HGD or Fukouka: 28.2%, 95.8%,
cancer) in resected pancreatic 74.1%, 75.9% AGA: 35.2.%,
cysts
94%, 71.4%, 77.5%

No significant difference
between the two guidelines

Singhi et al, 2016

AGA

Advanced neoplasia (HGD or AGA: 62%, 79%, 57%, 82%
cancer)

Low accuracy of AGA
guidelines and continued
surveillance of benign lesions
(i.e., SCAs)

Lekkerkerker et al[23], 2017

Fukuoka, AGA, European
Guidelines

Advanced neoplasia (in
patients with suspected
IPMN)

AGA guidelines would have
rec’d against surgery in most
patients with benign lesions
and would have missed
significantly more HGD/CA

Accuracy Fukuoka: 54%
AGA: 59% European: 53%

1

These studies have considered high risk or worrisome features as sufficient for indication for resection (for example a cyst size > 3 cm would have
qualified for an indication for surgery.
2
In these studies the presence of high risks stigmata or worrisome features with positive EUS/FNA were required. EUS: Endoscopic ultrasonography;
ACG: American College of Gastroenterology; AGA: American Gastroenterological Association.

relatively higher risk lesions and lessening the intensity of surveillance for low risk
cysts.
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Abstract
Inflammatory bowel diseases (IBD), Crohn`s disease and ulcerative colitis, are
chronic conditions associated with high morbidity and healthcare costs. The
natural history of IBD is variable and marked by alternating periods of flare and
remission. Even though the use of newer therapeutic targets has been associated
with higher rates of mucosal healing, a great proportion of IBD patients remain
symptomatic despite effective control of inflammation. These symptoms may
include but not limited to abdominal pain, dyspepsia, diarrhea, urgency, fecal
incontinence, constipation or bloating. In this setting, commonly there is an
overlap with gastrointestinal (GI) motility and absorptive disorders. Early
recognition of these conditions greatly improves patient care and may decrease
the risk of mistreatment. Therefore, in this review we describe the prevalence,
diagnosis and treatment of GI motility and absorptive disorders that commonly
affect patients with IBD.
Key words: Inflammatory bowel diseases; Crohn’s disease; Ulcerative colitis;
Gastrointestinal motility and absorptive disorders; Irritable bowel syndrome; Small
intestinal bacterial overgrowth; Small intestinal fungal overgrowth; Dyssynergic
defecation; Fecal incontinence; Chronic intestinal pseudo-obstruction
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tips: Gastrointestinal motility and absorptive disorders such as small intestinal
bacterial overgrowth, carbohydrate malabsorption or dyssynergic defecation are highly
prevalent in inflammatory bowel diseases (IBD) patients and often explain refractory
symptoms in inactive disease. Prompt diagnosis of these conditions improves patient
care and may decrease the risk of mismanagement in IBD population. In the present
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INTRODUCTION
Inflammatory bowel diseases (IBD) including Crohn’s disease (CD) and ulcerative
colitis (UC) are chronic relapsing disorders that often require long-term therapy and
follow up[1,2]. They are recognized for their complex pathophysiology that involves
innate immune system deregulation and altered microbiome in genetically
predisposed individuals[3].
Despite adequate treatment, a subgroup of IBD patients exhibit persistent
gastrointestinal (GI) symptoms such as abdominal pain, dyspepsia, diarrhea, urgency,
fecal incontinence (FI), constipation and bloating that are not always related to
mucosal damage. In this setting, it is crucial to exclude superimposed conditions
before reassessing degree of inflammation with further invasive diagnostic testing or
escalating potentially harmful anti-inflammatory treatments.
GI motility disorder and IBD specialists are falling short of staying up-to-date in
each field due to exceedingly sub-specialized nature of these disciplines as the two
fastest growing fields of luminal gastroenterology. GI motility disorders are observed
in more than one third of IBD patients, which significantly impair overall quality of
life[4,5]. Herein, we describe the prevalence, diagnosis and management of the most
common GI motility disorders associated with IBD.

CONDITIONS WITH PERSISTENT NON-BLOODY DIARRHEA
An IBD flare may be recognized when patients present with rectal bleeding, mucus or
tenesmus; however, non-specific GI symptoms such as diffuse abdominal pain or
altered bowel habits do not always reflect a flare. Fecal calprotectin has been used as a
surrogate biomarker for active inflammation in IBD and it is considered a reasonable
instrument to predict response to therapy[6,7]. Despite a 97% positive predict value to
rule-in a flare, a negative result does not necessarily diagnose IBS or any other specific
superimposed disease[8]. Active small bowel inflammation can account for up to 10%
of CD patients [9] . Enteric stenosis and fistulas are not diagnosed by a routine
colonoscopy and in these scenario non-invasive tests such as C-reactive protein and
fecal calprotectin are not considered reliable markers. Current guidelines recommend
cross-sectional imaging as magnetic resonance enterography, when available [10] .
Treatment for active disease demands therapy optimization either with escalation of
anti-inflammatory drugs, such as immunomodulators and biologic agents or surgery.
There are several conditions that should be excluded in an IBD patient presenting
with persistent diarrhea despite relative control of inflammation. (Table 1 summarizes
clinical presentations and Table 2 outlines the diagnostic and therapeutic approaches)
Celiac disease is more prevalent in IBD patients than in general population. A large
systematic review with over 41000 patients from 17 studies has shown a 2-fold
increase risk for Celiac disease. Overall, in IBD patients the prevalence of Celiac
disease was 1110/100000 [95% confidence interval (CI), 1010-1210/100000] as
compared to 620/100000 (95%CI, 610-630/100000) in general population[11]. Screening
is based on IgA anti-tissue transglutaminase, anti-endomysial antibodies and serum
total IgA concentration. Both children and patients with total IgA deficiency should
be tested with IgG anti-tissue transglutaminase or deamidated gliadin peptide.
Positive serology can be further assessed with upper endoscopy with duodenal
biopsies to evaluate villous atrophy and degree of inflammation[12]. The standard
therapy is a lifelong gluten-free diet[13]. In underdeveloped countries giardiasis should
be also ruled out, as a common parasitic infection which might mimic Celiac disease
by causing diarrhea and bloating[14]. Treatment is based on nitroimidazoles derivates
drugs or nitazoxanide[15].
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Table 1 Common symptoms of overlapping gastrointestinal disorders in inflammatory bowel disease patients
Disease

Symptoms

Bile-acid malabsorption

Diarrhea, urgency

Exocrine pancreatic insufficiency

Abdominal discomfort, bloating, diarrhea, greasy stools

Carbohydrates intolerance

Abdominal discomfort, bloating, diarrhea

Small intestinal bacterial overgrowth

Abdominal discomfort, bloating, constipation, diarrhea, distention, sensation
of incomplete evacuation, urgency

Small intestinal fungal overgrowth

Abdominal discomfort, bloating, diarrhea, distention, urgency

Dyssynergic defecation

Abdominal discomfort, bloating, constipation, diarrhea, distention, sensation
of incomplete evacuation, straining, urgency

Ehlers-Danlos syndromes-hypermobility type

Abdominal pain, bloating, constipation, distention, sensation of incomplete
evacuation, straining, pelvic floor dysfunction

Mast cell activation syndrome

Abdominal discomfort, bloating, dynamic allergies, diarrhea, distention,
sensation of incomplete evacuation, urgency

Eosinophilic gastroenteritis

Abdominal pain, bloating, diarrhea

Intra-abdominal adhesions

Abdominal pain, bloating, distention

Irritable bowel syndrome

Abdominal discomfort, bloating, diarrhea /constipation, distention,
sensation of incomplete evacuation, urgency

Celiac disease

Abdominal discomfort, bloating, diarrhea

Giardiasis

Abdominal discomfort, bloating, diarrhea

Bile acid malabsorption (BAM) is another cause of persistent diarrhea especially in
ileal CD or in patients with previous terminal ileal resection [16,17] . Although not
approved in United States, 75selenium homotaurocholic acid test remains the gold
standard for diagnosis of BAM. When available, other tests such as serum 7 αhydroxy-4-cholesten-3-one (C4) and a 48-h fecal measurement of chenodeoxycholic
and deoxycholic acids may be helpful for diagnostic workup[18]. Indeed, in a pediatric
IBD cohort, 23% (10/44) of CD patients with persistent non-bloody diarrhea had
higher serum C4-concentrations when compared to controls[19]. A short course of
cholestyramine as a diagnostic tool to diagnose BAM is a reasonable approach when
the above noted tests are not available. Treatment consists of bile acid sequestrants
such as cholestyramine, colestipol, or colesevelam and a low-fat diet. Novel
therapeutic targets as farsenoid X agonist have been studied with promising results,
however randomized controlled trials are still lacking[20]. While bile acid binders such
as cholestyramine are the mainstay of treatment of BAM, caution should be used in
IBD patients. They are known to block absorption of concomitant medications, which
might be a concern for patients on 5-aminosalicylic acid, immunosuppressant or Janus
kinase inhibitor therapies. Moreover, they can decrease serum liposoluble vitamins
levels and fat absorption leading to worsening abdominal distention/bloating,
steatorrhea and malnutrition.
Undiagnosed exocrine pancreatic insufficiency can also lead to diarrhea and fat
malabsorption in IBD patients. Exocrine dysfunction should be considered at any age
even in elderly, as older age correlates directly with reduced exocrine pancreatic
function[21]. In a cross-sectional study, the estimated incidence of exocrine pancreatic
insufficiency in IBD patients, considering the cut-off of fecal elastase-1 level < 200
µg/g, was 14% in CD and 22% in UC. Compared to controls, the odds ratio of
exocrine pancreatic insufficiency was 8.34 (95%CI: 1.34-37.89) for CD and 12.95
(95%CI: 2.91-57.58) for UC patients. The risk was higher in patients with more than
three bowel movements per day [22] . Although uncommon, type-2 autoimmune
pancreatitis has been also associated with IBD, which can lead to exocrine
insufficiency[23]. According to the International Consensus Diagnostic Criteria the
diagnosis is based on imaging findings such as enlargement of the pancreas or
narrowing of the main pancreatic duct, the presence of granulocyte epithelial lesions
in histology, frequent association with extra-pancreatic involvement and considerable
response to steroids. In contrast with type-1 autoimmune pancreatitis, serum IgG4 is
not elevated[24].
From the clinical perspective, steatorrhea is expected only at end-stage pancreatic
insufficiency. Less severe disease usually manifests as watery diarrhea and weight
loss. The diagnosis relies on the clinical suspicion and on the determination of indirect
pancreatic function tests. Fecal elastase is widely accessible, easy to perform and
recommended by the American Pancreatic Association for diagnosis[25]. This test has
been shown to have a pooled sensitivity of 77% and 88% of specificity when
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Table 2 Causes of irritable bowel syndrome-like symptoms in inflammatory bowel disease patients
Disease

Diagnosis

Treatment

Small bowel CD

Computed tomography or magnetic resonance
enterography

Drug escalation or surgery

Bile-acid malabsorption

75

SeHCAT, 48-hour fecal bile acids, trial with bile
acid binders

Bile acid sequestrants

Exocrine pancreatic insufficiency

Fecal elastase1, trial with pancreatic enzymes

Pancreatic enzyme replacement

Carbohydrates intolerance

Hydrogen breath test

Dietary restriction

Small intestinal bacterial overgrowth

Lactulose or glucose breath tests: rise from
H2: Rifaximin, doxycycline or amoxicillin CH4:
baseline in H2 ≥ 20 ppm within 90 min or CH4 ≥ 10 Rifaximin and neomycin, or rifaximin and
ppm
metronidazole, or amoxicillin-clavulanate or
ciprofloxacin and metronidazole

Small intestinal fungal overgrowth

Quantitative culture of intestinal aspirate ≥ 103
CFU/mL

Dyssynergic defecation

Anorectal manometry with balloon expulsion test, Biofeedback behavior therapy
defecography

Ehlers-Danlos syndrome-hypermobility type

Beighton score ≥ 4[105] and arthralgia, erect barium Pelvic physiotherapy, promotility agents
testing for visceroptosis

Mast cell activation syndrome

Typical symptoms, elevated mast cell mediators
H1 blockers, H2 blockers, cromolyn sodium,
(e.g., tryptase) and response to mast cell stabilizing referral to hematologist/allergist
agents

Eosinophilic gastroenteritis

Eosinophilic infiltration on pathology

Anti-inflammatory agents

Intra-abdominal adhesions

Clinical history, previous history of adhesions

Consideration of surgical lysis of adhesions

Giardiasis

Detection of Giardia lamblia antigens in stool

Metronidazole or nitazoxanide

Celiac disease

IgA anti-tissue transglutaminase and serum total
IgA, EGD with duodenal biopsies

Gluten-free diet

Anti-fungal therapy (e.g., fluconazole)

1

False-positive results are observed in liquid stools. CD: Crohn’s disease; 75SeHCAT: Selenium-75-homocholic acid taurine scan; CFU: Colony-forming unit;
H1: Histamine 1 receptor; H2: Histamine 2 receptor; EGD: Esophagogastroduodenoscopy.

compared to secretin stimulation test in a recent meta-analysis[26]. However, falsepositive results are observed in patients with chronic watery diarrhea and, therefore,
this test might not be as reliable for the IBD population [26] . A trial of pancreatic
enzyme replacement is reasonable and safe option for treatment in the context of
exocrine dysfunction in IBD.
Although IBD associated inflammation can potentially lead to decreased mucosal
disaccharidases, data on the true rate of sucrose/lactose intolerance in IBD patients is
scarce. Physicians should be vigilant about possibility of carbohydrate intolerance (i.e.,
lactose, sucrose and fructose) in IBD patients. Apart from correlation of dietary items
with symptoms, hydrogen breath testing can be used to make the diagnosis [27] .
Presence of small intestinal bacterial overgrowth (SIBO) must be ruled-out prior to
breath testing for carbohydrate malabsorption as SIBO leads to a positive
fructose/sucrose/lactose breath test in up to one third of patients[27]. Treatment is
instituted by avoiding the carbohydrate, preferable with the help of a dietician.
Mast cell activation syndrome (MCAS) is a chronic multisystem disease of
abnormal mast cell degranulation secondary to regulatory gene mutations leading to
inappropriate release of mast cell mediators. MCAS has been described recently in
2007 and our understanding on how to diagnose and treat the disease is rapidly
evolving [28] . MCAS can affect multiple organs including cardiovascular, GI,
dermatologic, hepatic, neurologic and musculoskeletal systems. GI manifestations
include nausea, heartburn, abdominal pain, and altered bowel habits[29]. If suspected,
treatment with antihistamines (H1 and H2 blockers), cromolyn sodium or disodium
cromoglycate may be beneficial, however, referral to an allergist or hematologist
familiar with treatment of MCAS is indispensable in management of these patients[30].
Eosinophilic gastroenteritis is a rare Th2-type mediated disease which is believed to
be induced by food or environmental allergens[31,32]. To the best of our knowledge
there is no data in the literature that have addressed primary eosinophilic
gastroenteritis in IBD. Nonetheless, in general population the estimated prevalence is
5 in 100000 inhabitants and it appears to be more frequent in males and young
adults[33]. Symptomatology may range from abdominal pain, bloating or diarrhea to
protein losing enteropathy and malnourishment[34]. The presence of GI symptoms and
histopathological findings of a dense eosinophilic infiltration, eosinophilic cryptitis or
abscesses confirms the diagnosis[35]. Peripheral eosinophilia is commonly observed
despite not being mandatory for diagnosis. In addition, some reports have
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documented anecdotal cases of eosinophilic gastroenteritis induced by anti-tumor
necrosis factor in IBD patients[36,37]. Amongst first-line therapeutic options are a short
trial of elemental diet (with the goal of eliminating food antigen exposure) and
systemic corticosteroids[31]. Recently, Grandinetti et al[38] have reported promising
histological improvement in refractory patients treated with vedolizumab, a
monoclonal antibody against α4β7 integrin. However, further evidence of clinical
efficacy is needed.
Intra-abdominal adhesions are highly prevalent in IBD daily practice as colectomy
and small bowel resections are required in up to 10% of UC and approximately 30% of
CD patients during the lifetime [39,40] . Furthermore, adhesions caused by fistulas,
endometriosis and non-GI abdominal surgeries can also occur in IBD patients. The
estimated prevalence of intra-abdominal adhesions in IBD population is lacking.
Postprandial abdominal pain, bloating, distension, nausea and alternating bowel
habits are the most common clinical presentation [41] . A past medical history of
abdominal surgery heightens a diagnostic suspicion of adhesions. Conservative
management with fasting, intravenous hydration and/or a nasogastric tube is
generally the first choice of treatment, whereas surgical lysis should be indicated for
refractory cases[42]. IBS, SIBO and small intestinal fungal overgrowth (SIFO) can also
lead to chronic diarrhea, which are described in detail below.

IBD/IRRITABLE BOWEL SYNDROME OVERLAP
Irritable bowel syndrome (IBS) is one of the most prevalent differential diagnoses in
IBD population with refractory symptoms which significantly impact patient-reported
outcomes. A number of studies have demonstrated higher prevalence of IBS in
quiescent IBD patients than general population. The largest published meta-analysis,
including over 1700 subjects, estimated a 4-fold increase in prevalence of IBS in IBD
patients when compared to the general population (OR 4.39; 95%CI 2.24-8.61). The
pooled prevalence of IBS in both UC and CD patients during clinical remission was
31% and 41%, respectively. There was significant heterogeneity between the studies
with various criteria used to define remission and IBS[43]. Moreover, the majority of
these studies did not vigorously rule-out alternative causes of IBS-like symptoms,
therefore the exact prevalence of IBS in IBD patients remains unclear.
The current accepted hypothesis states that IBD-IBS patients exhibit an enhanced
neuronal responsiveness due to chronic inflammation with subsequent visceral
hypersensitivity, hyperalgesia, allodynia, dysmotility and altered intestinal
secretions[44]. Vivinus-Nebot et al[45] found that IBS symptoms in quiescent IBD subjects
are associated with ongoing microscopic inflammation, increased paracellular
permeability, intraepithelial lymphocytosis and high TNF-α levels. Conversely, tight
junctions’ proteins such zonulin and alfa-cathenin were decreased. Akbar et al[46] have
demonstrated that IBS symptoms were secondary to prior inflammatory changes as
shown by the correlation of abdominal pain scores with the upregulation of visceral
hypersensitivity receptor in IBD-IBS patients.
As the Rome criteria for diagnosis of IBS are based on clinical symptoms, they may
not serve as an appropriate diagnostic tool in IBD patients which may exhibit similar
symptoms[47]. Biomarkers are desperately needed to objectively rule-in IBS. Recently,
Pimentel et al[48] have validated two autoantibodies derived from the underlying
pathophysiology of post-infectious IBS. In a large cohort of 2823 patients, higher
levels of anti- cytolethal distending toxin B (CdtB) and anti-vinculin were detected in
IBS patients as compared to IBD patients and healthy controls. Anti-CdtB had a
specificity and sensitivity of 91.6% and 43.7% and anti-vinculin showed specificity
and sensitivity of 83.8% and 32.6%, respectively to rule-in IBS as compared to IBD.
Given the high specificity but modest sensitivity of these tests, a positive result rules
in post-infectious IBS but a negative result does not rule out IBS. The role of these
biomarkers in IBD patients with overlapping IBS is yet to be determined.
A comprehensive multi-disciplinary treatment approach includes a combination of
enhanced physician-patient relationship, dietary changes and medications[49,50]. A
meta-analysis has demonstrated significant benefit of low-FODMAPs (fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols) diet in improving
functional GI symptoms in IBS and IBD patients[51]. If this diet is initiated, it is crucial
to reintroduce FODMAPs foods after 4-6 wk to achieve a less restrictive personalized
diet[52]. Neuromodulators and behavioral therapies have been advocated in treatment
of IBS symptoms[53]; however, the role of these interventions is yet to be elucidated in
IBD-IBS overlap. Currently, lubiprostone, plecanatide and linaclotide are approved
for treatment of IBS-Constipation while rifaximin, eluxadoline and alosetron are
approved for IBS-D by Food and Drug administration (FDA) in the United States[54]. It
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should be noted that IBD patients were excluded from the trials assessing these drugs.
While alosetron is contraindicated in patients with IBD, eluxadoline is contraindicated
in patients with previous cholecystectomy and can cause pancreatitis, which limits
their use in IBD population[55,56].

SMALL INTESTINE BACTERIAL OVERGROWTH
SIBO is a common disease associated with a variety of diseases with altered gut
motility, including diabetes, intestinal pseudo-obstruction, scleroderma, IBS and IBD.
It is characterized by overproliferation of colonic bacteria in the small bowel and
enhanced release of gases as a consequence of carbohydrate fermentation [57] .
Predisposing factors for SIBO in IBD population may be seen in the setting of small
bowel dysmotility, enteric-colonic fistula tract, stenosis, abdominal surgery, exocrine
pancreatic dysfunction or ileocecal resection.
Major complaints are bloating, abdominal distension, abdominal discomfort,
flatulence, diarrhea and/or constipation. Methane-predominant (i.e., overgrowth of
methanogenic archaea) bacterial overgrowth commonly manifests as constipation
whereas hydrogen and hydrogen sulfide-predominant SIBO patterns are usually seen
in the setting of diarrhea and rectal urgency[58]. Severe forms of SIBO may provoke
small bowel villous atrophy, malabsorption, liposoluble vitamins deficiency,
hypoalbuminemia and eventually weight loss.
The gold standard test for the diagnosis is presumed to be small bowel aspirate
culture with ≥ 10 3 bacterial colony forming units (CFU)/mL (formerly 10 5
CFU/mL) [27] . Nevertheless, current small bowel sampling techniques are timeconsuming, costly and bear the risk of contamination with oral flora. Moreover, it is
rather near-sighted to assume that a sample from a 5-cm segment of jejunum or
duodenum would represent the whole 20 feet of small bowel. In the current clinical
practice SIBO is diagnosed by lactulose or glucose breath testing [59] . The North
American Consensus defines a positive result as rise in hydrogen ≥ 20 ppm during the
test or by 90 min, whereas a level of ≥ 10 ppm is positive for excess methane[27]. Not
uncommonly, IBD patients require broad-spectrum antibiotic therapy in the setting of
perianal CD, pouchitis or for prevention of postoperative recurrence[60]. Breath testing
for diagnosis of SIBO should be deferred for 4 wk after antibiotic therapy. Empiric
treatment with antibiotics as a diagnostic method should be discouraged for the
potential risk of drug resistance and Clostridioides difficile infection in already
immunosuppressed patients.
A meta-analysis of 11 studies with over 1500 subjects has found greater prevalence
rates of SIBO in IBD group compared to controls. Diagnosis was established by breath
tests and glucose was the most common substrate used. Overall prevalence was 22.3%
(262/1175), 25.4% (95%CI: 22.5-28.3) in CD and 14.3% (95%CI: 10.52-18.08) in UC
patients. Pooled odds ratio from 5 case-controls studies was 9.51 (95%CI: 3.39-26.68).
Descriptive subanalysis showed a positive correlation between SIBO and worsening
of abdominal symptoms such as bloating, flatus, satiety and loose stools. However, no
association was found with disease duration, activity or immunosuppressant
therapy[61].
The largest epidemiologic study of SIBO comes from a single center database of
14847 breath tests performed between 2005 and 2013, including 486 IBD and 10505
non-IBD patients[62]. Lactulose was the substrate used and the cutoff points were in
accordance with published guideline on SIBO. Bloating and abdominal distension
were the most common indications for testing. Prevalence of SIBO in IBD patients
with ongoing GI symptoms was 56.8%. CD and UC patients showed similar
prevalence rates. H2-predominant pattern was the most frequent result in IBD and
non-IBD groups, while IBD subjects produced less methane than controls, excess
methane production in IBD patients was associated with constipation.
SIBO is generally treated with antibiotic therapy. Good response rates are observed
in both non-IBD and IBD patients, although limited data are available for the latter[63].
In a meta-analysis of 32 studies with 1331 patients with SIBO rifaximin treatment was
effective and safe, with overall eradication rate of 70.8% (95%CI: 61.4-78.2), in an
intention-to-treat analysis. Furthermore, 67.7% of patients (95%CI: 44.7-86.9) reported
either improvement or resolution of GI symptoms after treatment [64] . Gu et al [62]
described that 57.3% out of 117 IBD patients diagnosed with SIBO responded to
antibiotic therapy, without a significant differences between the response rate of CD
and UC patients.
Rifaximin, doxycycline or amoxicillin are first line treatment for hydrogenpredominant SIBO, while excess methane producers can be treated with combination
antibiotic therapy of rifaximin and neomycin, or rifaximin and metronidazole, or
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amoxicillin-clavulanate or ciprofloxacin and metronidazole[63]. Patients need to be
counseled regarding the high rate of recurrence of SIBO after therapy. In non-IBD
patients, SIBO has also been treated with a 2-3 week course of elemental diet with
success rate of 70%-90%[65]. This is an interesting concept as elemental diet can also be
used in treatment of IBD[66]. Hence, this option can be considered in IBD patients with
refractory disease who also suffer from SIBO.

SMALL INTESTINAL FUNGAL OVERGROWTH
SIFO was first suggested as a pathologic condition four decades ago and recently
defined by excess fungi proliferation in the small bowel, particularly Candida sp.
Immunocompromised patients with HIV infection, diabetes or malignancy are at
higher risk for SIFO[67]. SIFO has been associated with IBS-like symptoms and its
clinical presentation may be indistinguishable from SIBO. The reported prevalence of
SIFO was 26% of 150 subjects evaluated for chronic GI complaints, most frequently
abdominal pain, bloating, flatulence or diarrhea[68].
A prospective study has demonstrated higher rates of SIBO or SIFO in patients who
had undergone previous colectomy. The most common indications for colectomy
were colonic inertia, cancer, diverticular disease, bowel obstruction and CD in 6% of
them (3/50). However, no significant differences were seen on symptomatology after
treatment between positive and negative groups[69].
Although data are lacking, theoretically, it would be important to address SIFO in
IBD patients as they are often immunosuppressed, use broad-spectrum antibiotics
and commonly undergo abdominal surgery. The diagnostic workup requires an
upper endoscopy with a sterile collection of small intestinal aspirate from the distal
duodenum or proximal jejunum ≥ 103 CFU/mL of fungal growth is proposed as a
positive result[70].
When the diagnosis is made, Erdogan et al[70] suggest a two to three weeks course of
anti-fungal therapy (e.g., fluconazole). Echinocandins and amphotericin B are reserved
for invasive candidiasis and for treatment of Candida glabrata and Candida krusei[70].
Future research is needed to better position SIFO into GI functional disorders.

CONSTIPATION
The prevalence of constipation in IBD patients appears to be similar to the general
population[71]. Farrokhyar et al[72] assessed 149 patients with inactive IBD and found
that constipation was present in 10.7% of patients. UC patients had higher rate of
constipation as compared to CD (25% vs 5.7%). Assessment of constipation involves a
comprehensive review of medical history and current medications to exclude
secondary causes. In IBD patients, colorectal cancer is major a concern when
addressing recent-onset constipation.
Non-pharmacological interventions such as exercise, increased fluid intake or
soluble fiber have modest efficacy in general population and may be considered in
IBD patients. Polyethylene glycol, an osmotic laxative, is the first line drug to treat
constipation. Prucalopride and tegaserod are selective serotonin type 4 agonists which
are recently approved/reintroduced by FDA for treatment of constipation[73]. Safety of
these medications is yet to be determined in the IBD population[74].
Secretagogues are also effective in treatment of constipation. In a recent metaanalysis, linaclotide, lubiprostone and plecanatide were all shown to be superior to
placebo in treatment of constipation. The most common side effects were diarrhea and
nausea[75]. Experimental studies have suggested that some prosecretory agents exhibit
anti-inflammatory properties and could potentially be candidates for the treatment of
IBD. Plecanatide and dolcanatide, both guanylyl cyclase C agonists, improved colitis
in mice by downregulation of pro-inflammatory cytokines and their effect was
comparable to 5-amino salicylic acid[76]. Moreover, a small trial with 28 subjects found
that lubiprostone, a chloride channel activator, decreased intestinal permeabitily in
healthy volunteers[77]. Potential anti-inflammatory effects of segretogogues make them
an intriguing option for treatment of constipation in IBD patients.
One other differential diagnosis to consider for constipation and IBS-like symptoms
in IBD patients is Ehlers-Danlos Syndrome (EDS). EDS is a heterogeneous group of
heritable connective tissue disorders and are grossly underdiagnosed. EDS type III
(hypermobility type) is the most common type and is associated with significant GI
symptoms such as constipation, straining, abdominal pain, nausea, distention, pelvic
floor dysfunction, heartburn, and IBS-like symptoms [78] . Diagnosis of EDS III is
entirely clinical without any objective or genetic testing[79]. The pathophysiology of GI
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symptoms in EDS patients remains unknown but visceroptosis, defined as prolapse of
abdominal organs below their natural position, has been proposed as the cause of GI
symptoms in EDS. Therapy is symptom-directed and involves a multidisciplinary
approach. Physiotherapy and promotility drugs have been indicated to treat GI
symptoms in these groups of patients but clinical trials are lacking.

DYSSYNERGIC DEFECATION
Dyssynergic defecation (DD) is a well-known cause of chronic constipation; however,
in IBD patients it can also manifests with rectal discomfort, sensation of incomplete
evacuation, diarrhea or FI[80]. DD is characterized by the discoordination between the
contraction of abdominal wall and pelvic floor muscles that prevents adequate
evacuation.
IBD patients have an increased risk of DD due to chronic changes in bowel habits,
perianal disease and surgical procedures[81]. Previous studies have reported IBD to be
associated with sensorimotor anorectal function, increased anal pressure, increased
rectal sensitivity and absent rectoanal inhibitory reflex[81,82]. In a recent meta-analysis
we have found a high prevalence rate from 45% to 97% in 2 studies with 182 IBD
patients with ongoing GI symptoms[83].
Diagnosis of DD in IBD patients is generally made based on anorectal manometry
with a balloon expulsion test. Magnetic resonance/barium defecography and anal
sphincter electromyography can also be utilized [83] . For the last three decades
biofeedback has been the standard treatment for DD and previous studies have
reported high symptomatic response, reduced healthcare utilization and improved
overall quality of life. We have shown a response rate of 86% and 70% in patients with
and without ileal pouch anal anastomosis (IPAA), respectively[83]. IBD patients with
anal stricture, fissure and stenosis may have limited benefit from biofeedback therapy.
Invasive procedures such as botulinum toxin injection are not recommended for IBD
patients considering the increased risk of perianal fistula and FI.

FECAL INCONTINENCE
FI is a commonly neglected symptom in IBD and is not infrequent to be referred as
frequent bowel movements, urgency or tenesmus. FI is defined as involuntary fecal
loss of liquid or stool. Several reports have shown FI to have a significant negative
impact on physical, social and emotional state of IBD patients[84,85].
FI prevalence has been underestimated over the last decades due to social stigma,
patient`s embarrassment and inadequate medical awareness. In a recent metaanalysis, we have found that pooled prevalence of FI in IBD patients is 37% (95%CI:
12%-62%). IBD patients have a higher chance of having FI as compared to non-IBD
subjects (OR 7.73, 95%CI: 6.3-9.9). Rate of FI was similar among UC and CD patients.
Higher risk of FI in IBD patients is likely due chronic changes in bowel habits,
perianal disease/surgeries, loss of rectoanal inhibitory reflex and abnormal rectal
sensation[86].
Diagnosis of FI requires a complete perianal examination, including inspection
during Valsalva`s maneuvers and digital rectal exam to evaluate sphincter tone at rest
and squeeze. Anorectal manometry is the gold standard to assess anorectal function,
compliance, reflexes and sensation. In cases of suspected rectocele or anal sphincter
defect further diagnostic testing with endoanal ultrasound and defecography might
be considered[82].
Initial management includes better control of diarrhea if present. Antidiarrheal
drugs such as loperamide or diphenoxylate can be used as needed. Increasing fiber
intake or bulking agents in IBD may be complicated with bloating and abdominal
distention. Biofeedback therapy has been proven to be effective in IBD patients. In a
retrospective cohort, almost 80% of patients showed improved symptoms irrespective
prior perianal fistula, IPAA or past obstetric trauma[87].
Sacral nerve stimulation is an FDA approved option for refractory FI with excellent
results in non-IBD patients. Limited case series have reported positive response in
IBD subjects[88,89]. One study has shown that concomitant treatment with infliximab
and surgical repair improved and maintained long-term continence in perianal CD
patients [90] . Anecdotal studies with percutaneous tibial nerve stimulation and
pneumatic dilatation of the rectum have been done, but small sample size limits us to
draw meaningful conclusions[91,92]. Injecting agents such as dextranomer gel and
surgical procedures are contraindicated for IBD patients due to the risk of perianal
abscess and fistula formation. Diverting loop colostomy could be acceptable when all

WJG

https://www.wjgnet.com

4421

August 21, 2019

Volume 25

Issue 31

Barros LL et al. Motility and absorptive disorders in IBD

above-mentioned therapies have failed.

CHRONIC INTESTINAL PSEUDO-OBSTRUCTION
Chronic intestinal pseudo-obstruction (CIPO) is a severe motility disorder
characterized by obstructive symptoms in an otherwise patent GI tract[93]. Although
rare, the early recognition of its clinical presentation might provide safe and effective
therapeutic measures to improve the quality of life. In a large cohort of CIPO patients,
84% of them required surgery, 76% were dependent on home parenteral nutrition and
the survival rate was 68% in over a ten-year period of follow-up[94]. Non-specific
symptoms such as abdominal pain or distension are the most frequently reported at
initial stage and it is not uncommon for patients to be misdiagnosed with IBS. Nausea,
vomiting, constipation and malabsorption occur with disease progression, whereas
diarrhea is generally a consequence of superimposed SIBO.
The pathophysiology generally includes myopathy, neuropathy or dysfunctional
interstitial cells of Cajal[95,96]. Apart from neurologic and autoimmune diseases, small
bowel CD is an important underlying cause of CIPO and should be ruled out prior to
establishing proper treatment. There are few case reports in the literature of CD
mimicking CIPO. These patients presented with refractory diarrhea, electrolyte
disturbances and malnourishment [97,98] . Diagnosis of CIPO can be challenging.
Laboratory tests may distinguish primary from secondary causes, while upper
endoscopy and colonoscopy assess mechanical obstruction. Computed tomography or
magnetic resonance can elaborate dilation of bowel loops. Antroduodenal manometry
can confirm myogentic/neurogentic dysmotility, although access is limited and is
only available in selected centers[99].
Effective treatments for CIPO are lacking. Nutritional support is required and
patients should be advised to increase protein. Elemental diet and enteral nutrition
might also be needed. Pharmacological therapy with prokinetics such as
erythromycin, domperidone or prucalopride may be effective but should be discontinued if it fails after a short trial. Peripherally acting mu-opioid receptor
antagonist, gabapentin, pregabalin, tricyclic antidepressants, serotonin and
norepinephrine reuptake inhibitors can be prescribed for pain control with considerable side effects. Opioids should be avoided. Treating concomitant SIBO may
improve diarrhea and distension[100,101].
Surgery is no longer indicated and refractory patients might benefit from
percutaneous endoscopic gastro-jejunostomy (PEG-J). A pilot study has evaluated the
efficacy of PEG-J decompression in 7 patients diagnosed with CIPO and found a
marked improvement in serum albumin, oral intake and abdominal symptoms. No
major adverse events were reported, except for reflux chemical dermatitis[102].
Intestinal transplant (isolated or multivisceral) is considered a salvage therapy for
intractable CIPO and CD patients who present with complications of parenteral
nutrition. Up until 2015, over 2500 patients had undergone intestinal transplant
worldwide with a survival rate of 76% and 43% in one and ten years, respectively[103].
Despite transplant, a subgroup of patients with dysmotility might still requires end
ileostomy for symptomatic improvement[104].

CONCLUSION
Motility and absorptive disorders are highly prevalent in IBD patients, particularly in
those with persistent GI symptoms despite quiescent disease. Timely diagnosis and
appropriate treatment of these conditions significantly improves care and well-being
of IBD patients. Despite the high prevalence and significant impact of these disorders
in IBD patients, evidence in diagnosis and treatment is critically lacking. Future
controlled studies are needed to address motility and absorptive disorders specially in
IBD patients.
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Abstract
Some controversy surrounds the postoperative feeding regimen utilized in
patients who undergo esophagectomy. Variation in practices during the
perioperative period exists including the type of nutrition started, the delivery
route, and its timing. Adequate nutrition is essential for this patient population as
these patients often present with weight loss and have altered eating patterns
after surgery, which can affect their ability to regain or maintain weight. Methods
of feeding after an esophagectomy include total parenteral nutrition,
nasoduodenal/nasojejunal tube feeding, jejunostomy tube feeding, and oral
feeding. Recent evidence suggests that early oral feeding is associated with
shorter LOS, faster return of bowel function, and improved quality of life.
Enhanced recovery pathways after surgery pathways after esophagectomy with a
component of early oral feeding also seem to be safe, feasible, and cost-effective,
albeit with limited data. However, data on anastomotic leaks is mixed, and some
studies suggest that the incidence of leaks may be higher with early oral feeding.
This risk of anastomotic leak with early feeding may be heavily modulated by
surgical approach. No definitive data is currently available to definitively answer
this question, and further studies should look at how these early feeding
regimens vary by surgical technique. This review aims to discuss the existing
literature on the optimal route and timing of feeding after esophagectomy.
Key words: Esophagectomy; Oral feeding; Early feeding; Delayed feeding; Enteral
nutrition; Esophageal cancer; Jejunostomy tube; Postoperative complications
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Early artificial enteral nutrition after esophagectomy is superior to total
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parenteral nutrition with regards to complication rate and functional recovery. Early
direct oral nutrition appears to be safe in some patients, but there is some evidence
associating early feeding with increased anastomotic leaks. For many patients who
develop postoperative complications precluding oral intake, jejunostomy tubes remain an
important option for nutritional delivery, although they are not without their own
associated complications. Enhanced recovery pathways after surgery still vary in terms
of these feeding techniques and schedules; more high-level evidence is required to make
sweeping recommendations on early feeding after esophagectomy.
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INTRODUCTION
Esophagectomy is one of the most complex gastrointestinal operations with historic
complication rates ranging from 20% to 80%[1,2]. Anastomotic leaks, one of the most
feared and life-threatening complications, have a reported incidence of 5% to 40%.
Given these data, several aspects of the operative technique and perioperative care
have been focus of continued study in an attempt to improve outcomes. Critical to the
success of any operation is the optimization of the patient’s nutritional status. With
regards to esophageal cancer, malnutrition and cancer cachexia are particularly
prevalent and should be addressed in the perioperative period to improve
outcomes[3,4].
Some controversy exists for certain aspects of postoperative management of
patients who undergo an esophagectomy. Among these, much variation exists with
regards to nutritional support, particularly regarding the optimal timing and delivery
route of nutrition. Some institutions have embraced the practice of enhanced recovery
after surgery (ERAS) programs, with variation in practice related to early introduction
of oral intake, enteral feeding, and timely removal of nasogastric tube and drains[5].
Others follow a more traditional approach of postoperative management with long
periods of nil-per-os (NPO) [6] . Proponents of this traditional approach feel that
delaying oral feeding protects the anastomosis and may avoid pulmonary
complications secondary to aspiration. Means of providing nutrition during this
period have included total parenteral nutrition (TPN), nasoduodenal/nasojejunal
tube feeding, and jejunal tube feeding.

General concepts and historical perspective
Although many methods of nutritional support have been utilized, enteral feeding via
jejunostomy tube (j-tube) has become the standard of care in patients undergoing
esophagectomy[7,8]. Gerndt and Orringer first documented the routine use of the
Witzel tube jejunostomy in 1994 as a means of providing enteral nutrition after
esophagectomy, reporting a low rate of major complications (2.1%) comparable to that
of needle catheter jejunostomy[9]. Since then, intraoperative placement of a Witzel
jejunostomy at the time of esophagectomy has become the preferred method of
enteral access in the immediate postoperative period. Enteral nutrition supplementation, however, does not prevent weight loss entirely. Donohoe et al [10]
performed a prospective cohort study to analyze the impact of supplemental home
enteral nutrition post esophagectomy on nutrition parameters and patient satisfaction;
they found patients had substantial weight loss [41% lost more than 10% body mass
index (BMI)] despite also having high satisfaction scores and compliance rates (96%).
Weijs et al[7] found that weight loss following esophagectomy occurred after tube feeds
were discontinued, and that discharging patients home with tube feeding did not
reduce length of stay or readmissions.
Weight loss after esophagectomy appears to be universal despite dedicated diet
support and prolonged home enteral supplementation. Seventeen percent to eightytwo percent of patients will experience weight loss in the first postoperative month[7].
In addition, 5%-12% of these patients suffer the majority of their weight loss within
the first six months postoperatively and 27%-95% of patients do not return to their
baseline weight [11] . A population-based study in Sweden reported that 63.7% of
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patients had lost more than 10% of their preoperative BMI six months after their
esophagectomy due to appetite loss, eating difficulties, and odynophagia[12]. It is likely
that the original disease process and method of surgical treatment have a significant
impact on a patient’s nutritional status independent of other adjustable risk factors.
An adequate postoperative feeding regimen is essential for maintaining weight and
adequate nutrition parameters.

TIMING OF FEEDING - EARLY VS DELAYED
Enteral feeding after esophagectomy can be provided in the form of artificial
nutritional supplementation (i.e., tube feeds) or direct oral feeding. There is no
consensus among surgeons with respect to the timing at which enteral feeding - oral
or artificial - should be initiated. Enteral supplementation via feeding jejunostomy is
largely well-tolerated and can decrease morbidities associated with malnutrition, such
as surgical site infections[4]. However, feeding through a jejunostomy tube is not
without risks; minor complications, like dislodgement or occlusion, are common, and
can cause difficulties with maintaining prolonged enteral feeding. More serious
complications, such as torsion or obstruction, are rare but can cause serious delays in
nutritional support. Historically, reluctance to start an oral diet after major
gastrointestinal surgery generally has not been evidence-based, but instead based on
fears regarding anastomotic leakage, aspiration, and inadequate nutritional intake
with oral feeding[6]. More recent evidence suggests no advantage to a lengthy NPO
period, and early initiation of feeding (within 24 h) after gastrointestinal resections of
any kind may confer a mortality benefit[13]. As outcomes improve and more minimally
invasive esophagectomies (MIE) are performed, surgeons have begun to challenge the
practice of artificial enteral feeding after esophagectomy by starting oral feeding early
in the postoperative course. Definitions of “early” and “late” feeding are also not
universally agreed upon, but early feeding informally refers to any nutrition started in
the first 24-48 h after esophagectomy, whereas delayed feeding is started anywhere
from five days to several weeks postoperatively. The following section provides a
review of the most relevant studies regarding early vs delayed oral and enteral
feeding.

The concept and practice of early artificial enteral feeding
Enteral nutrition given through a j-tube enters the jejunum well downstream of the
esophago-gastric anastomosis and may be started shortly after esophagectomy. A
number of studies show that early artificial enteral nutrition has a clear association
with improved functional and nutritional outcomes with decreased rates of infectious
and other complications in patients who undergo esophagectomy. These studies,
however, are limited by their inconsistent definition of “early” feeding and the variety
of surgical approaches used in each study (Table 1).
Wang et al[14] looked at esophageal cancer patients to evaluate early enteral nutrition
(within 48 h postoperatively) compared to later feeding (more than 72 h). Patients
who started j-tube feeds within 48 h after undergoing an esophagectomy had the
lowest thoracic drainage volume, the earliest first fecal passage, and the lowest length
of hospital stay and costs compared to those who started after 72 h. In addition, the
incidence of pneumonia was the highest in the late feeding group and the nutrition
parameters were significantly worse. This suggests that enteral feeding early in the
first 48 h is associated with better outcomes.
A retrospective review of transthoracic esophagectomies from 1996-2010 found that
patients with enteral nutrition started on postoperative day three via j-tube had earlier
return of bowel function (ROBF), shorter duration of systemic inflammatory response,
and no significant difference in infectious complications such as pneumonia, wound
infection, and sepsis compared to j-tube feeding after the third postoperative day[15].
The frequency of anastomotic dehiscence was higher in the early enteral feed group,
which the authors attribute to the higher rates of neoadjuvant chemotherapy in this
patient cohort. Early enteral nutrition reduces the rate of life-threatening complications after thoracic esophagectomy in patients with esophageal cancer[16].

In support of early direct oral feeding after esophagectomy
Despite the many advantages of early artificial enteral feeding, surgeons have been
more hesitant to start oral feeding early after esophageal resections and for these
reasons studies on this topic have been historically limited and often included a
variety of gastrointestinal procedures, such as colorectal[17] and gastric surgery[18].
More recently, surgeons have dared to carry out randomized clinical trials in which
early oral feeding (EOF) without artificial enteral supplementation is compared to jtube feeding or delayed oral feeding regimens. In 2008, Lassen et al[19] published a
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Table 1 Literature review of comparative trials on oral feeding after esophagectomy
Authors/year

Design

Procedures

n

Diets

POD PO started

Results

Mahmoodzadeh
2015[20]

RCT

Open Ivor-Lewis,
gastrectomy

109

EOF vs DOF

1 vs ROBF

Fewer
rehospitalizations
and decreased ROBF
with EOF

Sun 2015[22]

RCT

MIE McKeown

68

EOF vs DJF

1 vs 7

Faster gastric
emptying, ROBF
with EOF

Lassen 2008[19]

RCT

Gastrectomy,
pancreatectomy,
hepatectomy,
esophagectomy

447

EOF vs DJF

1 vs 6

No difference in
morbidity between
EOF, DJF

Giacopuzzi 2017[50] Prospective cohort

Open or MIE IvorLewis, McKeown

52

ETF vs DTF

1 vs 6

Earlier mobilization
and removal of
drains with ETF
pathway

Weijs 2015[25]

Prospective cohort

MIE Ivor-Lewis

100

EJF, ETF vs DJF, DTF 0 vs 4-7

No difference in
complications

Lopes 2018[21]

Retrospective

Open
esophagectomy,
gastrectomy

161

EOF vs DJF

2 vs 5-7

No difference in
complications

Speicher 2018[30]

Retrospective

Open transhiatal

203

EOF vs DJF

3 vs 15

Decreased cervical
leak rate with DJF

Eberhard 2017[28]

Retrospective

Open or MIE IvorLewis

359

ETF vs DTF

2 vs 7

Fewer severe
complications and
leaks with DTF

Bolton 2014[29]

Retrospective

Open or MIE
transhiatal

120

EJF vs DJF

7 vs 12

Decreased cervical
leak rate with DJF

MIE: Minimally invasive esophagectomy; EOF: Early oral feeding alone; ETF: Early oral feeding with supplemental total parenteral nutrition; EJF: Early
oral feeding with supplemental tube feeding; DOF: Delayed oral feeding alone; DTF: Delayed oral feeding with supplemental total parenteral nutrition;
DJF: Delayed oral feeding with supplemental tube feeding; TPN: Total parenteral nutrition; RCT: Randomized controlled trial; ROBF: Return of bowel
function.

study in which patients undergoing major upper gastrointestinal surgeries were
randomized to either NPO with j-tube feeding or EOF starting on the first
postoperative day. Esophagectomies were a small percentage of this cohort (n =
8/447) and were not specifically parsed out in subgroup analysis. They found that
LOS and ROBF were both significantly shorter in the EOF group without a significant
difference in leakage rates or complications. A 2015 randomized, controlled trial by
Mahmoodzadeh et al [20] comparing early oral feeding on POD1 to delaying oral
feeding after ROBF in patients undergoing transthoracic esophagectomy or
total/partial gastrectomy also found that EOF alone was associated with shorter LOS,
faster ROBF, and fewer readmissions. An observational cohort study from 2018
evaluating the timing of oral feeding after upper gastrointestinal surgery (including
24 esophagectomies) also found a significant decrease in LOS when patients were fed
orally on POD1 vs POD3[21].
Studies that have focused on EOF after esophagectomy alone have largely
confirmed that there is a significant benefit with regards to return of bowel function
and hospital stay. A prospective cohort study from Sun et al[22] in 2015 comparing EOF
(POD1) to late feeding (POD7) after minimally-invasive McKeown esophagectomy
confirmed that EOF patients had shorter ROBF and improved short-term quality of
life metrics without any meaningful increase in complications. Like Mahmoodzadeh
and Lassen, their EOF group was not supplemented with supplemental artificial
enteral nutrition. In the long term, patients that started EOF had similar changes in
weight after one year and required fewer procedural interventions related to nutrition
(i.e., prolonged tube feeding, restarting tube feeding, placement of a catheter for TPN)
than patients with delayed oral feeding[23]. Additionally, early oral feeding after
esophagectomy also decreases the stress response after minimally-invasive McKeown
esophagectomy as measured by levels of circulating inflammatory cytokines[24].

Risks of early direct oral feeding
Despite these reported benefits, early direct oral feeding after esophagectomy is not
without risks. Some of the concerns that initially deterred surgeons from reliance on
early postoperative feeding - namely, increased anastomotic leak rates and inadequate

WJG

https://www.wjgnet.com

4430

August 21, 2019

Volume 25

Issue 31

Zheng R et al. Optimal timing and route of nutritional support after esophagectomy

nutritional intake - appear to be viable concerns based on the results of several
studies. A multicenter, prospective trial by Weijs et al[25] of 50 minimally invasive
thoracoabdominal (Ivor-Lewis) esophagectomies compared EOF (clear liquids on
POD1) to starting clear liquid intake on POD4-7; they found that patients in the EOF
arm were only able to achieve 58% of goal caloric intake with oral feeding alone. In
general, nutritional goals are rarely met in the immediate postoperative period after
esophagectomy[26]. Furthermore, weight loss at six months occurs in the vast majority
of patients undergoing esophagectomy, even in those who are supplemented with
jejunostomy tube feeding[27]. It is unclear whether oral feeding can truly affect this in
the long-term.
Some retrospective studies have found a significantly increased leakage rate in EOF
patients. A retrospective study of 359 esophagectomies by Eberhard et al[28] compared
EOF (POD1) to delayed feeding (POD7) and found that leakage rates were lowest in
patients with delayed feeding who were transitioned to a blended diet (2% vs 9%; P =
0.043). Patients in the delayed feeding group also had a lower incidence of pulmonary
complications (31% vs 39%, P = 0.001). Most of the procedures were open Ivor Lewis
esophagectomies, and patients in the delayed group had significantly fewer
comorbidities as measured by mean Charlson Comorbidity Index score (16 vs 26, P =
0.027). A retrospective review of leak rates found that patients undergoing cervical
esophagectomy had a significantly decreased rate of anastomotic leak (3% vs 23%)
with delayed oral feeding (POD12) vs early feeding (POD3-7)[29]. Similarly, a separate
retrospective review of 203 patients undergoing open transhiatal esophagectomy also
showed the cervical anastomotic leak rate was 4.2% in the delayed cohort (oral
feeding on POD15) compared to 14.5% in the EOF group (POD3)[30]. Among patients
with anastomotic leaks, most were managed with bedside drainage and NPO, but a
minority required operative or endoscopic intervention. In all of these studies,
artificial enteral feeding was administered while feeds were delayed.
These findings are in contrast to those of other prospective studies by Berkelmans et
al[23] and Sun et al[22], which both failed to find significant differences in the incidence of
either anastomotic leakage or pneumonia. This may be due to the retrospective nature
of these studies and, as Jules Lin points out in his commentary on the Speicher et al.
study, the problematic inclusion of historical controls[31]. However, the Weijs study
also uses a retrospective cohort as a control group. Instead, the differences in
anastomotic leak rates may plausibly be related to two confounding factors: Location
of anastomosis (cervical vs intrathoracic) and surgical approach (open vs minimally
invasive). In the studies by Eberhard, Speicher, and Bolton, which found an increased
leakage rate in the EOF group, all esophagectomies were performed via an open
approach, whereas Berkelmans et al [23] and Sun et al [22] only included minimally
invasive McKeown and Ivor Lewis esophagectomies, respectively. Furthermore, the
two trials with the most profound differences in leak rates between EOF and delayed
feeding (Bolton and Speicher) were both limited to cervical anastomoses, which are
significantly more prone to anastomotic leak than transthoracic anastomoses. Finally,
the literature surrounding early oral feeding is largely lacking in studies with large
sample sizes or studies focusing specifically on esophagectomy, limiting our ability to
develop firm recommendations about the practice of oral feeding at this time.
Several ERAS pathways have been developed for post-esophagectomy
management with early oral feeding as a central component. Overall, ERAS protocols
after esophagectomy appear to be a feasible way of improving general functional
recovery without an increase in non-surgical morbidity. A systematic review of postesophagectomy ERAS pathways included thirteen studies in its meta-analysis and
found that ERAS pathways were associated with a shorter LOS and decreased
pulmonary complications without a significant increase in readmissions[32]. A similar
review of the same studies also singled out early oral feeding as one of several key
components associated with reduction in LOS in a multivariable analysis that
included other factors such as early mobilization, artificial enteral feeding, and early
removal of drains[33]. An ERAS pathway with early oral feeding (clears on POD3)
without concurrent tube feeding has also been associated with significant cost-savings
when compared to conventional management[34]. From these limited non-randomized
studies, it appears that ERAS pathways are practical and safe in selected patients;
however, not all of these pathways include early oral feeding, and most still initiate
oral intake between POD3 and 5. Furthermore, there exists significant variability
among these ERAS pathways with regards to the type of esophagectomy performed
and to the degree to which oral feeding was supplemented by tube feeding; the vast
majority (12/13) of these institutional ERAS pathways included a mix of
transthoracic, transhiatal, and McKeown approaches. Moreover, 11/13 studies
included in this same review supplemented their early oral feeding with concurrent
artificial enteral feeding[32]. The precise impact of postoperative diet alone on the
outcomes measure remains to be understood. Conclusions about the efficacy of these
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non-homogenous, single-center pathways is limited; more standardized and rigorous
study of ERAS pathways with early feeding is required.

METHODS OF ARTIFICIAL FEEDING AFTER
ESOPHAGECTOMY
TPN
TPN is provided through a central venous catheter. In a meta-analysis, TPN was
shown to have no effect on mortality and no significant reduction in complication
rates in surgical patients when compared to an oral diet[33]. However, one of the early
prospective, randomized trials showed the incidence of severe complications was
higher in patients receiving TPN compared to enteral nutrition (EN), with a higher
rate of sepsis requiring intervention, venous thrombosis, electrolyte imbalance, and
liver failure [34] . Overall, prospective trials have shown the use of TPN after
esophagectomy to be associated with increased infectious and thrombotic
complications while also achieving inferior nutritional status and higher costs
compared to enteral feeding[35,36]. TPN has largely been relegated to situations in
which enteral nutrition is contraindicated.

Nasoduodenal/nasojejunal tube feeding
Enteral feeding administered via a nasoduodenal (ND) or nasojejunal (NJ) route
allows for the associated benefits of enteral feeding when compared to TPN and may
be considered less invasive than a surgically placed feeding tube. A meta-analysis of
ten studies on enteral feeding showed postoperative enteral nutrition via ND or NJ
feeds during the first seven postoperative days may decrease pulmonary
complications and lower the anastomotic leak rates while also maintaining a higher
albumin level and likely better nutritional status when compared to parenteral
nutrition[37]. While an advantage is evident over TPN, the most common complication
of ND/NJ enteral access is dislocation of the feeding tube, which occurs in 20%-35%
of patients [7] . This results in interrupted feeds while awaiting replacement with
subsequent delayed nutrition.

Jejunostomy tube feeding
Early postoperative enteral nutrition improves gut oxygenation and reduces costs in
patients who undergo upper gastrointestinal tract surgery for cancer when compared
with TPN[36]. In a large retrospective cohort study looking at Chinese patients with
esophageal cancer, the authors found that early EN reduced the postoperative length
of stay and subsequently, hospital charges with no significant difference in
anastomotic leaks or clinical outcomes when compared to TPN[38]. As such, enteral
feeding is definitively the standard of care in most feeding protocols after
esophagectomy.
Using the Surveillance Epidemiology and End Results-Medicare (SEER) database,
Lorimer et al[39] found that in patients who underwent esophagectomy, mortality was
lower and short-term survival was improved at 90 d with an overall shorter length of
hospital stay in patients with a j-tube. Enteral feeding via jejunostomy appears to be
associated with improved patient outcomes and allows for early establishment of
enteral nutrition for eventual transition to an oral diet, which can be managed in an
outpatient setting. Furthermore, patients undergoing neoadjuvant treatment for
locally advanced esophageal cancer are at particularly high risk for malnutrition, and
thus may have j-tubes placed prior to initiating their neoadjuvant regimen[40]. A
retrospective review of a prospective database by Dalton et al[41] showed that patients
with feeding jejunostomies placed prior to undergoing neoadjuvant therapy have a
significantly lower incidence of pneumonia within 30 d of esophagectomy.
Despite the many benefits of enteral nutrition, tube-related complications do occur
and can impact a patient’s recovery after surgery. The incidence of jejunostomyrelated complications is approximately 30%. Minor complications - leakage,
dislocation, superficial infection, tube occlusion - make up the vast majority of
occurrences[9]. Severe complications are exceedingly rare but can be life-threatening,
including small bowel necrosis, intestinal torsion, and intussusception[42-44]. Patients
who suffer more serious complications related to their jejunostomy tubes often are
unable to tolerate enteral feeding; nearly 20% of patients with feeding tubes still
required some period of TPN administration, with 7% directly attributable to tube
feeding intolerance or complications[45].
In looking at return visits to the emergency department in the first year after
esophagectomy, Kidane et al. found that feeding tube-related problems were the most
common cause of returning to the ED (39%)[46]. Alvarez-Sarrado et al[47] performed a
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retrospective study comparing outcomes in esophagectomy patients with feeding
jejunostomy compared to TPN and noted that the overall rate of j-tube complications
in this study was 51%. Although this rate appears especially high, 88% of these
complications were mild, and only 4% of patients had severe complications.
Additionally, 70% of patients were no longer using a j-tube for enteral feeds after 30 d.

Selective feeding jejunostomy placement
Such complications and the lack of long-term use of j-tubes for feeding have led
Álvarez-Sarrado et al[47] to recommend that jejunostomy placement should not be
routine and instead, considered only in select patients. They recommended
considering feeding jejunostomy at time of surgery in patients who are malnourished
or have severe dysphagia preoperatively. Selective placement of feeding jejunostomy
was also supported by a Japanese study led by Akiyama et al[48] who compared the
operative outcomes of patients who received postoperative enteral nutrition via
feeding jejunostomy with concurrent peripheral parenteral nutrition (PPN) and those
who received only parenteral nutrition. Interestingly, the authors found no significant
differences in the rate of infectious complications, postoperative length of stay,
readmissions within 30 d, or pneumonia within 6 months between the two groups.
Similarly, a retrospective analysis of patients undergoing minimally invasive IvorLewis esophagectomy found that patients without j-tubes (in whom oral feeding was
delayed until POD5) had similar levels of weight loss and complication rates when
compared to those with j-tubes [49] . Given that they identified no increase in
postoperative complications in patients who did not receive enteral nutrition via
feeding jejunostomy, these authors have suggested that j-tube placement may not be
necessary for all patients undergoing esophagectomy.
Patients who have an uncomplicated postoperative course and are able to tolerate
oral feeding during the initial perioperative period may find the associated risk of
feeding jejunostomy complications to be too high. However, for those patients who
are already at higher preoperative risk for complications - those with preoperative
dysphagia, the frail or elderly, the malnourished, and those with severe pulmonary or
systemic comorbidities - feeding jejunostomy will allow for a safer and more durable
option of delivering nutrition than TPN (Table 2). Compliance with early feeding is
difficult; 32%-58% of patients in early feeding programs struggle to meet goal caloric
intake with oral feeding alone[25,50]. Furthermore, for patients that are intraoperatively
unstable or develop postoperative complications (such vocal cord palsy, respiratory
issues, or a significant anastomotic leak), a feeding tube is an invaluable means of
providing nutrition during an otherwise lengthy NPO period.
Studies that question the benefits of routine feeding jejunostomy placement have
largely been retrospective in nature. Prospective and randomized studies are needed
prior to determination of the selective use of feeding jejunostomies. The NUTRIENT II
trial is one multicenter, randomized controlled trial which is currently open and aims
to compare functional recovery with regards to timing of oral feeding between
patients undergoing minimally invasive esophagectomy. More high-level evidence
such as this is needed to elucidate the optimal timing of oral feeding.

CONCLUSION
Although enteral feeding after esophagectomy is now a widely-accepted standard of
care, the timing and method of delivering enteral nutrition remains in question.
Recent evidence suggests that early oral feeding is associated with shorter LOS, faster
ROBF, and improved quality of life. However, data on anastomotic leaks is mixed,
and some studies suggest that the incidence of leaks may be higher with early oral
feeding. This risk of anastomotic leak with early feeding may be heavily modulated
by surgical approach. No definitive data is currently available to definitively answer
this question, and further studies should look at how these early feeding regimens
vary by surgical technique. Although some randomized controlled trials of early oral
feeding after esophagectomy exist, they are lacking in size and standardization of
esophagectomy techniques between these trials remains difficult. Pathways that
successfully incorporate early oral feeding may allow for the selective placement of jtubes and avoidance of common j-tube related complications, but for patients who
develop serious complications that prevent oral intake, the presence of a j-tube
remains a necessary back-up plan. However, there may be certain patients who do not
need j-tubes during esophagectomy and may suffer more harm than benefit from
having one. It is clear that a one-size-fits-all approach may not be the right way to
think about dietary management after esophagectomy. As we continue to push the
boundaries of care with early oral feeding, we must continuously remind ourselves
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Table 2 Recommended indications for jejunostomy tube placement during esophagectomy
Preoperatively Identified
Dysphagia unrelated to esophageal disease
Elderly
Frailty
High risk for pulmonary complications (i.e., active smoker, preoperative comorbidity)
Preoperative malnutrition
Severe preoperative comorbidity (COPD, renal failure, cirrhosis)
Vocal cord palsy
Intraoperatively Identified
Conversion to open procedure
Intraoperative hemodynamic instability
Questionable esophageal conduit viability
Severe intraoperative complication
Significant operative blood loss

COPD: Chronic obstructive pulmonary disease.

that we can and must continue to improve. We have come very far in reducing the
trauma associated with such a historically morbid procedure, but we still have a long
way to go.
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Abstract
Portal vein thrombosis (PVT) represents a well-known complication during the
natural course of liver cirrhosis (LC), ranging from asymptomatic cases to lifethreating conditions related to portal hypertension and hepatic decompensation.
Portal flow stasis, complex acquired hypercoagulable disorders and exogenous
factors leading to endothelial dysfunction have emerged as key factors for PVT
development. However, PVT occurrence remains unpredictable and many issues
regarding its natural history, prognostic significance and treatment are still
elusive. In particular although spontaneous resolution or disease stability occur
in most cases of PVT, factors predisposing to disease progression or recurrence
after spontaneous recanalization are not clarified as yet. Moreover, PVT impact
on LC outcome is still debated, as PVT may represent itself a consequence of liver
fibrosis and hepatic dysfunction progression. Anticoagulation and transjugular
intrahepatic portosystemic shunt are considered safe and effective in this setting
and are recommended in selected cases, even if the safer therapeutic option and
the optimal therapy duration are still unknown. Nevertheless, their impact on
mortality rates should be addressed more extensively. In this review we present
the most debated questions regarding PVT, whose answers should come from
prospective cohort studies and large sample-size randomized trials.
Key words: Portal vein thrombosis; Liver cirrhosis; Hypercoagulability; Anticoagulation;
Direct oral anticoagulants
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Portal vein thrombosis (PVT) represents a common and potential life-threating
complication of liver cirrhosis. Anticoagulant therapy is advised in selected cases, in
particular for liver transplant candidates. Despite the advanced knowledge in PVT
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pathogenesis and diagnosis, many issues regarding its natural history and prognostic
outcome remain elusive. Likewise, the safer anticoagulant option, the potential role of
direct oral anticoagulants and the optimal duration of therapy are still matter of debate.
Given the clinical significance of this pathological entity, these cardinal issues should
urgently be addressed in large prospective cohort studies and randomized trails.
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INTRODUCTION
Portal vein thrombosis (PVT) refers to blood clot formation within the trunk of the
portal vein (PV) or its main branches, which may extend to the splenic and superior
mesenteric veins (SMV). It can range from a partial and asymptomatic obstruction of
the vessel to a complete blockade of portal venous blood flow, leading to hepatic
decompensation, variceal bleeding and intestinal infarction secondary to portal
hypertension (PH). PVT represents a well-known complication during the natural
history of liver cirrhosis (LC), as a result of portal flow stasis, inherited or acquired
prothrombotic disorders and/or vascular endothelial injury due to abdominal
infection, surgery or trauma[1,2].
It occurs mainly in advanced stages of LC and in the presence of hepatocellular
carcinoma (HCC). It is worth mentioning that cirrhotic patients with HCC may
experience 2 types of PVT: “non-malignant” PVT, secondary to hemostatic
disturbances superimposed by HCC, and “malignant” PVT, due to direct invasion of
the PV by neoplastic cells. Since “malignant” PVT represents an established exclusion
criteria for liver transplantation (LT), surgical resection and imaging-guided HCC
treatments, early recognition of this entity is crucial for prognosis definition and
decisions making[3].
Although PVT in LC was first described almost 150 years ago and it has been
widely studied in clinical and experimental studies, many issues regarding its
pathogenesis, natural history, prevention and treatment are still matter of debate[4].
Which are the predisposing factors? What is the natural evolution of asymptomatic
cases? Is PVT clinically significant on LC natural history or does it represent an
epiphenomenon of advanced liver disease? What is the impact on patient outcome
including those undergoing LT? Which patients should be treated and how long?
Which anticoagulant could represent a safe therapeutic option? How long should
therapy be extended in case of repermeation, give the risk of thrombosis recurrence?
How much should anticoagulation (AC) be prolonged before considering therapy to
have failed? This review aims to summarise the current knowledge on “nonmalignant” PVT occurring in the setting of LC, with a focus on the aforementioned
unanswered questions.

EPIDEMIOLOGY
PVT was first described in 1868 in a 20 years-old man, presenting with ascites,
splenomegaly and esophageal varices (EV) [4] . Since then PVT in LC has been
increasingly recognized due to amelioration of diagnostic imaging methods and better
awareness amongst clinicians.
The relative risk of developing PVT in the presence of LC is increased more than 7fold above the risk observed in the general population[5]. In particular PVT prevalence
increases with the degree of liver failure and in the setting of HCC, being as low as 1%
in patients with compensated disease and rising to 8%-25% in candidates for LT and
40% in the presence of HCC [6,7] . Cirrhosis aetiology may also play a role in PVT
development. Emerging data suggest that non-alcoholic steatohepatitis (NASH) may
be an independent risk factor for significant thrombotic events, including PVT, in
patients with decompensated cirrhosis [8,9] . Different diagnostic methods used in
various studies may be responsible for prevalence data heterogeneity, which ranges
from 0.6% to 16% in angiography or surgery studies to 10%-25% in ultrasound (US)
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studies[6]. Incidence of PVT in LC has been investigated in a limited number of reports.
Values of 7.4% and 16% per year have been reported in small sample size studies
involving patients with severe cirrhosis or listed for LT, respectively. One of the
largest study performed in 1234 patients with compensated cirrhosis [Child-TurcottePugh (CTP) A or B] reported a cumulative incidence of PVT of 4.6%, 8.2% and 10.7%
at 1, 3 and 5 years, respectively[10,11].
However, the retrospective design of most studies, the small sample size and the
risk of underestimation of asymptomatic cases, do not allow definitive conclusions to
be drawn. Recently, the multicenter prospective study PRO-LIVER (PVT relevance on
LC: Italian venous thrombotic events registry), including 753 Caucasian cirrhotic
patients (50% outpatient, 50% with mild severity disease), reported a prevalence of
US-documented PVT of 17% (43% asymptomatic cases) and an annual incidence rate
of 6.05%. Such incidence resulted much higher in patients with a history of PVT (18.9
per 100 patient-years vs 4.1 per 100 patient-years in those without prior PVT at
admission) indicating that PVT per se carries a risk for recurrences[12,13].

PATHOPHYSIOLOGY
Venous stasis, hypercoagulability and endothelial dysfunction, summarized in the
“Virchow triad”, are the 3 known pathophysiologic factors predisposing to
thromboembolic events, including PVT. PV stasis secondary to liver architectural
derangement is thought to play the main role in the setting of LC. We have found that
a portal flow velocity lower than 15 cm/s at Doppler US is the most influential risk
factor for PVT development in LC and our data were confirmed by another casecontrol study[11,14]. PV stasis may also be the result of a spontaneous portosystemic
shunt causing a “steal” syndrome. In the study of Maruyama et al[15] the presence of
collateral vessels with a flow volume of more than 400 mL/min and a flow velocity of
more than 10 cm/s resulted a significant predictive factor for the occurrence of PVT in
virus-induced cirrhosis. Since non-selective beta blockers (NSBB) act reducing PV
inflow velocity and are extensively used for primary and secondary prevention of EV
bleeding in LC, several studies have investigated their potential contribution to PVT
development reporting conflicting results. No association between PVT and NSBBs
treatment was reported by Violi et al[12], which confirmed a significant increase in PVT
prevalence among patients with CTP class B and C, HCC, history of upper
gastrointestinal bleeding or PVT, and older age. Conversely EV and NSBBs exposure
resulted risk factors for PVT occurrence in other studies[16,17]. Although these results
are in appearance conflicting, taken together they may suggest that the primary
culprit of PVT may be the significant PH associated with more advanced liver disease
which lead to NSBBs prescription, instead of NSBBs use per se. Future trials
addressing the use of NSBBs in cirrhotic patients should include development of PVT
as a specific safety outcome to allow definitive conclusions and comparisons between
different types of NSBBs.
Based on the presence of thrombocytopenia and prolongation of conventional
coagulation tests, cirrhotic patients were traditionally considered “auto-anticoagulated”. However a growing body of clinical and laboratoristic evidence allowed to
dispel this old dogma, showing a complete reassessment between pro- and antihemostatic drivers in LC (Table 1), potentially leading to a hypercoagulation state,
which is not expressed by routine coagulation tests[1,7,18]. This hypothesis is supported
by the evidence that thrombin generation in LC is normal or even increased compared
to healthy subjects notwithstanding prothrombin time and activated partial
thromboplastin time are prolonged[19,20]. Likewise, the reduction of platelet (PLT)
number seems counterbalanced by PLT hyperractivity, as assessed by increased
urinary excretion of 11-deydro-thromboxane B2 and by consistent elevation of pselectin expression on PLT surface at rest and after thrombin stimulation and higher
serum beta-thromboglobulin and platelet factor-4 alpha compared to controls[21,22]. It
has been proposed that changes in PLT-von Willebrand factor (vWF) interaction,
which is one of the first step of PLT adhesion, might compensate defects in PLT
number and function. Higher molecular weight multimers of vWF have been
extensively described in LC, as a result of reduced vWF cleaving protease ADAMTS13, and seem to play a pivotal role in increasing PLT thrombogenic potential [23] .
Although low serum ADAMTS-13 levels and activity were significantly associated
with PVT development in cirrhotic patients irrespective of CTP and Model for endstage liver disease (MELD) scores, further studies are needed to determine whether
these parameters could be used in everyday clinical practice to predict PVT
occurrence in LC[24,25].
Concurrent thrombophilic conditions have been reported in 5.6% of patients with
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Table 1 Reassessment between anti- and pro-hemostatic drivers in liver cirrhosis
Hemostasis phase

Anti-hemostatic drivers

Pro-hemostatic drivers

Primary hemostasis (vasoconstriction and
platelet plug formation)

Thrombocytopenia

Platelet hyperactivity High molecular weight
multimers von Willebrand factor levels Low
ADAM TS 13 levels and activity

Secondary hemostasis (coagulation cascades)

Low anticoagulant factors levels: AT, protein C
and S High procoagulant factor levels: factor VIII

Low procoagulant factors levels: fibrinogen, factor
II, V, VII, IX, X, XI

Tertiary hemostasis (fibrinolysis)

Low plasminogen and high PAI levels

High t-PA levels Low TAFI and plasmin inhibitor
levels

AT: Antithrombin; ADAM TS 13: A disintegrin-like and metalloproteinase with thrombospondin type 1 motif 13; PAI: Plasminogen activator inhibitor; tPA: Tissue plasminogen activator; TAFI: Thrombin-activatable fibrinolysis inhibitor[18].

PVT and LC, however their contribution to PVT development is difficult to assess
since they may be a secondary phenomenon of parenchymal liver disease rather than
a primary disturbance[7]. Among different thrombophilic genetic defects, G20210A
prothrombin gene variant has been the most common abnormality associated with
PVT in patients with LC with a prevalence of 21.4%-29% and an odds ratio of 5.9 for
development of PVT[26,27]. Another study demonstrated that a relevant proportion of
cirrhotic patients with PVT harbours a myeloproliferative disorders secondary to
JAK2 V617F mutation[28]. Other hypercoagulable risk factors may occur in patients
with LC, but none results as definitive risk factor for PVT development[28,29].
Furthermore, many poorly understood exogenous factors may act in the
background of the above-mentioned prothrombic causes, tipping the balance towards
thrombotic or bleeding complications. ‘‘Low-grade’’ endotoxemia, as a result of
bacterial translocation from intestinal lumen to the portal circulation in advanced
stage of LC, has been proposed as potential trigger of clotting system.
Lipopolysaccharide derived from gut microbiota has been shown to increase
endothelial release of factor VIII[30]. However, despite a clear correlation between
endotoxemia and a marker of thrombin generation in LC, a study on 49 cirrhotic
patients failed to demonstrate a correlation between both endotoxemia and platelet
activity with PVT occurrence[31,32]. Anyway, the potential role of endotoxemia as
prothrombotic trigger in the portal circulation of cirrhotic patients remains attractive
and should be addressed more extensively in larger studies before drawing definitive
conclusions. Among different LC etiologies, NASH is emerging as a potential risk
factor for PVT, as it is associated with increased plasminogen activator inhibitor and
reduced protein C levels[9]. If these findings will find confirmation, PVT occurrence
might increase in the near future since NASH is becoming the leading cause of LC.
Endoscopic therapy of bleeding EV (sclerotherapy and variceal band ligation),
abdominal surgery, inflammation or trauma and vascular invasion by neoplastic cells
(HCC, cholangiocarcinoma, hepatic metastasis) have been all proposed as potential
determinants of PVT, due to direct vascular injury and disturbance of blood flow.
PVT has been described in 16% of cirrhotic patients (70% with concomitant
thrombophilic conditions) undergoing endoscopic therapy for EV after a mean followup period of 16 mo[26]. Opposite results were obtained by another prospective study
performed in cirrhotic patients undergoing sclerotherapy for EV which failed to
demonstrated an increased risk of PVT development[33]. Previous abdominal surgery
and splenectomy have also been reported as risk factors for PVT. In particular
splenectomy has been associated with a 10-fold increase in the risk of PVT
development, independently of liver dysfunction severity, in a retrospective study
involving 113 cirrhotic patients without malignancy[29,34,35].

PVT PREDICTION
The role of serum markers for PVT prediction in patients with LC remains elusive. A
recent meta-analysis suggested that cirrhotic patients with PVT might have higher Ddimer concentrations than those without PVT and that postoperative D-dimer testing
is worthwhile for the diagnosis of PVT after PH-related surgery. However, significant
heterogeneity among studies limits generalizable conclusions[36]. Protein C and S
levels have also been tested as potential predictor of PVT development without
definite conclusions[11,37]. What is clear is that the true thrombotic potential in this
group of patients is more complex than appreciated by measuring individual protein
markers. Based on these evidence Sarin et al proposed a pre-test probability
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assessment for PVT prediction based on 10 criteria, 3 major (CTP class B or C; prior
history of resolved PVT; prothrombotic risk factors such as factor V Leiden mutation,
prothrombin gene mutation, MTHFR mutation) and 7 minor (evidence of a large
portosystemic shunt or large isolated gastric varices; HCC; previous/or active
systemic venous thrombotic events or abortions; acute abdomen; new onset or
worsening PH complications; recent endoscopic, radiological or surgical abdominal
interventions; portal flow velocity < 15 cm/s). Although attractive, this scoring
system requires validation in prospective clinical studies[38].

DIAGNOSIS
In the majority of patients with cirrhosis, PVT is an incidental finding, during routine
US, computed tomography or magnetic resonance imaging evaluation. In other cases
diagnosis is made after a new event of hepatic decompensation or abdominal pain.
The first-line technique for PVT detection is Doppler US, with sensitivity of about 90%
for complete PVT and about 50% for partial PVT and high operator-dependence.
Contrast-enhanced imaging techniques, including contrast-enhanced US, have
comparable sensitivity for PVT diagnosis, allowing in addition a better definition of
PVT extension as well as an evaluation of underlying malignancy and other
sequelae[1,2,7]. HCC proximity to PVT, enlargement of the PV > 23 mm, enhancement of
the thrombus in the arterial phase of contrast enhanced imaging scan or PV arteriallike flow on Doppler US have been proposed as reliable radiologic criteria for
“malignant” PVT, confining histologic confirmation to selected uncertain cases[3].
After PVT diagnosis, upper gastrointestinal endoscopy is warranted to assess the
presence and degree of EV.

PVT NATURAL HISTORY
PVT encompasses 2 different entities: acute PVT and chronic PVT (also called portal
cavernoma). They represent successive stages of the same disease, since acute PVT
may be followed by lysis of the thrombus or cavernous transformation of PV,
consisting in porto-portal collaterals formation within or around the thrombosed
vessel in an effort to bypass venous obstruction[1]. Changes related to cavernous
transformation of PV have been described to occur already 6-20 d after acute PVT and
are more common in patients without concomitant liver disease, since PV flow stasis
in LC usually prevents collateral channel dilatation[39].
The most common evolution of acute PVT is spontaneous resolution or disease
stability, which have been described from 45% to over 70% of cases in different
studies[9,40,41]. However, data regarding predictors of PVT natural course are very
scarce. In particular no significant association has been found between thrombus age
and PVT degree at diagnosis and spontaneous PV recanalization[40,42]. Likewise age,
sex, severity of liver and renal function, EV, previous PH-related bleeding, ascites,
location of thrombosis and portal cavernoma were no significant predictors for PVT
resolution in another retrospective study[43]. Only Maruyama et al. demonstrated that
the diameter and flow volume in the largest collateral vessel at the time of diagnosis
of PVT were negatively associated with spontaneous improvement of PVT, however
these data require prospective external validation[15].
Recurrence of PVT after spontaneous recanalization has also been described in
some cohort studies, ranging from 21.3% (19 of 89 patients, mean follow-up 47 mo) in
the prospective cohort study by Nery et al[10] to 45% (9 of 20 patients, mean follow-up
of 63.3 mo) in the retrospective study by Maruyama et al [10,15] . Considering the
possibility of thrombus recurrence, the patients should continue to monitor the PV
patency after spontaneous PV recanalization.

CLINICAL IMPACT ON CIRRHOSIS PROGRESSION AND
OUTCOME
PVT occurrence is thought to have a negative impact on LC prognosis, because it
produces a further increase in PH which may lead to potentially life-threatening
bleeding events and worsening of liver function. However, contrary to common
clinical belief, the actual prognostic value of PVT on liver disease progression and
outcome remains an unsolved issue, since clinical studies are usually based on small
cohorts of patients and short follow-up periods. D’Amico et al. prospectively reported

WJG

https://www.wjgnet.com

4441

August 21, 2019

Volume 25

Issue 31

Faccia M et al. Portal vein thrombosis in cirrhosis

a more than 3-fold higher risk of failure to control active variceal bleeding in cirrhotic
patients with PVT, irrespective of treatment modality (endoscopic hemostasis or
surgical shunting), whereas in a subsequent retrospective analysis Dell’Era et al[44,45]
showed that PVT was associated with longer time to EV eradication (8 d difference)
but not with treatment failure. It has been proposed that the non-occlusive nature of
most PVT cases involved in the second study and the improvement achieved in
gastrointestinal bleeding management could explain these conflicting results. The
impact of PVT on multiple LC outcomes has been investigated in a recent metaanalysis involving 2436 cirrhotic participants[46]. The study reported a significant
association of PVT with both mortality and ascitic decompensation, but did not
evaluated the pooled effect of PVT on other markers of hepatic decompensation such
as gastroesophageal variceal bleeding or hepatic encephalopathy due to data
insufficiency [46] . On the contrary, a recent prospective multicenter study on LC
outcome did not find a prognostic role of PVT (mainly non-occlusive) on either
mortality and hepatic decompensation[10]. It should be considered that the small
number of studies evaluated and the lack of randomized controlled trials limit metaanalysis conclusions generalization. Similar results were obtained by Qi et al[47], that,
after conducting a systematic review of the literature, concluded that heterogeneity in
data reporting and lengths of follow-up among studies did not allow to draw
conclusions about PVT consequences on LC outcomes.
Furthermore, it is worth mentioning that progression or regression of partial PVT
seem to have no impact on LC natural history. In particular Luca et al[40] found that
spontaneous improvement of PVT did not provide any benefit in terms of
development of LC-related complications, LT and survival since CTP score at
diagnosis was the only independent predictor of survival and hepatic
decompensation on multivariate analysis. Based on these impressive findings, it has
been speculated that PVT occurrence and LC progression may represent independent
and synergistic phenomena resulting from the same pathophysiological mechanisms.
In particular intrahepatic microvascular thrombosis secondary to hepatic
necroinflammation may act as the key determinant of both diseases, leading to liver
ischemia, cell death, loss of functioning hepatic mass and enhanced fibrogenesis,
through a process, called “parenchymal extinction”, which ultimately leads to liver
dysfunction, PH worsening and PVT occurrence[18,48]. This hypothesis is supported by
the results of Villa et al[49] who reported that daily prophylactic dose of low molecular
weight heparin (LMWH) for 12 mo prevented hepatic decompensation and PVT
development in patients with compensated cirrhosis (CPT B7-C10) and conferred a
significant survival benefit in the 5-years follow-up. The same authors postulated that
LMWH protective effect on the course of the liver disease was mediated by an
improvement in intestinal microcirculation and reduction in bacterial translocation
and liver inflammation rather than by PVT prevention. These findings although
impressive were not confirmed by other studies[49].

CLINICAL IMPACT ON LT OUTCOME
PVT prevalence among candidates awaiting LT varies from 2.1% to 26%, being
unrecognized pre-operatively in up to 50% of cases [50-52] . Historically PVT poses
relevant challenges during LT-surgery due to increase in technical complexity,
operative time, blood transfusion requirements and intensive care unit/hospital stays,
which may all negatively affect outcomes. In the last decades, improvement in
medical and surgical strategies allowed to overcome most of previous mentioned
difficulties and, as a consequence, PVT is no longer considered an absolute
contraindication for LT[53]. In a retrospective study involving 191 patients undergoing
LT between 2005 and 2014, the presence of pre-transplant PVT did not affect
significantly the need of blood components transfusion and surgery time (except for
severe grades of PVT), but was associated with higher, even if not statistically
significant, 30-d mortality[54].
To date the impact of PVT on morbidity and mortality after LT remains unclear,
because the small number of published reports obtained controversial results and
most of them did not differentiate between partial and occlusive PVT. According to
the results of a recent metanalysis, the survival rates in this setting mainly depend on
PVT type and surgical technique[50,51]. In particular, whereas incidentally discovered
and partial PVT had a limited effect on post-LT outcomes, patients with complete PVT
extending to distal superior SMV showed a lower 1-year survival rate with no impact
on 5-year survival[50,51,55]. Furthermore, end-to-end PV anastomosis was associated
with the same survival rates for patients with and without PVT regardless of its
degree and extension, whereas non-anatomic portal anastomoses (cavoportal hemi-
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transposition; renoportal anastomosis; PV arterialization) were characterized by a
worse prognosis[56,57]. Based on these data, it has been proposed that high selected LTcandidates with porto-mesenteric thrombosis should be addressed to transplant
centres with large specific experience in PVT evaluation and management[51,56]. Indeed
surgeon ability to establish a physiological portal anastomosis to the graft seems the
most important factor in predicting patient outcome.
The recurrence rate of PVT after LT has reduced from 36% in pioneering
experiences to 2%-3% in recent years[53]. The rate of re-thrombosis has been ascribed to
great degree and extension of pre-LT PVT, severe pre-LT PH and the need of PHtreatments, large portosystemic collaterals, mismatches in the size of the donor and
the recipient PV, severe graft oedema, non-anatomical anastomosis, pediatric
transplantation [58] . Post-LT PVT may significantly reduce both graft and patient
survival and cause limitations or loss of future options for re-LT, particularly when
these events occur intraoperatively or early after LT[59].

TREATMENT OPTIONS
Currently, robust data on the optimal management of PVT in the setting of LC are
lacking and no definitive evidence-based recommendations have been reported in
clinical guidelines or consensus conferences[1,2,7]. Available strategies include AC
therapy and, in some technically suitable patients, transjugular intrahepatic
portosystemic shunt (TIPS). If no treatment is started, a close imaging surveillance is
advised, but the best time frame to perform US-screening is still not well defined.
However as patients with cirrhosis should undergo screening US for HCC every 6
months, assessment of the PV can be performed simultaneously without significant
additional cost and is recommended[7]. In case of patients on wait-list for LT, time
frame might be shortened to 3 months given the aforementioned potential
implications on LT outcome and surgical planning[58].

Anticoagulation
The utility of AC in patients awaiting LT is extensively shared. The rationale consists
in achieving venous recanalization in case of thrombosis extending to the SMV or
alternatively to prevent thrombus extension in the portal mesenteric junction, in order
to allow conventional end-to-end PV anastomosis, which is associated with better
outcomes in comparison with other surgical approaches[58,60]. In this setting AC leads
to complete recanalization in about 40% of cases and should be prolonged until LT
given the high rates of PVT recurrence after withdrawal[61,62]. No consensus exists
concerning AC indication, dosage and duration after LT, however early postoperative AC with a short course of heparin is performed in many centres in high-risk
liver recipients with an underlying prothrombotic state, especially in those
undergoing “non-anatomical” procedures[56,63]. Conversely AC use for those patients
who are not candidate to LT remains controversial, given the retrospective nature of
most of the available data, the bleeding-related concerns and the heterogeneous rate
of spontaneous recanalization, which makes it difficult to evaluate the real efficacy of
different treatments. Experimental data suggest that AC my play an important role in
patients with chronic liver disease, since it has been demonstrated that AC may
prevent fibrogenesis through inhibition of fibrin and factor Xa in animal models[64,65].
According to the recent European Association for the Study of the Liver and
American Association for the Study of Liver Diseases guidelines, AC treatment is
advised for at least 3-6 months in the presence of cirrhotic-PVT and should be
continued for some months after PV repermeation or until transplant in LT
candidates, while it might be continued lifelong in case of SMV thrombosis and
intestinal infarction[1,2]. A more prudent approach has been suggested by the 7th
International Conference on Coagulation in Liver Disease, which recommends AC
treatment for LT candidates with occlusive main PVT with or without proximal
extension into the SMV and on a case by case basis and after multi-disciplinary
discussion for high grade PVT in non-transplant population [7] . All guidelines
underline the absolute need of gastroesophageal varices screening prior to AC
therapy, in order to perform primary or secondary bleeding preventive strategies.
Although LMWH and vitamin K antagonists (VKA) are considered the first choice
for PVT treatment unrelated to cirrhosis, their role in cirrhotic patients remains still
unclear. LMWH is commonly used in the acute setting and has the advantage of a
fixed dose without laboratory monitoring; however, daily subcutaneous injections
may reduce compliance and low levels of antithrombin III together with reduced
glomerular filtration rate due to hepato-renal syndrome may require unpredictable
dose adjustments. A recent study compared different doses of enoxaparin (1.5 mg/kg
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per 24 h vs 1 mg/kg per 12 h) for cirrhotic-PVT treatment showing comparable
efficacy but a significantly higher rate of injection-site haemorrhage, epistaxis, or
haematuria in the 1.5 mg/kg group [66] . VKAs are chosen for long-term AC but
spontaneous INR prolongation and interference with MELD score make their use
particularly challenging. Recently, the reduction of endogenous-thrombin-potential
has shown reliability for AC monitoring in LC and may allow to overcome some of
the above-mentioned limits in the near future[67]. Safety and efficacy issues of AC for
cirrhotic-PVT treatment are still debated and have recently been addressed by 2 metaanalyses[68,69]. In the study of Qi X et al., involving 16 studies, LMWH and VKA were
associated with acceptable major and minor bleeding rates (pooled rate 3.3%) and a
relatively high rate of PV recanalization (pooled rate 66.6%, 41.5% for complete PV
recanalization). However the inclusion of both comparative and non-comparative
studies and the heterogeneity of outcome definitions does not allow to draw
generalizable conclusions[68]. In the second meta-analysis performed on 8 studies with
a total of 353 patients, PV recanalization was observed in 71% of patients treated with
AC (vs 42% of untreated patients) with a complete recanalization rate of 53% (vs 33%
of untreated patients). The same authors reported significantly lower rates of clot
progression (9% vs 33%) in the AC group without differences in major or minor
bleeding events between the 2 groups (11%) [69] . Although these results were
encouraging, clinical and methodologic heterogeneity between studies, lack of
prospective randomized studies and the inclusion of 2 studies involving patients
undergoing invasive procedure for PH-treatment (TIPS placement and partial splenic
embolization) suggest caution in clinical practice. To date, no clear predictors of
efficacy have been established. In a recent prospective study involving 65 patients
with PVT (72% non-occlusive) treated with LMWH, treatment efficacy was related to
age of the thrombus and time interval (< 6 mo) between estimated thrombus onset
and treatment start[70]. These results were consistent with a previous small report of
Maruyama et al[71] who suggested that a positive intra-thrombus enhancement on
CEUS, indicating a not completely organized thrombus, may be a potential indicator
of successful recanalization in response to AC treatment.
This controversial issue is further complicated by the lack of data about the impact
of PVT resolution on patient survival in most of studies. In a retrospective analysis of
63 cirrhotic patients with PVT, complete PV recanalization secondary to VKA
treatment carried a significant reduction in long-term risk of PH-related complication
and need for LT[72]. Likewise a recent retrospective study on 182 cirrhotic patients with
mild liver disfunction (13% CTP C) and PVT, showed that LMWH or VKA therapy
was associated with higher survival rates in comparison with untreated patients
during a median follow-up of 19 mo[73]. Another retrospective cohort of 80 patients,
mainly in CTP B/C stage, with non-tumoral PVT, reported no influence of AC
treatment on overall LT-free survival but a beneficial effect on LT-free survival among
those with MELD ≥ 15 compared to untreated patients[74].
Only one case-series study investigated the effect of fondaparinux 2.5 mg/day in
acute PVT in 7 patients with decompensated LC. All patients were CTP class B–C, 6
with ascites and 2 with hepatic encephalopathy. The study showed that all patients
had a recanalization of the PV after 7-21 d of treatment, and no side effects were
reported[75].
Direct oral anticoagulants (DOACs), including direct thrombin inhibitor
(dabigatran) and factor Xa inhibitors (rivaroxaban, apixaban, edoxaban), are attractive
oral alternatives to VKA in many clinical settings. However, their role in cirrhotic
patients is still unknown, since patients with remarkable liver disease have been
excluded from most of the randomized clinical trials on DOACs. Indeed in this setting
potential hepatotoxicity and unpredictable pharmacokinetics related to various
degree of hepatic elimination (apixaban 75%, rivaroxaban 65%, edoxaban 50%,
dabigatran 20%), cytochrome P450 and plasma protein binding levels alterations,
overcame the advantages of no need of laboratory monitoring, rapid onset of action
and oral formulation[76].
However increasing safety data coming from small clinical studies and in vitro
analyses renewed interest on DOACs use in the presence of compensated hepatic
impairment. In a retrospective study involving 39 cirrhotic patients (CTP A and B)
receiving DOACs (rivaroxaban or apixaban) or traditional AC (VKA and LMWH),
bleeding events did not differ significantly between study groups and no druginduced liver injury was documented over a 3-year period[77]. These results were in
concordance with those of a previous meta-analysis, which suggested no increased
risk of drug-induced liver injury with DOACs compared to conventional AC [78] .
Likewise another retrospective study, including 27 patients on DOACs (rivaroxaban
or apixaban) and 18 on VKA/LMWH, mainly in the CTP B stage, reported similar
total bleeding events and significantly less major bleeding episodes in the DOACs
group[79]. It is noteworthy to mention that small sample sizes and the limited number
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of CTP C patients restrict the applicability of these results in clinical practice and
underline the need of larger prospective studies.
Also DOACs efficacy for PVT treatment remains controversial, since available data
come from case reports and series, mainly referring to rivaroxaban and apixaban use
in compensated cirrhotic patients (Table 2) [80-88] . Nagaoki et al [84] randomized 50
cirrhotic patients with variable CTP scores (29 A, 16 B, 5 C) and PVT to receive either
VKA or edoxaban (dose adjusted to weight and creatinine clearance) for a total of 6
mo after 2 initial weeks of daparinoid sodium therapy. They reported a significantly
higher PVT volume measured on CT in patients treated with VKA than in those
receiving edoxaban and no significant differences regarding GI bleeding or other
adverse effects among the 2 study arms. However the target INR of 1.5-2 in VKA
group (inferior to the standard target of 2-3) and the absence of patients with CTP C in
the group receiving edoxaban suggest caution when interpreting these results[84]. In
addition a case report pointed out the efficacy of rivaroxaban in preventing PVT in
LC, describing high-grade PVT occurrence in a 81 year-old woman with cryptogenic
LC under treatment for chronic atrial fibrillation[85]. Based on current evidence and
pending randomized controlled trials, it has been suggested that DOAC should be
restricted to well compensated LC patients (CTP A and B) with platelet count >
50,000, after hematologic consultation[7].

Transjugular intrahepatic portosystemic shunt
TIPS allows to create a low-resistance channel for portal venous flow between the
hepatic vein and intrahepatic portion of the PV, through an expandable metal or
polytetrafluoroethylene covered stent. It finds wide applications in PH-related
complication of LC, such as refractory or recurrent variceal bleeding and refractory
ascites [89] . TIPS placement with mechanical and/or pharmacologic thrombolysis
represents also an attractive treatment option for PVT when AC is contraindicated or
fails, but technical success of the procedure decreases in the presence of extended
thrombosis or cavernous transformation of PV, so its use in these settings have been
long discouraged. Recent interventional advances, including trans-hepatic or transsplenic route beyond the standard trans-jugular access and refinement of stents, have
increased procedure efficacy allowing to face always more complex cases[90]. Therefore
nowadays TIPS represents a suitable solution for selected patients with symptomatic
complete main PV thrombosis and significant PH, with or without PV cavernous
transformation, with reported rates of re-canalization ranging from 60% to 92%
depending on the vascular access technique[7]. In a recent meta-analysis of 13 studies
(399 patients, 92% cirrhotic) TIPS (alone or in combination with catheterdirected
thrombolysis and/or thrombectomy) was feasible in 95% of cases, carried a moderate
risk of major complications (10%, mainly when additional catheter directed
thrombolysis was performed) and was highly effective in achieving sustained
recanalization of PVT (81% of cirrhotic patients at 12 mo)[90]. In the evaluated studies
PV re-thrombosis was not a frequent event after endovascular therapy and TIPS
dysfunction was even less frequent, particularly with new covered stents.
Noteworthy, the AC use post TIPS was associated with a non-significant higher
pooled shunt patency rate (86% vs 83%), in accordance with previous studies[91,92].
These results are particularly attractive since TIPS alone, likely due to the high
velocity flow created by the shunt, seems effective in maintaining long term PV
patency, allowing to avoid AC treatment. Conversely SMV involvement, which has
been associated with lower patency rate in many studies, might benefit from postTIPS AC but further confirmations are required [90,91] . Moreover, TIPS placement
resulted useful for PV revascularization as a bridge treatment to LT, and no
association between shunt misplacement or occlusion and intra- or post-operative LT
complication rates have been reported [93-96] . TIPS alone or in combination with
percutaneous mechanical and/or pharmacologic thrombolysis resulted also safe and
effective in selected cases of PVT post-LT not responsive to AC[97,98].

CONCLUSIONS
PVT is a common complication of LC, however its occurrence still remains elusive.
More advanced stages of disease, previous history of PVT, concurrent thrombophilic
genetic defects, venous stasis, HCC and recent endoscopic, radiological or surgical
abdominal interventions have been proposed as the most reliable tools for PVT
prediction, even if a pre-test scoring system is still lacking. Routine laboratory tests
are unable to predict hemostatic balance in LC, while global coagulation assays,
including thrombin generation tests and thromboelastography, although promising
require validation in this clinical setting.
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Table 2 Studies on direct oral anticoagulants efficacy and safety in cirrhotics with portal vein thrombosis
Ref.

Study design

No. of patients

Thrombosis
extension

Drug and
dosage

Bleeding
complication

Duration (mo)

Outcome

6

Complete
recanalization

No

No

Martinez et al[80] Case report

1

Complete PVT+
SMVT

UFH (BT) +
rivaroxaban 20
mg daily

Intagliata et al[81] Case series

5

3 PVT, 2 PVT +
SMVT

2 Rivaroxaban 20 1-7
mg daily (1 VKA
as BT) 3 Apixaban
2.5 mg twice daily

Complete
recanalization (2
treated with
rivaroxaban)
Stable (1 treated
with apixaban)
Unkown (2 other
cases)

De Gottardi et
al[82]

Prospective

22

N/A

Rivaroxaban/Dab 14.6 (mean)
igatran/
Apixaban (60%
VKA or LMWH
as BT) mainly at
lower dose

N/A 1 recurrence 1 major GI
of PVT with
bleeding and 4
rivaroxaban
minor bleedings

Yang et al[83]

Case report

1

PVT

Rivaroxaban 15
6
mg twice daily for
3 wk, then 20 mg
daily

Complete
recanalization

No

Nagakoky et
al[84]

Prospective

20

PVT

Edoxaban 30 mg 6
daily (16) or 60
mg daily (4) (2 wk
of danaparoid
sodium as BT)

Partial
recanalization

3 major GI
bleedings

Ponziani et al[85]

Case report

1

PV and
intrahepatic
branches
thrombosis

Already on
rivaroxaban 20
mg daily
treatment, then
LMWH

N/A

Portal cavernoma No

Lenz et al[86]

Case report

1

Partial PVT

Rivaroxaban 10
mg daily

5

Complete
recanalization
(recurrence after
withdrawal)

No

Qi et al[87]

Case report

1

Occlusive SMVT
SVT

Rivaroxaban 15
3
mg daily for 1 mo
then 10 mg daily

Partial

Upper GI
bleeding

Pannach et al[88]

Case report

1

PV and
intrahepatic
branches
thrombosis

Rivaroxaban 20
mg daily

Resolution

No

N/A

UFH: Unfractionated heparin; VKA: Vitamin K antagonists; BT: Bridging therapy; LMWH: Low molecular weight heparin; PVT: Portal vein thrombosis;
SMVT: Superior mesenteric vein thrombosis; SVT: Splenic vein thrombosis; GI: Gastrointestinal.

Currently, robust data on the optimal management of PVT in the setting of LC are
lacking because of studies and patients heterogeneity. If no treatment is started, a
close US-surveillance is advised, with a time frame of 6 mo in asymptomatic patients
and 3 mo in patients on wait-list for LT. Furthermore, gastroesophageal varices
screening is recommended prior to AC therapy for primary or secondary bleeding
preventive strategies. AC is certainly required for patients awaiting LT, since it allows
venous recanalization in case of thrombosis extending to the SMV or prevents
thrombus extension to the portal mesenteric junction, which complicates surgical
procedure and is associated with worse outcomes. AC in non-transplant population
with high-grade PVT is more controversial, given the lack of benefit on LC outcomes,
and should be established on a case by case basis.
LMWH and VKA are used for acute and long-term AC in LC, even if efficacy and
safety data are not conclusive. DOACs use in LC population would be attractive but,
pending randomized controlled trials, they should be restricted to well compensated
patients after hematologic consultation. Interventional radiology, such as TIPS
placement with mechanical and/or pharmacologic thrombolysis, represents also an
attractive treatment option when AC is contraindicated or fails, but even if extended
thrombosis or cavernous transformation of PV decrease technical success.
Certainly many advances regarding PVT pathophysiology, natural history and
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treatment in LC have been made during the last decades. However, cardinal questions
still remain unanswered. The answers to these questions should come from
prospective cohort studies and randomized trials with large sample size, including
detailed information about thrombus age, site and extension and a focus on short and
long-term outcomes. Since these information could considerably change current
clinical practice, the debate on PVT must go on.
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Abstract
BACKGROUND
Adenoma polyposis coli (APC) mutation is associated with tumorigenesis via the
Wnt signaling pathway.
AIM
To investigate the clinical features and mechanism of APC expression in gastric
cancer (GC).
METHODS
Based on APC expression profile, the related genome-wide mRNA expression,
microRNA (miRNA) expression, and methylation profile in GC, the relationship
between APC and GC, as well as the prognostic significance of APC were
systematically analyzed by multi-dimensional methods.
RESULTS
We found that high expression of APC (APChigh) was significantly associated with
adverse outcomes of T4 GC patients. Genome-wide gene expression analysis
revealed that varying APC expression levels in GC were associated with some
important oncogenes, and corresponding cellular functional pathways. Genomewide miRNA expression analysis indicated that most of miRNAs associated with
high APC expression were downregulated. The mRNA-miRNA regulatory
network analysis revealed that down-regulated miRNAs affected their inhibitory
effect on tumor genes. Genome-wide methylation profiles associated with APC
expression showed that there was differential methylation between the APChigh
and APClow groups. The number of hypermethylation sites was larger than that of
hypomethylation sites, and most of hypermethylation sites were enriched in CpG
islands.
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CONCLUSION
Our research demonstrated that high APC expression is an unfavorable
prognostic factor for T4 GC patients and may be used as a novel biomarker for
pathogenesis research, diagnosis, and treatment of GC.
Key words: Adenoma polyposis coli; Gastric cancer; Prognosis; mRNA; miRNA;
Methylation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We found that high expression of adenoma polyposis coli (APC) was associated
with a poor prognosis in T4 gastric cancer (GC) patients. There was differential
expression of mRNAs and miRNAs as well as differential DNA methylation between the
high expression of APC (APChigh) and low expression of APC (APClow) groups. The link
between APChigh and differential expression of mRNAs, miRNAs, and DNA methylation
may contribute to the poor prognosis in T4 GC patients, and be involved in the
pathogenesis of GC. APC could be used as a novel biomarker for clinical diagnosis,
therapy, and assessment of prognosis in T4 GC patients, as well as for further research of
the pathogenesis of GC.

Citation: Du WB, Lin CH, Chen WB. High expression of APC is an unfavorable prognostic
biomarker in T4 gastric cancer patients. World J Gastroenterol 2019; 25(31): 4452-4467
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4452.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4452

INTRODUCTION
Gastric cancer (GC) is one of the most common malignant tumors in China, and its
morbidity and mortality rank first in digestive tract tumors[1]. As the early detection
rate of GC is low, most patients are initially diagnosed at an advanced stage, which
seriously affects the prognosis and survival rate of the patients. With the development
of endoscopic technique and the improvement of medical technology, the 5-year
survival rate of GC has increased to 90%[2,3]. However, recurrence, metastasis, and
drug resistance limit the therapeutic effect. There are still about 350000 deaths due to
GC in China every year[4]. Therefore, the early prevention, diagnosis, and anti-tumor
comprehensive treatment of GC have attracted more and more attention.
GC is a complex multi-factorial, multi-step progressive process involving coding or
non-coding genes and epigenetic change[5]. Many kinds of molecular events, such as
DNA mutations[6], aberrant expression of mRNAs[7] and microRNAs (miRNAs)[8], and
abnormal proteomes[9], have been found to participate in the pathogenesis of GC.
Currently, these molecular events have been extensively studied as biomarkers for the
prognosis, diagnosis, and therapy of GC. Li et al[10] found that MUC16 gene mutation
was associated with a higher load of tumor mutations and improved prognosis in
patients with GC. These findings may have an impact on prognosis prediction and
treatment guidance for GC. MiR-1265 inhibits the progression and carcinogenic
autophagy of GC by reducing the expression of CAB39 and regulating the AMPKmTOR signal transduction pathway. Therefore, it was speculated that miR-1265 may
represent a potential therapeutic target for GC[11]. DNA methylation is common in
non-neoplastic gastric mucosa infected with Helicobacter pylori, which is associated
with a high risk of GC. Therefore, DNA methylation could be used as a useful
diagnostic tool for GC risk assessment[12]. Despite these, the molecular mechanism of
GC is currently still unclear, and the identification of biomarkers is of great
significance for the clinical prognosis, diagnosis, and treatment of GC.
Adenoma polyposis coli (APC) encodes a tumor suppressor protein that can inhibit
the Wnt signal pathway in tumor, and mutation and inactivation of APC are unique
key and early events in tumorigenesis, especially colorectal cancer. The diagnostic and
prognostic value of APC in colorectal cancer is high[13,14]. Compared with colorectal
cancer, there have been much fewer studies on APC in GC. However, some successful
studies have initially shown that APC could be used as a biomarker for GC. Through
research and analysis of big data, Bria et al[15] defined a risk classification system
comprising biomolecular (including APC) and clinicopathological predictors, which
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could divide resected GC patients into three types of risk for guiding treatment. By
statistically analyzing a large number of GC samples, Merchant et al[16] revealed that
the incidence of APC-related GC in young Hispanic men has been rising in the United
States. And the high expression of APC was correlated with advanced stage and low
differentiation of GC. Therefore, we speculated that APC may have an important role
in the pathogenesis and clinical application of GC.
In this study, we demonstrated that APC was a biomarker for poor prognosis in T4
GC patient, and identified APC-related mRNA and miRNA expression changes, and
DNA methylation profile on a genome-wide scale by multi-dimensional methods.
Our findings indicated the value of APC as a new target for the diagnosis and
treatment of T4 GC patients and highlighted the important role of APC in the
pathogenesis of GC.

MATERIALS AND METHODS
Research data source
The research data, including high throughput RNA sequencing (RNA-Seq), miRNASeq, Illumina Infinium Human Methylation 450, and clinical follow-up information
data, which provided all mRNA and miRNA expression and methylation profiles for
followed GC patients, were downloaded from the Cancer Genome Atlas (TCGA)[17] on
October 31, 2018. Samples with more than 30 d of follow-up were screened from
clinical follow-up data to further match the RNAseq expression profile, miRNA
expression profile, and methylation profile. We obtained 387 samples and 2173
miRNAs, 335 samples and 19754 mRNAs, and 364 samples and 358418 methylation
sites, respectively. The study was approved by the Clinical Research Ethics
Committee of College of Medicine, Zhejiang University.

Statistical analysis
Overall survival (OS) was defined as the time from randomization to death for any
reason, while relapse-free survival rate (RFS) was defined as complete remission
(approximately one month after diagnosis) to recurrence or the end of follow-up. In
order to evaluate the prognostic value of APC in GC samples, we selected the
appropriate cut-off value for subdivision. The optimal cut-off was defined by the
statistical distribution of APC expression. APC expression was normally distributed in
GC samples, and there was a significantly evident distinction along the median value.
Therefore, GC samples were divided into APChigh and APClow groups by the median
APC expression (Supplemental Figure 1A). Next, the T4 GC patients were classified in
to four groups according to quartiles of APC expression: Q1, < 25%; Q2, 25%–50%; Q3,
50%–75%; Q4, > 75%). The results showed that Q4 had the worst prognosis both in OS
and RFS. Also, a significant difference was observed between Q2 vs Q4 and Q2 vs Q4
in OS and RFS (Supplemental Figure 1B and 1C). Then, the relationship between APC
expression and OS and RFS was evaluated by the Kaplan-Meier (KM) method and
further examined by log-rank test. To investigate the association between APC and
clinical and molecular characteristics, we divided the T4 GC patients into APChigh and
APClow groups according to median APC expression value and used the t-test and chisquare tests to compare the clinical and molecular characteristics between the two
groups. The t-test and false discovery rate (FDR) were applied to reveal the
differential expression of genome-wide genes, miRNAs, and methylation between
APChigh and APClow groups. The significantly statistical cut-off values were fold-change
(FC) > 2 and FDR < 0.05 for genes, FC > 1.5 or < 0.66 and P < 0.05 for miRNAs, and FC
> 2 and P < 0.05 for methylation. In order to observe the relationship between APC
expression and cellular functional pathways based on the differential expression of
genome-wide genes, we screened all GC samples with gene expression profiles, and
used Gene Set Enrichment Analysis (GSEA) tools [18] to perform KEGG pathway
enrichment analysis on samples from APChigh and APClow groups with a selection
threshold of P < 0.05. KEGG pathway enrichment of methylation was performed
using R ClusterProfiler with a selection threshold of P < 0.05. To observe the
relationship between APC expression and related miRNAs, we screened miRNAs
with expression levels greater than 0 and ratios greater than 50% in each sample, and
used the Pearson correlation coefficient to estimate the correlation between miRNA
expression profiles and APC expression. The significantly statistical cut-off was P <
0.05 and a correlation coefficient > 0.3 or < -0.3 to determine the correlation of APC
with related miRNAs. In additional, we used the miRWalk database to predict
miRNA target genes and constructed mRNA-miRNA regulatory networks in
conjunction with the most significantly related miRNAs.
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Figure 1

Figure 1 Prognostic value of APC expression in gastric cancer patients. A: Overall survival of gastric cancer patients with high APC expression and those with
low expression (based on median value); B: Relapse-free survival of gastric cancer patients with high APC expression and those with low expression; C: Distribution
of APC expression; D: Relapse-free survival of T4 gastric cancer patients with high APC expression and those with low expression. APC: Adenoma polyposis coli; GC:
Gastric cancer.
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RESULTS
APC is related to an unfavorable prognosis of T4 GC
Analysis of OS and RFS was performed based on the 335 GC samples to investigate
the association between APC expression and prognosis. The results showed that there
was no significant relationship between APC expression and OS (P = 0.58) and RFS (P
= 0.98) in the overall population (Figure 1A and 1B). Subsequently, we analyzed the
association between APC expression and prognosis in GC of different stages and
found that the expression of APC in T4 samples was high in the middle and low on
both sides with a median value of 10.53 (Figure 1C). According to this median value,
the 88 T4 GC samples were divided into either an APChigh (n = 44) or APClow group (n =
44). It was found that patients with APChigh GC showed significantly shorter RFS than
those with APClow GC (log-rank P = 0.037) (Figure 1D). These results suggested that
high expression of APC was associated with a poor prognosis in T4 GC patients.

Association of APC with clinical characteristics and known prognostic genes
The proportions of GC patients with tumor stages III and IV, tumor grades 2 and 3,
and lymph node metastases N2 and N3 were significantly higher in the APChigh group
than in the APClow group (P = 0.043, 0.047, 0.039, 0.031, and 0.035, respectively). In
addition, APChigh was associated with a greater chance of high expression of some
known prognostic biomarkers, such as KIT, PIK3CA, KRAS, and MLH1 (P = 0.031, P <
0.001, P = 0.038, and P = 0.038, respectively), all of which are associated with an
unfavorable prognosis (Table 1). Kit, a cell surface receptor of stem cell factor, is
considered to be a oncogenic signal and has a acquired functional mutation in human
gastrointestinal stromal tumors[19]. The frequency of PIK3CA mutation was low in GC,
but the prognosis of GC patients with PIK3CA mutation was poor[20]. Fu et al[21] found
that KRAS mutation was a poor prognostic factor in Chinese CG patients. MLH1
methylation was associated with oxaliplatin resistance in GC patients[22]. Collectively,
these results indicated that APC may be a biomarker of poor prognosis in T4 GC
patients.

Differentially expressed mRNAs associated with APC expression
To observe the association between APC expression and other genes, we made a
comparison between the APChigh and APClow groups by genome-wide microarray
analysis. Twelve significantly differentially expressed mRNAs were revealed to be
associated with APC expression by the t-test and Wilcoxon rank sum test (FC > 2 and
FDR < 0.05) (Figure 2A, Table 2). The heat map of these 12 mRNAs is presented in
Figure 2B. Previous studies have revealed that most of these 12 mRNAs are closely
related to tumorigenesis. ARID5B plays a role in the growth and differentiation of Blymphocyte progenitor cells that are associated with acute lymphoblastic leukemia[23].
JMY has strong carcinogenic characteristics, whose expression was elevated in
primary colorectal cancer and head and neck cancer in response to DNA damage in
cells[24]. MAP3K14 is involved in the induction of NF-kappaB signaling in cancer cell
invasion[25]. IL6ST is a signal transduction factor common to many cytokine activators,
and it is involved in the STAT3 pathway in sub-groups of primary lung cancer and is
associated with tumor progression and a poor prognosis[26]. Rev3L plays an important
role in regulating the response of cervical cancer cells to cisplatin[27]. Genetic variation
of estrogen receptor PPARGC1B is important in familial breast cancer[28]. PARD3 plays
an important role in invasiveness and metastasis of lung squamous cell carcinoma
because of its repeated inactivation of cell polarity regulator[29]. PDE4D acts as a
promoter of cell proliferation in prostate cancer[30].
In order to further analyze the cell molecular function of APC related genes, we
investigated the association between cellular functional pathways of APC related
genes with APC expression. The results revealed that 18 pathways were associated
with APChigh, including 6 upregulated and 12 downregulated pathways (P < 0.05)
(Table 3). The APC related genes were enriched in upregulated pathways such as
receptor signaling (Figure 3A), pancreatic cancer (Figure 3B), and prostate cancer of
upregulated pathway, whereas downregulated pathways such as ascorbate and
aldarate metabolism (Figure 3C), PPAR signaling (Figure 3D), drug metabolism other
enzymes, and steroid hormone biosynthesis are closely related to tumor signaling,
drug resistance, hormone receptor, and metabolism. These results indicated that
APChigh associated genes are closely related to the occurrence and development of GC.

Relationship between APChigh expression and genome-wide miRNA sequencing
In order to further understand the relationship between biological diversities of GC
and different levels of APC expression, we conducted a full-genome analysis of
miRNA sequencing data to identify the miRNA profiles with a significant correlation
with APC expression. We found that 674 miRNA expression profiles were correlated
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Table 1 Relationship between APChigh and clinical characteristic and known prognostic genes
Characteristic

APChigh

APClow

P-value

Age

66 ± 8

61 ± 9

0.084

I

5

25

0.031

II

10

12

1

III + IV

29

7

0.043

1

4

33

0.031

2

15

5

0.047

3

25

6

0.039

N0

7

23

0.027

N1

10

12

1

N2

11

4

0.031

N3

16

5

0.035

M0

7

9

0.781

M1

37

35

0.812

KIT

29

15

0.031

PIK3CA

32

12

<0.001

KRAS

28

16

0.038

MLH1

28

16

0.038

Stage

Grade

Lymph node metastasis

Distant metastasis

Gene

APC: Adenoma polyposis coli.

with APC expression. After Pearson correlation coefficient calculation, a total of 35
miRNAs with a P-value < 0.05 and a correlation coefficient > 0.3 or < -0.3 were
identified. The relationship between the correlation coefficient and the distribution of
P-value is shown in Figure 4A. The heatmap of the 35 miRNAs is presented in Figure
4B, from which we can see that most of miRNA were negatively correlated with APC,
and a few were positively correlated with APC. Most of the 35 miRNAs have been
previously found to be involved in tumorigenesis mechanisms or be targets for
clinical diagnosis and treatment, prognostic markers, and mediators of tumor drug
resistance. Hsa-miR-636 may affect the tumorigenesis of hepatocellular carcinoma by
downregulating the Ras signaling pathway[31]. The enrichment of hsa-miR-200c-3p
secreted in urine was a non-invasive marker for the diagnosis of endometrial
carcinoma[32]. The downregulated expression of has-miR-130b-3p was predicted to be
associated with cell proliferation, colony formation, anti-apoptosis, and self-renewal
in hepatocellular carcinoma[33]. Hsa-miR-339-5p plays a key role in the regulation of
lung cancer and may be used as a biomarker to predict the progression of lung
cancer[34]. The upregulated expression of miR-451 in papillary thyroid carcinoma with
lymph node metastasis is a unique marker for prognosis and progression of thyroid
papillary carcinoma[35]. Increasing expression of hsa-miR-103a-3p predicted improved
breast cancer survival[36]. Overexpression of miR-940 in breast cancer cells induced
extensive osteoblast damage in metastatic bone tumors by promoting osteogenic
differentiation of host mesenchymal cells[37]. LncRNA LINC00460 could upregulate
IL6 through sponging tumor suppressor gene miR-149-5p to promote the
carcinogenesis of nasopharyngeal carcinoma[38]. Ectopic expression of has-let-7c-5p
promoted the efficacy of all-trans retinoic acid in the treatment of acute myeloid
leukemia cells[39]. Low expression of miR-100-5p endowed lung cancer cells with
cisplatin drug resistance[40]. These APC related miRNAs, together with APC, may be
associated with the pathogenesis of GC, which further supports APC as a marker for
the poor prognosis of T4 GC.
Furthermore, we combined the most significantly related miRNAs, using the
miRWalk database, to predict the miRNA target genes to construct the mRNAmiRNA regulatory network (Figure 4C). The regulatory network included 6
upregulated miRNAs, 24 downregulated miRNAs, and 11 genes. It can be seen that
some downregulated miRNAs may affect the inhibition of oncogenes, thus
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Table 2 Association between differential mRNAs and APChigh
mRNA

P-value (t-test)

P-value (Wilcoxon test)

Fold change

Regulation

BTAF1

1.45E-08

4.81E-10

2.00561

Up-regulation

ARID5B

1.20E-06

1.30E-07

2.011267

Up-regulation

ZNF81

2.04E-06

3.84E-09

2.175277

Up-regulation

JMY

1.60E-09

4.99E-11

2.094035

Up-regulation

MAP3K14

7.83E-07

3.00E-07

2.092268

Up-regulation

PDE4D

5.58E-07

4.33E-08

2.151154

Up-regulation

CRYBG3

4.92E-07

1.10E-07

2.242404

Up-regulation

PARD3B

2.59E-06

9.38E-08

2.007173

Up-regulation

PPARGC1B

1.76E-08

2.04E-09

2.576507

Up-regulation

TRANK1

6.01E-07

1.15E-08

2.165217

Up-regulation

REV3L

6.32E-07

1.14E-09

2.13368

Up-regulation

IL6ST

3.07E-07

1.30E-07

2.168223

Up-regulation

APC: Adenoma polyposis coli.

aggravating the result of deterioration. For example, hsa-miR-200c-3p, a member of
miR-200 family, targets ARID5B and plays an important role in inhibiting tumor
epithelial-mesenchymal transition (EMT)[41]. Has-miR-940 targeted PDE4D and ZNF81
were downregulated in prostate cancer and can inhibited the migratory and invasive
potential of cancer cell[42]. In the meantime, some upregulated miRNAs decreased the
function of tumor suppressor genes, thus promoting tumorigenesis. For example,
ARID5B is targeted by has-miR-150-5p, and the upregulated expression of has-miR150-5p increased the response of multiple myeloma to glucocorticoid specific
therapy[43]. Hsa-miR-195-3p, regarded as one of colon cancer metastasis biomarkers,
targeted PARD3B and other genes that are associated with protein binding, cell
adhesion, and cancer metastasis[44]. Taken together, these findings may contribute to
understanding why APChigh could predict a poor prognosis of T4 GC.

Relationship between APChigh and genome-wide DNA methylation sequencing
DNA methylation is a common and important epigenetic change and plays an
important role in the occurrence, development, and prognosis of many malignant
tumors. Also, DNA methylation can regulate gene expression and the differentiation
of cancer cells to different directions via DNA methyltransferase, including DNMT1,
DNMT3A, and DNMT3B[45]. Therefore, we analyzed the differences in transcription
levels of the three methyltransferase between APC high and APC low . DNMT1 and
DNMT3A were found to be significantly higher in APChigh than in APClow (Figure 5),
which suggested that there may be different methylation patterns in APChigh and
APClow. Five hundred and forty-three differential methylation sites, including 530
hypermethylation sites and 13 hypomethylation sites, were identified after making a
comparison between APChigh and APClow (FC > 2 and P < 0.05) (Figure 6A). Since
hypermethylation of tumor suppressor genes and hypomethylation of oncogenes
were associated with carcinogenesis [ 4 6 ] , our finding that there were more
hypermethylation sites than hypomethylation sites may suggest that DNA
hypermethylation regulated APC expression is involved in T4 GC. In addition, we
analyzed the distribution of these 543 different methylation sites around CPG islands,
and found that there was a significant difference in the distribution of differential
DNA methylation sites around CPG islands, i.e., the hypermethylation sites are
mainly distributed on the CPG islands (Figure 6B), which is consistent with the view
that the methylation of DNA methylation-regulated genes involved in tumorigenesis
occurs mainly on CPG islands [47] . Furthermore, we analyzed the distribution of
transcription initiation site (TSS) distance between these differential DNA methylation
sites and the nearest genes. Most of the DNA methylation sites are located between
600 bp upstream and 1200 bp downstream of TSS (Figure 6C), and the
hypermethylation sites tend to be located upstream of TSS, which is related to an
important regulatory area. Moreover, the genes corresponding to the nearest TSS of
the differential DNA methylation were extracted for KEGG pathway analysis. There
were ten significant KEGG pathways, including six upregulated and four
downregulated items. The upregulated DNA methylation-related genes were mainly
enriched in pathways such as basal cell carcinoma, Hippo signaling pathway, mTOR
signaling pathway, and signaling pathways regulating pluripotency of stem cells,
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Figure 2

Figure 2 Differentially expressed mRNAs associated with APChigh. A: Volcanic map of differentially expressed mRNAs associated with APChigh; (B) Heatmap of
differentially expressed mRNAs associated with APChigh. APC: Adenoma polyposis coli.

which are associated with the pathogenesis of GC (Figure 6D). Whereas, the
downregulated DNA methylation-related genes participate in viral carcinogenesis,
herpes simplex infection, alcoholism, and systemic lupus erythematosus, which were
regarded as inducers of tumorigenesis (Figure 6E).

DISCUSSION
The identification of prognostic factors for GC is important for its diagnosis and
treatment as well as the development of new targeted therapy. Especially, for precise
treatment strategy based on the risk stratification, the prognostic factors for GC can
not only provide clinicians with the earliest diagnostic markers and definite prognosis
prediction, but also can help them select the best treatment plan. The aim of our
research was to identify novel biomarkers for GC prognosis. APC encodes an
important negative regulator that serves as an antagonist of the Wnt signaling
pathway, which is closely related to cancer cell proliferation, metastasis, invasion,
adhesion, and activation[48]. Here, our results showed that the expression of APC was
an independent and useful factor for poor prognosis of T4 GC. KM analysis showed
that APChigh was associated with a shorter RFS in T4 GC patients. In addition, APChigh
was found to be associated with advanced tumor stage and high tumor grade in GC
and have significant relevance to some known prognostic biomarkers (KIT, PIK3CA,
KRAS, and MLH1). However, previous research revealed that APC is a tumor
suppressor gene, and upregulating APC expression can inactivate the Wnt/β-catenin
pathway in tumorigenesis[49,50]. However, APC was found as a poor prognostic marker
in patients with T4 GC, although there was no significant association between APC
and OS or RFS in the overall GC population. Such discrepancy may be due to a
combination of the following reasons. On one hand, APC, as a tumor suppressor gene,
was verified by experimental evidence, not by statistical analysis of a large number of
clinical samples. On the other hand, a study showed that Wnt receptor (Fzd7) can be
responsible for mediating Wnt signaling in human GC cells both in the presence and
absence of APC mutations[51]. Therefore, we hypothesize that APC is not the only
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Table 3APChigh associated KEGG pathways
MSigDB

Size

ES

NES

P-value

Group

Kegg_b_cell_receptor_signaling_pathway

74

0.579

1.712

0.012

High

Kegg_pancreatic_cancer

70

0.472

1.597

0.025

High

KEGG_PROSTATE_CANCER

89

0.450

1.570

0.025

High

Kegg_prostate_cancer

211

0.396

1.541

0.032

High

Kegg_neurotrophin_signaling_pathway

126

0.437

1.533

0.046

High

Kegg_progesterone_mediated_oocyte_maturation

85

0.412

1.491

0.040

High

Kegg_ascorbate_and_aldarate_metabolism

25

-0.674

-1.851

0.002

Low

Kegg ppar_signaling_pathway

69

-0.456

-1.621

0.003

Low

Kegg_drug_metabolism_other_enzymes

51

-0.590

-1.789

0.003

Low

Kegg_steroid_hormone_biosynthesis

55

-0.595

-1.853

0.004

Low

Kegg_porphyrin_and_chlorophyll_metabolism

41

-0.617

-1.833

0.004

Low

Kegg_drug_metabolism_cytochrome_p450

70

-0.569

-1.776

0.012

Low

Kegg_retinol_metabolism

63

-0.556

-1.687

0.012

Low

Kegg_metabolism_of_xenobiotics_by_cytochrome_p450

68

-0.572

-1.782

0.014

Low

Kegg_pentose_and_glucuronate_interconversions

27

-0.638

-1.734

0.016

Low

Kegg_linoleic_acid_metabolism

29

-0.589

-1.691

0.019

Low

Kegg_alpha_linolenic_acid_metabolism

19

-0.565

-1.662

0.020

Low

Kegg_arachidonic_acid_metabolism

58

-0.424

-1.541

0.031

Low

APC: Adenoma polyposis coli.

crucial molecule involved in Wnt signaling, and other molecules are also involved in
this pathway to promote tumorigenesis. Although the high expression of APC has
antitumor effects, it is not enough to counteract the carcinogenic effects of other
molecules involved in Wnt signaling. However, this hypothesis needs to be confirmed
by further research. Our finding that APC is an unfavorable prognostic biomarker for
T4 GC suggests that fine stratification of GC will be helpful for clinical precision
treatment and prognosis evaluation.
In order to further study the mechanism of the association between the high
expression of APC and the unfavorable prognosis of T4 GC, we comprehensively
analyzed that genome-wide genes, miRNAs, and DNA methylation. Tumorigenesis is
the result of the interaction of genetic and epigenetic changes. Genetic changes are
mainly regulated by gene expression, while epigenetic changes are mainly regulated
by non-coding RNAs and DNA modifications[52]. APC associated genome-wide gene
analysis revealed that high expression of APC was related to 12 genes, which were
reported to play important roles in the pathogenesis of cancer or be regarded as
biomarkers for cancer diagnosis, treatment, and prognosis. Several studies have found
that the interaction between proteins produced by some coding genes and APC is
involved in the promotion or inhibition of tumor proliferation via the Wnt pathway.
Zhan et al[53] found that targeting MEK strongly synergized with APC in enhancing
Wnt responses to the development of GC. Sox2 as a tumor suppressor gene,
restrained stomach adenoma formation through modulation of APC/Wnt-responsive
and intestinal genes [54] . We speculate that the interaction between the 12 genes
identified in this study and APC may promote the occurrence of GC through the Wnt
pathway. The further study of 12 genes will be helpful to further explore the
pathogenesis of GC.
In addition, APC related genes are involved in metabolic pathways, which play an
important role in tumorigenesis. Recent research has advanced the understanding of
the relationship between metabolic regulation and GC. Also, APC-dependent changes
in the expression of genes influencing metabolism are linked to gastric carcinogenesis.
Gerner et al[55] found that APC alteration results in dysregulation of the pathway for
production of polyamines, which are ubiquitous cations essential for cancer cell
growth. Metabolism increases the synthesis of nitric oxide synthase 2, which could
enhance the risk of APC-dependent gastric carcinogenesis in mouse models[56]. In our
study, we identified several metabolism related pathways, e.g., cytochrome P450 and
arachidonic acid pathways. A member of the cytochrome P450 family has been found
to be overexpressed in a variety of tumors and associated with angiogenesis[57]. The
metabolic process of linoleic acid derivatives can regulate tumor-related
inflammation[58], and there was a positive correlation between alpha linolenic acid
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Figure 3

Figure 3 KEGG pathways of differentially expressed mRNAs associated with APChigh. Upregulated pathways of (A) cell receptor signaling and (B) pancreatic
cancer and downregulated pathways of (C) ascorbate and aldarate metabolism and (D) PPAR signaling pathway are shown. APC: Adenoma polyposis coli.

metabolite and invasive prostate cancer [59] . The arachidonic acid pathway is a
metabolic process that plays a key role in carcinogenesis, and arachidonic acid
pathway enzyme are considered as new targets for the prevention and treatment of
cancer[60]. Metabolic reprogramming can contribute to tumor development, and drugs
designed according to the metabolic target have become a clinically effective
treatment for cancer[61]. Our study suggests that high expression of APC may play an
important role in tumor metabolism and may be a target for the design of
chemotherapy drugs.
In the genome-wide miRNA analysis, we identified several tumorigenesis
associated miRNAs that were associated with APC expression. Interestingly, most of
these miRNAs were negatively correlated with APC in the associational analysis and
mRNA-miRNA regulatory network. Previous studies have showed that most of
miRNAs identified in our study were downregulated in GC. This finding, together
with our result that high expression of the APC gene was associated with a poor
prognosis in T4 GC patients, suggested that there was a ceRNA mechanism [62]
between the APC gene and miRNAs. The upregulated expression of upstream
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Figure 4

Figure 4 Genome-wide analysis of miRNAs associated with APChigh. A: Relationship between the correlation coefficient and correlation P-value; B: MiRNAs that
were significantly positively correlated (red), negatively correlated (green), and had no correlation (blue) with APChigh, as well as the heatmap of miRNAs associated
with APChigh; C: mRNA-miRNA regulatory network. APC: Adenoma polyposis coli.
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Figure 5

Figure 5 Differential expression of DNMT1, DNMT3A, and DNMT3B between APChigh and APClow.APC: Adenoma polyposis coli; DNMT: DNA methyltransferase.

lncRNA can sponge miRNAs and thereby upregulate APC, thus promoting the
proliferation of cancer cells. There is increasing evidence that the imbalance of ceRNA
interaction, including miRNAs, cirRNAs, and lncRNAs, promotes the development of
GC[63]. The ceRNA mechanism of APC and miR-135b-5p as well as APC and miR-106a3p has been reported to promote the carcinogenesis of GC. Our research further
proved that APChigh, together with miRNAs, contributed to the carcinogenesis of GC
and that APChigh was a robust unfavorable prognostic biomarker for T4 GC patients.
Finally, the relationship between APChigh and genome-wide DNA methylation was
explored. We found not only differential methylation between APChigh and APClow, but
also different distribution of differential DNA methylation. Our results showed that
there were more hypermethylation sites than hypomethylation sites that were
associated with APC expression. Possibly, hypermethylation of tumor suppressor
genes[46] and high expression of APC act together to promote the occurrence and
deterioration of GC, thereby bring an unfavorable prognosis for T4 GC patients. In
addition, the distribution of DNA methylation showed that hypermethylation sites
were more frequently located on CpG islands and upstream of TSS. DNA methylation
of the CpG islands has been associated with tumor development, cell cycle, DNA
repair, angiogenesis, and apoptosis[47], while tumorigenesis was associated with DNA
methylated in the region around the TSS[64]. Together, our research suggested that
high expression of APC was regulated by DNA methylation.
In conclusion, our research demonstrated that APChigh may be a useful adverse
prognostic biomarker for T4 GC patients. The finding that APChigh is associated with
distinctive genome-wide gene/miRNA/methylation expression and related cellular
functional pathways could well explain why APC acts as an adverse prognostic
biomarker for T4 GC patients as well as the mechanism underlying its molecular
biological function in GC. As a novel potential biological target, APC may be used to
study the pathogenesis of GC and guide the clinical diagnosis, treatment, and
prognosis evaluation of T4 GC patients.
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Figure 6

Figure 6 Analysis of relationship between APChigh and genome-wide DNA methylation. A: Volcanic map of differential DNA methylation associated with APChigh;
B: Distribution of DNA methylation associated with APChigh based on CPG islands; C: Distribution of DNA methylation associated with APChigh based on transcription
initiation site; D: Upregulated KEGG pathways of genes corresponding to the nearest transcription initiation site of differential DNA methylation; E: Downregulated
KEGG pathways of genes corresponding to the nearest transcription initiation site of differential DNA methylation. APC: Adenoma polyposis coli.

ARTICLE HIGHLIGHTS
Research background
Adenoma polyposis coli (APC) mutation is associated with tumorigenesis via the Wnt signaling
pathway.

Research motivation
APC acts as a tumor suppressor gene in Wnt signal pathway, and mutation and inactivation of
APC are unique key and early events in tumorigenesis, especially colorectal cancer. Compared
with colorectal cancer, there have been much fewer studies on APC in other cancers. However,
some successful studies have initially shown that APC could be used as a biomarker for GC. This
inspired us to investigate the clinical features and mechanism of APC expression in GC.

Research objectives
The research objective was to validate that APC is associated with the pathogenesis and clinical
features of GC. We demonstrated that high expression of APC is a biomarker for poor prognosis
in T4 GC patient. Our research suggested that APC may be used as a novel biomarker for
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pathogenesis research, diagnosis, and treatment of GC.

Research methods
Based on RNA-Seq, miRNA-Seq, Illumina Infinium Human Methylation 450, and clinical followup data from TCGA, we systematically analyzed the APC-related mRNA and miRNA expression
and DNA methylation profile on a genome-wide scale by multi-dimensional methods. The novel
application of resource-sharing databases provided us with the opportunity to investigate more
reliable biomarkers for GC.

Research results
We found that high expression of APC was a biomarker for poor prognosis in T4 GC patient. Our
research brings new perspective to the APC gene in tumors, namely, APC is an oncogene in T4
GC patients and the high expression of APC indicates a poor prognosis in T4 GC patients.
However, why high expression of APC predicts a poor prognosis only in T4 GC patients remains
to be further studied.

Research conclusions
Our research demonstrated that APChigh may be a useful adverse prognostic biomarker for T4 GC
patients. The finding that APC h i g h is associated with distinctive genome-wide
gene/miRNA/methylation expression and related cellular functional pathways could well
explain why APC acts as an adverse prognostic biomarker for T4 GC patients as well as the
mechanism underlying its molecular biological function in GC.

Research perspectives
As a novel potential biological target, APC may be used to study the pathogenesis of GC and
guide the clinical diagnosis, treatment, and prognosis evaluation of T4 GC patients.
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BACKGROUND
Activation of hepatic stellate cells (HSCs) is a pivotal event in the onset and
progression of liver fibrosis. Loss of microRNA-194 (miR-194) has been reported
in activated HSCs, but the actual role of miR-194 in liver fibrosis remains
uncertain.
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METHODS
The expression of miR-194 was examined in human fibrotic liver tissues,
activated HSCs, and a carbon tetrachloride (CCl4) mouse model by qPCR. The
effects of AKT2 regulation by miR-194 on the activation and proliferation of
HSCs were assessed in vitro. For in vivo experiments, we reintroduced miR-194 in
mice using a miR-194 agomir to investigate the functions of miR-194 in liver
fibrosis.
RESULTS
MiR-194 expression was notably lacking in activated HSCs from both humans
and mice. Overexpression of miR-194 (OV-miR-194) inhibited α-smooth muscle
actin (α-SMA) and type I collagen (Col I) expression and suppressed cell
proliferation in HSCs by causing cell cycle arrest in G0/G1 phase. AKT2 was
predicted to be a target of miR-194. Notably, the effects of miR-194 knockdown in
HSCs were almost blocked by AKT2 deletion, indicating that miR-194 plays a role
in HSCs via regulation of AKT2. Finally, miR-194 agomir treatment dramatically
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ameliorated liver fibrosis in CCl4-treated mice.
CONCLUSION
We revealed that miR-194 plays a protective role by inhibiting the activation and
proliferation of HSCs via AKT2 suppression. Our results further propose miR-194
as a potential therapeutic target for liver fibrosis.
Key words: Hepatic stellate cells; Liver fibrosis; MicroRNA-194; AKT2
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Received: March 29, 2019
Peer-review started: March 29, 2019
First decision: June 10, 2019
Revised: June 25, 2019
Accepted: July 19, 2019
Article in press: July 19, 2019
Published online: August 21, 2019
P-Reviewer: Pyrrho AD, Riccardi
C, Suda T
S-Editor: Ma YJ
L-Editor: Wang TQ
E-Editor: Ma YJ

Core tip: The expression of miR-194 was significantly downregulated in activated
primary hepatic stellate cells (HSCs) from CCl4-treated mice, TGF-β1-treated LX2 cells,
and the liver of advanced fibrosis patients. MiR-194 significantly inhibited the
expression of α-SMA, Col I, and cyclin D1 and suppressed the activation and
proliferation of HSCs in vitro by repressing AKT2 signaling. MiR-194 could attenuate
liver fibrosis progression to some extent in a mouse model. Reintroduction of miR-194
offered a possible therapeutic approach for ameliorating liver fibrosis.
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INTRODUCTION
Liver fibrosis, characterized by excessive accumulation of extracellular matrix (ECM)
components, is a common stage in the progression of chronic liver diseases to
cirrhosis[1]. Hepatic stellate cells (HSCs), the major mesenchymal cells in the liver,
have been widely accepted to play a critical central role in liver fibrosis[2]. Liver
fibrosis is characterized by the activation and proliferation of HSCs, which leads to
scar formation. Upon stimulation by different damaging and/or inflammatory
cytokines, HSCs are activated and transform to myofibroblast-like cells marked by the
loss of lipid droplets, high expression of α-smooth muscle actin (α-SMA), and
increased proliferation, contractility, and migration[3].
Previous studies suggested that overexpression of microRNA-194 (miR-194)
significantly inhibited the activation and proliferation of HSCs [4] . However, the
functions of miR-194 in liver fibrosis have not been fully elucidated. AKT, also known
as protein kinase B, has three isoforms: AKT1/2/3. MiR-194 cooperates with AKT2 to
regulate proliferation and the cell cycle in cancer[5]. Interestingly, the AKT pathway
enhanced proliferation and ECM production in HSCs via TGF-β1[6,7]. The activation of
HSCs is reversed by the deletion of AKT2[8].
Based on these previous findings, we examined the expression of miR-194 in
experimental liver fibrosis models in vivo and in vitro, which showed that miR-194
was significantly downregulated in activated HSCs. Additionally, we investigated the
role of miR-194 in HSCs. Our results showed that miR-194 attenuated the activation
and proliferation of HSCs by suppressing AKT2. To explore the clinical implications
of miR-194, we reintroduced miR-194 in a mouse model of CCl4-induced liver fibrosis
by tail vein injection of a miR-194 agomir. In vivo application reduced the expression
of AKT2 and ECM markers, and led to the recovery of fibrosis. Taken together, our
results suggest that miR-194 can inhibit the activation and proliferation of HSCs by
suppressing AKT2. Reintroduction of miR-194 might be a potential novel therapy for
the treatment of liver fibrosis.

MATERIALS AND METHODS
Human liver samples
Human liver tissues were obtained through percutaneous liver biopsy from patients
in our hospital with chronic hepatitis B (CHB), defined as those who had hepatitis B
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virus (HBV) infection and were positive for hepatitis B surface antigen for at least 6
months. Sixty human liver tissues [fibrosis stage S0 (no fibrosis, n = 12), S1 (mild
fibrosis, n = 12), S2 (moderate fibrosis, n = 12), S3 (advanced fibrosis, n = 12), and S4
(cirrhosis, n = 12)] were included in the miRNA microarray and qPCR analyses. All
patients provided written informed consent, and the study was approved by the
ethics committee of our hospital. The fibrosis stage was determined by the Scheuer
classification.

Liver fibrosis mouse model and reintroduction of hepatic miR-194
Five-week-old male C57BL/6J mice were purchased from the Sino-British Sippr/BK
Laboratory in Shanghai. All animals received humane care according to established
standards and were maintained in an air-conditioned animal room at 25 °C with free
access to water and food. All protocols conformed to the National Institute of Health
(NIH) guidelines and all animals received care in compliance with the principles of
laboratory animal care. After 1 wk of acclimation, mice were randomly divided into
either a control (n = 5) or carbon tetrachloride (CCl4) group (n = 15). The CCl4 group
received intraperitoneal injections of CCl4 (2 μL/g) mixed with olive oil (15% CCl4)
three times weekly.
Then CCl4-treated mice were randomly divided into three groups after 4 wk of
injection: CCl4 group (n = 5), agomir negative control (CCl4 + OV-NC) group (n = 5),
and miR-194 agomir (CCl4 + OV-miR-194) group (n = 5). The CCl4 + OV-miR-194 and
CCl 4 + OV-NC groups received tail vein injections of miR-194 agomir or the
corresponding controls at a dose of 2 nmol twice weekly for 2 wk. The control group
was treated with olive oil. After 6 wk, all mice were sacrificed. Liver tissues were
fixed with 10% formalin and embedded in paraffin. All sections were stained with
hematoxylin and eosin (H&E) or Sirius Red. These procedures were approved by the
ethics committee of our hospital.

HSCs isolation, culture, and treatment
Primary HSCs (pHSCs) from WT mice were isolated by pronase/collagenase
perfusion followed by Nycodenz two-layer discontinuous density gradient
centrifugation as reported[9]. Cell viability and purity (> 95%) were confirmed by
trypan blue staining and autofluorescence. LX2 cells (a human HSC cell line) and
pHSCs were cultured in DMEM supplemented with 10% FBS, 100 U/mL penicillin,
and 100 μg/mL streptomycin (Gibco, United States). For treatment, HSCs were
incubated with TGF-β1 (Sigma, United States) at a concentration of 10 ng/mL.

RNA interference and transfection in HSCs
Chemically synthesized RNAs including negative control (OV-miR-NC), miR-194
mimic (OV-miR-194), control siRNA (si-NC), miR-194 inhibitor (si-miR-194), and
siRNA against AKT2 (si-AKT2) were used (GenePharma, China). HSCs were
transfected using Lipofectamine RNAi/MAX transfection reagent or Lipofectamine
2000 (Invitrogen, United States) according to the manufacturer’s instructions. Then,
transfected cells were maintained at 37 °C in a 5% CO2 atmosphere for 48 h. All
synthesized oligonucleotides in this study are listed in Supplementary Table 3.

Quantitative real-time PCR analysis
QPCR was performed using a SYBR Green PCR Kit (Applied Biosystems, Foster City,
CA, United States) and an ABI 7900HT Fast Real-Time PCR System (Applied
Biosystems). The primers used in this study are listed in Supplementary Tables 1 and
2.

Western blot analysis
Western blot was performed using the following antibodies: anti-α-SMA, anti- type I
collagen (Col I), anti-cyclin D1, anti-AKT2/p-AKT2 (1:1000, CST), and anti-GAPDH
(1:10000, Abcam); the secondary antibody was HRP-conjugated IgG (1:10000, Santa
Cruz).

Cell proliferation
LX2 cells were seeded in 96-well plates at a density of 5 × 103 cells per well. Cell
proliferation was measured using a CCK8 assay (Dojindo, Kumamoto, Japan) with a
48 h incubation period at 37 °C, and the absorbance at 450 nm was read in a
microplate reader (Epoch2, BioTek).

Cell cycle assay
LX2 cells were seeded in 6-well plates at 3 × 105 cells per well. After transfection for 48
h, cells were trypsinized and fixed in 70% ethanol at -20°C for 24 h. Then, cells were
stained using BD Pharmingen PI/ RNase staining buffer (BD Biosciences, United
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States). The cell cycle distribution was analyzed using an Accuri C6 flow cytometer
(BD Biosciences, United States) and ModFit LT software.

Immunofluorescence (IHC) and immunohistochemistry (IF)
Formaldehyde-fixed, paraffin-embedded liver sections were subjected to IHC
following routine protocols as described. Anti-α-SMA (1:500) was used for IHC
staining. For IF staining, cell slides were incubated with anti-α-SMA (1:200) primary
antibody and with 4’,6-diamidino-2-phenylindole (DAPI) to stain nuclei.
Representative images were obtained using an inverted microscope (Leica
Microsystems, Germany).

Statistical analysis
All experiments were repeated three times. The bar and line graphs show the means
and standard deviations. Data were analyzed using ANOVA. All statistical analyses
were performed using SPSS 19.0 (SPSS Inc., Chicago). A P-value < 0.05 was
considered statistically significant.

RESULTS
MiR-194 is downregulated in activated HSCs from humans and mice
To explore liver fibrosis–related miRNAs, microarray analysis was performed with
liver tissues from CHB patients (S0-4, n = 8 in each group). A total of 105 miRNAs
were significantly differentially expressed in the fibrosis groups (S1-4) compared to
the no-fibrosis group (S0, Figure 1A). We focused on miR-194, which was
downregulated in fibrotic tissues (Figure 1A). Thus, we examined miR-194 expression
in liver tissues of another CHB cohort by qPCR (S0-4, n = 4 in each group). The
expression of miR-194 was significantly lower in the S4 group than in the S0 group
(Figure 1B, P < 0.05). Freshly isolated primary HSCs (pHSCs) acquired a
myofibroblastic phenotype and were fully activated, along with significant
upregulation of α-SMA, after culture for 7 d (Figure 1C). The expression of miR-194 in
activated pHSCs (a-pHSC, cultured for 7 d) was noticeably downregulated compared
with that in quiescent pHSCs (q-pHSC, cultured for 0 d) (Figure 1D). This
phenomenon was also observed in activated LX2 cells stimulated with TGF-β1 (10
ng/mL) for 48 h (Figure 1E). Then, CCl4 was used to induce liver fibrosis in mice.
H&E staining showed that the number of apoptotic hepatocytes and infiltrated
immune cells was increased; Sirius Red staining showed the deposition of excessive
collagen fibers in CCl4-treated livers (Figure 1F). We did not observe significant
changes in the expression of miR-194 between livers from the oil- and CCl4-treated
mice (Figure 1G). Finally, pHSCs were isolated from both oil- and CCl4-treated mice.
The expression of miR-194 was much lower in activated pHSCs isolated from CCl4treated mice than in quiescent cells from oil-treated mice (Figure 1H). These data
indicated that miR-194 is downregulated during HSC activation, an effect that may be
associated with the progression of liver fibrosis.

MiR-194 inactivates HSCs
To investigate whether miR-194 could influence HSC activation, we isolated pHSCs
from mice and transfected constructs into them to overexpress or knock down miR194 in vitro (Suppl. Figure 1). As expected, both the mRNA and protein levels of Col I
and α-SMA were significantly decreased in OV-miR-194 cells; in contrast, they were
dramatically increased in si-miR-194 cells (Figure 2A-B). We also overexpressed or
knocked down miR-194 in LX2 cells (Suppl. Figure 2), and a similar trend was
observed. The enhanced mRNA and protein levels of Col I and α-SMA induced by
TGF-β1 were significantly decreased with miR-194 overexpression but were also
increased with miR-194 knockdown (Figure 2C-D). In addition, IF analysis of α-SMA
further confirmed that OV-miR-194 markedly reduced the protein levels of α-SMA in
both pHSCs and LX2 cells and that, conversely, si-miR-194 increased these levels
(Figure 2E). Therefore, these results demonstrated that miR-194 suppresses the
activation of HSCs.

MiR-194 inhibits the proliferation of HSCs
To ascertain whether miR-194 regulates the proliferation of HSCs, we examined its
effects via a CCK8 assay. TGF-β1 treatment significantly promoted cell proliferation,
while OV-miR-194 appreciably reversed this effect; in addition, si-miR-194 accelerated
cell proliferation (Figure 3A). Generally, abnormal cell proliferation is related to
apoptosis or alterations in the cell cycle. No significant changes were observed in the
apoptosis rate between the OV-miR-194 and si-miR-194 groups (Suppl. Figure 3).
However, cell cycle analysis revealed that the percentage of cells in G0/G1 phase was
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Figure 1

Figure 1 MiR-194 is downregulated in activated hepatic stellate cells from humans and mice. A: Heatmaps of the microRNA microarray analysis results in the
liver of CHB patients; B: The expression of miR-194 measured by qPCR in the liver of CHB patients; C: Morphological and IF images of q-pHSC/a-pHSC. Bar = 100
μm; D: The expression of miR-194 determined by qPCR in pHSCs; E: The expression of miR-194 determined by qPCR in LX2 cells; F: H&E and Sirius Red staining
images used to evaluate liver inflammation and fibrosis in CCl4-treated mice. Bar = 100 μm; G: The expression of miR-194 measured by qPCR in liver tissue; H: The
expression of miR-194 measured by qPCR in pHSCs isolated from oil- and CCl4-treated mice. aP < 0.05 vs the S0 group; bP < 0.05 vs the q-HSC group; cP < 0.05 vs
the con group; dP < 0.05 vs the Oil group. CHB: Chronic hepatitis B; pHSCs: Primary hepatic stellate cells; H&E: Hematoxylin and eosin; CCl4: Carbon tetrachloride.
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Figure 2

Figure 2 MiR-194 inactivates hepatic stellate cells. A: PHSCs were transfected with a miR-194 mimic (OV-miR-194) or miR-194 inhibitor (si-miR-194). The mRNA
levels of Col I and α-SMA were measured by qPCR; B: The protein levels of Col I and α-SMA measured by Western blot in pHSCs; C: LX2 cells were transfected with
a miR-194 mimic (OV-miR-194) or miR-194 inhibitor (si-miR-194). The mRNA levels of Col I and α-SMA were measured by qPCR; D: The protein levels of Col I and αSMA measured by Western blot in LX2 cells, E: IF of α-SMA was further evaluated in both pHSCs and LX2 cells. Bar = 100 μm. aP < 0.05 vs the q-pHSC group; bP <
0.05 vs the a-pHSC + OV-miR-NC group; cP < 0.05 vs the a-pHSC + si-NC group; dP < 0.05 vs the con group; eP < 0.05 vs the TGF-β1 + OV-miR-NC group; fP < 0.05
vs the TGF-β1 + si-NC group. pHSCs: Primary hepatic stellate cells; α-SMA: α-smooth muscle actin; Col I: Type I collagen.

higher and the percentage of cells in S phase was lower in OV-miR-194 cells than in
OV-miR-NC cells with TGF-β1 stimulation, while si-miR-194 had the opposite effect
(Figure 3B). TGF-β1 treatment enhanced the expression of the G1-S transition
promoter cyclin D1 at both the mRNA and protein levels; in addition, OV-miR-194
decreased cyclin D1 expression, and si-miR-194 increased cyclin D1 expression
(Figure 3C-D). These findings further confirmed the effects of miR-194 on the
suppression of proliferation via controlling the transition from G0/G1 to S phase.
These data indicated that miR-194 suppresses cyclin D1 expression and subsequently
inhibits HSC proliferation by causing cell cycle arrest in G0/G1 phase.

MiR-194 exercises multiple functions by inhibiting AKT2 in HSCs
MiRNAs primarily negatively downregulate gene expression by binding to
complementary sites in the 3’-untranslated region (3’-UTR) of mRNA sequences. To
identify the relevant target genes of miR-194, we conducted bioinformatic analysis
using TargetScan (http://www.targetscan.org/; Figure 4A). As expected, the mRNA
expression of AKT2 was downregulated in OV-miR-194 cells and upregulated in si-
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Figure 3

Figure 3 MiR-194 inhibits the proliferation of hepatic stellate cells. A: LX2 cells were treated with OV-miR-194/si-miR-194±TGF-β1. The CCK8 assay showed the
proliferation of LX2 cells; B: The cell cycle was analyzed by flow cytometry; C: The mRNA expression of cyclin D1 analyzed by qPCR; D: The protein expression of
cyclin D1 analyzed by Western blot. aP < 0.05 vs the con group; bP < 0.05 vs the TGF-β1 + OV-miR-NC group; cP < 0.05 vs the TGF-β1 + si-NC group.
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miR-194 cells (Figure 4B). Western blot analysis revealed that OV-miR-194 decreased
the protein levels of AKT2/p-AKT2 in TGF-β1-treated LX2 cells and that si-miR-194
had the opposite effects (Figure 4C). Then, we knocked down AKT2 in LX2 cells to
assess the influence of its regulation by miR-194 (Supplementary Figure 4). The
notable effect of si-miR-194 on increasing cell viability with TGF-β1 treatment was
clearly reversed in the presence of si-AKT2 (Figure 4D). The decrease in the
percentage of G0/G1 phase cells and increase in the percentage of S phase cells
induced by si-miR-194 were also reversed by the addition of si-AKT2 (Figure 4E).
Moreover, si-AKT2 restored the mRNA and protein levels of Col I, α-SMA, and cyclin
D1, which were significantly increased by si-miR-194, in TGF-β1-treated LX2 cells
(Figure 4F/G). Furthermore, the IF images showed that si-AKT2 could restore the
levels of α-SMA proteins increased by si-miR-194 in TGF-β1-treated LX2 cells (Figure
4H). These results indicated that miR-194 suppresses the activation and proliferation
of HSCs at least in part by suppressing AKT2 expression.

MiR-194 alleviates liver fibrosis in CCl4-treated mice
To investigate the effects of miR-194 on liver fibrosis in vivo, we reintroduced miR-194
in the liver using a miR-194 agomir. Injection of the miR-194 agomir increased the
miR-194 levels in liver tissue (Supplementary Figure 5). Histological examination
showed that miR-194 ameliorated liver inflammation and fibrosis (Figure 5A-C). The
Sirius Red-positive area in the CCl4 + OV-miR194 group was dramatically decreased
compared to that in the CCl4 + OV-NC group (CCl4 + OV-NC: 8.02%, CCl4 + OVmiR194: 3.87%; P < 0.05; Figure 5B and D). In addition, as shown in the IHC images,
the percentage of α-SMA-positive cells was markedly reduced in the CCl4 + OVmiR194 group (CCl4 + OV-NC: 11.45%, CCl4 + OV-miR194: 4.52%; P < 0.05; Figure 5C
and E). Moreover, OV-miR-194 significantly reduced the mRNA and protein levels of
Col I, α-SMA, cyclin D1, and AKT2/p-AKT2 in the liver of CCl 4 -treated mice
compared with control mice (Figure 5F-G). Therefore, miR-194 attenuated liver
fibrosis progression to some extent in this mouse model. Taken together, these
findings indicate that miR-194 might alleviate liver fibrosis in vivo via the inhibition of
AKT2 signaling.

DISCUSSION
Liver fibrosis is usually secondary to chronic hepatic injury and inflammation.
However, once liver cirrhosis develops, the process is difficult to reverse[1]. It is
essential to find an effective treatment. Increasing numbers of studies have focused on
miRNA mechanisms in fibrotic diseases. MiR-194 usually inhibits tumor growth and
invasiveness and has thus been considered a tumor suppressor. Moreover, miR-194
was downregulated in HSCs isolated from rats with BDL-induced liver fibrosis,
reduced HSC proliferation, and inhibited the expression of α-SMA and Col I[4]. The
role of miR-194 in the development of liver fibrosis remains unclear. First, we clarified
that the expression of miR-194 was lacking in human livers with advanced fibrosis,
activated HSCs in vitro, and activated pHSCs isolated from CCl 4 -treated mice.
Activated HSCs are characterized by the upregulation of specific cytoskeletal stress
fiber proteins, such as α-SMA, and the ECM proteins, such as Col I/III[10]. Second, we
found that OV-miR-194 notably inactivated HSCs and dramatically suppressed Col I
and α-SMA expression in HSCs in vitro. Generally, alterations in the cell cycle
contribute to abnormal cell proliferation. Cyclin D1 is important for the cell cycle
G1/S transition[11]. Third, our data indicated that miR-194 inhibited cell proliferation
and delayed cell cycle progression from G1 to S phase via downregulation of cyclin
D1 in vitro. Moreover, we determined that miR-194 had no effect on HSC apoptosis.
Therefore, miR-194 can suppress the activation and proliferation of HSCs and
subsequently play a key role in liver fibrogenesis.
In colorectal and gallbladder cancers, miR-194 suppressed the proliferation of
cancer cells via targeting the AKT2 pathway[5,12]. AKT2 is recognized as a prosurvival
oncogene. Deletion of AKT2 plays a role in ameliorating liver fibrosis[8]. AKT2 was
predicted as a target of miR-194, and this relationship was previously confirmed by
dual luciferase reporter experiments [5,12,13] . Notably, the functions of si-miR-194,
including the activation of and promoting the survival of HSCs, were effectively
blocked by si-AKT2 in vitro. These results indicated that miR-194 inhibited the
activation and proliferation of HSCs via targeting AKT2. However, there might be
other pathways involved in the regulation of liver fibrosis by miR-194. Therefore,
more studies are needed to investigate the underlying mechanism of miR-194 in liver
fibrosis.
Since miR-194 inactivated HSCs in vitro, it is important to explore whether
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Figure 4 iR-194 performs multiple functions by inhibiting AKT2 in hepatic stellate cells. A: Binding sites of miR-194 to AKT2 predicted with TargetScan
software; B: LX2 cells were treated with OV-miR-194/si-miR-194±TGF-β1. The expression of AKT2 mRNA was measured by qPCR; C: The AKT2/p-AKT2 protein
levels measured by Western blot; D: LX2 cells were then transfected with si-miR-194 or si-AKT2. The CCK8 assay showed the proliferation of LX2 cells; E: The cell
cycle analyzed by flow cytometry; F: The mRNA expression of Col I, α-SMA, and cyclin D1 measured by qPCR; G: The protein expression of Col I, α-SMA, and cyclin
D1 measured by Western blot; H: IF was used to analyze the α-SMA protein levels in LX2 cells. Bar = 100 μm. aP < 0.05 vs the TGF-β1 + OV-miR-NC; bP < 0.05 vs
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the TGF-β1 + si-NC group group, cP < 0.05 vs the TGF-β1 + si-NC group; dP < 0.05 vs the TGF-β1 + si-miR-194 group. α-SMA: α-smooth muscle actin; Col I: Type I
collagen.

overexpression of miR-194 could ameliorate liver fibrosis in mice. Reintroduction of
miR-194 via tail vein injection of a miR-194 agomir was used as a treatment in our
research. H&E and Sirius Red staining showed that OV-miR-194 could visibly
ameliorate liver inflammation and fibrosis. Similarly, restoration of miR-194
dramatically reduced the expression of α-SMA, Col I, and cyclin D1 associated with
decreased levels of AKT2/p-AKT2. In contrast to previous studies, our study
provided new evidence for the role of miR-194 in attenuating the progression of liver
fibrogenesis, partly via targeting AKT2. Thus, reintroduction of miR-194 might be a
potentially useful therapeutic approach for alleviating liver fibrosis.
In conclusion, miR-194 deregulation is essential in the development of liver fibrosis.
MiR-194 inhibits the activation and proliferation of HSCs by suppressing AKT2. In
addition, reintroduction of miR-194 offers a possible therapeutic approach for
ameliorating liver fibrosis.
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Figure 5 iR-194 alleviates liver fibrosis in carbon tetrachloride treated mice. A: Liver inflammation evaluated by H&E staining; B/D: Liver fibrosis evaluated by
Sirius Red staining; C/E: IHC of α-SMA was further evaluated in the liver of CCl4 ± OV-miR194 mice; F: The mRNA levels of Col I, α-SMA, cyclin D1, and AKT2
measured by qPCR; G: The protein levels of Col I, α-SMA, cyclin D1, and AKT2/p-AKT2 measured by Western blot. Bar = 100 μm. aP < 0.05 vs the CCl4 + OV-NC
group. H&E: Hematoxylin and eosin; α-SMA: α-smooth muscle actin; Col I: Type I collagen; IHC: Immunohistochemistry.
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ARTICLE HIGHLIGHTS
Research background
Liver fibrosis is seriously endangering the safety of life. MiRNAs are reported as key regulators
of cellular differentiation and of fibrosis-suppressive functions. Different classes of miRNAs
have emerged as key regulators of important hepatic stellate cell (HSC) functions, such as
activation, proliferation, and epigenetic gene regulation. Therefore, miRNAs represent novel
mechanisms and targets for liver fibrosis. Loss of miR-194 has been reported in activated HSCs,
but the actual role of miR-194 in liver fibrosis remains uncertain.

Research motivation
Our findings will provide a fundamental basis for the application of miR-194 in liver fibrosis
therapy.

Research objectives
To measure the expression of miR-194 in fibrotic liver tissues and activated HSCs, and
investigate biological functions and possible molecular mechanisms of miR-194 in liver fibrosis.

Research methods
We detected the expression of miR-194 in human fibrotic liver tissues, activated HSCs, and a
CCl4 mouse model by qPCR. The biological behavior of miR-194 in vitro was then assessed by
overexpression and knockdown of miR-194 in HSCs. In further molecular mechanism studies,
we reintroduced miR-194 in mice using a miR-194 agomir to investigate the functions of miR-194
in liver fibrosis in vivo.

Research results
In the current study, we found that miR-194 was lacking in activated HSCs from both humans
and mice. MiR-194 had a role of inhibiting the activation and proliferation of HSCs by
suppressing AKT2. Meanwhile, we confirmed that reintroduction of miR-194 agomir through
the tail vein could attenuate liver fibrosis in CCl4-treated mice in association with the reduction
of AKT2. However, the specific regulatory role of miR-194 in liver fibrosis patients remains
unclear, which needs to be validated in clinical studies.

Research conclusions
MiR-194 is downregulated in activated HSCs, which could inhibit the activation and
proliferation of HSCs via suppressing AKT2. Reintroduction of miR-194 exerts a protective action
against liver fibrosis.

Research perspectives
This study provides insight into the role of miR-194 in alleviating liver fibrosis by decreasing
AKT2. Reintroduction of miR-194 might be a therapeutic approach to prevent and cure liver
fibrosis.
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Abstract
BACKGROUND
Ustekinumab was approved in Europe for the treatment of adults with moderate
to severe Crohn's disease (CD) in 2016, and there is an urgent need for data on its
everyday use.

reviewed and approved by the
Ethics Committee of Heidelberg.

AIM
To obtain data on the daily use of ustekinumab.

Informed consent statement: For

METHODS
This is a retrospective monocentric study. Patients with moderate to severe CD
who began ustekinumab therapy at the inflammatory bowel diseases outpatient
clinic of the Heidelberg University Hospital between December 2016 and March
2018 were selected based on electronic patient files. The primary study endpoint
was combined steroid-free clinical remission or steroid-free clinical response at 24
± 6 wk of ustekinumab therapy. Secondary study endpoints were: achievement of
mucosal healing, sonographic and magnetic resonance imaging response,
biochemical response, the need for intestinal surgery within 24 ± 6 wk after
treatment initiation, the occurrence of adverse events, treatment discontinuation
due to nonresponse or adverse events, improvement of extraintestinal
manifestations, clinical response at 48 ± 6 wk of therapy, and association of
response with nucleotid oligodimerisation domain 2 mutations.
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RESULTS
Fifty-seven patients with CD (5.3% anti-tumour necrosis factor α naïve, 63.2%
having undergone at least one intestinal surgery) were included in the study.
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Twenty patients (35.1%) achieved steroid-free clinical remission, 6 (10.5%)
steroid-free clinical response and 31 (54.4%) were non-responders. Treatment
discontinuation due to adverse events occurred in two patients (3.5%). Male sex,
the presence of extraintestinal manifestations and the use of steroids at baseline
were predictors of nonresponse to ustekinumab therapy.
CONCLUSION
In a “real-world” treatment-refractory cohort of patients with CD, ustekinumab
appeared efficacious and safe.
Key words: Eeal-world; Ustekinumab; Crohn’s disease
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Real-world data on ustekinumab in Crohn's disease (CD) are scarce. This is a
retrospective monocentric study. Patients with CD who began ustekinumab therapy at a
tertiary referral centre between 2016 and 2018 were included. The primary study
endpoint was combined steroid-free clinical remission or response at 24 ± 6 wk of
ustekinumab therapy. Fifty-seven patients were included in the study. Twenty patients
(35.1%) achieved remission and 6 (10.5%) achieved a clinical response. Male sex,
extraintestinal manifestations and the use of steroids at baseline were predictors of
nonresponse to ustekinumab therapy. In a “real-world” treatment-refractory cohort of
patients with CD, ustekinumab appeared efficacious and safe.
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INTRODUCTION
Contemporary long-term treatment options for Crohn's disease (CD) include
immunomodulators like thiopurines and methotrexate or biologicals like tumour
necrosis factor α (TNF-α) inhibitors, the integrin inhibitor vedolizumab and surgery.
Despite the rising number of approved medications, a considerable proportion of
patients with CD remain insufficiently treated.
The most recently approved medical treatment among therapeutic options for CD
is ustekinumab. This agent is an immunoglobulin G1 monoclonal antibody directed
against the p40 subunit of interleukin (IL)-12 and IL-23. By binding p40, the activity of
the IL-23 and IL-23 receptors, which are found on T cells, natural killer cells, and
antigen-presenting cells, is blocked [1] . IL-12 and IL-23 are necessary for the
differentiation, survival and expansion of Th1 and Th2 cells[2,3]. IL-12 is needed for the
differentiation of Th1 cells, which produce TNF-α and interferon gamma[2,4]. IL-23 is
necessary for the survival and expansion of Th17 cells [5] and Th22 cells [6] . The
activation of T cells may progress into a condition of chronic immunological response,
lacking negative feedback regulation.
In the UNITI-1 trial, 741 patients with CD who had failed previous anti-TNF-α
therapy were included, while the UNITI-2 trial comprised 628 patients with CD with
prior failure of conventional CD therapy[7]. The primary endpoint of both trials was
clinical response at week 6. The UNITI-1 and UNITI-2 induction studies showed
34.3% to 55.5% clinical remission rates at week 6 in the ustekinumab groups,
compared with 21.5% to 28.7% in the placebo groups (P < 0.003).
Meanwhile, long-term efficacy data through week 92 and safety data through week
96 from IM-UNITI have been reported[8]: Rates of adverse events, serious adverse
events, and serious infections in the ustekinumab group and the placebo group were
similar.
A retrospective “real-world” multicentric cohort study from Canada, including 167
patients with CD who were treated with subcutaneous ustekinumab, revealed clinical
response rates of 38.9%, 60.3%, and 59.5%, as well as remission rates of 15.0%, 25.2%,
and 27.9% after 3, 6, and 12 mo, respectively[9].
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As ustekinumab has been available for CD clinical routines for just over two years,
“real-world” data on ustekinumab in the treatment of CD are still scarce. The goals of
the present study were (1) to gather more “real-world” data on the performance of
ustekinumab in the therapy of patients with CD; and (2) to discover variables that
may influence therapy outcomes. Besides clinical routine parameters, the three main
CD-associated nucleotid oligodimerisation domain 2 (NOD2) mutations rs2066844,
rs2066845, and rs20566847 were analysed in the included patients to search for a
potential association with response to ustekinumab therapy. To date, NOD2
represents the most important genetic predictor of disease course in CD[10]. Several
studies have demonstrated an increased carrier rate of these three mutations of the
NOD2 gene in patients with CD compared with healthy controls [11,12] . Recently,
associations of mutations in the NOD2 gene and specific phenotypes, as well as lower
anti-TNF-α trough levels, were shown in patients with CD[13]. Nothing is known about
potential associations between NOD2 mutations and the efficacy of ustekinumab in
CD. Therefore, we decided to incorporate this aspect into our study.

MATERIALS AND METHODS
Study design and data extraction
This is an uncontrolled, retrospective monocentric study including outpatients with
moderate to severe CD at a German university hospital serving as a tertiary referral
centre for the treatment of inflammatory bowel diseases (IBD). The study was
approved by the local Ethics Committee (Alte Glockengießerei 11/1, 69115
Heidelberg; protocol number: S-520/2018). For NOD2 genotyping, written informed
consent was required for participation in our prospective IBD registry (protocol
number: S-238/2017).
Inclusion criteria were: Age ≥ 18 years; ascertained diagnosis of moderately to
severely active CD; complete treatment with ustekinumab at our IBD outpatient clinic
during the first 6 mo; initiation of ustekinumab therapy between December 1, 2016
and March 31, 2018; and a documented follow-up of at least 24 ± 6 wk from start of
ustekinumab therapy. Exclusion criteria were: Age < 18 years, diagnoses of ulcerative
colitis and indeterminate colitis, incomplete treatment documentation and a follow-up
of less than 24 ± 6 wk from start of ustekinumab therapy. The follow-up ended for all
patients on December 31, 2018. This time point was defined as the cut-off time point
for data acquisition. For efficacy analyses, patients who had to discontinue
ustekinumab therapy due to adverse events prior to week 24 were considered to be
non-responders.
All data were retrieved from entirely computerised medical records. Demographic
and clinical parameters of all eligible patients were entered into a Microsoft Excel
spreadsheet.

Definitions
The Montreal classification for CD[14] was used to categorise disease phenotypes. The
Harvey-Bradshaw-Index (HBI) was routinely determined at every patient’s visit at the
IBD outpatient clinic[15]. Steroid-free clinical remission was defined as an HBI of ≤ 3
points without the use of any steroid preparation [budesonide, prednis (ol) one, or
methylprednisolone]. Steroid-free clinical response was defined as an HBI reduction
of ≥ 3 points without the use of any steroid preparation. Nonresponse was considered
if (1) the absolute HBI score was > 3 points with an HBI reduction of < 3 points from
baseline, or if (2) steroid treatment was initiated, or if (3) ustekinumab therapy was
discontinued prior to week 24 due to an inadequate treatment response. In addition,
patients who discontinued ustekinumab therapy for other reasons, like adverse
events, were defined as non-responders.
Mucosal healing (MH) was defined as an absence of ulcers in all endoscopically
visualised bowel segments. Sonographic treatment response was defined as an
absence of bowel wall thickening (wall thickness ≤ 3 mm). Magnetic resonance
imaging (MRI) response was defined as improved or absent signs of inflammation
including contrast enhancement and bowel wall thickness. Biochemical response was
defined as any reduction of faecal calprotectin (FC) or plasma C-reactive protein
(CRP) concentrations in comparison to baseline.
The follow-up time was defined as the number of complete months after week 24
until December 31, 2018, or until discontinuation of ustekinumab treatment.

Treatment schedule
All patients initially received a single intravenous ustekinumab dose (weight rangebased dosing of approximately 6 mg/kg in categories of 260 mg, 390 mg or 520 mg),
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followed by subcutaneous administration of ustekinumab 90 mg at week 8 and every
8 or 12 wk thereafter.
At our IBD treatment facility, patients receiving ustekinumab therapy are routinely
examined by an experienced physician at ca. Six and twelve weeks after treatment
initiation, followed by visits at intervals of three months. Whether intervals of 8 or 12
wk were chosen for maintenance therapy depended on individual patient treatment
responses. The decision to shorten the ustekinumab dosing interval to 8 wk was made
by the treating physician based on patients’ symptoms ca. Four weeks after the first
subcutaneous dose, or later in cases of secondary decrease of response. The decision
to discontinue ustekinumab therapy due to inadequate response or adverse events
was consistently made by a senior gastroenterologist.

Study endpoints
The primary study endpoint was a combined endpoint of steroid-free clinical
remission or steroid-free clinical response at 24 ± 6 wk of ustekinumab therapy.
Secondary study endpoints were achievement of MH, sonographic and MRI response,
biochemical response, the need for intestinal surgery within 24 ± 6 wk of ustekinumab
therapy, the occurrence of adverse events, discontinuation of ustekinumab therapy
due to nonresponse or due to adverse events, improvement of extraintestinal
manifestations, response at 48 ± 6 wk of ustekinumab therapy and association of
response with NOD2 mutations.

Data collection
Further information retrieved from electronic patient charts included gender; age at
data acquisition and at first diagnosis of CD; disease duration; disease location;
disease behaviour; prior CD-related intestinal surgery; family history for IBD;
presence of extraintestinal manifestations; smoking status; body mass index (BMI);
history of anti-TNF-α, anti-integrin, or immunomodulator treatment; number of prior
biological therapies; reason for ustekinumab treatment initiation; history of IBDrelated hospitalisation(s) within 12 mo of start of ustekinumab therapy; previous and
concomitant medications; suspected side effects of ustekinumab therapy; blood and
stool biochemical markers measured prior to and after start of ustekinumab therapy;
and endoscopic, MRI and sonographic findings.
As the patients did not consistently visit the IBD outpatient clinic after exactly 6, 12,
24, 36 and 48 wk of ustekinumab therapy, all visits at 6 ± 2, 12 ± 3, 24 ± 6, 36 ± 6 and 48
± 6 wk of ustekinumab therapy were included in the analyses.
Stool samples were mailed or delivered directly to the IBD outpatient clinic by the
patients. Baseline evaluations included results of stool samples, colonoscopy, MRI,
and ultrasound, collected up to 12 wk prior to start of ustekinumab therapy. FC
concentrations measured at 6 ± 2, 12 ± 3, 24 ± 6, 36 ± 6, and 48 ± 6 wk of ustekinumab
therapy, and colonoscopy, MRI, and ultrasound findings from 24 ± 6, 36 ± 6 and 48 ± 6
wk of ustekinumab were included.
FC concentrations of < 30 µg/g and > 1800 µg/g were rated as 30 µg/g and 1800
µg/g, respectively. Plasma CRP concentrations < 2 mg/L were rated as 1 mg/L.

DNA extraction and NOD2 genotyping
To investigate a potential association with response to ustekinumab therapy, patients’
blood samples were analysed for the three main CD-associated NOD2 mutations,
rs2066844, rs2066845, and rs2066847. Genomic DNA was isolated from EDTAanticoagulated peripheral venous blood using a QIAamp DNA Blood Midi kit
according to the manufacturer's protocol (Qiagen GmbH, Hilden, Germany). The
genotypes of three reported IBD mutations of the NOD2 gene (rs2066844, rs2066845,
and rs2066847) (Table 1) were screened by a LightCycler® 480 Instrument I (Roche
Diagnostics International AG, Rotkreuz, Switzerland). Polymerase chain reaction
(PCR) was performed with the LightCycler ® fast start DNA Master HybProbe
according to the manufacturer's protocol (Roche Diagnostics International AG,
Rotkreuz, Switzerland). PCR was performed as follows: denaturation at 95 ˚C for 10
min, followed by 45 cycles of 10 s at 95˚C, 10 s at 60˚C, and 15 s at 72 ˚C. The primers
were designed and synthesised by TIB MOLBIOL GmbH (Berlin, Germany) according
to the dbSNP database of NCBI (https://www.ncbi.nlm.nih.gov/projects/SNP).
Primers and PCR conditions are specified in Table 1.

Statistical analysis
Descriptive statistics were calculated as percentages for discrete variables and
presented as medians with ranges, or as means, if the results were normally
distributed. To identify potential predictors of response to therapy, the mann-whitney
test was used for ordinal and continuous variables, and chi-squared tests for
categorical variables. As a multivariable analysis, factors that were univariately
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Table 1 Primers for polymerase chain reaction
Wild type gene

Primers, 5'-3'

Annealing temperature (°C)

NOD2 (2104C) R702W

CCAGACATCTGAGAAGGCCCTGCTC

65

rs2066844

GGCGCCAGGCCTGTGCCCGCTGGTG

NOD2 (2722G)

CTCTTTTGGCCTTTTCAGATTCTGG

rs2066845

GCAACAGAGTGGGTGACGAGGGGGC

NOD2 (3020T) 3020insC

GGGGCAGAAGCCCTCCTGCAGGCCC

rs2066847

TTGAAAGGAATGACACCATCCTGGA

52

54

NOD2: Nucleotide-binding oligomerisation domain 2.

associated with the outcome with a P value of 0.1 or less were included in a logistic
regression model with variable selection. The model with the best Bayes information
criterion (BIC) was selected as the optimal model. Odds ratio (OR) estimates for the
selected variables were reported together with 95% confidence intervals. The area
under the curve (AUC) of the optimal model was calculated together with a 95%
confidence interval in order to quantify the ability of the model to predict response to
therapy. Due to the exploratory nature of the trial, P values are to be interpreted in a
descriptive manner, and thus, no adjustment for multiple testing was performed. P
values below 0.05 were regarded as statistically significant. The statistical analyses
were performed using IBM SPSS Statistics 25 (Chicago, IL, United States). In order to
determine the optimal multivariable logistic regression model, R version 3.4.2
(http://r-project.org) together with R package “bestglm” was used[16].

RESULTS
Demographics and clinical characteristics
Between December 1, 2016 and March 31, 2018, 68 patients with moderate to severe
CD began ustekinumab therapy at our IBD outpatient clinic. Eleven of these 68
patients were excluded from the study as they received parts of their treatment at
other treatment facilities.
In total, 57 patients met the inclusion criteria and were included in the study. All
patient demographics and clinical baseline characteristics and their concomitant
medications are presented in Table 2. Thirty-five patients (61.4%) reached the end of
the follow-up period on December 31, 2018 while still on ustekinumab therapy. Two
patients (3.5%) were lost to follow-up at week 24 and three months of follow-up. The
median follow-up period after the first 24 wk of ustekinumab therapy was 8 mo
(range: 2-18 mo).
Among the 57 included patients, 53 (94.7%) had been treated with anti-TNF-α prior
to the start of ustekinumab therapy. 22.8% of the patients had received three biologic
therapies before, and 63.2% had undergone at least one CD-related intestinal surgery
(Table 2). The mean HBI at start of ustekinumab therapy was 6.6 points. There were
several patients with NOD2 mutations, mostly heterozygous, as shown in Table 2.

Response to ustekinumab therapy
Twenty patients (35.1%) achieved steroid-free clinical remission, 6 (10.5%) steroid-free
clinical response and 31 (54.4%) were non-responders to ustekinumab therapy. This
means that 26 of the patients (45.6%) achieved the combined primary study endpoint
of steroid-free clinical remission or response.
Forty-eight of the 57 included patients (84.2%) remained on ustekinumab at 24 ± 6
wk after the start of treatment.
For 24 patients (42.1%), data was available at 48 ± 6 wk from start of ustekinumab
therapy. In this subgroup, 7 patients (12.3%) were still on concomitant steroid
therapy, while one patient (1.8%) was on concomitant immunomodulator therapy.
Several statistically significant differences were found between the characteristics of
responders versus those of non-responders to ustekinumab therapy (Table 3). The
occurrence of extraintestinal manifestations and steroid use at baseline were
negatively associated with response. Also, a higher HBI at treatment initiation was a
negative predictor for response (Table 3). Male sex was nearly significantly associated
with nonresponse (P = 0.05; Table 3). In contrast, the presence of NOD2 mutations
was not associated with therapy outcome. The factors with a P value below 0.1extraintestinal manifestations, steroid use at baseline, HBI at treatment initiation and
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Table 2 Baseline characteristics
Variable

n = 57

Male, n (%)

30 (52.6)

Age at start of treatment (yr), median (range)

43.0 (21-68)

Montreal classification of CD:
Age, n (A1:A2:A3)

4:40:13

Location, n (L1:L2:L3:L4)

18:9:30:4

Behaviour, n (B1:B2:B3), n = 56

17:16:23

Prior CD-related intestinal resection, n (%)

36 (63.2)

First degree relative(s) with IBD, n (%), n = 49

8 (14.0)

Disease duration at baseline (yr), median (range)

43 (21-68)

Presence of at least one extraintestinal manifestation, n (%)

30 (52.6)

Active cigarette smoking, n (%)

17 (29.8)

BMI (kg/m²), mean ± SD (range), n = 56

24.7 ± 5.1 (17.9-40.7)

History of anti-TNF-α treatment, n (%)

54 (94.7)

History of anti-integrin treatment, n (%)

16 (28.1)

History of immunomodulator treatment, n (%)

47 (82.5)

History of total hospitalisations within 12 months from baseline, n (%)

14 (24.6)

History of CD-related hospitalisations within 12 mo from baseline, n (%)

12 (21.1)

HBI, mean ± SD (range), n = 51

6.6 ± 5.1 (0-24)

Prior exposure to
0 biologics, n (%)

3 (5.3)

1 biologic, n (%)

14 (24.6)

2 biologics, n (%)

27 (47.4)

3 biologics, n (%)

13 (22.8)

Endoscopic, MRI and ultrasound findings at 0-12 weeks to baseline
Ulcers in colonoscopy, n (%), n = 25

21 (84.0)

Inflammation in MRI, n (%), n = 21

20 (95.2)

Ultrasound wall thickening > 3 mm, n (%), n = 22

19 (79.2)

Reason for starting ustekinumab therapy
Clinical disease activity, n (%)

34 (59.6)

Imaging (MRI, ultrasound, endoscopy results), n (%)

17 (29.8)

High FC concentration, n (%)

2 (3.5)

Loss of effect of prior therapy, n (%)

2 (3.5)

Intolerance of prior therapy, n (%)

2 (3.5)

Concomitant medications at baseline
Steroids (including budesonide), n (%)

20 (35.1)

Immunomodulators, n (%)

3 (5.3)

NOD2 genotyping
NOD2 rs2066844, n (CC:TT:CT), n = 42

34:0:8

NOD2 rs2066845, n (CC:GG:CG), n = 42

1:34:7

NOD2 rs2066847, n (--:CC:C-), n = 42

35:0:7

Biochemical parameters at baseline
Plasma CRP concentration (mg/L), median (range), n = 56

8.0 (1.0-82.4)

WCC, (/nL), median (range), n = 56

9.2 (4.0-19.1)

Haemoglobin concentration (g/dL), mean ± SD (range), n = 56

13.33 ± 1.6 (8.8-16.5)

PLT count (/nL), mean ± SD (range), n = 56

329.8 ± 132.3 (146-845)

Plasma albumin concentration (g/L), mean ± SD (range), n = 54

43.1 ± 3.5 (33.2-49.0)

Plasma ferritin concentration (µg/L), median (range), n = 40

83.0 (4-591)

Transferrin saturation (%), mean ± SD (range), n = 36

18.2 ± 13.2 (2-58)

FC concentration (µg/g), median (range), n = 24

351.2 (30-1800)

BMI: Body mass index; CD: Crohn’s disease; CRP: C-reactive protein; FC: Faecal calprotectin; HBI: HarveyBradshaw-Index; MRI: Magnetic resonance imaging; NOD2: Nucleotide oligodimerisation domain 2; PLT:
Platelet; SD: Standard deviation; TNF-α: Tumour necrosis factor alpha; WCC: White blood cell count.
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sex were included in the multivariable logistic regression model. All those factors
remained in the optimal model, the odds ratios and P values for which are shown in
Table 4. Except for baseline HBI with a P value of 0.071, the other three factors were
statistically significantly associated with response, thus confirming the results of the
univariate analysis. With an AUC of 91.07%, the model showed excellent predictive
qualities.

Secondary endpoints
Forty-eight among the 57 included patients (84.2%) continued to be on ustekinumab
therapy at 24 ± 6 wk. Nine patients (15.8%) stopped ustekinumab therapy due to the
following reasons: One was diagnosed with a neuroendocrine carcinoma of the small
bowel with hepatic metastases at week 12, one stopped at week 6 at the patient’s own
request, two developed side effects (one allergic reaction with nausea, dizziness,
difficulty in breathing; one strong joint pain after intravenous ustekinumab); and five
discontinued therapy due to nonresponse.
The two cases of discontinuation of ustekinumab therapy due to adverse events
were added in the efficacy analysis in the lack of response group.
At 24 ± 6 wk, 6 colonoscopies were available: all of them belonged to the
nonresponse group, and none of them showed MH (Table 5). Ultrasound imaging at
24 ± 6 wk (n = 13) revealed a wall thickening of > 3 mm in 37.5% of the responders
compared to 60% of the non-responders. Seven MRIs were performed, 6 of them in
the nonresponse group, showing improvement in 50%. One patient underwent
ileocecal resection in week 24 of ustekinumab therapy due to subileus. The
biochemical parameters at 24 ± 6 wk did not differ significantly between the response
and the nonresponse group (Table 5). The only parameter which was significantly
reduced in the response group is the presence of extraintestinal manifestations (4.2%
vs 28.6%). There was no association between the presence of NOD2 mutations and
response to ustekinumab therapy.
Secondary loss of response is a major concern for all biologic therapies. Follow-up
data of 28 patients who continued on ustekinumab therapy at 48 ± 6 wk were
available in our study cohort. At 48 ± 6 wk, the rate of steroid-free clinical remission
and response was still 64.3%. Among the patients with CD who had achieved steroidfree clinical remission or response at 24 ± 6 wk from treatment initiation, 16 (87.5%)
remained in steroid-free clinical remission or response at 48 ± 6 wk. In Table 6,
adverse events at week 6, 12, 18, 24, 36, and 48 of ustekinumab therapy are listed
separately. The rate of adverse events under ustekinumab therapy varied between
52.7% and 64.3%, while the rate of infections varied between 0% and 21.4% across the
set of time points.

DISCUSSION
As ustekinumab has been in clinical use for CD outside study conditions for only two
and a half years so far, published “real-world” experience is scarce. The acquisition
and application of these data are crucial to the treatment of patients with CD, because
patients in randomised controlled trials are well chosen and not representative of IBD
patients in general[17].
Our present study shows a clear benefit from ustekinumab treatment at 24 ± 6 wk
of therapy in “real-world” treatment-refractory patients with CD among whom only
three patients had not failed anti-TNF-α therapy.
The UNITI-1 and UNITI-2 induction trials revealed clinical remission rates of 34.3%
to 55.5% at week 6 of therapy[7]. In comparison, the outcome data we collected for 57
patients at 24 ± 6 wk of ustekinumab treatment are similar, with 20 (35.1%) of the
patients achieving steroid-free clinical remission and 6 (10.5%) steroid-free clinical
response, whereas 31 patients (54.4%) did not respond to ustekinumab therapy.
The primary endpoint in IM-UNITI of clinical remission at week 44 was reached by
48.8% to 53.1% of the patients[7]. During our follow-up at 48 ± 6 wk (n = 28), we found
that 64.3% of the patients had achieved steroid-free clinical response or remission, and
53.6% were in steroid-free clinical remission, which is in line with the results from the
IM-UNITI trial.
Due to the retrospective nature of our study, colonoscopy or imaging results were
only available in a small percentage of patients. Patients who were asymptomatic
were usually not willing to undergo colonoscopy, especially if decreasing FC
concentrations indicated a response. Therefore, endoscopy results at 24 ± 6 wk were
only available for non-responders.
We also analysed potential predictors of response to ustekinumab therapy. The
occurrence of extraintestinal manifestations, the use of steroids at treatment initiation,
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Table 3 Comparison of baseline characteristics between the subgroups of patients with steroid-free clinical response versus nonresponders to ustekinumab therapy
Parameter

Steroid-free clinical
remission/response

Nonresponse

n = 57 (%)

26 (45.6)

31 (54.4)

Male, n (%)

10 (38.5)

20 (64.5)

0.051

Age at baseline (yr), median (range)

41.5 (22–68)

44 (21–68)

0.812

Age, n (A1:A2:A3)

2:17:7

2:23:6

0.761

Location, n (L1:L2:L3)

8:4:14

10:5:16

0.991

Location L4, n (%)

1 (3.8)

3 (9.7)

0.621

Behaviour, n (B1:B2:B3), n = 56

8:6:11

9:10:12

0.791

Prior CD-related intestinal resections, n (%)

17 (65.4)

19 (61.3)

0.751

First degree relative(s) with IBD, n (%), n = 49

4 (15.4)

4 (17.4)

1.001

Disease duration at baseline (yr), median (range)

10 (1-32)

14 (0-40)

0.432

Presence of at least one extraintestinal manifestation, n (%)

9 (34.6)

21 (67.7)

0.011

Active cigarette smoking, n (%)

8 (30.1)

9 (29.0)

0.891

BMI (kg/m²), mean ± SD (range), n = 56

25.1 ± 5.3 (18.0–40.7) (n = 26)

24.3 ± 5.0 (17.9–39.7) (n =
30)

0.442

History of anti-TNF-α treatment, n (%)

25 (94.7)

29 (93.5)

0.661

History of anti-integrin treatment, n (%)

7 (26.9)

9 (29.0)

0.861

History of immunomodulator treatment, n (%)

22 (84.6)

25 (80.6)

0.691

History of total hospitalisations within 12 months from baseline, n
(%)

4 (15.4)

10 (32.3)

0.221

History of CD-related hospitalisations within 12 mo from baseline,
n (%)

3 (11.5)

9 (29.0)

0.191

HBI at baseline, mean ± SD (range), n = 51

4.7 ± 4.3 (0-14) (n = 23)

8.1 ± 5.3 (1-24) (n = 28)

0.012

P value

Montreal classification of CD

0.961

Prior exposure to
0 biologics, n (%)

1 (3.8)

2 (6.5)

1 biologic, n (%)

6 (23.1)

8 (25.8)

2 biologics, n (%)

13 (50.0)

14 (45.2)

3 biologics, n (%)

6 (23.1)

7 (22.6)

Steroids (including budesonide), n (%)

4 (15.4)

16 (51.6)

0.0041

Immunomodulators, n (%)

2 (7.7)

1 (3.2)

0.451

NOD2 rs2066844; n = 42 (CC:TT:CT)

15:0:4

19:0:4

0.761

NOD2 rs2066845, n = 42 (CC:GG:CG)

1:16:2

0:18:5

0.361

NOD2 rs2066847, n = 42 (--:CC:C-)

17:0:2

18:0:5

0.331

Plasma CRP concentration (mg/L), median (range), n=56

7.8 (1.0-57.1) n = 26

8.9 (1.0-82.4) n = 30

0.642

WCC (/nL), median (range), n = 56

9.0 (4.0-15.8) n = 26

9.2 (4.9-19.1) n = 30

0.342

Haemoglobin concentration (g/dL), mean ± SD (range), n = 56

13.3 ± 1.8 (8.8-16.5) n = 26

13.4 ± 1.5 (10.5-16.1) n = 30

0.892

PLT count (/nL), mean ± SD (range), n = 56

322 ± 65.0 (208-431) n = 26

337 ± 171.6 (146-845) n = 30

0.262

Plasma albumin concentration (g/L), mean ± SD (range), n = 54

42.8 ± 3.7 (33.2-49.0) n = 25

43.3 ± 3.4 (36.2-49.0) n = 29

0.522

Plasma ferritin concentration (µg/L), median (range), n = 40

69.5 (4.0-428.0) n = 18

134.5 (9.0-591.0) n = 22

0.142

Transferrin saturation (%), mean ± SD (range), n = 36

15.4 ± 12.4 (2.0-45.0) n = 16

20.4 ± 13.7 (6.0-58.0) n = 20

0.192

FC concentration (µg/g), median (range), n = 24

451 (30-1800) n = 8

302 (74-1800) n = 16

0.882

Concomitant medication at baseline

NOD2 genotyping

Biochemical parameters at baseline

1

Chi-squared test;
Mann-Whitney-test. BMI: Body mass index; CRP: C-reactive protein; FC: Faecal calprotectin; HBI: Harvey-Bradshaw-Index; NOD2: Nucleotide
oligodimerisation domain 2; PLT: Platelet; SD: Standard deviation; TNF-α: Tumour necrosis factor alpha; WCC: White blood cell count.
2

and male sex proved to be independent negative predictors of response.
In a previous study on vedolizumab therapy in patients with CD, the achievement
of clinical remission was found to be associated with the absence of extraintestinal
manifestations and no hospitalisation within one year prior to treatment initiation[18].

WJG

https://www.wjgnet.com

4488

August 21, 2019

Volume 25

Issue 31

Hoffmann P et al. “Real-world” performance of ustekinumab

Table 4 Characteristics entering the multivariable logistic regression model
Parameter

OR

95%CI

P value

Male sex

0.112

(0.021; 0.605)

0.011

Extraintestinal manifestations

0.119

(0.022; 0.636)

0.013

HBI at baseline

0.853

(0.718; 1.014)

0.071

Use of steroids (including budesonide) at baseline

0.071

(0.011; 0.464)

0.006

Only variables listed in Table 3 with a univariable P value below 0.1 were considered for logistic regression
model. Area under the curve: 91.07% (95%CI = 81.64%-100%).

In comparison, our data have confirmed the association between the absence of
extraintestinal manifestations and the achievement of steroid-free clinical response or
remission under ustekinumab therapy. However, no association was established
between response and the history of IBD-related hospitalisations within the first 12
mo after baseline.
In the multivariable logistic regression model, male sex was a predictor of nonresponse to ustekinumab therapy. Recently, some sex differences in patients with CD
were revealed. Thus, an association between male sex and upper gastrointestinal tract
involvement has been identified in patients with CD of the Swiss IBD Cohort Study
Group[19]. Perhaps in the future, a greater focus should be placed on potential genderrelated differences in IBD treatment.
One of the secondary endpoints of the study was the occurrence of adverse events
under ustekinumab therapy. In the UNITI-1, UNITI-2- and IM-UNITI trials, the
prevalence of any adverse event was 50.0% to 81.7 %, and infections of any kind
occurred in 14.6% to 48.1% of the patients7. These findings are similar to ours. There
were two cases of discontinuation of ustekinumab therapy due to adverse events–one
due to joint pain and one due to an allergic reaction. In the UNITI trials, serious
adverse events were observed in 1.2% to 5.3% of patients. There was one serious
adverse event in our study: one male patient died of a neuroendocrine carcinoma of
the small bowel with hepatic metastases which was diagnosed while he was on
ustekinumab therapy; he had received multiple biologics and immunomodulators,
also in combination, for a very refractory, long-term disease course of the small bowel.
Due to the location of his malignancy, it was suspected by the treating physicians
that its development was related to high-grade chronic inflammation rather than
immunosuppressive medications.
A limitation of our study is the lack of imaging and colonoscopy results, which is
mainly due to the invasiveness of a colonoscopy and the retrospective nature of the
study. Two of the clear strengths of our study are the strict endpoint of steroid-free
clinical remission or steroid-free clinical response, and the fact that our data set of HBI
documentation was nearly complete.
Another strength of the present study is that the efficacy of ustekinumab was
evaluated relatively late at 24 ± 6 wk from application of the first ustekinumab dose.
In contrast, efficacy analyses were already performed at week 6 in the induction
studies UNITI-1 and UNITI-2. There are some advantages for later time points to
assess the efficacy of a drug: Late responders are also detected; there may be less
interference with other contemporaneous induction therapies like steroids; and
finally, there will be less chance for placebo effects due to a longer time period.
All but three of the included patients had previously failed anti-TNF-α treatment.
The percentage of concomitant steroid use at the start of ustekinumab therapy (53.1%)
was also large, underlining the disease severity in our study cohort.
In conclusion, our data strongly suggest that ustekinumab is effective in treatmentrefractory, moderate to severe CD under “real-world” conditions. In particular, more
data is needed on the long-term safety of this drug and on potential predictors of
response.
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Table 5 Comparison between parameters determined at 24 ± 6 wk from start of ustekinumab therapy between steroid-free clinical
responders and non-responders
Steroid-free clinical remission or
response

Nonresponse

n = 48 (%)

26 (45.6)

22 (38.6)

HBI, mean ± SD (range). n = 44

1.5 ± 1.8 (0-7) n = 24

7.1 ± 3.6 (0-15) n = 20

BMI (kg/m²), mean ± SD (range), n = 45

25.2 ± 5.3 (16.5-40.7) (n = 25)

25.6 ± 5.5 (18.2-38.4) (n = 20) 0.852

P value

< 0.012

Presence of at least one extraintestinal manifestation n (%), n = 45 1 (4.2) n = 24
(%)

6 (28.6) n = 21

0.021

Ustekinumab dosing interval 8 wk, n = 46 (%)

13 (52.0)

11 (52.4)

0.981

0

5

Endoscopic, MRI and ultrasound findings at 24 ± 6 wk
Colonoscopy, n = 5
Mucosal healing, n (%)

0 (0)

MRI, n = 7

1

6

No inflammation or improvement of inflammation, n (%)

1 (100)

3 (50)

Ultrasound, n = 13

8

5

Wall thickening > 3 mm, n (%)

3 (37.5)

3 (60.0)

Colonoscopy, n = 17

8

9

Mucosal healing, n (%)

5 (62.5)

2 (22.2)

MRI, n = 12

6

6

No inflammation or improvement of inflammation, n (%)

4 (66.7)

3 (50)

Ultrasound, n = 26

13

13

Wall thickening > 3 mm, n (%)

6 (46.2)

5 (38.5)

0.691

Plasma CRP concentration (mg/L), median (range), n = 44

3.6 (0.6-35.3) n = 23

3.4 (1-58.9) n = 21

0.582

WCC (/nL), median (range), n = 45

8.0 (3.7-13.5) n = 23

9.4 (5.4-14.6) n = 22

0.082

Haemoglobin concentration (g/dL), mean ± SD (range), n = 45

13.9 ± 1.2 (11.0-16.2) n = 23

13.4 ± 1.8 (8.5-15.9) n = 22

0.362

PLT count (/nL), mean ± SD (range), n = 45

314 ± 63.9 (215-442) n = 23

302 ± 111.7 (155-573) n = 22

0.312

Plasma albumin concentration (g/L), mean ± SD (range), n = 39

44.5 ± 2.5 (39.4-50.0) n = 21

42.4 ± 5.7 (22.90-48.9) n = 18 0.242

Plasma ferritin concentration (µg/L), median (range), n = 33

70.0 (9.0-296.0) n = 19

63.0 (6.0-884.0) n = 14

0.962

Transferrin saturation (%), mean ± SD (range), n = 31

19.2 ± 6.8 (9.0-34.0) n = 19

16.8 ± 7.1 (4.0-25.0) n = 12

0.612

FC concentration (µg/g), median (range), n = 27

104 (30-1254) n = 16

254 (45-1261) n = 11

0.432

0.231

0.431

Endoscopic, MRI and ultrasound findings at 24 to 48 ± 6 wk

0.091

0.561

Biochemical parameters

1

Chi-squared test;
Mann-Whitney-test. BMI: Body mass index; CRP: C-reactive protein; FC: Faecal calprotectin; HBI: Harvey-Bradshaw-Index; MRI: Magnetic resonance
imaging; PLT: Platelet; WCC: White blood cell.
2
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Table 6 Adverse events and infections in the study cohort listed according to the time of their occurrence
Therapy week

6

12

24

36

48

n

55

51

48

38

28

Adverse events, n (%)

29 (52.7)

18 (35.3)

13 (27.1)

20 (52.6)

18 (64.3)

Sweat, n (%)

2 (3.6)

0

2 (4.2)

1 (2.6)

1 (3.6)

Dizziness, n (%)

0

1 (2.0)

0

1 (2.6)

2 (7.1)

Arthralgia, n (%)

6 (10.1)

6 (11.8)

4 (8.3)

5 (13.2)

2 (7.1)

Muscle cramps, n (%)

0

0

1 (2.1)

0

0

Loss of hair, n (%)

1 (1.8)

1 (2.0)

2 (4.2)

1 (2.6)

1 (3.6)

Skin itching, n (%)

2 (3.6)

3 (5.9)

1 (2.1)

1 (2.6)

0

Headaches, n (%)

4 (7.3)

2 (3.9)

1 (2.1)

2 (5.3)

2 (7.1)

Restlessness, n (%)

1 (1.8)

0

0

0

0

Fatigue, n (%)

3 (5.4)

2 (3.9)

0

2 (5.3)

1 (3.6)

Skin lesions, n (%)

3 (5.4)

1 (2.0)

1 (2.1)

4 (10.5)

2 (7.1)

Arterial hypertension, n (%)

1 (1.8)

0

0

2 (5.3)

1 (3.6)

Palpitations, n (%)

1 (1.8)

0

0

0

0

Eye problems, n (%)

1 (1.8)

1 (2.0)

1 (2.1)

0

0

Nausea, n (%)

2 (3.6)

1

0

1 (2.6)

0

Diarrhoea, n (%)

1 (1.8)

0

0

0

0

Vomiting, n (%)

1 (1.8)

0

0

0

0

Infections, n (%)

5 (9.1)

5 (9.8)

8 (16.7)

0

6 (21.4)

Tonsillitis, n (%)

1 (1.8)

0

0

0

0

Upper respiratory infection, n (%)

2 (3.6)

3 (5.9)

6 (12.5)

0

6 (21.4)

Enteritis (salmonella), n (%)

1 (1.8)

0

0

0

0

Vaginal infection, n (%)

1 (1.8)

0

0

0

0

Cytomegalovirus infection, n (%)

0

1 (2.0)

0

0

0

Otitis externa, n (%)

0

1 (2.0)

1 (2.1)

0

0

Fever of unknown origin, n (%)

0

0

1 (2.1)

0

0

Adverse events and infections

ARTICLE HIGHLIGHTS
Research background
Ustekinumab is a relatively new therapy for Crohn’s disease (CD) which blocks the activity of
interleukin-12 and interleukin-23.

Research motivation
“Real world” data on ustekinumab in CD are scarce.

Research objectives
This study investigated the response and remission rates in a German cohort of patients with CD
receiving treatment with ustekinumab.

Research methods
This is a retrospective analysis of response and remission rates at 24 ± 6 wk of ustekinumab
therapy in patients with CD who began therapy between December 2016 and March 2018.

Research results
Fifty-seven patients were included in the study. Twenty patients (35.1%) achieved remission and
6 (10.5%) achieved clinical response. Male sex, extraintestinal manifestations, and the use of
steroids at baseline were predictors of nonresponse to ustekinumab therapy.

Research conclusions
In a “real-world” treatment-refractory cohort of patients with CD, ustekinumab appeared
efficacious and safe.

Research perspectives
The identified predictors of nonresponse to ustekinumab therapy, comprising male sex,
extraintestinal manifestations, and the use of steroids at baseline, should be verified in a
prospective study.
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Abstract
BACKGROUND
Inflammatory bowel disease (IBD) may limit physical activity due to intestinal or
extraintestinal manifestations, fatigue, or exercise perception. We sought to
evaluate the influence of IBD diagnosis on exercise and sports participation in a
pediatric population. We compared patient-reported and parent-reported
perspectives.
AIM
To evaluate the influence of IBD diagnosis on exercise and sports participation in
a pediatric population.
METHODS
Consecutive IBD outpatients (aged 10-18 years) and their parents completed
parallel voluntary surveys. A validated, patient-reported functional activity scale,
the Hospital for Special Surgery Pediatric Functional Activity Brief Scale (HSS
Pedi-FABS) was used to assess children’s activity levels.
RESULTS
There were 149 completed surveys (75% response rate) with mean participant age
of 16.5 years [standard deviation (SD) = 4.0] and mean age at IBD diagnosis of
11.8 years (SD = 3.4). Most patients (77%) were diagnosed within 12 mo of
symptom onset. Current athletic participation was reported in 65% across 65
sports. Participation was greatest before (40%) rather than after (32%) IBD
diagnosis, with no reported change in 28%. IBD negatively impacted
play/performance in 45% but did not change play/performance in 44%. IBD
treatment improved patients’ desire to exercise (70%) and subjective capacity for
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aerobic exercise (72%). Patients and parents agreed that IBD subjects demonstrate
normal capacity for aerobic exercise (0.40, 95%CI: 0.22-0.58) and that treatment
improved both participatory desire (0.33, 95%CI: 0.12-0.54) and capacity for
aerobic exercise (0.52, 95%CI: 0.31-0.71). Almost all (99%) viewed exercise as
healthy, and most encouraged its practice. IBD patients demonstrated normal
mean HSS Pedi-FABS scores.
CONCLUSION
After pediatric IBD diagnosis, most patients continue exercise and sports, with
mean activity levels comparable to American youth. Treatment positively
impacts participatory desire and aerobic capacity. Patients favor the role of
exercise in IBD.
Key words: Inflammatory bowel disease; Physical activity; Exercise; Sports
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Inflammatory bowel disease (IBD) may limit physical activity due to intestinal
or extraintestinal manifestations, fatigue, or exercise perception. This survey evaluates
the influence of pediatric IBD diagnosis on exercise and sports participation, comparing
patient- and parent-reported perspectives. Most patients look favorably on the role of
exercise and continue to partake in a variety of physical activities, with mean activity
levels comparable to American youth. Treatment positively impacts participatory desire
and aerobic capacity.

Citation: Marchioni Beery RM, Li E, Fishman LN. Impact of pediatric inflammatory bowel
disease diagnosis on exercise and sports participation: patient and parent perspectives. World
J Gastroenterol 2019; 25(31): 4493-4501
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4493.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4493

INTRODUCTION
Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative
colitis (UC), is a chronic relapsing disorder of the gastrointestinal tract with multisystemic effects. As such, IBD may influence physical health and functionality due to
disease-related factors such as abdominal pain, altered bowel habits, fatigue, and
arthralgias or indirect factors such as time spent on medical visits, treatments, or
hospitalizations. Psychological factors, including anxiety, depression and selfperception of wellness, can also contribute.
Exercise is recognized as a fundamental element for promoting general health and
improved quality of life (QOL) among children and youth, including those with
chronic diseases[1-3]. Physical activity and exercise participation in the context of IBD
has been increasingly explored, although data is overall limited [4] . Exercise can
contribute to improvement in IBD symptoms, disease activity and health-related
QOL[5-10]. However, the disease may also restrict physical activity[11]. Youths’ exercise
habits prior to IBD diagnosis are often left out of the equation, and not all children
were active before the diagnosis.
Our primary aim was to assess patient-reported exercise and sports participation
both before and after IBD diagnosis to better understand the impact of disease on this
important aspect of health. Survey questions explored past and current participation
in various sports types, including non-organized physical play, organized sports, and
competitive sports, across a range of academic years (elementary school through
college). We sought to explore the particular factors affecting exercise and sports
participation. Patients were asked about primary motivations and limitations for
participation, and parents were asked to rank various barriers. Additional aims were
to compare patient and parent perspectives on performance desire, perceived aerobic
capacity, and the role of exercise in IBD. We obtained patient-reported activity levels
using a functional activity scale.
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MATERIALS AND METHODS
Study population
Surveys were distributed to consecutive pediatric IBD patients, aged 10-18 years,
presenting for outpatient gastroenterology clinic or infusion center appointments at
Boston Children’s Hospital during a 3 mo time period. Each accompanying parent (or
primary caregiver) was invited to participate in a parallel adult survey. All surveys
were voluntary, anonymous and confidential, identified only by coded numbers and
returned upon completion to the study team in a sealed envelope. The patient’s
submission of the survey implied consent. Parental consent was required for patients
under age 18 years; parents could choose to complete or defer the adult survey.
Exclusion criteria were inability to complete the survey in English or lack of parental
consent.

Data collections
Surveys detailed exercise and sports participation before and after IBD diagnosis.
Basic demographic data was collected on each subject including age, sex, IBD type,
age at IBD diagnosis, and length of illness prior to formal IBD diagnosis. Survey
questions examined participatory effort in casual or recreational physical play,
organized sports, and competitive sports across each subject’s range of academic
years (elementary school, middle school, high school, and college). Questions
explored how IBD diagnosis affected involvement in exercise and sports, considering
both personal ability as well as the desire to play or perform. Subjects were asked if
IBD treatment improved aerobic capacity or desire for physical activity. Parents had
parallel questions about the influence of IBD diagnosis and treatment on their
children’s exercise practices. Parents were asked to rank the top three factors that
limited patient participation. Free text questions asked subjects to describe the best
and worst aspects of exercise and sports participation. A validated 8-item instrument,
the Hospital for Special Surgery Pediatric Functional Activity Brief Scale (HSS PediFABS), quantified activity levels and standardized them to those of United States
children without chronic disease[12,13]. The HSS Pedi-FABS is a valid and reliable metric
to evaluate activity level. It is not sport-specific but provides a generalizable measure
of overall athletic activity over the previous month and records activity hours per
week, endurance, level of competition, and degree of supervision of sports activity by
trainers or coaches. The relationship between HSS Pedi-FABS score and patient age
(categorized similarly to Fabricant et al[13]) was then examined.

Statistical analysis
Descriptive statistics were used to summarize patient demographics and clinical
characteristics. Frequencies (%) were reported for categorical variables and means ±
standard deviation (SD) were reported for continuous variables. To test if there was a
difference across the three patient groups (reporting more, less, or same involvement
in sports/exercise after IBD diagnosis), Analysis of Variance (ANOVA) was used for
continuous variables; Chi-square testing was used for categorical variables. Sports
participation and opinion variables were described in frequency (%), and Kappa
coefficient was used to measure agreement of response between patients and parents.
Patient-reported HSS Pedi-FABS scores were recorded to determine mean activity
levels and compared across age groups. HSS Pedi-FABS data were scored from 0-30
and treated as a continuous variable for analysis. Multiple linear regression was used
to assess whether there was an effect of age on HSS Pedi-FABS activity score after
adjusting for sex and IBD type (CD vs UC). All analysis was performed using SAS 9.4;
P values < 0.05 were considered statistically significant.

RESULTS
There were 149 completed surveys, representing a 75% response rate. Participants had
a mean age of 16.5 years (SD = 4.0) with mean age at IBD diagnosis of 11.8 years (SD =
3.4), and over half were male (57%). Patient-reported IBD subtypes included CD (77%)
and UC (12%). Most patients (77%) reported symptoms for ≤ one year before IBD
diagnosis. Patient characteristics are shown in Table 1.
Over 70% of children reported involvement in some form of exercise at various
academic stages (elementary school, middle school, high school, and college), with
more than half participating in organized or competitive sports (Table 2). The top 10
sports by academic stage are listed in Table 3. Almost two-thirds (65%) of patients
reported participation over the previous year, across 65 sports. Factors that promoted
participation included personal interest (71%), play of a friend (40%) or sibling (27%),
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Table 1 Subject characteristics
Variables

Mean (standard deviation) or n (%)

Age (yr)

16.5 (4.0)

Age at diagnosis of IBD

11.8 (3.4)

Sex1
Male

81 (56.6)

Female

62 (43.4)

Year of diagnosis
2001-2010

49 (32.9)

2011-2013

46 (30.9)

2014-2016

54 (36.2)

Type of IBD
Crohn's disease

114 (76.5)

Ulcerative colitis

18 (12.1)

Indeterminate colitis

10 (6.7)

Unknown

7 (4.7)

Length of time unwell before IBD diagnosis
Less than 6 mo

70 (47.0)

6-12 mo

44 (29.5)

Greater than 1 yr

12 (8.1)

Greater than or equal to 2 yr

11 (7.4)

Not feeling sick around the time of diagnosis

2 (1.3)

No answer provided

10 (6.7)

1

Six subjects did not respond. Mean with standard deviation is reported for continuous variables. The (n) is
the number of patients in each category with percentage. IBD: Inflammatory bowel disease.

and past participation of a father or mother (21% and 11%, respectively). The
influence of a coach or teacher was small (5% and 2%, respectively), and only 7%
reported participation due to school requirement.
Exercise participation was slightly higher before (40%) rather than after (32%) IBD
diagnosis and did not change after diagnosis in 28%. Sex and type of IBD did not
differ in these groups, but those who were more involved in sports after IBD
diagnosis were diagnosed at a younger age compared to those reporting more
involvement before diagnosis (10.6 years vs 12.6 years, P < 0.01).
IBD hindered play/performance in 45% but did not change play/performance in
44%. However, the majority of patients felt their activity level was at average or
above; only 20% characterized their activity level as lower than average. The most
frequently cited IBD-related reasons for diminished ability or desire for
exercise/sports participation were tiredness/fatigue (22%) and abdominal pain (16%).
IBD did not seem to affect type of sports participation, as only 18% reported there was
a sport they would play if they did not have IBD. IBD treatment largely improved
patients’ desire to exercise (70%) and subjective capacity for aerobic exercise (72%).
Total HSS Pedi-FABS activity score decreased with patient age but was not
statistically significant in multivariate analysis; sex and IBD type were also not
associated with activity score (Table 4).
Patients and parents agreed that IBD subjects: (1) Demonstrate normal capacity for
aerobic exercise (0.40, 95%CI: 0.22-0.58); (2) Were more active before versus after IBD
diagnosis [Kappa alpha = 0.67, 95% confidence interval (CI): 0.55-0.80]; and (3) Benefit
from IBD treatment to improve both participatory desire (0.33, 95%CI: 0.12-0.54) and
capacity for aerobic exercise (0.52, 95%CI: 0.31-0.71). Mean HSS Pedi-FABS activity
score was 15 (of maximum 30 points).
Patient-reported best aspects of exercise/sports were: Health and wellness (31%),
socialization/friendships/teambuilding (28%), fun/enjoyment (25%), and
competition (16%); the worst aspects were: Physical symptoms such as
tiredness/fatigue/illness-related symptoms (51%), competition (24%), time
/commitment efforts (17%), and risk of injury (8%). Almost all patients (99%) viewed
exercise as healthy (99%), and most (85%) advocated for its practice within the IBD
population.
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Table 2 Patient-reported exercise participation categorized by academic stage and activity type
Variables

n (%)

Elementary school (n = 121)
Active outside of organized sports

94 (77.7)

Organized sports (school team)

58 (47.9)

Competitive sports

76 (62.8)

Middle school (n = 104)
Active outside of organized sports

77 (74.0)

Organized sports (school team)

53 (51.0)

Competitive sports

58 (55.8)

High school (n = 96)
Active outside of organized sports

72 (75.0)

Organized sports (school team)

64 (66.7)

Competitive sports

38 (39.6)

College (n = 38)
Active outside of organized sports

31 (81.6)

Organized sports (intramural or club sport)

12 (31.6)

Other competitive sport (not intramural/club; not for college/university)

3 (7.9)

College/university team sports

7 (18.4)

The (n) represents the number of patients reporting participation in an activity type at specified academic
stage. The percentages represent how many patients reported participation in that activity divided by the
number of patients.

DISCUSSION
This study is unique in assessing exercise and sports participation before and after
IBD diagnosis in a pediatric IBD population. Many (65%) patients engaged in
organized physical activity within the previous year, and this is in a group reporting
70% participation throughout the academic stages. The rate of competitive team play
ranged from 40%-64%, and more than 65 sports were named. Only 18% reported that
IBD prevented them from playing a sport they desired. Positive factors for
participation included personal interest (71%) and participation by a friend (40%) or
sibling (27%).
We found that patients and parents felt involvement in exercise and sports was
greatest before rather than after IBD diagnosis, but the difference was small. The
disease negatively impacted play/performance in 45%, while 44% were unaffected.
Tiredness/fatigue and abdominal pain were identified as the main barriers to
participation in our study, with no difference distinguished between IBD subtypes.
Fatigue may be related to active inflammation, anemia, malnutrition, or depression;
abdominal pain may reflect disease activity. A recent study in adults reported that
IBD patients were significantly less physically active following IBD diagnosis,
particularly for patients with UC[14]. Studies have identified weakness, fatigue, and
abdominal pain as barriers to physical activity in adult IBD patients, even among
those with low inflammatory markers and quiescent disease[15,16]. Bowel movement
frequency and body image issues have also been identified but were not cited as
barriers in our population[17,18]. A very limited number of subjects reported physical
changes, such as surgical incisions, fistulas or scars, as limitations to
play/performance. Further research can better characterize how these factors
influence exercise in the pediatric IBD population. Understanding and addressing
individual barriers to play/performance in the clinical setting can be useful to both
caregivers and providers in order to appropriately advise for continued participation
in physical activities.
Patients and parents in our population agreed on normal capacity for aerobic
exercise in IBD, although it has been reported that pediatric patients with CD and UC
may exhibit impaired aerobic and anaerobic exercise capacity regardless of disease
duration or IBD activity[19]. Only 20% of patients felt their activity level was below
average. Quantification of our IBD population’s activity level yielded a mean HSS
Pedi-FABS score of 15. This is similar to normative activity-level data (mean HSS
Pedi-FABS score = 15.4) among American youth in the same age range, as established
in a recent United States population-based study [13] . This study also found a
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Table 3 Top 10 sports by academic stage
Elementary school

Middle school

High school

College

Sport

Frequency %

Sport

Frequency %

Sport

Frequency %

Sport

Frequency %

Biking/
cycling

67

55.4

Biking /cycling

49

47.1

Soccer

27

28.1

Weightlifting

11

28.9

Soccer

63

52.1

Basketball

40

38.5

Basketball

23

24.0

Working out

9

23.7

Basketball

47

38.8

Soccer

31

29.8

Running

23

24.0

Biking/cycling

7

18.4

Baseball

41

33.9

Baseball

21

20.2

Biking/cycling

20

20.8

Soccer

5

13.2

Swimming

29

24.0

Football

14

13.5

Track & Field

16

16.7

Golf

4

10.5

Dance

21

17.4

Swimming

13

12.5

Baseball

14

14.6

Skiing

4

10.5

Football

14

11.6

Softball

12

11.5

Working out

13

13.5

Flag Football

3

7.9

Skiing

13

10.7

Dance

12

11.5

Football

13

13.5

Football

3

7.9

Softball

12

9.9

Skiing

12

11.5

Lacrosse

12

12.5

Dance

2

5.3

Hockey

11

9.1

Running

12

11.5

Weightlifting

11

11.5

Basketball

2

5.3

Gymnastics

11

9.1

Volleyball

2

5.3

Walking

2

5.3

Hiking

2

5.3

Crew/rowing

2

5.3

Frequency represents the number of patients reporting participation in each sport during each academic stage; the top 10 sports most frequently reported
by stage are listed. The percentages represent how many patients reported participation in each sport divided by the total number of patients in the
academic stage.

significant decrease in HSS Pedi-FABS activity scores with increasing age (r = -0.175, P
< 0.001), corresponding to a linear decline in activity scores by an average of 27% from
10 years to 18 years[13].
For patients with IBD who do not exercise, there can be a wide variety of
explanations which should be further investigated. Severe IBD-related complexities
including strictures or fistula, malnutrition/cachexia, prior surgery, presence of
surgical wounds or an ostomy, infections, or hospitalizations may physically impede
participation. Comorbid psychiatric disorders may limit the emotional drive to
participate in exercise. Extraintestinal manifestations such as enteropathic arthritis or
complications of metabolic bone disease such as osteoporosis or stress/fragility
fractures may limit the ability to exercise safely or comfortably. Anemia secondary to
chronic disease, iron deficiency, or enteric blood loss may contribute to fatigue and
limited exercise capacity. Even with mild disease, anorexia and malabsorption may
cause insufficient energy intake. A study of thirty-nine pediatric IBD patients with
mild (n = 13) or quiescent disease activity (n = 26) revealed that lean body mass and
physical activity were reduced compared to healthy age- and sex-matched controls[20].
It is important to recognize that some children are just not interested in exercise and
sports, regardless of the presence of IBD. For these children, encouraging and
designing activity plans focused on individual choices and incorporating fun, varied,
and non-intimidating physical activity with or without peers may foster motivation
and social networks.
Our study has several limitations. This is a single-center study based at a
quaternary medical center and thus may have limited generalizability. The severity of
patient illness would typically be higher compared with lower acuity centers;
therefore, the physical activity and sports participation in many other pediatric IBD
care centers and community settings may be even higher. Patients who chose to
participate in the survey may have had more interest in the topic of physical activity.
Patient and parent surveys are subject to recall bias and, despite the anonymity,
subject to social desirability bias. Self-completion of the HSS Pedi-FABS functional
activity scale could overestimate athletic capability or underestimate it, particularly
during a period of disease flare. We did not assess disease activity in correlation with
exercise. Our comparison to the general healthy pediatric population is based on
historical data rather than age-matched controls. Nonetheless, our study adds to the
existing literature surrounding pediatric IBD, exercise, and sports participation.
In conclusion, the presentation of IBD in youth may be a particularly challenging
scenario as a lifelong condition with unpredictable periods of flare and remission. Our
study demonstrates that most patients with IBD remain active in exercise and sports,
with only a small decrease in participation following diagnosis. Most of our pediatric
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Table 4 Association between total activity score1 and patient age
Child age (yr)

Univariate

Multivariate2

Mean (SE)

P value

Mean (SE)

P value

Less than 10

18.3 (2.4)

Ref

19.1 (2.6)

Ref

10 to 14

16.9 (1.4)

0.61

17.4 (1.9)

0.53

15 to 18

16.4 (1.1)

0.48

17.1 (1.7)

0.45

19 and older

13.6 (1.3)

0.09

14.5 (1.6)

0.10

1

Hospital for Special Surgery-Pediatric Functional Activity Brief Scale score.
Sex and Inflammatory Bowel Disease type was adjusted in multivariate analysis. Mean and standard error of
the total activity score are reported for each age category. SE: Standard error.
2

IBD patients look favorably on the role of exercise and are currently involved and
continue to partake in a variety of physical activities, with mean activity levels
comparable to American youth. Treatment positively impacts participatory desire and
aerobic capacity. Focusing treatment strategies toward the goal of “getting back in the
game” may be a promising approach that encourages children and parents in the
continued pursuit of various activities that can foster physical, mental and
psychosocial aspects of health. Future studies are needed to establish physical activity
targets in IBD patients based on individual disease factors and course.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD), encompassing Crohn’s disease and ulcerative colitis, may
influence physical health and functionality due to a variety of disease-related factors such as
abdominal pain, altered bowel habits, fatigue, and arthralgias or indirect factors such as time
spent on medical visits, treatments, or hospitalizations. Psychological factors and self-perception
of wellness may also contribute. Physical activity and exercise in the context of IBD has been
increasingly explored, although data is overall limited.

Research motivation
Exercise is a fundamental element for promoting general health among children and youth,
including those with chronic diseases. While exercise can contribute to improvement in IBD
symptoms, disease activity, and health-related quality of life, the disease may also restrict
physical activity. Additionally, youths’ exercise habits prior to IBD diagnosis are infrequently
considered. This survey was conducted to better understand the impact of pediatric IBD
diagnosis on exercise and sports participation, considering both patient and parent perspectives.

Research objectives
The main objective of our study was to assess patient-reported exercise and sports participation
both before and after IBD diagnosis. We sought to explore the particular factors affecting
exercise and sports participation. Patients were asked about primary motivations and limitations
for participation, and parents were asked to rank various barriers. Additional aims were to
compare patient and parent perspectives on performance desire, perceived aerobic capacity, and
the role of exercise in IBD. We obtained patient-reported activity levels using a functional
activity scale.

Research methods
Consecutive IBD outpatients (aged 10-18 years) and their parents completed parallel voluntary
surveys. Survey questions explored past and current participation in various sports types,
including non-organized physical play, organized sports, and competitive sports, across a range
of academic years (elementary school through college). A validated, patient-reported functional
activity scale, the Hospital for Special Surgery Pediatric Functional Activity Brief Scale (HSS
Pedi-FABS) was used as a metric to assess children’s activity levels.

Research results
There were 149 completed surveys (75% response rate) with mean participant age of 16.5 years
[standard deviation (SD) = 4.0] and mean age at IBD diagnosis of 11.8 years (SD = 3.4). Most
patients (77%) were diagnosed within 12 mo of symptom onset. Current athletic participation
was reported in 65% across 65 sports. Participation was greatest before (40%) rather than after
(32%) IBD diagnosis, with no reported change in 28%. IBD negatively impacted
play/performance in 45% but did not change play/performance in 44%. IBD treatment
improved patients’ desire to exercise (70%) and subjective capacity for aerobic exercise (72%).
Patients and parents agreed that IBD subjects demonstrate normal capacity for aerobic exercise
(0.40, 95%CI: 0.22-0.58) and that treatment improved both participatory desire (0.33, 95%CI: 0.12-
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0.54) and capacity for aerobic exercise (0.52, 95%CI: 0.31-0.71). Almost all (99%) viewed exercise
as healthy, and most encouraged its practice. IBD patients demonstrated normal mean HSS PediFABS activity scores.

Research conclusions
This study demonstrates that most patients with IBD remain active in exercise and sports, with
only a small decrease in participation following diagnosis. Most of our pediatric IBD patients
look favorably on the role of exercise and are currently involved and continue to partake in a
variety of physical activities, with mean activity levels comparable to American youth.
Treatment positively impacts participatory desire and aerobic capacity.

Research perspectives
The presentation of IBD in youth may be a particularly challenging scenario as a lifelong
condition with unpredictable periods of flare and remission. Focusing treatment strategies
toward the goal of maintaining physical play or returning to exercise and sports may be a
promising approach that encourages children and parents in the continued pursuit of various
activities that can foster physical, mental and psychosocial aspects of health. Future studies are
needed to establish physical activity targets in IBD patients based on individual disease factors
and course.
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Abstract
BACKGROUND
As one effective treatment for lateral pelvic lymph node (LPLN) metastasis
(LPNM), laparoscopic LPLN dissection (LPND) is limited due to the complicated
anatomy of the pelvic sidewall and various complications after surgery. With
regard to improving the accuracy and completeness of LPND as well as safety,
we tried an innovative method using indocyanine green (ICG) visualized with a
near-infrared (NIR) camera system to guide the detection of LPLNs in patients
with middle-low rectal cancer.
AIM
To investigate whether ICG-enhanced NIR fluorescence-guided imaging is a
better technique for LPND in patients with rectal cancer.
METHODS
A total of 42 middle-low rectal cancer patients with clinical LPNM who
underwent total mesorectal excision (TME) and LPND between October 2017 and
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March 2019 at our institution were assessed and divided into an ICG group and a
non-ICG group. Clinical characteristics, operative outcomes, pathological
outcomes, and postoperative complication information were compared and
analysed between the two groups.
RESULTS
Compared to the non-ICG group, the ICG group had significantly lower
intraoperative blood loss (55.8 ± 37.5 mL vs 108.0 ± 52.7 mL, P = 0.003) and a
significantly larger number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017).
The LPLNs of two patients in the non-IVG group were residual during LPND. In
addition, no significant difference was found in terms of LPND, LPNM, operative
time, conversion to laparotomy, preoperative complication, or hospital stay (P >
0.05).
CONCLUSION
ICG-enhanced NIR fluorescence-guided imaging could be a feasible and
convenient technique to guide LPND because it could bring specific advantages
regarding the accuracy and completeness of surgery as well as safety.
Key words: Rectal cancer; Lateral pelvic lymph node dissection; Indocyanine green;
Lateral pelvic lymph node
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Lateral pelvic lymph node (LPLN) metastasis is an important factor for local
recurrence after surgery in patients with advanced low rectal cancer. As one of the
effective treatment methods, laparoscopic LPLN dissection is limited due to complicated
anatomy of the pelvic sidewall and various complications after surgery. In this paper, we
introduce an innovative method using indocyanine green visualized with a near-infrared
camera system to guide the detection of LPLNs in patients with middle-low rectal cancer
and to evaluate the safety and availability of this method.

Citation: Zhou SC, Tian YT, Wang XW, Zhao CD, Ma S, Jiang J, Li EN, Zhou HT, Liu Q,
Liang JW, Zhou ZX, Wang XS. Application of indocyanine green-enhanced near-infrared
fluorescence-guided imaging in laparoscopic lateral pelvic lymph node dissection for middlelow rectal cancer. World J Gastroenterol 2019; 25(31): 4502-4511
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4502.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4502

INTRODUCTION
As a common malignant tumour of the digestive system, rectal cancer is associated
with high morbidity and mortality[1]. Local recurrence greatly affects the treatment
efficiency and the survival outcomes for patients with rectal cancer. Lateral pelvic
lymph node (LPLN) metastasis (LPNM) is an important factor for local recurrence
after surgery in patients with middle-low rectal cancer, and approximately 8.6% to
21.0% of patients with middle-low rectal cancer have associated LPNM[2-4]. As one of
the effective treatment methods, laparoscopic LPLN dissection (LPND) can
significantly reduce the local recurrence rate compared with simple total mesorectal
excision (TME) surgery[3,5-7], and its safety and feasibility have also been confirmed by
previous studies[8-10]. In clinical applications, laparoscopic LPND is limited by various
complications because the ureters and hypogastric nerves might be damaged without
efficient guidance.
Indocyanine green (ICG) is an inexpensive and safe non-specific fluorescent probe
that has been approved by the FDA for clinical use since 1959 for cardiac and liver
function tests. Recently, ICG fluorescence-guided imaging, as a new technique, has
been applied to guide sentinel lymph node detection in breast cancer[11,12], gastric
cancer[3,5,13-16], colorectal cancer[17,18], and other malignant tumours[19-21]. On this basis,
using a near-infrared (NIR) camera system, the current study took advantage of ICG
to guide the detection of LPLNs in patients with middle-low rectal cancer, aiming to
investigate whether this technology could be safely and efficiently used for LPND in
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patients with rectal cancer.

MATERIALS AND METHODS
Patients
After approval by the ethics committee of Cancer Hospital, Chinese Academy of
Medical Sciences (NCC 2017-YZ-026, Oct 17, 2017), a total of 42 consecutive middlelow rectal cancer patients with clinical LPNM who underwent TME and LPND at the
National Cancer Center/National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College
between October 2017 and March 2019 were enrolled. The inclusion criteria of this
study were as follows: (1) Patients with rectal adenocarcinoma confirmed by
endoscopic biopsy; (2) Patients with suspected LPNM based on magnetic resonance
imaging (MRI) evaluation; and (3) The tumour was located under the
retroperitoneum (within 8 cm of the anal margin). The exclusion criteria were (1)
recurrent patients and (2) patients with distant metastasis.
Patients who underwent TME and LPND with ICG-enhanced NIR fluorescenceguided imaging were assigned to an ICG group (n = 12), and patients who received
conventional TME and LPND without ICG-enhanced NIR fluorescence-guided
imaging were assigned to a non-ICG group (n = 30). All patients underwent the same
preoperative examinations: routine blood test, hepatorenal function test, serum
carcinoembryonic antigen (CEA), chest radiography, abdominal computed
tomography (CT), endorectal ultrasonography, and pelvic MRI. Clinical LPNM was
diagnosed based on MRI by two imaging specialists who specialized and had more
than 10 years of experience in colorectal cancer. The assessment criteria were as
follows: (1) ≥ 0.7 cm in short diameter; (2) ≥ 0.5 cm but ≤ 0.7 cm in short diameter with
inhomogeneous or intense enhancement; and (3) Irregular shape and rough edges.
Meeting one or more of the above criteria resulted in a diagnosis of LPNM. The
pathological specimens were also examined by two pathologists who specialized in
colorectal cancer. All patients in this study underwent surgery performed by four
surgeons with more than 20 years of clinical experience. The American Joint
Committee on Cancer (AJCC, the eighth edition) staging system was used for tumour
staging. Additionally, written informed consent was obtained from each patient
included in the study.

Surgical procedure
Perineal phase: All the patients were placed in the modified lithotomy position after
anaesthesia. The anus was gently dilated until it was large enough to accommodate
four fingers. To dilate the anus further and clearly observe the lower margin of the
tumour, an anal dilator was placed into the proximal lip of the exposed mucosal edge
with a vertical orientation. A fine needle (4.5 gauge) was inserted into the submucosal
layer of the rectum through the anus, and ICG dye (Product Model: H20055881) was
slowly injected into four sites on the anal side of the tumour. The total amount of
injection for each patient was 4 mL (0.1 mg/mL) (Figure 1).
Laparoscopic phase: The five abdominal ports placed for laparoscopic LPND were
the same as those used for TME. The laparoscopic skill was applied according to the
radical principle. High ligation of the inferior mesenteric vessel, mobilization of the
bowel, and dissection of the lymph nodes were performed laparoscopically, and the
total mesorectal excision procedure with nerve-sparing techniques for rectal cancer
was followed.
After the rectal tumour specimen was resected, ICG fluorescence-guided imaging
was used via the near-infrared camera system (Karl Storz Endoskope spies TM GmbH
& Co. KG, Tuttlingen, Germany) to guide lateral lymph node dissection. LPLNs were
defined as lymph nodes distributed outside the pelvic plexus, including lymph nodes
surrounding the internal iliac vessels, obturator fossa, and external iliac vessels. First,
the direction of lateral lymph node drainage was determined by overall scanning
under the guidance of ICG-enhanced NIR fluorescence-guided imaging (Figure 2).
When performing LPND, the ureters and hypogastric nerve were first separated and
elevated to prevent damage to these structures. Then, the lymph nodes were dissected
in order along the external iliac vessels and the common iliac vessels as well as in the
obturator fossa and along the internal iliac vessels, separately and carefully, and the
ureters and hypogastric nerve were protected carefully. The light sources were
switched via a footswitch to help the surgeon quickly and accurately distinguish
between lymph nodes and non-lymphatic soft tissue (Figure 3). The blood vessels,
nerves, and residual soft tissues were examined by ICG-enhanced NIR fluorescenceguided imaging to prevent the omission of lymph nodes during dissection (Figure 4).
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Figure 1

Figure 1 Injection of indocyanine green dye to sites on the anal side of the tumour.

Patients in the non-ICG group underwent the same surgical approach as those in
the ICG group, except that no ICG-enhanced NIR fluorescence-guided imaging was
used for LPND.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) version 24.0 for Windows (IBM
Corp, Armonk, NY, United States) was used for data analyses. Quantitative data are
shown as the mean ± standard deviation and were analysed by Student’s t-test.
Categorical data are shown as frequencies and percentages and were analysed by the
Chi-squared test or Fisher’s exact test. All tests were two-sided, and a P-value less
than 0.05 was considered to indicate statistical significance.

RESULTS
The baseline data for the patients in the ICG group and the non-ICG group are shown
in Table 1. There was no significant difference between the ICG group and the nonICG group in terms of age, sex, BMI, ASA category, concomitant disease, type of
operation, preoperative chemoradiotherapy, tumour differentiation, or tumour size (P
> 0.05).
The surgical outcomes are shown in Table 2. There was a significant between-group
difference in terms of intraoperative blood loss and the number of lateral lymph
nodes harvested. Compared to the non-ICG group, the ICG group had significantly
lower intraoperative blood loss (55.8 ± 37.5 mL vs 108.0 ± 52.7 mL, P = 0.003) and a
greater number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017). Except for these
two parameters, there was no significant difference in other factors, including LPND,
LPNM, operative time, conversion to laparotomy, pT stage, pN stage, pTNM stage,
postoperative complication, and hospital stay (P > 0.05). There were two (16.7%)
patients in the ICG group and seven (23.3%) patients non-ICG group who underwent
bilateral dissection (P = 0.953), and LPNM was diagnosed in three (25%) patients in
the ICG group and three (10%) patients in the non-ICG group. The mean operative
time was 255.7 ± 65.2 min in the ICG group and 273.1 ± 73.3 min in the non-ICG group
(P = 0.108). No patient in the ICG group was converted to open resection, and two
patients in the non-ICG group were converted to open resection due to intraoperative
injury of the internal iliac vein and obturator artery. There was no positive
circumferential resection margin or distal margin in the two groups. Postoperative
anastomotic leakage occurred in one patient in the ICG group and was cured by
washout and drainage. Four patients in the non-ICG group had postoperative
complications: one patient had an intraperitoneal haemorrhage and was cured by
administering haemostatics and transfusion; two patients had wound infections and
were healed after open drainage and using antibiotics; and one patient had lymphatic
leakage and was cured by fasting and adequate drainage. There was no statistically
significant difference in the postoperative hospital stay between the two groups (P =
0.393).
During follow-up, enlarged LPLNs were found in two cases under CT imaging in
the non-ICG group. As shown in Figure 5, one patient developed ileus 10 days after
surgery, and the CT revealed a residual lymph node in the distal left internal iliac
artery. Another patient was found to have residual lymph nodes in the left obturator
foramen region on CT re-examination 3 mo after surgery. There were omissions
during LPND. Carcinoma infiltration was found based on the postoperative
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Figure 2

Figure 2 Determination of the direction of lateral lymph node drainage under the guidance of indocyanine
green-enhanced near-infrared fluorescence-guided imaging. A: Normal imaging; B: Indocyanine green-enhanced
near-infrared fluorescence-guided imaging.

pathology after supplement surgery for further dissection of LPLNs. In addition, no
residual tumours or recurrence was found in the ICG group.

DISCUSSION
The incidence of LPNM, which is one of the important metastatic pathways involved
in middle-low rectal cancer, ranges from 8.6% to 21.0%[2-4]. LPNM indicates a worse
prognosis and increased local recurrence. Sugihara et al[5] reported that the overall
survival of patients with positive LPNM was significantly worse than that of stage III
patients with negative LPNM (45.8% vs 71.2%, P < 0.001). In addition, the JCOG0212
clinical study of Japan showed that the recurrence rate of stage II/III patients was 13%
(44/350) after TME surgery, while the LPLN recurrence rate was 56.8% (25/44)[22].
Therefore, LPLNs suspected of LPLM should be thoroughly dissected if the technique
is feasible. However, LPND is controversial due to its technical difficulties and the
complicated anatomy of the pelvic sidewall. Moreover, the tissue oedema and fibrosis
induced by chemoradiotherapy further increase the difficulty of the surgery and thus
have reduced the number of lymph node dissections.
Medical knowledge is constantly updated and changing. With the accumulation of
clinical experience and new research broadening our knowledge, new surgical
techniques and methods are being introduced. ICG-enhanced NIR fluorescenceguided imaging can provide a higher tissue penetration depth and better signal-tobackground ratio, so it is widely used in gastrointestinal perfusion assessment and
lymph node dissection in various malignant tumours [3,5,13-21] . After peritumoural
injection of ICG dye, sentinel lymph nodes and lymphatic channels between the
tumour and lymph nodes can be identified. Noura et al [23] showed that the ICG
fluorescence-guided imaging system was considered to be a practical and feasible
technique for the detection of lateral sentinel nodes in middle-low rectal cancer and
that it could be used to determine indications for LPND. In the current study, ICGenhanced NIR fluorescence-guided imaging helped the surgeon to distinguish lymph
nodes from non-lymphatic soft tissues to increase the intra-operative protection of
blood vessels and nerves and to improve the accuracy of detection in order to enable
radical lymph node dissection. The results showed that compared to the non-ICG
group, the ICG group had significantly lower intraoperative blood loss (55.8 ± 37.5
mL vs 108.0 ± 52.7 mL, P = 0.003) and a greater number of LPLNs harvested (11.5 ± 5.9
vs 7.1 ± 4.8, P = 0.017). This might be because ICG-enhanced NIR fluorescence-guided
imaging can provide better sensitivity and specificity for lymph node detection. We
believe that this novel technique could improve intra-operative surgical staging and
ultimately lead to a better oncological outcome[24].
In this paper, we preferred to inject ICG into the submucosal layer of the rectum
through the anus. Because of the high risk of ICG leakage during or after subserosal
injection, this approach can significantly affect the target of fluorescence guidance. In
addition, when ICG solution is administered at a higher concentration, the
preparation penetrates into the soft tissue surrounding the lymph nodes during the
dispersal process, and some lymph nodes are prone to accumulating ICG. This may
lead to a local decrease in the initial fluorescence intensity after injection, and it may
further interfere with the detection of lymph node fluorescence. Therefore, an ICG
solution at a concentration of 0.1 g/mL was used in the present study.
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Figure 3

Figure 3 Distinguishing between lymph nodes and non-lymphatic soft tissues. A: Normal imaging; B:
Indocyanine green-enhanced near-infrared fluorescence-guided imaging.

Ogura et al[25] reported that in patients with short axes of equal to or greater than 7
mm after neoadjuvant chemoradiotherapy, the 5-year local recurrence rate of LPLNs
was 5.7% after the patients underwent TME + LPND, and 51% of the patients
demonstrated pathologically proven lateral lymph node metastases. Postoperative
recurrence of LPLNs may be related to missing some lymph node metastases or to
omission in difficult areas such as the internal iliac artery during intraoperative
dissection of the LPLNs[8,26]. In the present study, two patients in the non-ICG group
experienced incomplete LPND. Consequently, ICG-enhanced NIR fluorescenceguided imaging can accurately display the routes of lymph nodes and lymphatic
vessels, providing clues for the detection of occult or missing lymph nodes,
improving the accurate resection range, and thereby further reducing the risk of
recurrence of LPLNs.
This study was limited by the small sample size, which might have caused some
differences between the ICG group and non-ICG group that were not found in the
current study. For example, the results showed a certain advantage for the conversion
to laparotomy, as there was no patient that was converted to laparotomy in the ICG
group, while two patients were converted to laparotomy in the non-ICG group, but
no significant difference was found. Hence, the sample size should be expanded in
further studies to fully analyse the effect of ICG-enhanced NIR fluorescence-guided
imaging on laparoscopic LPND in rectal cancer.
In conclusion, this study showed that ICG-enhanced NIR fluorescence-guided
imaging could be a feasible and convenient technique to assist LPND, as it could
bring specific advantages regarding accuracy and completeness of surgery as well as
safety. Moreover, this novel technique might make the surgery much easier and
shorten the learning curve for surgeons who are not familiar with LPND.
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Table 1 Baseline data analysis, n (%)
Parameter

ICG group(n = 12)

Non-ICG group(n = 30)

P-value

Age (yr, mean ± SD)

60.3 ± 9.6

58.5 ± 9.5

0.587

Gender

0.200

Male

5 (41.7)

19 (63.3)

Female

7 (58.3)

11 (36.7)

BMI (kg/m2, mean ± SD)

24.8 ± 2.8

25.3 ± 3.1

0.602

ASA category

0.785

I

2 (16.7)

3 (10)

II

8 (66.7)

23 (76.7)

III

2 (16.7)

4 (13.3)

Yes

4 (33.3)

9 (30)

No

8 (66.7)

21 (70)

Low anterior resection

8 (66.7)

16 (53.3)

Abdominoperineal resection

4 (33.3)

14 (46.7)

Preoperative chemoradiotherapy

2 (16.7)

10 (33.3)

Moderate

7 (58.3)

20 (66.7)

Poor

5 (41.7)

10 (33.3)

Tumor size (cm, mean ± SD)

3.5 ± 1.4

3.4 ± 1.9

Concomitant disease

1.000

Type of operation
0.430

0.483

Tumor differentiation

0.879

0.996

ICG: Indochinese green; BMI: Body mass index; ASA: American Society of Anesthesiologists; SD: Standard deviation.

Table 2 Compared analysis of clinical and pathological outcomes in different groups, n (%)
Outcome

ICG group(n = 12)

Non-ICG group (n = 30)

Unilateral dissection

10 (83.3)

23 (76.7)

Bilateral dissection

2 (16.7)

7 (23.3)

Yes

3 (25)

3 (10)

No

9 (75)

27 (90)

Operative time (min, mean ± SD)

255.7 ± 65.2

273.1 ± 73.3

0.108

Blood loss (mL, mean ± SD)

55.8 ± 37.5

108.0 ± 52.7

0.003

Conversion to laparotomy (case)

0 (0)

2 (6.67)

1.000

Number of LPLNs harvested

11.5 ± 5.9

7.1 ± 4.8

0.017

I

3 (25)

3 (10)

II

2 (16.7)

6 (20)

III

6 (50)

18 (60)

IV

1 (8.3)

3 (10)

0

6 (50.0)

13 (43.3)

1

2 (16.7)

10 (33.3)

2

4 (33.3)

7 (23.4)

I

4 (33.3)

7 (23.3)

II

2 (16.7)

6 (20)

III

6 (50)

17 (56.7)

Postoperative complication (case)

1 (8.33)

4 (23.33)

1.000

Hospital stay (d, mean ± SD)

9.2 ± 1.6

9.7 ± 2.0

0.393

LPND

P-value
0.953

LPNM

0.443

pT stage

0.694

pN stage

0.516

pTNM stage
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ICG: Indochinese green; LPND: Lateral pelvic node dissection; LPNM: Lateral pelvic node metastasis; LPLN: Lateral pelvic lymph node; SD: Standard
deviation; pTNM: Pathological tumor-node-metastasis.

Figure 4

Figure 4 Examination of blood vessels, nerves, and residual soft tissues. A: Normal imaging; B: Indocyanine green-enhanced near-infrared fluorescence-guided
imaging.
Figure 5

Figure 5 Residual lymph nodes revealed by computed tomography imaging of two cases. A: Residual lymph nodes in the distal left internal iliac artery. B:
Residual lymph nodes in the left obturator foramen region.

ARTICLE HIGHLIGHTS
Research background
Recently, ICG fluorescence-guided imaging has been applied to guide sentinel lymph node
detection in various malignant tumours. As an effective treatment for lateral pelvic lymph node
(LPLN) metastasis (LPNM), laparoscopic LPLN dissection (LPND) is limited due to the
complicated anatomy of the pelvic sidewall and various complications after surgery. With
regard to improving the accuracy and completeness of LPND as well as in terms of safety, we
tried an innovative method using ICG visualized with a near-infrared camera (NIR) system to
guide the detection of LPLNs in patients with middle-low rectal cancer.

Research motivation
The purpose of this study was to compare and analyse the clinical and pathological outcomes of
LPND via an ICG-enhanced NIR fluorescence-guided imaging procedure vs a traditional
procedure. The significance of this study is that it introduces a more effective and safe method
for rectal cancer patients who undergo LPND.

Research objectives
The study aimed to evaluate the safety and availability of LPND via ICG-enhanced NIR
fluorescence-guided imaging in patients with rectal cancer.

Research methods
Middle-low rectal cancer patients who underwent total mesorectal excision (TME) and LPND
were systemically reviewed between October 2017 and March 2019 at our institution. Clinical
characteristics, operative outcomes, pathological outcomes, and postoperative complication
information were collected and analysed using SPSS version 24.0 between the two groups.
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Research results
The results showed that intraoperative blood loss was significantly lower in the ICG group than
in the non-ICG group (P = 0.003). Compared to the non-ICG group, the ICG group had a
significantly larger number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017). In addition, no
significant difference was found in terms of LPND, LPNM, operative time, conversion to
laparotomy, preoperative complication, or hospital stay (P > 0.05).

Research conclusions
ICG-enhanced NIR fluorescence-guided imaging could be a feasible and convenient technique to
guide LPND because it could increase the number of LPLNs harvested and bring specific
advantages regarding the accuracy and completeness of surgery as well as safety.

Research perspectives
In this study, we emphasized that the location and concentration of ICG injection are critical for
surgical outcome. Moreover, this is a retrospective study with a small sample size, and bias may
exist. Further randomized prospective controlled trials are needed to confirm our results.
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Abstract
BACKGROUND
Esophageal cancer (EC) is associated with a poor prognosis, particularly so in
Africa where an alarmingly high mortality to incidence ratio prevails for this
disease.
AIM
To provide further understanding of EC in the context of the unique cultural and
genetic diversity, and socio-economic challenges faced on the African continent.
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METHODS
We performed a systematic review of studies from Africa to obtain data on
epidemiology, risk factors, management and outcomes of EC. A non-systematic
review was used to obtain incidence data from the International Agency for
Research on Cancer, and the Cancer in Sub-Saharan reports. We searched
EMBASE, PubMed, Web of Science, and Cochrane Central from inception to
March 2019 and reviewed the list of articles retrieved. Random effects metaanalyses were used to assess heterogeneity between studies and to obtain odds
ratio (OR) of the associations between EC and risk factors; and incidence rate
ratios for EC between sexes with their respective 95% confidence intervals (CI).
RESULTS
The incidence of EC is higher in males than females, except in North Africa where
it is similar for both sexes. The highest age-standardized rate is from Malawi (30.3
and 19.4 cases/year/100000 population for males and females, respectively)
followed by Kenya (28.7 cases/year/100000 population for both sexes). The
incidence of EC rises sharply after the age of 40 years and reaches a peak at 75
years old. Meta-analysis shows a strong association with tobacco (OR 3.15,
95%CI: 2.83-3.50). There was significant heterogeneity between studies on alcohol
consumption (OR 2.28, 95%CI: 1.94-2.65) and on low socioeconomic status (OR
139, 95%CI: 1.25-1.54) as risk factors, but these could also contribute to increasing
the incidence of EC. The best treatment outcomes were with esophagectomy with
survival rates of 76.6% at 3 years, and chemo-radiotherapy with an overall
combined survival time of 267.50 d.
CONCLUSION
Africa has high incidence and mortality rates of EC, with preventable and nonmodifiable risk factors. Men in this setting are at increased risk due to their
higher prevalence of tobacco and alcohol consumption. Management requires a
multidisciplinary approach, and survival is significantly improved in the setting
of esophagectomy and chemoradiation therapy.
Key words: Esophageal cancer in Africa; Esophageal squamous cell carcinoma; Cancer in
Africa; Systematic review
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal cancer is an important cause of cancer related deaths world-wide,
but particularly in Africa where mortality rates due to this condition have been found to
be higher. We systematically reviewed the literature on esophageal cancer in Africa and
present our findings on the incidence, risk factors, management strategies, resultant
outcomes and overall survival.
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INTRODUCTION
Esophageal cancer (EC) is the sixth most common cause of mortality among all
cancers worldwide, and the seventh most common cancer worldwide, with an
estimated 572034 new cases (3.2% of all cancers) and 508585 cancer deaths (5.3% of all
cancer deaths) in 2018 [ 1 ] . The high mortality to incidence ratio of 88.9% (=
508585/572034) worldwide shows that EC has a poor prognosis. Of these 572034 new
cases worldwide, about 28494 (5.0%) occurred in African countries. The mortality to
incidence ratio is even higher in Africa at 97.2% (= 27703/28494). Clinically, patients
can be asymptomatic, however as the disease progresses, patients present with
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dysphagia which may be associated with weight loss. Histologically, EC can be
squamous cell carcinoma (ESCC) or adenocarcinoma (EAC). Both types are common
in males more than females [1] . Squamous cell carcinomas are more commonly
encountered in individuals from low-resource regions, whereas adenocarcinomas
tend to arise in high-resource populations. Globally, squamous cell carcinoma is more
common. In Africa, squamous cell carcinoma is predominant, while adenocarcinoma
is more common in the United States[2].
Risk factors for developing ESCC include tobacco consumption (smoking)[3-5], heavy
alcohol consumption [6,7] , drinking hot tea [8,9] , consuming red meat [10] , poor oral
health [11] , low intake of fresh fruit and vegetables [10,12] , and low socioeconomic
status[6,13]. Esophageal mucosa dysplasia from acid reflux and Barrett’s esophagus is a
risk factor for developing EAC[14]. Management of EC includes surgery, radiation,
chemotherapy and laser therapy. Various systematic reviews of studies on EC in
Africa have been conducted[15,16] and there are significant new data to update these
reviews. The aim of this article is to systematically review published studies of EC in
Africa. The speciﬁc objectives of the review are to: (1) Estimate the incidence and
geographic variation of EC in Africa; (2) Determine the risk factors associated with EC
in this region; (3) Describe the management and outcomes of EC in Africa; and (4)
Assess the quality of research papers included in the quantitative analyses of this
review.

MATERIALS AND METHODS
Systematic review and non-systematic review methods were used. The systematic
review was used to obtain data on epidemiology, risk factors, management and
outcomes of EC, while the non-systematic review was used to obtain incidence data.

Incidence rates of esophageal cancer in Africa
Age standardized incidence data for EC in Africa were obtained from the current
International Agency for Research on Cancer (IARC) report[17], and from the Cancer in
Sub-Saharan Africa report [18] . The Cancer in Sub-Saharan Africa report collates
population-based cancer incidence data from 25 cancer registries in 20 sub-Saharan
African countries that are part of the African Cancer Registry Network. The IARC
report includes countries in North Africa. The target group for both reports is to use
registries that report the incidence of cancers in the general population in contrast to
other types of registries, such as those based on patients who are treated at specific
hospitals or who belong to a specific insurance plan. The reports use ICD-10 codes to
show the age-standardised incidence per 100000 population stratified by sex and type
of cancer for each country. We extracted data from code C.15 where EC is reported.

Systematic review
Search strategy: Research studies were eligible if they were published in English and
conducted on humans and in Africa. We searched EMBASE, PubMed, Web of Science,
and Cochrane Central from inception to March 2019 for primary publications. The
following search terms were used in the four databases: (Esophageal can* OR
oesophageal can* OR esophageal tumor OR oesophageal tumor OR esophagus can*
OR oesophagus can*) AND (epidemiology OR incidence OR prevalence OR risk
factor* OR treatment OR management OR outcome*) AND (Africa OR East* Africa
OR West Africa OR Southern Africa OR North* Africa OR Algeria* OR Angola* OR
Benin OR Botswana OR “Burkina Faso” OR Burundi OR Cameroon* OR "Cabo Verde"
OR “Cape Verde” OR “Central African Republic” OR Chad OR Comoros OR Congo
OR “Cote d`Ivoire” OR Djibouti OR Egypt* OR “Democratic Republic of Congo” OR
“Equatorial Guinea” OR Eritrea* OR “Eswatini” OR Swaziland OR Ethiopia* OR
Gabon* OR Gambia* OR Ghana* OR Guinea OR “Guinea Bissau” OR Kenya* OR
Lesotho OR Liberia* OR Libya* OR Madagascar OR Malawi* OR Mali OR Mauritania*
OR Mauritius OR Morocc* OR Mozambique OR Namibia* OR Niger OR Nigeria* OR
Rwanda* OR “Sao Tome and Principe” OR Senegal* OR Seychelle* OR “Sierra Leone”
OR Somali* OR “South African” OR “South Africa” OR “South African” OR Sudan*
OR “North Sudan” OR “South Sudan” OR Tanzania* OR Togo* OR Tunisia* OR
Uganda* OR Zambia* OR Zimbabwe*).
Study selection: Epidemiological studies that provided a quantitative measure of
disease occurrence (prevalence, incidence) or mortality (survival, mortality rate), and
studies that had a quantitative association between risk factors (explanatory variables)
and EC were eligible. In vitro studies were excluded because they do not provide an
estimate of disease occurrence. Titles and abstracts of all articles identified were
screened independently by several authors (AA, NC, AN, JC, BN, MM). Full texts of

WJG

https://www.wjgnet.com

4514

August 21, 2019

Volume 25

Issue 31

Asombang AW et al. Esophageal cancer in Africa

the remaining articles were reviewed by the authors, and consensus reached on
potential eligibility.
Data extraction: We used a data extraction form to collect the following information
from each eligible article identified from the database search: (1) First author and year
of publication; (2) Year the study was conducted; (3) Country; (4) Study population;
(5) Sample size; (6) Incidence or prevalence of EC; (7) Study design; (8) Factors
associated with EC; (9) Management of EC; (10) Outcomes; and (11) Measure of
association if available.
Quality assessment: A modified quality assessment of the ﬁnal papers included in
this systematic review was adapted from the quality assessment tool for systematic
reviews of observational studies (QATSO)[19]. Items included in QATSO tool are: (1)
External validity (representativeness of sampling procedures used in each study); (2)
Response rate, which we modiﬁed to include three categories (> 80%, 60%-80%, < 60%
or not reported); (3) Validity of measurement methods; (4) Bias in the measurement of
the outcomes; and (5) Control for important confounders. The final score is the mean
across the items. Studies achieving a ﬁnal score of 60% or above in at least 4 of these
items were considered adequate in this review[19].

Statistical analysis
We considered the following outcomes from the incidence data in the non-systematic
review: (1) Age-standardized incidence rate (= cases/year/100000 population); and
(2) Mortality-incidence ratio for countries with available information. For studies
included in the systematic review, the following were the outcomes: (1) Prevalence of
EC (= cases/study sample size) for studies on epidemiology; (2) Odds ratio (OR) of
developing EC for studies on risk factors associated with EC; and (3) Median survival
in days after management of EC for studies on management and outcomes of EC.
We analyzed the incidence data from the non-systematic review and the findings
from the systematic review separately. Given the low incidence of EC, we used the
rare disease assumption to assume that the OR approaches relative risk or risk ratio
(RR) in studies that presented their measures of effects as RRs. For results with
available or calculable ORs or incidence rate ratio estimates (IRRs), we conducted a
meta-analysis from a fixed effects model. The ORs or IRRs and their 95% confidence
intervals (CIs) were graphically represented on Forest plots. We assessed the
heterogeneity between studies using the I 2 statistic, which estimates the extent
(percentage) the ORs or IRRs vary between studies[20]. Meta-analyses were conducted
using the Stata version 14.2 (Stata Corporation, College Station, TX, United States).

RESULTS
Incidence rates of esophageal cancer and geographical variations
Age-standardized incidence rates of EC in Africa are generally higher in men than in
women (Table 1). An analysis of the subgroups (regions) suggests that the incidence
of EC is similar in males and females in Northern Africa, but higher in men in
Western, Middle and Eastern, and Southern Africa. For Northern and Western
African urban populations, there was no or little evidence of heterogeneity in the IRRs
for males versus females (I2 statistics 0.0% and 54.2%, respectively). Therefore, males
in Western African countries were 65% more likely to develop EC than females.
However, there was signiﬁcant heterogeneity based on I2 statistics in the Middle and
Eastern African, and in Southern African urban populations, and therefore, we do not
report the pooled IRRs for these regions (Figure 1). The incidence of EC is not constant
across age groups. It is rare in persons under 15 years of age. After age 40, the
incidence of EC rises sharply, reaching a peak among persons aged 75 years and
above (Figure 2).
The age-standardized incidence rates of EC for males and females for the calendar
years 1993 through 2013 show a variation in the trends for new EC cases (Figure 3). In
Northern African populations (Algeria, Egypt, and Libya), the incidence rates of EC
have been low in both males and females. In Malawi, the percentage decrease was
greater for males (10.8%) than for females (8.7%) over the 2003-2007 to 2009-2013
period, while in South Africa over this same period, the percentage decrease was
greater for females (72.7%) than for males (67.5%). In Uganda, the increase in
incidence rates in males was continuous and progressive from the 1993-1997 to the
2003-2007 period. For females, however, there was a decrease between 1998 and 2002,
then a slight increase between 2003 and 2007. In Zimbabwe, there was a decrease in
incidence rates between 1998 and 2002 for males, then an increase between 2003 and
2007, followed by a substantial percentage decrease in incidence rates (86.4%) in the
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Table 1 Age-standardized incidence rates of esophageal cancer (ICD-O-3 C.15) in selected
African countries[18]
Age-standardized incidence rate
(cases/year/100000 pop)
Country (period covered)

Males

Females

Algeria, Setif (2008-2011)

0.6

0.7

Algeria, Batna (2008-2012)

0.5

0.5

Benin, Cotonou (2013-2015)

6.9

3.6

Botswana (2005-2008)

11.4

3.9

Congo, Brazzaville (2009-2013)

0.5

0.1

Côte d´Ivoire, Abidjan (2012-2013)

0.2

0.3

Ethiopia, Addis Ababa (2012-2013)

2.2

3.8

The Gambia (2007-2011)

1.0

0.5

Guinea, Conakry (2001-2010)

0.8

0.1

Kenya, Eldoret (2008-2011)

28.7

17.1

Kenya, Nairobi (2007-2011)

14.1

14.0

Malawi, Blantyre (2009-2010)

30.3

19.4

Mali, Bamako (2010-2014)

2.6

2.7

Mauritius (2010-2012)

3.2

1.0

Mozambique, Beira (2009-2013)

5.5

3.3

Niger, Niamey (2006-2009)

1.2

0.2

Nigeria, Abuja (2013)

0.7

0.0

Nigeria, Calabar (2009-2013)

0.0

0.0

Nigeria, Ibadan (2006-2009)

1.0

0.4

Namibia (2009)

2.4

0.1

Seychelles (2009-2012)

7.5

1.9

South Africa, Eastern Cape (2008-2012)

23.8

14.6

South Africa: National Cancer Registry of South Africa (2007)

6.2

3.1

Uganda, Kampala (2008-2012)

22.9

12.1

Zimbabwe, Bulawayo: Black population (2011-2013)

23.8

10.3

Zimbabwe, Harare: Black population (2010-2012)

16.4

13.1

2009-2013 period from the 2003-2007 period. For females, however, there was a
decrease in incidence rates between 1998 and 2002, followed by a generally increase
thereafter.
In addition to variation by gender and age, the incidence of EC also varies by
geographic location (Figure 4). The highest incidence rate between 2009 and 2013 was
30.3 cases/year/100000 among males and 19.4 cases/year/100000 among females in
Malawi, followed by 28.7 cases/year/100000 for males and 28.7 cases/year/100000
for females in Kenya, Eldoret in this same period[18,21]. The mortality to incidence ratio
of EC is high in African countries. Kenya exhibits the highest mortality rate for both
men and women, while Malawi has the highest incidence rate for both men and
women (Figure 5).

Systematic review
Results of search strategy: We identified 2822 published study citations from four
databases, of which 869 were duplicates. There were 1953 titles that were therefore
screened for initial eligibility, of which 146 were excluded (51 were not in English, and
95 were not human studies). We conducted further screening for studies reporting on
epidemiology or risk factors or management and outcomes of EC and identiﬁed 1807
studies for full article review. Of these 1807 studies, 201 were not conducted in Africa,
196 were review articles, we could not access 153 full articles, and 1138 were not
relevant. We thus identiﬁed 119 eligible for inclusion in the review (Figure 6).
Description of studies: Of the 119 eligible studies, 48 reported on the epidemiology,
36 studies on risk factors and 34 studies on management and outcomes of EC. All
studies were conducted in both males and females, except for studies on
epidemiology by Harington et al[22] and Robertson et al[23] that involved males only
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Figure 1

Figure 1 Forest plot displaying the inverse-variance weighted fixed-effect meta-analysis of the age-standardized incidence rate ratio for oesophageal
cancer in males vs females by region in 18 urban populations in Africa, 2009-2013. IRR: Incidence rate ratio; CI: Confidence interval.

(Table 2).
Of the 48 studies on epidemiology of EC, 13 (27.1%) were conducted in South
Africa[23-35], 8 (16.7%) in Kenya[36-43], 4 (8.3%) in Uganda[44-47], 3 each in Zimbabwe
(6.3%)[48-50], Malawi (6.3%)[51-53], Sudan (6.3%)[54-56] and Nigeria (6.3%)[57-59], 2 each in
Tanzania (4.2%)[60,61] and Zambia (4.2%)[62,63], 1 each in Egypt (2.1%)[64], Mozambique
(2.1%)[65], Senegal (2.1%)[66] and Botswana (2.1%)[67], and 3 (6.3%) studies were multicountry[22,68,69].
Of the 37 studies on risk factors for EC, 18 (48.6%) were conducted in South
Africa[10,70-86], 5 (13.5%) in Kenya[11,13,87-89], 3 (8.1%) in Uganda[4,5,90], 2 each in Ghana
(5.4%)[7,91], Zambia (5.4%)[3,92] and Zimbabwe (5.4%)[93,94], and 1 each in Malawi (2.7%)[95],
Ethiopia (2.7%)[12], Tanzania (2.7%)[6], Egypt (2.7%)[96] and Nigeria (2.7%)[97].
Of the 34 studies on management and outcomes of EC, 18 (52.9%) were conducted
in South Africa [98-114] , 7 (20.6%) were conducted in Egypt [115-121] , and 3 in Kenya
(8.8%)[122-124] , 2 in Sudan (5.9%)[125,126], 1 each in Ethiopia (2.9%)[127], Malawi (2.9%)[128]
and Nigeria (2.9%)[129], and 1 (2.9%) multi-country[130] (Table 2).

Prevalence of esophageal cancer from epidemiology studies
All 48 studies on the epidemiology of EC involved hospital-based patients (unlike the
non-systematic review methods results above that report on population-based
incidence data). Most of these studies were conducted in South Africa with most
studies concentrated in cities or provinces (Table 2). The earliest studies on EC were
conducted in Botswana between 1963 and 1968[67] and in South Africa between 1963
and 1964 [24] . Over time there has been significant geographic variations in the
prevalence of EC within and between countries. In Uganda, 7.5% of gastroscopy
patients seen between 2009 and 2011 had EC[44]. In Zimbabwe, 6% of all cancers seen
between 1991 and 2010 had EC[48]. In South Africa, 17% of all tumors seen in 1998 were
EC[26]. In Zambia, 2.3% of total number of endoscopy patients seen between 1999 and
2005 had EC[63]. In Kenya, 19% total neoplasms seen between 1989 and 1998 were
EC[42].

Risk factors
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Figure 2

Figure 2 Age-specific incidence rates for esophageal cancer among males and females in Africa, 20092013[18].

There were 12 studies included in the quantitative analysis that assessed the
association between risk factors and EC. A qualitative assessment of these 12 studies
achieved a final score of 91.7% and thus had adequate quality (Table 3). Some studies
assessed more than one risk factor and thus there was an overlap in the number of
studies. Of these 12 studies, 11 case control studies assessed tobacco consumption as a
risk factor for EC, 6 case control studies assessed alcohol consumption as a risk factor,
and 3 case control studies that assessed socio-economic status as a risk factor for EC
(Figure 7).
Tobacco: Tobacco smoking and chewing have been found to be major risk factors for
ESCC across many African countries, with OR of approximately 2.5-11.24; 95%CI:
1.36-92.4, P = 0.0001 to 0.04[3,5,88,92].
Several case control studies also found a high relative risk of developing ESCC in
smokers of approximately 1.29 to 5.7 [72,79,80,94] . Among cases of ESCC, higher
proportions (74% to 82.2%) of smokers have also been found among ESCC cases in
cross sectional studies across Africa[6,7]. In a Zimbabwean study, Parkin et al found that
male smokers had a relatively higher risk of developing ESCC compared to female
smokers OR 2.7, 95%CI: 1.8-4.2 vs OR 1.3, 95%CI: 0.8-2.1[93]. In a similar study in
Zimbabwe, tobacco smoking in males was significantly associated with risk of EC
with RR rising to 5.7 among smokers of 15 or more g/day; this effect was independent
of alcohol drinking[94]. Among women who had ever smoked tobacco the RR was 4.0
compared to those who had never smoked. However, another study in South Africa
found a relatively higher risk of developing ESCC in black African female who
smoked cigarettes, OR 1.3, 95%CI: 0.8-2.1[71]. As elsewhere in the world, the prevalence
of tobacco consumption is higher in males than females in Africa. In a study among
159 hospital patients with ESCC in South Africa by Loots et al[35], men were found
more likely to use tobacco than females (OR 7.8, P < 0.001).
Alcoholic beverages: Alcohol consumption was found to be significantly associated
with EC, OR 2.64, 95%CI: 1.55-4.52 [88] . Segal et al [80] found a high relative risk of
developing EC in different groups of men and women who drunk large amounts of
traditional beer. In men the relative risk was 1.25-3.9; 95%CI: 1.1-6.9, P = 0.0001, while
in females it was 1.72-25.70, 95%CI: 1.2-238.4, P = 0.0043. The risk was even higher in
the groups of men who drunk large amounts of commercial spirits, OR 1.93-7.20,
95%CI: 1.2-33.2. EC was also found to be associated with alcohol consumption in
another case control study in South Africa in both males and females who had taken
alcohol before (men: OR 3.48; 95%CI: 2.00-6.09, females: OR 2.23; 95%CI: 1.60-3.11)[81].
They went further to categorise the participants into groups with varying numbers of
days they drunk maize beer per week and also by the amount they drunk per week.
Those who drunk for 5-7 d a week had the highest odds of developing oesophageal as
did the ones who drunk higher quantities of the beer; (males: OR 4.68, 95%CI: 2.329.44; females: OR 2.65, 95%CI: 1.49-4.71) and (males: OR 4.26, 95%CI: 2.39-7.62;
females: OR 5.05, 95%CI: 3.26-7.82) respectively. The same was done for sorghum
beer, commercial spirits, home-made spirits and wine. The results for all the types of
alcohol were similar in both sexes except for home-made spirits which had a relatively
higher OR in females of 15; 95%CI: 3.31-71.18. There is increased exposure to alcohol
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Figure 3 Age-standardized incidence trends for esophageal cancer by calendar year and gender in Africa, 1993-2013[17].

in a male in Africa like in other parts of the world. In a study conducted among
hospital patients with EC in South Africa, Loots et al[35] found that men were more
likely to consume alcohol than females, OR 7.7, P < 0.001. In a study done in Nigeria,
the ASR attributable to alcohol in males was 0.3/100000 while in females it was
0.1/100000[97]. The risk of oesophageal in black South African males and females who
consumed alcohol was similar, OR 1.8, 95%CI: 1.2-2.8 and OR 1.7, 95%CI: 1.0-2.9
respectively [71] . No association was found between alcohol consumption and
oesophageal cancer in a study done in Transkei region of South Africa[79].
Diet: Solanum nigrum vegetable consumption had a relative risk of developing
oesophageal cancer of 3.62, 95%CI: 0.92-4.66[79]. The same study found no association
of various other types of food with oesophageal cancer. There was an association
between purchased maize meal and EC in Zulu men of South Africa, with a relative
risk of 5.7[72]. In a study done in Eastern Cape Province of South Africa, Sewram et al[10]
found associations between different types of diet and EC. Individually, maize or
sorghum consumption versus never or rare consumption were not associated with EC
(P > 0.1). Males and females consuming green leafy vegetables 5-7 day/week had 38%
(P = 0.04) and 50% (P = 0.007) reduced odds of developing EC, respectively, compared
with consumption ≤ 1 d/wk. A similar reduction in odds was observed with fruit
consumption. Principal component factor analysis revealed 3 distinct dietary patterns.
In females, high vs low consumption of Pattern 1 (sorghum, green leafy vegetables,
green legumes, fruits, meat) was inversely associated with EC development (OR =
0.54, 95%CI: 0.34-0.89), whereas for Pattern 2 (maize, wild greens-imifino, dry beans)
the odds were elevated (OR = 1.67, 95%CI: 1.04-2.67). Compared with low adherence,
high adherence to Pattern 3 (wheat-based products) reduced the odds by 35% for both
sexes[10].
Social economic status: Not having a monthly salary was associated with EC in men;
the relative risk of developing EC was high in those that had no monthly salary
compared to those that received a high salary (RR 5.7, 95%CI: 2.2-14.5). The relative
risk of developing EC was still significantly high in those that had no monthly income
compared to those that received a low salary (RR 1.23, 95%CI: 1.1-1.4), P = 0.0003. A
similar association was observed in females who had no monthly income compared to
those who received a high monthly income (RR 74.4, 95%CI: 2.7-83.3); also compared
to those that received a low monthly income (RR 1.72, 95%CI: 1.2-2.4), P = 0.0043[80].
Low occupational status (OR 1.5, 95%CI: 1.0-2.1) and working as a miner (OR 2.5,
95%CI: 1.5-4.2) were associated with increased risks of EC compared to men of
medium or high occupational status[94]. Poor housing was found to be an independent
predictor of EC in a study done in Kenya, (OR 2.0, 95%CI: 1.1-3.5)[13]. No association
was found between socio-economic status and EC in a study done in Transkei region
of South Africa[79].
Infections: HIV infection on its own conferred increased risk of developing ESCC (OR
2.3, 95%CI: 1.0-5.1, P = 0.03). The OR was stronger when only people under 60 years
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Figure 4 Age-standardized incidence rates for males and females by country in Africa, 2009-2013[18].

were included (OR 4.3, 95%CI: 1.5-13.2, P = 0.003) [92] . An association between
Helicobactor pylori and EC was found in South-Western Uganda, OR 7.2, 95%CI: 1.6831.04, P = 0.003[90]. However, in another study, Helicobactor Pylori prevalence was
found to be similar between cases of oesophageal cancer and general population
(51%)[75].
Micronutrients: Within a high EC rate area occupant of households with previously
recorded EC cases had significantly lower levels of Selenium (Se, P < 0.0025), but not
of other mineral elements, than subjects from households without known cases of
EC [74] . Mean Se levels of subjects with premalignant or malignant esophageal
cytological changes were significantly lower than those of subjects without such
lesions, P < 0.0025. An inverse relationship was found between Se status and the
degree of cytologic abnormality. These findings suggest that Se deficiency may play a
role in the development of EC[74]. In a cross-sectional study in Western Kenya, Pritchet
et al[89] found a high serum Se associated with prevalence of esophageal squamous
dysplasia. (Q4 vs Q1: OR 3.03, 95%CI: 1.05-8.74), after adjusting for potential
confounders (Q4 vs Q1: OR: 3.87, 95%CI: 1.06-14.19).
A direct comparison between subjects with carcinoma of the oesophagus and the
1976 group showed that the geometric mean hepatic iron concentrations in the
carcinoma patients were significantly higher in the 40-49, 50-59 and over-60 age
groups [73] . While geometric mean hepatic iron concentrations in the various age
groups were also higher than those obtained in the 1959/1960 study, the differences
only reached statistical significance in subjects over the age of 60 years. These results
suggest that the excessive consumption of home-brewed alcoholic drinks
contaminated with iron may be directly or indirectly associated with the development
of carcinoma of the oesophagus in urban black adults[73].
Genetic factors: Females were twice more likely to report a family history of cancer, P
= 0.017, OR 2.6[35]. Genome wide association studies have shown an association of
genetic regions and EC in an African population when compared to a non-African
population with increase EC incidence. However, these variations are noted within
the same African population and require further analysis[70]. In a retrospective analysis
of patients with esophageal biopsies, Simpong et al [91] evaluated HER-2 protein
expression in tissue. Of 91 esophageal biopsies, they found 8 cases (8.79%) of
esophageal adenocarcinoma, of which 3 (37%) had HER-2 overexpression. The
implications of this are developing targeted treatment protocols[91]. Mutation in ras
gene is thought to promote carcinogenesis[82]. Victor et al[82] evaluated 27 EC samples
from a high incidence are in South Africa, and found no evidence of ras mutation,
however the authours conclude that point mutation may not be directly involved but
possibly involvement of ras via other mechanisms.
Another studied gene is the MSH3, involved with DNA mismatch repair. A
mutation in MSH3 has been shown to promote carcinogenesis of the colon. When
investigating the methylation status of MSH3 gene in tumors and matching adjacent
normal-looking tissues from EC patients in a high-risk South African population in
order to further elucidate possible role of MSH3 in esophageal tumorigenesis, overall,
promoter methylation was detected in 91.9% of tumors, which was significantly
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Figure 5

Figure 5 Estimated age-standardized mortality and incidence rates for both males and females from selected African countries, 2018. Data Source:
International Agency for Research on Cancer[21].

higher compared to 76.0% in adjacent normal-looking esophageal tissues (P =
0.008) [83] . When samples were grouped according to different demographics
(including age, gender and ethnicity) and smoking status of patients, methylation
frequencies were found to be significantly higher in tumor tissues of Black subjects (P
= 0.024), patients of 55-65 years of age (P = 0.032), males (P = 0.037) and tobacco
smokers (P = 0.015). Furthermore, methylation of the MSH3 promoter was
significantly more frequent in tumor samples from smokers compared to tumor
samples from non-smokers (OR = 31.9, P = 0.031)[83].
The mismatch repair system (MMR) is involved repairing errors that occur in DNA
replication. Some of the proteins in the MMR system include MSH3, PMS1 and
MLH3. A mutation in these can result in carcinogenesis. Vogelsang et al[83], assessed
the cumulative effects of polymorphisms in the DNA mismatch repair genes and
tobacco smoking in EC risk in a South African population[83,84]. In a mixed ancestry
group, they found the MSH3 rs26279 G/G vs A/A or A/G genotype was positively
associated with cancer (OR = 2.71, 95%CI: 1.34-5.50). Similar associations were
observed for PMS1 rs5742938 (GG vs AA or AG: OR = 1.73, 95%CI: 1.07-2.79) and
MLH3 rs28756991 (AA or GA vs GG: OR = 2.07; 95%CI: 1.04-4.12) [84] . In Black
individuals, however, no association between MMR polymorphisms and cancer risk
was observed in individual single nucleotide polymorphisms analysis)[84]. In a similar
study of South Africans with Black ancestry (368 cases and 583 controls) and mixed
ancestry (197 cases and 420 controls), Wang et al [85] sought to investigate the
associations of 3 individual microRNA single nucleotide polymorphisms with the risk
of developing esophageal SCC. In Blacks, rs6505162 A>C was associated with ESCC
under dominant, additive and recessive models with ORs 1.353, 1.404, and 2.858,
respectively[85]. This locus showed very strong interactions with smoke inhalation
from burning wood or charcoal used for heating and cooking in very poorly
ventilated areas The AArs213210-CTrs7372209 genotype had a protective effect on
OSCC risk (in the Black, OR = 0.229, P = 0.012; and the Mixed Ancestry groups, OR =
0.230, P = 0.00014)[85]. In a Kenyan study, first degree family history of ESCC was
found to be an independent predictor of ESCC, (OR 3.5, 95%CI: 1.3-9.5)[13].. In another
study in Egypt, family history of EC was found to be a risk for EC, (OR 6.21, 95%CI:
3.12-11.81)[96].
Oat chewing: In a study done in Ethiopia, qat use was more frequent in EC cases
(36%) than in controls (26%). A 2-fold elevation in EC risk was observed in ever qat
chewers compared with never users in unadjusted conditional logistic regression (OR
= 2.12, 95%CI = 0.94-4.74), an association that disappeared after adjusting for
differences in tobacco use, consumption of alcohol and green vegetables, education
level, and religion (OR = 0.95, 95%CI: 0.22-4.22) [12] . Among never tobacco users,
however, a non-significant increase in EC risk was suggested in ever qat users also
after adjustment[12].
Age and gender: With a median age of 60 years for cases vs 45 years for controls, an
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Figure 6

Figure 6 Flow diagram for literature review.

association with oesophageal cancer was observed in the older age with an OR of 1.63,
95%CI: 1.34-1.98, P < 0.001, while male gender also showed an association, OR 2.17,
95%CI: 1.07-4.41, P = 0.032[5]. Males and the elderly were found to be more susceptible
to EC than females and younger ones respectively in a study done in Egypt (OR 3.12,
95%CI: 2.41-4.29) and (OR 1.32, 95%CI: 1.21-1.4) respectively[96].
Ethnicity and residence: Kalenjin ethnicity was found to be associated with EC in
western Kenya, OR 5.7, 95%CI: 2.1-15.1[87]. Long-term residence in the Transkei region
of South Africa was found to be associated with EC in females, OR 14.7, 95%CI: 4.746.0[71].
Urine isoprostane: High level of Urine isoprostane was found to be associated with
ESCC in Zambia, OR = 2.35, 95%CI: 1.19-4.65, P = 0.014[3].
Non-acid gastro-oesophageal reflux: Non-acid gastro-oesophageal reflux was
associated with development of ESCC, OR 8.8, 95%CI: 3.2-24.5, P < 0.0001[76]. Alcohol
and smoking had no effect on these results.
Caustic ingestion: Caustic ingestion was found to be an independent predictor of EC
in a study done in Kenya (OR 11.3,95%CI: 3.0-42.5)[13].
Tooth loss, cooking, hot beverage consumption, dental fluorosis and using mursik:
Tooth loss, cooking, hot beverage consumption and using mursik were found to be
associated with EC in the Rift Valley of Kenya, OR 5.28, 95%CI: 2.98-9.41; OR 2.32,
95%CI: 1.41-3.84; OR 12.78, 95%CI: 6.98-23.6; and OR 3.72, 95%CI: 1.96-7.14
respectively[88]. Menya et al[11] conducted a case control study in Kenya evaluating the
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Table 2 Summary of studies from systematic review
SA Ken Uga Zim Mal Sud Nig Tan Zam Egy Moz Sen Bot Gha Eth Multi
Studies on epidemiology (n = 48)
Total number of studies per country

13

8

4

3

3

3

3

2

2

1

1

1

1

Number of studies in cities/provinces

8

5

3

3

3

3

3

2

2

1

1

1

1

–

–

1
1

Studies on risk factors (n = 37)
Total number of studies per country

18

5

3

2

1

–

1

1

2

1

–

–

–

2

1

–

Number of studies on tobacco consumption

10

3

2

2

2

–

–

1

2

–

–

–

–

1

1

–

Number of studies on alcohol consumption

5

1

1

1

–

–

–

–

–

–

–

–

–

–

1

–

Total number of studies per country

18

3

–

–

1

2

1

–

–

7

–

–

–

–

1

1

Number of studies that report on
chemotherapy

5

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Number of studies that report on radiotherapy 3

–

–

–

–

–

–

–

–

–

–

–

–

–

–

1

Number of studies that report on
chemoradiotherapy

–

–

–

–

–

–

–

–

1

–

–

–

–

–

–

Studies on management and outcomes (n = 34)

4

SA: South Africa; Ken: Kenya; Uga: Uganda; Zim: Zimbabwe; Mal: Malawi; Sud: Sudan; Nig: Nigeria; Tan: Tanzania; Zam: Zambia; Egy: Egypt; Moz:
Mozambique; Sen: Senegal; Bot: Botswana; Gha: Ghana; Eth: Ethiopia; Multi: Multi-country.

association of dental fluorosis and EC. They assessed association of EC with tobacco
use, alcohol consumption, education, oral hygiene and missing/decayed teeth. After
adjusting for the other factors, they found 40% of EC cases had moderate/sever
fluorosis, OR 9.4, 95%CI: 4.6-19.1 and 43 % cases with mild fluorosis, OR 2.3, 95%CI:
1.3-4[11].
Traditional Xhosa medications: There was an association between taking traditional
Xhosa medications and EC with a relative risk of 2.08, 95%CI: 0.92-4.66[79].
Baker’s yeast: There was an association between consumption of bakers yeast and EC
in men, RR 2.17; 95%CI: 1.1-4.2, P = 0.0234[80].

Management and outcomes
Endoscopic pulsion intubation: This was only reported in three studies, and of the
three studies, only two reported on the number of patients with a combined total of
200 patients[122,131]. This is a palliative endoscopic procedure to relieve patients from
malignant dysphagia, in which the oesophagus is endoscopically intubated, then an
endoprosthesis place at site of obstruction [122,131,132] . Jani et al [122] reported it to be
affordable and effective method of palliative treatment.
Stenting: Esophageal self-expandable metallic stent (SEMS), are used for palliative
treatment of malignant dysphagia or esophago-respiratory fistula. We had 10
different studies with a combined total study population of 1699 patients that
reported a marked improvement in symptoms of malignant dysphagia and/or
esophago-respiratory fistula[103,107,108,119,120,123,124,128,133,134]. The type of stents used includes
Ultraflex (Boston Scientific Corporation, MA, United States), AT&M SEMS (Advanced
Technology and Materials, Beijing, China), Wallstent (Boston Scientific Corporation,
MA, United States) among others[108,120,124].
Chemotherapy: Chemotherapy is a systemic therapy with the potential to eradicate
micrometastatic disease by decreasing the number of cancer-cell dissemination. Five
studies with a combined study population of 214 patients were reported in which
chemotherapy (as single agent or combination) was used in the treatment of
oesophageal with varying outcomes[99,100,106,131,135].
Radiotherapy: Different modalities of radiotherapy were employed as a sole modality
to treat malignant dysphagia with improved outcomes. The different types of
radiotherapy used included; brachytherapy such as high dose rate brachytherapy
(HDRBT) in a study with a study population of 139 patients [130] , high dose rate
intraluminal brachytherapy (HDRILBT) with a study population of 172 patients[111],
microselectron high dose rate brachytherapy(MHDRBT) with a study population of
232 patients[112], intraluminal brachytherapy, telebrachytherapy[110], and external beam
radiotherapy(EBRT)[136]. A combined radiotherapy technique was used in some studies
such as HDRBT/EBRT and EBRT/Intraluminal brachytherapy[136].
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Table 3 Quality of the 12 case control studies included in the meta-analyses of risk factors for esophageal cancer
Quality variable

Quality variable categories

Number of studies

Proportion (column %)

Representativeness of sampling procedures used in each study

Non-probability

12

100.0

Probability

0

Above 80%

10

Response rate

Validity of measurement methods for risk factors

83.3

Between 60% and 80%

2

Not reported

0

Face to face interview

12

100.0

Histology

10

83.3

Endoscopy

1

Not reported

1

Yes

11

Not reported

1

Self-administered questionnaire
Bias in the measurement of the esophageal cancer

Control for important confounders

Final score (mean across the items)

91.7

91.7

Chemo radiotherapy: Radiotherapy and chemotherapy were simultaneously used in
some studies to enhance survival and improve the patients’ quality of life. Both
therapies are known to improve the control of both the systemic disease and local
disease by down staging the cancer thus increasing the surgical resectability. Four
studies[98,109,114,117] reported on chemo radiotherapy (CRT) in which different regimes
were used such as Cisplatin/fluorouracil/radiotherapy [ 1 1 7 ] , Bleomycin or
Vimblastine/radiotherapy[98], Cisplatin and 5-Fluorouracil/radiotherapy[109,135].
Esophagectomy: Esophagectomy remains the primary treatment modality of early
oesophageal cancer, however in our study most studies attempted to find out its role
in palliation for patients with advanced oesophageal cancer. Different approaches
were employed that include; transhiatal esophagectomies [104,129] , transthoracic
approach esophagectomies such as left transthoracic and Ivor Lewis approaches[125-127,137] and McKeon approach[126].

Assessment of morbidity and mortality
Only 2 studies on esophageal stenting studies reported on mortality. The two studies
reported stent application associated mortality of 3.5% in a study population of 58
patients[107] and of 0.5% in a study of 951 patients[124]. Three studies reported on the
morbidity associated with this same intervention [119,120,124] . The early morbidities
reported include oesophageal perforation, bleeding, chest pains and death while the
late morbidities include migration, Tracheo-Oesophageal Fistula (TOF) and tumour
overgrowth [119,120,124] . No study reported on any mortality associated with use of
chemotherapy only. However, three studies reported on complications of the
chemotherapy only. The common complications include haematological toxicity of
different spectrums, stomatitis, cheilitis, xeroderma, nausea, anorexia and
vomiting [99,100,106] . Only one study reported on mortality associated with use of
radiotherapy (HDRILBT) alone[111]. A mortality of 12.8% was reported in this study
with a study population of 172 patients [111] . The same study also reports on
oesophageal strictures as the common complication occurring in 25% of patients on
HDRILBT. Patients treated with telebrachytherapy at 20GY and 15GY dosages
reported a complication free survival rate of 55% and 83% respectively[110].
No study reported on any mortality associated with use of chemo-radiotherapy.
Only one study with a study population of 25 patients reported on complications such
as haematological toxicity, mucositis, oesophagitis, nausea, vomiting and
diarrhoea[117]. Esophagectomy associated mortality was reported in seven studies. The
highest 30 d perioperative mortality was 50% in a study with a population of 10
patients, however, in the follow-up study with 21 patients the morbidity decreased to
14.3%[129]. The lowest mortality reported was 10% in a study with a study population
of 100 patients[126]. The 30 d perioperative mortality was even lower (6.5%) in a study
with combined treatment of Esophagectomy and CRT[138]. Other studies reported a
mortality 11.8% in a study population of 127 patients[104], mortality 27.8% in a resected
population of 61 patients[125], mortality 28% in a resected population of 34 patients and
mortality 30% in a resected population of 25 patients[137]. Four studies reported on
morbidity and the common complications includes; hemorrhage, anaesthetic
complication, pneumonia, respiratory failure, pleural enteritis, chest wall infection,

WJG

https://www.wjgnet.com

4524

August 21, 2019

Volume 25

Issue 31

Asombang AW et al. Esophageal cancer in Africa
Figure 7

Figure 7 Forest plot displaying the inverse-variance weighted fixed-effect meta-analysis of risk factors for esophageal cancer in Africa.

anastomotic leakage and heart failure[125,127,129,137].

Assessment of outcomes and overall survival
The mean dysphagia score was measured using the Mellow and Pinka’s dysphagia
score and was reported to improve after stent application in 10 studies
[107,108,115,119,120,123,124,128,133,134]
. A study with a population of 40 patients had the best mean
dysphagia score improvement which was from a score of 3 to a score of 0[108]. The
other mean dysphagia score improvements reported include; score 3.3 to 1.0 in a
study population of 951 patients[124], score 3.5 to score 0.5 in a study population of 70
patients[134], score 3.5 to score 1.2 in a study population of 124 patients[119], score 2.98 to
score 1.08 in a study population of 58 patients[107] and score 3.0 to score 1.0 in a study
population of 350 patients[115].
There were 14 studies included in the quantitative analysis that assessed posttreatment person survival. Some studies assessed survival from more than one
treatment modality and thus there was an overlap in the number of studies. Of these
14 studies, 6 studies that assessed survival after stent placement, 3 studies assessed
survival after chemotherapy, 4 on the effects of radiotherapy and 4 studies on the
effects of chemotherapy on survival. The overall means for each treatment modality
were calculated and chemo-radiotherapy had the longest post-treatment patient
survival of 267.50 d. Radiotherapy had an overall mean survival time of 188.75 d,
Stents 155.33 days, and chemotherapy 95.67 d (Figure 8).
Five studies reported on esophagectomy for the treatment of EC. Resection margins
are classified as: RO - no microscopic evidence of remnant tissue, R1 - microscopically
positive margins, and R2 - macroscopically positive margins. The goal of resection is
to achieve RO margins. Only one study reported on R1 esophagectomy, of which it
was only achieved in 2.2% of the resected patients[138]. The overall survival rates
reported in the esophagectomy patients includes; 76.6% in 3 years [138] , 30% in 3
years[101], 64% in 1 year and 40% in 2 years[125], 13.2% in 5 years[104], 52% in 2 years and
70.6% in 1 year[126].
Five studies reported on the use of stent placement in the treatment of EC. Of these,
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Figure 8

Figure 8 Shows the median post-treatment survival times in days for Stent, chemotherapy, radiotherapy, chemo-radiation and respective treatment of
esophageal cancer in Africa.

two studies found the median patient survival time to be less in patients who had
TOFs as a complication EC, (62 d and 142 d), compared to those without TOF (91 d
and 250 d)[107,124]. The best median patient survival time reported in stent application
was 300 d (5.9 mo) in a study with a population of 100 patients[133]. The median patient
survival times reported in other studies include 139 d in a study population of 350
patients[115], 216 d for males and 304 females in a study population of 151 patients[124].
Four studies reported on median patient survival and six studies on improvement
of the patient’s mean dysphagia score after radiotherapy as single treatment for
EC[109-112,130,136]. The best median patient survival time among these studies was 237 d
(7.9 mo)[112]. The other studies reported a median patient survival time of 188 d with
an overall survival rate of 18% in 1 year[130], 186 d with an overall survival rate of
19.4% in 1 year (20). The lowest median patient survival time reported was 144 d[109].
Four studies reported on the use of CRT for the treatment of EC. CRT reported the
highest median patient survival time of 600 d (20 mo) compared to any other
treatment modality[121]. The lowest reported median patient survival time of patients
on CRT was 90 d (3 mo) in a study with a population of 271 patients[98]. The other
studies on CRT reported a median overall survival time of 210 d (7 mo)[117] and 170 d
(5.6 mo) [109] . Two studies reported on the improvement of the patient’s mean
dysphagia score by 75% [117] and 67% [98] . Only one study reported on the use of
endoscopic Nd-YAG laser for palliation in patients with oesophageal cancer. It
reported an improvement of the mean dysphagia score from 3.3 to 1.2[116].

DISCUSSION
To our knowledge, this is the first comprehensive systematic review reporting the
epidemiology, risk factors, management and outcomes of EC in Africa. The current
incidence of 9.7 to 17.9/100000 is likely to be an underestimation. The predominant
histopathological abnormality is squamous cell carcinoma in sub-Saharan Africa. We
found that EC occurs at a younger age compared to other cancers, with a rise in
incidence from age 40, peaking at persons aged 75. The incidence cannot be accurately
recorded as some countries in Africa have not reported any studies on EC, and in
those countries where studies have been carried out, there tends to be regional
variation.
Within Sub-Saharan Africa there is a lot of geographic variability with the highest
incidence of squamous cell carcinoma in Malawi of 30.3 cases /year/100000 among
males and 19.4 cases /year/100000 among females between 2009 and 2013. The
incidence is higher in males in sub-Saharan Africa but is equal between the sexes in
North Africa. The reason for the high burden EC in several parts of Eastern and
Southern Africa, especially among males could be explained in part by the strong
association between tobacco consumption and EC as demonstrated in our metaanalysis (I-squared = 32.9%, OR 3.15, 95%CI: 2.83-3.50). There was significant
heterogeneity between studies that examined the association between alcohol
consumption and EC (I-squared = 92.1%, OR 2.28, 95%CI: 1.94-2.65); also between
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studies that examined the association between low socioeconomic status and EC (Isquared = 85.5%, OR 139, 95%CI: 1.25-1.54) as risk factors, but these could also
contribute to increasing the incidence of EC. The geographic variation of EC within
Africa can be explained by several environmental risk factors, and some host factors
related to metabolic pathways of handling of oxidative stress and toxins. There may
be a synergy to these risk factors. Fungal and mycotoxin contamination of staple
cereals including white maize, wheat and Kocho (Qocho) in Ethiopia. Consumption of
Mursik a fermented goat/sheep milk product has been identified as a risk in Kenya.
The toxin associated with this risk is not very clear. Consumption of hot beverages
including tea and porridge, is a risk as is poor oral health and fluorosis in some parts
of Kenya. A low consumption of fruits and vegetables and deficiency in Se are
considered as risks.
Host factors including mutation in genes coding for enzymes responsible for
Alcohol and Acetaldehyde metabolism, and handling of oxidative stress in alcohol
and contaminated food were found to be associated with EC and are important.
Human papilloma virus infection has been observed to be a risk in some studies, but
this risk is not consistent in other studies. Exogenous or endogenous acetaldehyde as
a product of alcohol and oral fermentation (poor dental hygiene) is carcinogenic.
Acetaldehyde dehydrogenase detoxifies both alcohol and Acetaldehyde. Formation of
Acetaldehyde DNA adducts causes mutagenesis. ALDH2 polymorphism has been
implicated in the development of oesophageal cancer. Genetic polymorphisms
associated with modulation of oxidative stress, including N-acetyl transferases NAT1
and NAT2 mutations, Glutathione S transferase GSTT2B have been implicated in
development of ESCC. Somatic mutations including p53 and p16/CDKN2 genes and
those associated with genetic polymorphisms associated with DNA repair like
RUNX1 rs2014300 have been observed as an independent risk in some small studies.
EC in Africa is associated with high mortality. The mortality relates to advanced
disease at presentation, lack of availability of treatment modalities. There is morbidity
and mortality associated with the treatment modalities. The high mortality is related
to late presentation of disease. Radiotherapy delivered as brachytherapy or external
beam improved, symptoms and a combination of these radiotherapy modalities was
more effective. Chemotherapy has been used with palliative intent and was more
effective in symptom control with additional radiotherapy (Chemoradiotherapy).
Palliative care with self expanding mental stents improves symptoms of dysphagia.
Preventive strategies include public health interventions can modulate these risks,
including discouraging smoking and alcohol consumption, changing practices of
alcohol brewing and access to dental care. Agricultural and food storage practices to
encourage dry storage of staple cereals could minimise fungal infection and thus limit
mycotoxin contamination. Consumption of fruits and vegetables can be encouraged.
Food with high antioxidant properties can also be identified and incorporated into
local diets.
There is no obvious “at risk” population for squamous cell dysplasia or, are other
risk factors to guide in formulation of screening programs for SCCO surveillance.
Dysphagia is a late symptom in oesophageal cancer, as such it is difficult to formulate
screening program in these high-risk populations, other than those with underlying
Barrett’s oesophagus, a risk for oesophageal adenocarcinoma in North Africa.
The high mortality is related to late presentation with advanced stage disease as
symptomatic EC is often advanced. As some studies show high perioperative
mortality, this may be related to surgery on advanced and unstaged disease,
perioperative malnutrition due to lack of nutritional assessments and optimisation
and general postsurgical care and critical care facility availability. Optimisation of
nutrition, local staging including endoscopic ultrasound and staging with computed
tomography (CT) and positron emission tomography-CT scans for disseminated
would inform treatment choices, and thus prognosis. The aim for surgical resection
should be R0 resection. This required surgical expertise, but such characterisation also
requires a skilled pathologist. Adjuvant chemotherapy would improve the prognosis
in those with excision specimens more than R0. Evidence based outcomes in
management of these patients would therefore require multi-disciplinary team
assessment of these patients to choose the most appropriate treatment. Early detection
of cancers, endoscopic resection of such cancers and palliative stenting require skilled
endoscopists. Investment in such skills and these facilities would improve mortality
and morbidity in Africa. There is also a need for investment in oncological services
including chemotherapy and radiotherapy. Patients with advanced oesophageal
cancer would require high quality palliative care, to manage stricture, aspiration due
to tracheoesophageal fistulae with stenting, and chemo-radiotherapy to manage
strictures. As with the other services, skills in endoscopy, nutrition and oncology are
required.
There are some limitations to this systematic review. There is a variation in sample
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size and study design, with most having a small sample size, retrospective, less
prospective and low number of randomized controlled trials. Measures of association
such as relative risk or OR were not included, rather percentage of subjects with an
identified risk factor. Some of the published data are from the 1970s, 80s and 90s with
limitations to the full manuscript access and applicability to the current era given the
socioeconomic and environmental changes. There is a lack of data from African
countries, particularly mortality data. The mortality outcome studies are not clearly
linked to preoperative or resection staging, treatment options are not clearly based on
staging and the genetic polymorphism/associated mutation studies have not been
replicated in larger studies hence the need for multicenter studies to address these
issues. Further research is required to understand, the other risk factors can direct
future targeted drug treatments that account for geographic variation, epidemiology,
better treatments.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer (EC) is associated with a poor prognosis, particularly so in Africa where an
alarmingly high mortality to incidence ratio prevails for this disease. This paper aims to provide
further understanding of EC in the context of the unique cultural and genetic diversity, and
socio-economic challenges faced on the African continent.

Research motivation
The incidence rates of EC in Africa have been uptrending in contrast to those seen in other parts
of the world, with some of the highest incidence rates being found in East Africa. In addition, the
histological pattern of disease shows a geographic variation. There is a need for further study in
order to understand the various predisposing factors leading to these trends; as well as the
treatment strategies and survival outcomes.

Research objectives
By conducting a comprehensive review of published studies of EC in Africa, this article aims to
estimate the incidence and geographic variation of EC in Africa; to determine the risk factors
associated with EC in this region, as well as describing the management and treatment
outcomes.

Research methods
Both systematic and non-systematic systematic review methods were used. The systematic
review was used to obtain data on epidemiology, risk factors, management and outcomes of EC,
while the non-systematic review was to obtain incidence data from the International Agency for
Research on Cancer, and the Cancer in Sub-Saharan reports. Databases including EMBASE,
PubMed, Web of Science, and Cochrane Central were searched from inception to March 2019
and the list of articles retrieved was reviewed. Random effects meta-analyses models were used
to assess heterogeneity between studies and to obtain odds ratio and 95% confidence intervals of
the associations between EC and risk factors, incidence rate ratios for EC between sexes, and
survival following treatment.

Research results
Apart from confirming well-established risk factors such as tobacco use and alcohol
consumption, other associations were established - including dietary and genetic factors, socioeconomic status and infections such as HIV. The age-standardized incidence rates of EC were
noted to be higher in men than women, except in parts of North Africa were the rates were
similar. The highest incidence rates were found to be in Malawi (30.3 and 19.4 cases
/year/100000 population for males and females, respectively) followed by Kenya (28.7
cases/year/100000 population for both sexes). The best treatment outcomes were seen in
patients who underwent esophagectomies and achieved overall survival rates of 76.6% at 3
years, as well as in those who underwent chemoradiotherapy and had a median patient survival
time of 20 mo.

Research conclusions
Africa has high incidence and mortality rates of EC, with preventable as well as non-modifiable
risk factors, and the highest rates occurring in Malawi and East Africa. The management of this
disease requires a multidisciplinary approach, and survival is significantly improved in the
setting of esophagectomy and chemoradiation therapy.

Research perspectives
Although advanced EC has a poor prognosis, a better understanding of the associated risk
factors and challenges faced in managing this condition in the African setting can better inform
the development of strategies and policies to improve earlier detection, optimize management
and prolong survival.
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Abstract
BACKGROUND
Crohn’s disease (CD) can affect the entire gastrointestinal tract. Proximal small
bowel (SB) lesions are associated with a significant risk of stricturing disease and
multiple abdominal surgeries. The assessment of SB in patients with CD is
therefore necessary because it may have a significant impact on prognosis with
potential therapeutic implications. Because of the weak correlation that exists
between symptoms and endoscopic disease activity, the “treat-to-target”
paradigm has been developed, and the associated treatment goal is to achieve
and maintain deep remission, encompassing both clinical and endoscopic
remission. Small bowel capsule endoscopy (SBCE) allows to visualize the
mucosal surface of the entire SB. At that time, there is no recommendation
regarding the use of SBCE during follow-up.
AIM
To investigate the impact of SBCE in a treat-to-target strategy in patients with
CD.
METHODS
An electronic literature search was conducted in PubMed and Cochrane library
using the following search terms: “capsule endoscopy”, in combination with
“Crohn’s disease” and “treat-to-target” or synonyms. Two authors independently
reviewed titles and abstracts identified by the search strategy after duplicates
were removed. Following the initial screening of abstracts, all articles containing
information about SBCE in the context of treat-to-target strategy in patients with
CD were included. Full-text articles were retrieved, reference lists were screened
manually to identify additional studies.
RESULTS
Forty-seven articles were included in this review. Two indexes are currently used
to quantify disease activity using SBCE, and there is good correlation between
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them. SBCE was shown to be useful for disease reclassification in patients who
are suspected of having or who are diagnosed with CD, with a significant
incremental diagnostic yield compared to other diagnostic modalities. Nine
studies also demonstrated that the mucosal healing can be evaluated by SBCE to
monitor the effect of medical treatment in patients with CD. This review also
demonstrated that SBCE can detect post-operative recurrence to a similar extent
as ileocolonoscopy, and proximal SB lesions that are beyond the reach of the
colonoscope in over half of the patients.
CONCLUSION
SBCE could be incorporated in the treat-to-target algorithm for patients with CD.
Randomized controlled trials are required to confirm its usefulness and reliability
in this indication.
Key words: Wireless capsule endoscopy; Inflammatory bowel disease; Treat-to-target;
Monitoring; Mucosal healing; Post-operative recurrence; Prognosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The treatment goal in patients with Crohn’s disease (CD) combines both
clinical and endoscopic remission. Assessment of the small bowel (SB) is substantial
because it may have a significant impact on prognosis. Small bowel capsule endoscopy
(SBCE) allows direct visualization of the entire SB mucosal surface. We conducted a
systematic literature review that aimed to provide a global overview of the studies that
assessed the use of SBCE in a treat-to-target strategy in patients with CD. SBCE could
be useful for refining the disease location, assessing mucosal healing in patients
receiving treatment, and monitoring patients in the post-operative setting.

Citation: Le Berre C, Trang-Poisson C, Bourreille A. Small bowel capsule endoscopy and
treat-to-target in Crohn's disease: A systematic review. World J Gastroenterol 2019; 25(31):
4534-4554
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4534.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4534

INTRODUCTION
The prognostic impact of small bowel lesions in Crohn’s disease
Inflammatory bowel diseases (IBD), which encompass Crohn’s disease (CD) and
ulcerative colitis (UC), are chronic and disabling inflammatory gastrointestinal
disorders. In contrast to UC in which lesions are strictly limited to the colon, CD is
more heterogeneous and can affect the entire gastrointestinal tract, from the mouth to
the anus. The Montreal classification of CD distinguishes anatomical disease location
in the ileum (L1), colon (L2), and both the ileum and colon (L3)[1], each accounting for
approximately one-third of patients who are diagnosed with CD[2]. About 10%–15% of
patients have associated upper gastrointestinal lesions (L4)[3], which are isolated in
2%–3% of cases[4]. It has been demonstrated that jejunal disease is a significantly
greater risk factor for stricturing disease and multiple abdominal surgeries than either
esophagogastroduodenal or ileal (without proximal) disease[5-7].

How can the small bowel be assessed in patients with CD?
Assessment of the small bowel (SB) in patients with suspected or diagnosed CD is
necessary because complete visualization of the entire length of the SB may have a
significant impact on prognosis with potential therapeutic implications[8]. Deviceassisted enteroscopy should be performed only when endoscopic therapy is indicated,
because of its invasive nature [9] . Cross-sectional imaging (magnetic resonance
enterography and computed tomography enterography) is highly accurate for the
diagnosis of obstructive and fistulizing SB CD. Computed tomography enterography
(CTE) is less suitable than magnetic resonance enterography (MRE) for follow-up
monitoring because radiation exposure should be considered. Since its first approval
by the Food and Drug Administration (FDA) in August 2001, small bowel capsule
endoscopy (SBCE) has become an important tool for assessing the SB, and it is
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particularly useful in areas of the gastrointestinal tract that are not accessible to
conventional endoscopy. In a recent prospective study assessing whether SBCE or
MRE that was performed after the initial diagnosis may alter the original disease
classification, SBCE was more sensitive for detection of previously unrecognized
locations, while MRE was superior for detection of phenotype shift[10]. Therefore,
SBCE and MRE are probably complementary, because MRE assesses transmural
involvement, while SBCE allows direct visualization of the mucosal surface of the SB.
Five main lesions are associated with CD, although not specific – edema, aphthoid
erosions, superficial and deep ulcerations, and stenosis (Figure 1).

Small bowel capsule endoscopy to monitor patients with CD
Until recently, therapeutic strategies relied on a progressive and step-wise approach
that was based solely on IBD-related symptoms. However, evidence is now
accumulating that demonstrates the weak correlation that exists between symptoms
and endoscopic disease activity in patients with CD[11-13]. Thus, the “treat-to-target”
paradigm was developed in 2015, and it is based on regular and objective assessment
of disease activity, and subsequent adjustment of the treatment[14]. The treatment goal
has evolved to a new concept, which is achieving and maintaining deep remission,
combining both clinical and endoscopic remission[15]. In patients with CD, the STRIDE
consensus defined endoscopic remission as resolution of ulceration at ileocolonoscopy
or resolution of inflammation findings on cross-sectional imaging when endoscopy
cannot adequately evaluate inflammation[15]. However, as discussed above, MRE may
often underestimate mucosal lesions, and SBCE could play a key role to play in this
tight monitoring of patients with CD.
Both European and American guidelines now recognize SBCE as a useful adjunct in
diagnosising SB CD in patients in whom there is a high clinical suspicion for CD,
because it has a high negative predictive value in this indication[9,16]. In 2009, an
international consensus aimed to define the role of SBCE in the follow-up of patients
with IBD, suggesting that SBCE “may identify lesions in the small bowel that have not
been detected by ileocolonoscopy after ileocolic resection” and that it “has a potential
role in the assessment of mucosal healing after drug therapy”, but there was little of
evidence to support this suggestion[17]. At that time, there is no recommendation for
the use of SBCE during patient follow-up.

Objective
Here, we conducted a systematic literature review that aimed to investigate the
impact of SBCE in a treat-to-target strategy in patients with CD.

MATERIALS AND METHODS
Search strategy
An electronic literature search was conducted in PubMed and the Cochrane library
using the following search terms: “capsule endoscopy”, in combination with “Crohn’s
disease” or “inflammatory bowel disease” or “ileitis” or “enteritis”, and with
synonyms of “treat-to-target” or “monitoring” or “post-operative recurrence”. The
search was conducted in early February 2019 and included citations beginning from
January 1, 2000. We restricted our search to studies that were published in English
and we excluded studies related to animal research. Supplementary Table 1 provides
the PubMed literature search strategy in detail. Duplicate articles identified in both
PubMed and Cochrane library were manually deleted. To identify additional relevant
studies, we checked the reference lists of the selected articles.

Study selection and data extraction
Two authors independently reviewed the titles and abstracts of articles that were
identified by the search strategy after duplicates were removed (CLB and AB). Any
disagreements regarding the inclusion of articles were solved by discussion until
consensus was reached. Reviewers were not blinded to the study authors’ affiliation
or journal name. Following the initial screening of abstracts, all articles containing
information about SBCE in the context of treat-to-target strategy in patients with CD
were included. Studies without any outcome related to treat-to-target strategy or to
CD were excluded, as were studies related to pediatric populations and reviews,
meta-analyses, editorials, and letters to the editor. Full-text articles were retrieved,
and reference lists were screened manually to identify additional studies.
The following data were extracted for each included study: Name of the first
author, year of publication, study design, patient population and sample size, capsule
endoscopy findings, and comparator modality, if applicable. For studies assessing
disease reclassification, the impact of SBCE findings in patient management was
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Figure 1

Figure 1 Small bowel capsule endoscopy findings associated with Crohn’s disease. A: Edema; B: Aphthoid erosion; C: Superficial ulceration; D: Deep
ulceration; E: Stenosis.

reported. For studies assessing mucosal healing during treatment, ongoing treatment
and prior biologic exposure were noted. For studies assessing the use of SBCE in the
post-operative setting, risk factors for post-operative recurrence, indications for
surgery, interval between surgery and endoscopic re-assessment, post-operative
prophylactic treatment, and the rate of clinical recurrence were noted.

Data presentation
The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses was
used to conduct and report the results of this review [18] . The first part of this
systematic review focused on the indexes that were used to describe CD lesions at
small bowel capsule endoscopy. The findings were then organized according to the
context of SBCE use when monitoring a patient who was diagnosed with
inflammatory bowel disease, as follows: (1) Reclassifying disease location or
phenotype; (2) Assessing mucosal healing in patients with CD; and (3) Monitoring
patients in the post-operative setting.

RESULTS
Literature search results
There were 153 studies identified after the electronic search. Seven additional studies
were identified from a review of the reference lists from included articles. Based on
the information provided in the abstracts, 103 studies were excluded, as well as seven
duplicates. Fifty articles were then selected for full-text review. Among those articles,
three were excluded, and 47 articles were finally included in this review. The PRISMA
diagram describing the article search process is presented in Figure 2.

Indexes (nine studies)
Supplementary Table 2 summarizes the studies that assessed the two indexes that
have been developed to date to describe CD lesions at SBCE. The first index is the
Lewis score, which was developed in 2007 [19] and validated in 2014, and it has
excellent interobserver agreement in patients with known SB CD[20]. A score below 135
is considered to be normal, while a score above 790 reflects moderate to severe
inflammation. Between these two values, SB inflammation is considered to be mild[19].
This score was also useful as a diagnostic tool for patients with suspected CD, with a
sensitivity and positive predictive value of 82.6%, and a specificity and negative
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Table 1 Studies showing the impact of small bowel capsule endoscopy on disease reclassification and subsequent patient management
during follow-up of patients suspected or diagnosed with inflammatory bowel disease

Ref.

Study design

Sample size

Patient
population

Compared
modality

CE lesions
considered
diagnostic for
CD

Positive SB
findings

Impact in
patient
management1

Reclassification of Crohn’s disease location
Chong et al[28],
2005

Prospective,
blinded

43

Group 1: Known Push enteroscopy ≥ 1 erosion/ ulcer
CD (n = 22)
and enteroclysis
Group 2:
Suspected CD2 (n
= 21)

Group 1: 17/22
30/43 (70%)
(jejunum, n = 7) vs Group 1: 16 (73%)
3/22 at push
Group 2: 14 (67%)
enteroscopy, P <
0.001 and 4/21 at
enteroclysis, P <
0.001 Group 2:
4/21 (jejunum, n
= 2), no
statistically
significant
difference vs
other modalities

De Bona et al[38],
2006

Prospective

38

Suspected CD2
NA
Group 1: Ongoing
symptoms (n =
12) Group 2:
Ongoing
symptoms and
inflammatory
biomarkers3 (n =
26)

Diagnostic if > 3
erosions/
ulcerations
Suspicious if ≤ 3
and/or nodular
pattern

Diagnostic: 13/38
(34.2%) (jejunum,
n = 5) Suspicious:
2/38 (5.3%)
Group 1: 1/12
(8.3%) Group 2:
14/26 (46.2%) P =
0.022

Efthymiou et
al[29], 2009

Prospective,
blinded

55

Group 1: Known Enteroclysis
CD (n = 29)
Group 2:
Suspected CD2 (n
= 26)

Diffuse erythema,
erosions, > 3
aphthoid ulcers,
ulcers of different
shape and
strictures

Group 1: 20/29
(jejunum, n = 8) vs
11/27 at
enteroclysis4,
incremental
diagnostic yield=
33.4% (P = 0.035)
Group 2: 16/26
(jejunum, n = 6),
vs 6/20 at
enteroclysis5,
incremental
diagnostic yield =
35.0% (P = 0.039)

Tukey et al[78],
2009

Retrospective

105

Suspected CD2

NA

Any ulcers

39/105 (37%)
Prevalence rate of
CD diagnosis
after a 12-mo
follow-up = 13%
Se 77%, Sp 89%,
PPV 50%, NPV
96%

Mehdizadeh et
al[39], 2010

Retrospective

134

Known CD

NA

Diagnostic if > 3
ulcerations
Suspicious if ≤ 3
ulcerations

Diagnostic:
52/134 (38.8%)
Suspicious:
17/134 (12.7%)
Jejunum lesions
53%, proximal
ileum lesions 67%

52/134 (38.8%)
i.e., 100% of
patients with
positive CE
findings

14

Known CD

NA

≥ 7 mucosal
breaks or
ulcerations

12/14 (86%)
According to
indications of CE:
Abdominal pain
= 3/3 Anemia =
5/5 Disease
extent reevaluation = 4/6

9/14 (64%) i.e.,
100% of patients
in whom CE was
performed
because of
abdominal pain,
80% for anemia,
33% for disease
extent reevaluation

Lorenzo-Zúñiga Retrospective
et al[40], 2010
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Petruzziello et
al[31], 2010

64

Known CD of the SICUS
distal ileum (n =
32) Control group
(n = 32)

> 3 aphthoid
CD group: 16/32 ulcers, deep
(50%) with upper
ulcers, stricture(s) SB lesions vs 3/32
(9%) at SICUS,
30/32 (93%) with
distal SB lesions
vs 30/32 (93%) at
SICUS Control
group: 0/32 (0%)

Dussault et al[79], Retrospective
2013

71

Known CD

Moderate:
erythema and few
aphthoid ulcers
Severe: multiple
and/or deep
ulcers and/or
stenosis

Moderate: 32/71
(45.1%) Severe: 12
(16.9%)
According to
indications of CE:
Anemia = 4/6
Symptoms =
11/25 Disease reevaluation =
28/37

38/71 (53.5%) i.e.,
75% of patients
with severe
lesions and 53%
with moderate
lesions

Kalla et al[80],
2013

Retrospective

315

Known (n = 50) or NA
suspected2 (n =
265) CD

> 3 ulcers with
erythema or
edema

Known CD:
33/50 (66%)
(jejunum, n = 1 /
diffuse, n = 16)
Suspected CD:
45/265 (17%)
(jejunum, n = 5 /
diffuse, n = 7)

Known CD: 73%
Suspected CD:
90% of patients
with positive CE
findings

Flamant et al[81],
2013

Retrospective

108

Known CD (32
L1, 25 L2, 51 L3)

NA

Diffuse erythema
and edema,
linear/
circumferential
ulcerations, ≥ 3
aphthous ulcers,
or stenosis

68/108 (63%)
(jejunum, n = 60
of whom n = 18
i.e., 17% only in
the jejunum)
Restricted colonic
location of the
disease associated
with a
significantly
decreased risk of
jejunal lesions by
80% (OR = 0.21, P
= 0.002)

- Jejunal
lesions=sole
independent
factor associated
with increased
risk of clinical
relapse (HR =
1.99, P = 0.02)

Cotter et al[82],
2014

Retrospective

50

Known CD

NA

Moderate: Lewis
score ≥ 135
Severe: Lewis
score > 790

Moderate: 33/50
(66%) Severe:
11/50 (22%)

Proportion of
patients on
thiopurines
and/or biologics
increasing from
2/50 (4%) to
15/50 (30%) after
CE, P = 0.023

Urgesi et al[41],
2015

Retrospective

492

Suspected CD on
obscure
gastrointestinal
bleeding

NA

Mucosal fissure, 94/492 (19.1%)
ulcers of different (jejunum, n = 31)
shape,
cobblestoning
mucosa, aphthous
ulcers,
stricture(s),
erythema/edema,
loss of villi

Greener et al[10],
2016

Prospective

79

Known CD

MRE

Lewis score ≥ 135 Proximal disease location detected
by CE in 51% of
patients vs 26%
by MRE (P < 0.01)
(isolated proximal
lesions, n = 9)

Chao et al[83],
2018

Retrospective

197

Suspected CD in
elderly patients2

NA

Lewis score > 790 8/197 (4.1%)

Carter et al[30],
2018

Prospective,
blinded

50

Suspected CD2

Intestinal
ultrasound

Lewis score ≥ 135 Similar diagnostic yield: 19/50 (38%)
for SBCE and
intestinal
ultrasound,
correlation r =
0.532, P < 0.001
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Sorrentino and
Retrospective
Nguyen[32], 2018

43

Known CD (20
Ileocolono-scopy
never had
and MRE/CTE
surgery, 23 in the and CRP/FL
post-operative
setting)

Any ulcerations
or multiple
erosions

Surgery-naïve
group: 13/20
(65%) vs 8/20
(40%) at
ileocolonoscopy
vs 9/206 (45%) at
imaging vs 12/207
(60%) at
biomarkers Postoperative group:
20/23 (87%) vs
16/238 (70%) at
ileocolonoscopy
vs 0/239 (0%) at
imaging vs 13/23
(57%) at
biomarkers

Surgery-naïve
group: 6/20 (30%)
Post-operative
group: 12/23
(52%)

Hansel et al[84],
2018

50

Known CD with
normal imaging

NA

Diffuse erythema
and edema, linear
or circumferential
ulceration(s), ≥ 3
aphthous ulcers,
or stenosis

14/50 (28%) with
proximal SB
lesions
(duodenum,
jejunum)

17/50 (34%)

González-Suárez Retrospective
et al[33], 2018

47

Known CD (n =
32) or suspected
(n = 15) CD

MRE

Lewis score ≥ 135 36/47 (76.6%) vs 21/47 (44.7%) at
MRE, P = 0.001, of
which jejunal
lesions: 15/47
(31.9%) vs 3/47
(6.4%), P = 0.02

Xavier et al[34],
2018

71

Perianal CD (n =
17) and nonperianal CD (n =
54)

NA

Villous edema,
Perianal CD:
erosions, ulcers or 94.1% vs 66.6% in
stenosis
non-perianal CD
(P = 0.03), with
more frequently a
Lewis Score ≥ 135:
94.1% vs 64.8% (P
= 0.03), and
higher Lewis
scores in the first
and second
tertiles but not in
the third tertile

Prospective

Retrospective

Reclassification of inflammatory bowel disease type
Maunoury et
al[35], 2007

Prospective

30

IBD-U with
NA
negative
ASCA/ANCA
and normal SBFT

≥ 3 ulcerations

5/30 (16.7%)
(jejunum, n = 4)

-

Lopes et al[36],
2010

Prospective

18

IBD-U (n = 14) or
IC (n = 4) with
negative
ASCA/ANCA

Diagnostic if ≥ 4
erosions/ulcers
and/or
stricture(s)
Suspicious if < 4
and/or focal villi
denudation

Diagnostic: 7/18
(38.9%)
Suspicious: 9/18
(50.0%) Jejunum
and proximal
ileum lesions:
8/18 (44.4%)

0 (0%)

Long et al[37],
2011

Retrospective

124

CD (n = 86) or IC NA
(n = 15) or
pouchitis (n = 23)

Erythema, few
aphthae/ulcers,
multiple
aphthae/ulcers,
stenosis

CD: 67/86
(77.9%) IC: 7/15
(46.7%) Pouchitis:
15/23 (65.2%)

Medication: CD:
34/86 (39.5%) IC:
6/15 (40.0%)
Pouchitis: 13/23
(56.5%) Surgery:
CD: 11/86
(12.8%) IC: 6/15
(40.0%) Pouchitis:
1/23 (4.4%)

NA

1

Change in the dose or change of immunomodulatory agent, or initiation of biologic treatment, or avoidance of surgery;
Ongoing symptoms or iron deficiency anemia despite negative upper/lower endoscopy and/or small bowel follow-through and/or abdominal computed
tomography scan;
3
Increased C-reactive protein and/or erythrocyte sedimentation rate;
4
Enteroclysis was unsuccessful in two patients;
5
Enteroclysis was unsuccessful in six patients;
6
Imaging (CTE or MRE) was not performed in 5 patients;
7
Fecal lactoferrin and CRP were not performed in 1 patient;
8
Ileocolonoscopy was not performed in 1 patient;
9
Imaging (CTE or MRE) was not performed in 15 patients. ANCA: Anti-neutrophil cytoplasmic antibodies ; ASCA: Anti-Saccharomyces cerevisiae
antibodies ; CD: Crohn’s disease; CE: Capsule endoscopy; CRP: C-reactive protein; CTE: Computed tomography enterography; FL: Fecal lactoferrin; IBD:
2
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Inflammatory bowel disease; IC: Indeterminate colitis; MRE: Magnetic resonance enterography; NA: Not applicable; NPV: Negative predictive value; OR:
Odds ratio; PPV: Positive predictive value; SB: Small bowel; SBFT: Small bowel follow-through; Se: Sensivity; SICUS: Small intestine contrast
ultrasonography; Sp: Specificity.

predictive value of 87.9%[21].
The second index was developed in 2008 and it is called Capsule Endoscopy
Crohn’s Disease Activity Index (CECDAI). It ranges from 0 to 36, and the correlation
between two observers is also excellent[22]. This score was validated in 2012 in a cohort
of 50 patients with known SB CD [23] . Two recent studies showed a significant
correlation between the Lewis and CECDAI scores in patients with known SB CD,
with correlation coefficients of r = 0.632 (P < 0.0001)[24] and r = 0.81 (P = 0.0001)[25],
respectively. Lewis score thresholds of 135 and 790 correspond with CECDAI levels of
3.8 and 5.8, respectively[24].
Compared to the MRE scores, the Lewis score was significantly correlated with
both MaRIA and Clermont scores (r = 0.50, P = 0.001 and r = 0.53, P = 0.001,
respectively), especially for detecting moderate to severe inflammation[26]. However,
the Lewis score was weakly correlated with clinical activity as measured by the
Harvey Bradshaw index (r = 0.213, P = 0.019) and no correlation was found between
CD activity index (CDAI) and the CECDAI[23]. The Lewis score moderately correlated
with C-reactive protein (r = 0.326, P < 0.001)[27], and a moderate correlation was
demonstrated between SBCE scores and fecal calprotectin (r = 0.48, P = 0.001 for
Lewis score, and r = 0.53, P = 0.001 for CECDAI)[25].

Disease reclassification and prognosis (22 studies)
Table 1 describes the key studies that show the potential impact of SBCE on disease
reclassification of patients suspected or diagnosed with IBD, and gives an overview of
the subsequent therapeutic management. Most of those studies focused on
reclassifying the CD location by assessing SB in patients with known or suspected CD.
All showed positive SBCE findings, including jejunal lesions that had not previously
been visualized using conventional endoscopy or imaging. All of the studies that
compared SBCE to other diagnostic modalities showed a significant incremental
diagnostic yield of SBCE. Compared to push enteroscopy, SBCE had an incremental
diagnostic yield of 63.6% in patients with known CD, although the difference was not
significant in patients with suspected CD[28]. Two studies compared the diagnostic
yield of SBCE to that of enteroclysis, and both demonstrated a significant incremental
diagnostic yield of 62.0%[28] and 33.4%[29] in patients with known CD. In patients with
suspected CD and negative ileocolonoscopy, an intestinal ultrasound and SBCE had a
similar diagnostic yield (38%)[30]. However, in patients with known CD of the distal
ileum, SBCE had an incremental diagnostic yield of 41% compared to the small
intestine contrast ultrasonography (SICUS) for the detection of upper SB lesions,
while the detection rate of distal SB lesions was similar for both modalities (93%)[31].
Compared to cross-sectional imaging, three studies demonstrated that SBCE was
superior in detecting SB lesions[10,32,33], with an incremental diagnostic yield up to
31.9%[33], especially for the detection of proximal SB CD location[10,33]. However, the
lesions that were considered for the diagnosis of CD varied greatly from one study to
another, making it difficult to compare these studies.
A single study focused on the comparison of SBCE findings between CD patients
with and without perianal disease, showing that patients with perianal involvement
had significantly more relevant SB lesions (94.1% vs 66.6%, P = 0.03) and higher
inflammatory activity with a Lewis score ≥ 135 (94.1% vs 64.8%, P = 0.03), especially in
proximal SB segments, compared to patients without perianal CD[34].
Only three of the included studies focused on reclassifying the IBD type in patients
who were diagnosed with IBD-unclassified, indeterminate colitis or pouchitis. The
lesions that were considered for the diagnosis of CD were very different depending
on the study. However, SBCE detected SB lesions allowing the physician to suspect or
even make the diagnosis of CD in 16.7% to 50.0% of patients with IBD-unclassified or
indeterminate colitis, and up to 65.2% of patients who were diagnosed with pouchitis
following ileo-anal anastomosis[35-37].
For the impact on therapeutic management, most of the studies showed that SBCE
findings led to a change in the dose or change of immunomodulatory agent, initiation
of biologic treatment, or avoidance of surgery, in more than one-third of patients, and
even in 100% of patients in four studies[38-41].

Assessing mucosal healing in patients with CD (nine studies)
Table 2 summarizes the nine studies that evaluated the use of SBCE to assess mucosal
healing in patients who were diagnosed with CD. All but one study had a prospective
design. Most of these studies did not evaluate a specific treatment, except for two
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Figure 2

Figure 2 Preferred reporting items for systematic reviews and meta-analyses diagram.

studies, one of which focused on adalimumab and azathioprine[42] and the other that
focused on certolizumab pegol[43]. Another study was a sub-study of a prospective,
randomized, double blind placebo-controlled study that assessed the safety,
tolerability and efficacy of glatiramer acetate (Copaxone®)[44]. In three of the nine
included studies, there was no comparison between SBCE findings at baseline and
during follow-up, because the included patients-most of whom were in clinical
remission-had only one SBCE after treatment [45-47] . The SBCE findings that were
considered for the assessment of mucosal healing differed according to the studies,
although most of them were based on the calculation of the Lewis score, with a
normal value below 135.
Overall, despite high heterogeneity in these studies, the results indicated that
mucosal healing can be evaluated by SBCE to monitor the effect of medical treatment
in patients with CD, with a significant correlation between the Lewis score and fecal
calprotectin (r = 0.82, P < 0.0001) [46] , while there was no significant correlation
between this score and clinical activity as measured by the CDAI[44,47].

Monitoring patients with CD in the post-operative setting (seven studies)
Only seven of the included studies focused on the monitoring of patients with CD in
the post-operative setting. The results are summarized in Table 3. All but one of the
studies were prospective, and they all had small-sized cohorts with less than 35
patients. The single retrospective study included 83 patients with no risk factor for
post-operative recurrence. The design methodology varied greatly between studies,
making them difficult to compare. First, indications for surgery were different
depending on the study, with varying proportions of treatment failure, stenosis, and
fistula or abscess. The existence of risk factors for post-operative recurrence was also
variable between studies, especially for smoking (range, 11%–50%) and penetrating
phenotype (range, 7%–58%). In some studies, post-operative prophylactic treatment
was forbidden, while others allowed the use of immunosuppressive drugs or
biologics. The interval between surgery and the endoscopic re-assessment was also
extremely variable, ranging from less than 3 mo to 1 year. Finally, SBCE findings that
were considered for defining post-operative recurrence were also different across
studies, and they were mostly based on the Lewis score (≥ 135) or the Rutgeerts score
(≥ i,1 or i,2)[48].
All but one study compared SBCE to ileocolonoscopy, which is the current gold
standard for assessing post-operative recurrence in patients with CD. Although two
studies showed that the sensitivity of SBCE in detecting recurrence in the neoterminal
ileum was not superior to that of ileo-colonoscopy[49,50], the other studies showed that
SBCE could detect post-operative recurrence more frequently than ileocolonoscopy[51-54], and with a better tolerance[51]. Moreover, two studies demon-strated
that SBCE detected lesions outside the scope of ileocolonoscopy in more than half of

WJG

https://www.wjgnet.com

4542

August 21, 2019

Volume 25

Issue 31

Le Berre C et al. Treat-to-target with capsule endoscopy in CD

Table 2 Studies evaluating the use of small bowel capsule endoscopy in the assessment of mucosal healing in patients diagnosed with
Crohn’s disease

Study
design

Ref.

Efthymiou et Prospective,
al[85], 2008
blinded

Treatment
Sample size
evaluated

40

Prior
biologic
exposure

CS (60%)
Mesalamine
(70%)
Azathioprine
(10%)
Infliximab
(5%)
Metronidazole (20%)

CE findings
considered
Interval
for
between the
assessing
CE
mucosal
healing

Positive SB
findings
before
treatment

Positive SB
findings
P-value
after
treatment

After
achievement
of clinical
remission: 4
wk (75%)

Number of
apthous
ulcers, mean
± SE

26.0 ± 7.5

12.7 ± 2.3

0.07

6 wk (15%)

Number of
large ulcers,
mean ± SE

8.3 ± 1.4

5.0 ± 0.8

0.01

8 wk (10%)

Percentage of 22.0 ± 3.1
the SBTT in
which any
endoscopic
lesion was
visible, mean
± SE

17.8 ± 2.5

0.08

Tsibouris et
al[86], 2013

Prospective,
blinded

1021

-

-

≥ 15 d after
CECDAI
14 ± 6
CDAI
score, mean ±
dropped <
SD
150: 2-3 mo;
(26.5%) 3-6
mo; (19.6%) 612 mo;
(53.9%)

4±2

-

Niv et al[44],
2014

Prospective,
blinded

19

Copaxone
(68.4%) 5ASA (52.6%)
Antibiotics
(15.8%) CS
(5.3%) IS
(10.5%)
Vitamins
(26.3%)
Others
(36.8%)

-

12 wk

-

Hall et al[42],
2014

Prospective,
blinded

43

Adalimumab Naïve 38/43 52 wk3
(84%) 160 mg Exposed 5/43
W0, 80 mg
W2, then 40
mg /2 wk or
Azathioprine
(16%) 2-2.5
mg/kg

Kopylov et
al[45], 2015

Prospective

52

None (15.4%) 5-ASA (9.6%)
Thiopurine
(36.6%) AntiTNF (26.9%)
Anti-TNF+IS
(11.5%)

Shafran et
al[43], 2016

Prospective,
open-label

15

Certolizumab Naïve 3/15
pegol 400 mg Exposed
W0, W2, W4 12/154
then /4 wk
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Lewis score,
mean ± SD

1730 ± 1780

No
correlation
between
changes in
CDAI/IBDQ
and Lewis
score2

Complete MH
= Absence of
ulcers, n (%)
Normalization of CECDAI
score < 3.5, n
(%) Change in
CECDAI
score, n (%)

- - CECDAI <
3.5: 4/43 (9%)
3.5 ≤ CECDAI
< 5.8: 13/43
(30%)
CECDAI ≥
5.8: 26/43
(61%)

Complete
< 0.0001
MH: 12/28
(43%)
CECDAI <
3.5: 2/28 (7%)
CECDAI ≤ 3.5
< 5.8: 6/28
(21%)
CECDAI ≥
5.8: 8/28
(29%)

NA Included MH = Lewis
patients were score < 135
all in clinical
remission
(CDAI < 150)
and had only
one CE.

NA

MH: 8/52
(15.4%) 135 ≤
Lewis < 790:
33/52 (63.5%)
Lewis score ≥
790: 11/52
(21.2%)

24 wk in
responders

1663

226
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Aggarwal et
al[46], 2017

Prospective,
blinded

43

None (14%) 5- ASA (60%) CS
(12%) IS
(74%) AntiTNF (21%)

NA Included MH = Lewis
patients were score < 135
all in clinical
remission
(CDAI < 150)
and had only
one CE.

NA

MH: 17/43
(40%) 135 ≤
Lewis < 790:
19/43 (44%)
Lewis score ≥
790: 7/43
(16%)
Significant
correlation
between
Lewis score
and fecal
calprotectin (r
= 0.82, P <
0.0001)

Mitselos et
al[47], 2018

Retrospective 30

None (37%) 5- ASA (17%)
Budesonide
(10%)
Azathioprine
(10%) AntiTNF (20%)
Anti-TNF+IS
(6%)

NA Included
patients had
only one CE
(60% in both
clinical and
biochemical
remission)

MH = Lewis
score < 1355

NA

MH: 6/15
(40%) Weak
correlation
between
CDAI and
Lewis score (r
= 0.32, P =
0.088) and
between CRP
and Lewis
score (r =
0.52, P =
0.004)

None (27%) 5- Naïve
ASA (18%)
38/92Expose
Thiopurines
d 54/92
(17%)
Infliximab
(20%);
Adalimumab
(10%)
Elemental
diet (5%) CS
(3%)

6 mo in the
active group
(40/92) Nonactive
patients
ended the
study at
baseline
(52/92)

Lewis score,
458
mean MH =
Lewis score of
0 Active CD:
Lewis score >
135

Nakamura et Prospective,
al[87], 2018
blinded

92

233 MH:
0.0004
2/296
Improvement
of LS in all 7
patients who
received
biologics, and
in 8/11 (73%)
of
asymptomatic
patients
receiving
additional
medication

1

Eighteen percent of patients had Crohn’s disease restricted to the colon;
Nine patients did not have CE at week 12;
Fifteen patients did not have CE at week 52;
4
Two patients had an allergic reaction to infliximab, 10 patients were secondary non-responders to infliximab and/or adalimumab;
5
Data presented for patients in both clinical and biochemical remission (CDAI<150 and CRP < 5 mg/L);
6
Of 40 patients in the active group, 29 (72%) underwent follow-up CE to assess the therapeutic effect on MH. ASA: Aminosalicylic acid; CD: Crohn’s
disease; CE: Capsule endoscopy; CECDAI: Capsule Endoscopy Crohn's Disease Activity Index; CS: Corticosteroids; IS: Immunosuppressant; LS: Lewis
score; MH: Mucosal healing; SB: Small bowel; SBTT: Small bowel transit time.
2
3

the patients[49,51], which might be a substantial advantage as compared to conventional
endoscopy because of the prognostic impact of these lesions on therapeutic
management.
The retrospective study was also interesting and evaluated the impact of SBCE
findings on clinical outcomes in asymptomatic patients without medical prophylaxis
after ileocolonic resection. Two groups of patients were compared. Group 1
underwent ileocolonoscopy and SBCE within 1 year after surgery, whereas group 2
only had ileocolonoscopy. Patients with endoscopic recurrence detected by either
ileocolonoscopy or SBCE received azathioprine or infliximab. One year later, disease
activity was re-assessed by ileocolonoscopy. The clinical recurrence rate was 2.7% in
group 1 compared with 21.7% in group 2 (P = 0.019), and the endoscopic recurrence
rates were 21.6% and 43.5% (P = 0.036), respectively[54], suggesting that SBCE could be
useful in detecting post-operative recurrence especially in patients without
pharmacological prophylaxis.
This is reinforced by the results of another study that aimed to assess residual SB
lesions in 25 CD patients immediately after surgery (< 3 mo). The mean Lewis score
was 751.3, and 84.0% had endoscopic activity, and these residual lesions, especially in
the distal SB, were associated with postoperative clinical recurrence[55], suggesting that
SBCE could be used to detect very early post-operative recurrence, particularly in
patients without any risk factors who do not necessarily require prophylactic
treatment according to the current guidelines.
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Table 3 Studies assessing the use of small bowel capsule endoscopy in the monitoring of patients with Crohn’s disease in the postoperative setting

Ref.

Bourreille
et al[49],
2006

Study
design

Sample
size

Prospective, 32
blinded

Interval
between
Postsurgery
Risk
operative
Indication
Compared and
factors for prophylacfor surgery
modality
endoscoPOR
tic
pic retreatment
assessment

CE
findings
considered
for
defining
POR

Rate of
Rate of
endoscoclinical
pic
recurrence,
recurrenn (%)
ce, s (%)

Resistance
to medical
treatment
(19%)
Stenosis
(37%)
Fistula/abscess (44%)

None (28%) Ileocolono5-ASA (22%) scopy
CS (3%) IS
(9%) Others
(44%)

Median
(IQR): 6 mo
(4-7)

Rutgeerts
score ≥ i,1

Biancone et Prospective, 22
al[50], 2007 blinded

Resistance
to medical
treatment
(9%)
Stenosis
(64%)
Fistula/abscess (14%)
Other (13%)

Smoking
(32%)
Penetrating
phenotype
(23%)

Mesalamine Ileocolono(100%)
scopy (gold
standard),
SICUS

1 year

Ulcers,
0 (0%)
strictures, or
stenosis in
the
neoterminal
ileum
and/or
anastomosis

Ileocolonosc
-opy: 16/172
(94%)
SICUS:
17/172 (1
FP) (100%)
WCE:
16/172 (94%)
Se 93%, Sp
67%

Pons
Beltrán et
al[51], 2007

Prospective, 24
blinded

Resistance
to medical
treatment
(21%)
Stenosis
(63%) Other
(16%)

Smoking
(50%)
Penetrating
phenotype
(38%)

None (100%) Ileocolonoscopy

Median
(range): 254
d (118-439)

Rutgeerts
score ≥ i,2

0 (0%)

Ileocolonoscopy: 6/24
(25%) WCE:
15/24 (63%)
Jejunal
lesions
(54%)

Kono et
al[52], 2014

Prospective, 19
blinded

-

Smoking
(11%)
Penetrating
phenotype
(58%) Prior
resection
(68%)

5-ASA (39%) IleocolonoAnti-TNF
scopy at 6-8
(61%)
mo

mean ± SD:
17.3 ± 5.6 d
then 216.9 ±
23.6 d

Lewis score
≥ 135, n (%)
and Mean
(range)

0 (0%)

Week 2-3:
14/183 (78%)
428.3 (84264) 6-8
mo: 9/134
(69%) vs 3/6
(50%) at
colonoscopy
196.1 (8-450)
5/13 (38%)
with LS
higher by ≥
100 than
shortly after
surgery

Hausmann Prospective, 22
et al[53],
blinded
20175

-

Penetrating
phenotype
(18%) Prior
resection
(50%)

None (76%)
Azathioprine (6%)
Adalimumab (18%)

Mean
Modified
(range): 57.5 Rutgeerts
(34 – 83) d
score ≥ i,2
then 220
(159 – 322) d

-

Week 4-8:
3/166 (19%)
4-8 mo: 7
6/12 (50%)
vs 5/15
(33%) at
colonoscopy
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Han et
al[54], 2018

Retrospec83
tive, blinded

Resistance
to medical
treatment
(24.3%)
Stenosis
(75.7%)

None (100%) None (100%)
before date 1
After date 1
if POR:
None
(53.1%)
Azathioprine (21.6%)
Infliximab
(25.3%)

Kusaka et
al[55], 2018

Prospective

-

Smoking
(22%)
Penetrating
phenotype
(7%) Prior
resection
(48%)

25

Group 1
(37/83):
ileocolonoscopy + CE
(date 1) then
repeat
colonoscopy
(date 2)
Group 2
(46/83):
ileocolonoscopy (date
1 and 2)

5-ASA (96%) Elemental
diet (30%) IS
(19%) AntiTNF (59%)8

Date 1: 3-7
mo; after
surgery
Date 2: 1
year after
date 1

Rutgeerts
score ≥ i,2 in
the terminal
ileum or > 5
aphthous
lesions in
proximal SB
or ulcers in
proximal SB

Group 1:
1/37 (2.7%)
Group 2:
10/46
(21.7%) P =
0.019

Date 1:
Group 1:
13/37
(35.1%) at IC
vs 24/37
(64.9%) at
CE Group 2:
15/46
(32.6%) at IC
(P = 0.809)
Date 2:
Group 1:
8/37 (21.6%)
Group 2:
20/46
(43.5%) (P =
0.036)

< 3 mo

Lewis score
≥ 135

5/25 (20%)

21/25 (84%)
mean ± SD:
751.3 ± 984.0
Clinical
recurrence
rate
significantly
higher in the
group with
highest third
tertile score
(distal SB)

1

The neoterminal ileum was reached and explored by ileocolonoscopy in 31 patients;
WCE was not performed because of luminal narrowing or stenosis in 5 patients, thus 17 of the 22 patients had all 3 techniques performed;
3
In one patient CE did not reach beyond the middle segment of the ileum during the 8 h of recording;
4
The follow-up CE at 6-8 mo; after surgery was possible in 13 of the 18 patients;
5
Study assessing the use of pan-intestinal capsule endoscopy (PICE);
6
Seventeen of the 22 patients (77%) underwent CE at 4-8 wk. Another CE could not be analyzed due to an insufficient large bowel preparation;
7
Of 17 patients included in the study at follow-up, 14 (82%) underwent CE, and in two cases, analysis of CE videos was hampered by a technical defect and
an insufficient large bowel preparation, and 15 (88%) underwent ileocolonoscopy;
8
Patients could have more than one treatment. ASA: Aminosalicylic acid; CE: Capsule endoscopy; CS: Corticosteroids; FP: False positive; IC:
Ileocolonoscopy; IQR: Interquartile range; IS: Immunosuppressant; POR: Post-operative recurrence; SB: Small bowel; Se: Sensitivity; SICUS: Small intestine
contrast ultrasonography; Sp: Specificity.
2

DISCUSSION
This systematic review aimed to provide a global overview of the published data on
the use of SBCE for close monitoring of patients with CD. In a treat-to-target strategy,
SBCE could be useful for refining disease location and prognosis, assessing mucosal
healing in patients receiving treatment, and monitoring patients in the post-operative
setting.
In contrast to disease phenotype that has long been recognized as an independent
risk factor for poor outcome when complicated, disease location was not considered
to be substantial in defining disease prognosis until recently. Several studies have
now demonstrated that jejunal disease is associated with an increased risk of
stricturing disease and abdominal surgeries as compared to either esophagogastroduodenal (EGD) or ileocolonic disease[5-7]. Clarity in disease distribution is
therefore crucial, and pediatricians have already modified and modernized the
Montreal classification, all the more so as upper gastrointestinal involvement is much
more frequent in children than in adults (30%-80% vs 10%-15%). The Paris
classification tried to avoid any ambiguity in the meaning of upper gastrointestinal
lesions (L4), by distinguishing the lesions that are proximal to the ligament of Treitz
(L4a) and those that are distal to the ligament of Treitz but proximal to the distal onethird of the ileum (L4b) [56] . Further characterization of the L4 phenotype in the
Montreal classification into three specific subgroups including L4-EGD, L4-jejunal,
and L4-proximal ileal disease may be warranted, similar to the Paris classification of
pediatric patients. This was suggested by a recent retrospective cohort study in which
L4 disease had a worse prognosis compared to non-L4 disease, and within L4 disease,
the phenotype of L4-jejunal and L4-proximal ileal disease indicated a higher risk for
intestinal surgery[57]. Thus, SBCE could be particularly appropriate to detect lesions
outside the scope of conventional endoscopy because it seems to be more sensitive
than imaging to detect a previously unrecognized disease location[10]. Similarly, SBCE
could also be valuable in patients with IBD-U, indeterminate colitis or pouchitis, as it
may lead to the diagnosis of CD in up to two-thirds of patients, impacting the
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therapeutic management in most cases.
With the advent of the treat-to-target paradigm in IBD patients, endoscopic
remission has become part of the therapeutic goal, combined with clinical remission,
leading to the concept of “deep remission”. Given the weak correlation that exists
between symptoms and endoscopic disease activity in patients with CD, the STRIDE
consensus recommended assessment of endoscopic activity at 6- to 9-mo intervals
during the active phase of CD[15]. Thus, SBCE appears to be more feasible as compared
to conventional endoscopy, with better patient acceptance, and more sensitive to
assess mucosal inflammation than cross-sectional imaging. This review showed that
mucosal healing can be assessed by SBCE to monitor the effect of medical treatment in
patients with CD, with a significant correlation between the Lewis score and fecal
calprotectin (r = 0.82, P < 0.0001)[46]. However, the definition of endoscopic remission
as assessed by SBCE remains unknown because there is currently no consensus on the
therapeutic objective to reach in luminal SB CD (normalization of SBCE or absence of
deep or superficial ulcerations). Similarly, endoscopic re-assessment should be timely
in the post-operative setting to detect post-operative recurrence at an early stage.
Ileocolonoscopy remains the gold standard for this indication and it is recommended
within the first year after surgery, when treatment decisions may be affected[58]. This
review demonstrated that SBCE could effectively detect post-operative recurrence to a
similar extent as ileocolonoscopy, and that it can detect proximal SB lesions beyond
the reach of the colonoscope in more than half of the patients[49,51]. SBCE could be used
to detect very early post-operative recurrence especially in patients without any risk
factors who do not necessarily require pharmacological prophylaxis immediately after
surgery[54,55].
Randomized controlled trials are required to confirm the usefulness and reliability
of SBCE in such indications before its incorporation in treat-to-target algorithms.
However, validated criteria for the diagnosis of CD at SBCE are needed because some
studies have questioned the specificity of SBCE findings for CD, and to date, the
lesions that are used to define CD vary greatly across studies. A panel of international
experts is currently putting together a three-round Delphi consensus to define exactly
which SBCE findings constitute a diagnosis of CD, as has been done recently for the
terminology and description of the most frequent and relevant vascular lesions in
SBCE[59]. These terms and descriptions will be useful for both medical research and
daily practice.
In addition, the practical modalities of performing SBCE may highly influence the
results. There are currently five available CE systems to explore the SB: PillCam SB3
(Medtronic, Dublin, Ireland), EndoCapsule (Olympus, Tokyo, Japan), MiroCam
(Intromedic, Seoul, South Korea), CapsoCam (CapsoVision, Saratoga, United States),
and the Pillcam COLON2 (Medtronic, Dublin, Ireland). The Pillcam COLON2 also
visualizes the SB, even though it was designed to explore the colon. Although all
these devices are based on comparable technologies, significant differences exist in the
number of cameras, frame rate, field of view, viewing direction, image resolution and
battery life[60]. These differences could theoretically influence diagnostic performance,
but there are currently no available head-to-head studies comparing these devices in
patients with CD. Most of studies have been performed using the PillCam SB because
this CE system has dominated the world market for many years.
In addition to the choice of the CE system, SB preparation before the SBCE may
improve visualization, diagnostic sensitivity, and transit time. Optimal SB preparation
remains controversial. Multiple studies examined the effect of different bowel
cleansing regimens on mucosal visualization, diagnostic yield and completion rates,
and several meta-analyses tried to determine the best strategy, but conflicting results
have been obtained[61-64]. Prokinetics do not seem to improve the diagnostic yield and
should probably not be used[62,63]. Simethicone and laxatives, including polyethylene
glycol (PEG) and sodium phosphate, could be used because they seem to improve SB
quality visualization. However, their effect on diagnostic yield remains
controversial[61,63-65]. A recent study demonstrated in a cohort of 860 patients that clear
liquid fasting had similar preparation quality and diagnostic yield compared to a 2-L
PEG protocol[66]. Thus, there is still no consensus on the use of bowel cleansing before
SBCE in patients examined for CD.
Reading protocols might also impact the diagnostic accuracy of SBCE. Timeconsuming video analysis is a substantial limitation of using SBCE in daily practice,
and the available software, Given RAPID Reader®, for SBCE analysis has developed
several techniques to shorten reading times. Physicians can first modify the viewing
mode from single to dual or quad view, and the frame rate can be adjusted from 5 to
40 frames per second (fr/s). A recent study compared a single view, dual view, and
quad view at different frame rates using a SB video sequence with 60 pathological
images of SB angioectasias, and it showed that both viewing mode and frame rate
significantly influence lesion detection, with an increase in detection rate using the
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dual and quad view compared to single view, but a decrease in the number of
positive findings when increasing the frame rate[67]. However, for CD, increasing the
viewing speed may be feasible, as illustrated by another study in which overlooked
lesions did not change the final result of the examination[68], given that CD lesions are
multiple and often widespread in the SB. Another way to shorten reading times is to
use the Quickview function provided by Given RAPID Reader® which filters and
reduces the number of images shown to the capsule endoscopist based on a specific
algorithm that was developed by the manufacturer. Sampling rates between 2% and
80% can be chosen. A recent study showed that the frequencies of the selected lesions
picked up by Quickview mode using percentages for sensitivity settings of 5%, 15%,
25%, and 35% were 61%, 74%, 93%, and 98%, respectively. With a 25% sampling rate,
only 7% of lesions were missed, and the reading time was reduced by approximately
50%[69]. Two other studies showed that despite a significant number of missed lesions,
Quickview mode is a safe and timereducing method for diagnosing SB CD[70,71].
Finally, discontinuation of nonsteroidal anti-inflammatory drugs (NSAIDs) is
recommended at least 1 mo before SBCE because these drugs may induce SB mucosal
lesions that are indistinguishable from those caused by CD[72].
This review showed that CE allows a direct and detailed evaluation of the entire SB
mucosa with detection of the earliest CD lesions compared to imaging modalities,
with the advantage of being a patient-friendly and noninvasive procedure. SBCE also
proved to be cost-effective[73,74]. However, there are some limitations (Table 4), of
which capsule retention is the main concern. For this risk, the European Society of
Gastrointestinal Endoscopy (ESGE) does not recommend routine use of the PillCam
patency capsule before SBCE in patients with suspected CD without any obstructive
symptoms. When SBCE is indicated in patients with established CD, ESGE
recommends prior use of the Agile capsule to confirm functional patency of the SB[72].
Available data suggest that the PillCam patency capsule is a safe method for testing
SB patency before SBCE, even in patients with a radiologically confirmed stricture[75],
because symptomatic patency capsule retention is a very rare complication with a
favorable prognosis, as demonstrated in a multicenter retrospective case series of 1615
cases[76].
Taken together, the results of this systematic review demonstrate that SBCE might
be used for close monitoring and incorporated into the treat-to-target algorithm for
patients diagnosed with CD, in order to regularly evaluate disease activity (Figure 3).
The development of pan-enteric video capsule endoscopy should allow broadening of
the indications for SBCE in patients with CD [77] . Finally, artificial intelligence is
expected to help reduce the burden on capsule endoscopists by automatically
detecting and classifying lesions with the development of deep learning systems.
This systematic review aimed to provide a global overview of the potential
applications of SBCE in a treat-to-target strategy in patients with CD. SBCE should,
therefore, be useful for classifying disease location at baseline, with a prognostic
impact of proximal SB lesions. SBCE may also allow physicians to assess the
achievement of endoscopic remission in patients receiving treatment, and to detect
early post-operative recurrence. However, randomized controlled trials are required
to confirm the usefulness and reliability of SBCE for these indications, and validated
criteria for the diagnosis of CD at SBCE are eagerly awaited.
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Table 4 Advantages and limitations of small bowel capsule endoscopy in Crohn’s disease
Advantages

Limitations

Less invasive than conventional endoscopy

Risk of capsule retention in stricturing CD

No need for sedation

No therapeutic or biopsy capability

High diagnostic yield comparable to other endoscopic or imaging modalities

SB evaluation may be incomplete due to:
Uncontrolled air insufflation
Retention or delayed transition
Limited battery life
Impossible to maneuver

Direct mucosal evaluation

Longer procedure time compared to other modalities

Patient-friendly

Analysis is time-consuming for the physician

CD: Crohn’s disease; SB: Small bowel.

Figure 3

Figure 3 Potential usefulness of small bowel capsule endoscopy in a treat-to-target strategy for patients with Crohn’s disease. Small bowel capsule
endoscopy (SBCE) should help physician classify disease location and make a prognosis regarding future course of Crohn’s disease (CD) according to the presence
of proximal small bowel lesions. SBCE should also be useful in the assessment of mucosal healing in patients with CD under treatment, and in the post-operative
setting to detect post-operative recurrence in a timely manner.

ARTICLE HIGHLIGHTS
Research background
Crohn’s disease (CD) may affect any part of the digestive tract. Proximal small bowel (SB)
lesions, especially jejunal lesions, are associated with an increased risk of stricturing disease and
abdominal surgeries compared to esophagogastroduodenal or ileocolonic disease. Thus,
assessing the SB may have a significant impact on prognosis. The treat-to-target paradigm was
developed in 2015 because of the poor correlation that exists between symptoms and endoscopic
disease activity in patients with CD. This concept is based on regular and objective assessment of
disease activity and subsequent adjustment of treatment, with the final aim of reaching both
clinical and endoscopic remission. Until now, the treat-to-target strategy is based on the
assessment of mucosal lesions seen by endoscopy into the ileum and the colon and for the SB by
trans-sectional imaging techniques.

Research motivation
The small bowel capsule endoscopy (SBCE) has a higher diagnostic yield compared to the
imaging techniques such as the magnetic resonance imaging with enterography (MRE) to detect
mucosal lesions especially for the proximal part of the SB and might be more accurate in a treatto-target strategy. SBCE and MRE are probably complementary, as MRE assesses transmural
involvement, while SBCE allows a direct visualization of the mucosal surface of the entire SB.
However, there is no recommendation regarding the use of SBCE during patient follow-up.
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Research objectives
To investigate the impact of SBCE in a treat-to-target strategy in patients with CD.

Research methods
An electronic search of the literature was conducted using PubMed and Cochrane library
focusing on studies regarding SBCE in the tight monitoring of patients with CD. All articles
containing information about SBCE in the context of treat-to-target strategy in patients with CD
were included. Full-text articles were retrieved, reference lists were screened manually to
identify additional studies.

Research results
Forty-seven articles were included in total. Twenty-two studies demonstrated the usefulness of
SBCE on disease reclassification of patients suspected or diagnosed with CD, with a significant
incremental diagnostic yield compared to other diagnostic modalities. Nine studies showed that
mucosal healing can be evaluated by SBCE to monitor the effect of medical treatment. Seven
studies demonstrated that SBCE could detect post-operative recurrence to a similar extent as
ileocolonoscopy, and proximal SB lesions beyond the reach of the colonoscope in more than half
of the patients.

Research conclusions
This systematic review provided a global overview of the published studies assessing the use of
SBCE in the tight monitoring of patients with CD. SBCE might be incorporated in the treat-totarget algorithm and could be useful for refining disease location and prognosis, assessing
mucosal healing in patients under treatment, and monitoring patients in the post-operative
setting.

Research perspectives
Randomized controlled trials are required to confirm the reliability of SBCE in the treat-to-target
algorithm of patients with CD. In addition, the development of pan-enteric video capsule
endoscopy should allow to broaden its indications, all the more so as artificial intelligence is
expected to help reduce the burden of capsule endoscopists by automatically detecting and
classifying lesions.
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Abstract
BACKGROUND
Documentation of disease activity in patients affected by Crohn’s disease (CD) is
mandatory in order to manage patients properly. Magnetic resonance imaging
(MRI) is considered the reference cross-sectional technique for the assessment of
CD activity. Among MRI findings, layered pattern (LP) of contrast enhancement
seems to be one of the most significant signs of severe disease activity; however,
it has also been associated with chronic disease and mural fibrosis.
AIM
To systematically evaluate the accuracy of LP of contrast enhancement in the
diagnosis of active inflammation in patients with CD.
METHODS
In February 2019, we searched the MEDLINE and Cochrane Central Register of
Controlled Trials databases for studies evaluating the diagnostic accuracy of LP
of contrast enhancement on MRI for the detection of active inflammation in
patients with CD. To be included, studies had to use histopathologic analysis
(endoscopy or surgery) as the reference standard. Risk of bias and applicability
concerns of the included studies were evaluated by using items from the Quality
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Assessment for Diagnostic Accuracy Studies 2 (QUADAS-2) tool. Pooled
sensitivity and specificity were determined using a bivariate random-effect
model. Heterogeneity was quantified by using the I2 statistic. Our meta-analysis
received no funding, and the review protocol was not published or registered in
advance.
RESULTS
Of the 1383 studies identified, five articles were finally selected for quantitative
and qualitative synthesis (245 patients, 238 of whom had histopathologically
confirmed CD, 144 with active inflammation and 94 with inactive disease). The
meta-analysis showed a pooled sensitivity of 49.3% (95%CI: 41%-57.8%; I2: 90.7%)
and specificity of 89.1% (95%CI: 81.3%- 94.4%; I2: 48.6%). Pooled PLR and NLR
were 3.3 (95%CI: 1.9-5.7; I2: 6.1%) and 0.6 (95%CI: 0.5-0.9; I2 70.5%), respectively.
SDOR was 6.8 (95%CI: 2.6-17.6; I2: 27.1%). The summary ROC curve showed an
area under the curve (AUC) of 0.82 (SE 0.06; Q* 0.76). High risk of bias and
applicability concerns were observed in the domains of patient selection for one
included study.
CONCLUSION
LP on contrast-enhanced MRI is a specific finding to rule out active inflammation
in patients with CD. Further studies using a prespecified definition of LP on
contrast-enhanced MRI are needed to support our findings.
Key words: Crohn’s disease; Diagnostic imaging; Magnetic resonance imaging;
Inflammation; Fibrosis; Sensitivity and specificity; Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Magnetic resonance imaging (MRI) plays a critical role in the assessment of
Crohn’s disease (CD) activity and severity. Layered pattern (LP) of contrast
enhancement is frequently observed in patients with active disease; however, its
relevance remains controversial, since it has also been correlated with the presence of
mural fibrosis and chronic disease. Our systematic review and meta-analysis showed that
LP on contrast-enhanced MRI yields high specificity for active inflammation and can
reliably rule out the presence of active disease in patients with CD.

Citation: Bellini D, Rivosecchi F, Panvini N, Rengo M, Caruso D, Carbone I, Ferrari R,
Paolantonio P, Laghi A. Layered enhancement at magnetic resonance enterography in
inflammatory bowel disease: A meta-analysis. World J Gastroenterol 2019; 25(31): 45554566
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4555.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4555

INTRODUCTION
Assessement of inflammatory activity in patients affected by Crohn’s disease (CD) is
mandatory in order to manage patients properly. Currently, a single reference
standard to diagnose CD is not available. The diagnosis is composed of clinical and
laboratory findings, evaluation by endoscopy and cross-sectional imaging, and
histological examinations[1].
In case of suspected CD, the small bowel has to be assessed with an imaging
method[1]. Among several cross-sectional imaging methods able to evaluate the entire
bowel wall, magnetic resonance enterography/enteroclysis (MRE) is widely
considered the best imaging modality to determine disease activity and the grade of
severity, because of better contrast resolution, safety profile and reproducibility[1-3].
Numerous relevant papers have reported that the use of MRE in daily clinical practice
significantly alters the management of CD patients[4,5]. Indeed, owing to its ability to
provide both luminal and extra-luminal disease evaluation, MRE is critical in guiding
timely and tailored management, determining disease phenotype, extent, and activity
and defining the presence of stricturing or penetrating complications, and has been
shown to positively influence clinician’s diagnostic confidence and therapeutic
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strategies[6,7].
There are several MRI findings that contribute to define the stage and the activity of
CD: Mural changes (bowel wall thickening, wall edema, fibrosis, fat infiltration),
different patterns of contrast enhancement (transmural, layered), mesentery
involvement (fibrofatty proliferation, fat stranding, enhancing lymphadenopathies),
and the presence of complications (luminal stenosis, fistulas, abscesses). However,
among all these features, transmural enhancement seems to be one of the most
significant signs of severe disease activity, being unequivocally associated with an
active disease with almost no fibrosis, and it is usually observed at the time of first
diagnosis, especially in children or young patients[8]. On the other hand, a layered
pattern (LP) of enhancement, defined as strong enhancement of the inner layer
(mucosa) and the outer layer (serosa) with no enhancement of the middle layer
(representing submucosa and muscularis)[9], has been associated not only with severe
disease activity[9-11] but also with chronic disease[8]; there is other relevant evidence that
correlate LP with mural fibrosis or fat deposition[8,12].
Seeking evidence-based information on diagnostic accuracy of imaging features for
detecting active or inactive CD, we conducted a systematic review and meta-analysis
to define the diagnostic yield of LP on contrast-enhanced MRI in the evaluation of
active inflammation in patients affected by CD.

MATERIALS AND METHODS
This systematic review was written by using the guidelines outlined by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses of Diagnostic Test
Accuracy Studies (PRISMA-DTA)[13] and the Cochrane Handbook of Diagnostic Test
Accuracy Reviews[14]. The review protocol was not published or registered in advance.
The authors received no financial support for this meta-analysis.

Literature search
In February 2019, two indipendent observers searched the MEDLINE (United States
National Library of Medicine) and Cochrane Central Register of Controlled Trials
(Cochrane Library) databases for studies that reported the diagnostic accuracy of LP
on contrast-enhanced MRI in detecting active inflammation in patients with CD. The
last search was performed on February 8, 2019. We proposed the following PICO(S)
question: Patients affected by CD; Index test consisting of LP; Comparison with
histopathological findings; Outcome consisting in diagnostic accuracy in detecting
active inflammation; any type of Study that is not a case report or case series was
eligible for initial screening.
The search used the following keywords: inflammatory bowel diseases, CD, MRI,
LP, specificity, sensitivity, diagnostic accuracy, active inflammation, and fibrosis
combined using “OR” and “AND”. Additional articles were searched for using the
"Related Articles" function in PubMed (United States National Library of Medicine).
Authors crosschecked the references of the selected papers to identify any additional
pertinent manuscript. Full search strategies for all databases are described in detail in
the online-only supplementary material (Appendix S1).

Study selection
Potentially eligible studies were at first examined by two authors (blinded to the
review process, with 4 and 8 years of subspecialty abdominal imaging experience).
Studies performed on human patients whose title or abstracts reported the search
terms were selected. Review and commentary articles as well as case report or case
series were excluded. The full-text review of eligible papers was carried out
independently by two other reviewers (blinded to the review process, with 2 and 6
years of experience); discrepancies regarding potential eligibility and inclusion were
resolved by consensus. Reviewers were aware of authors’ names and journal of
publication of the screened papers. Studies were included in the meta-analysis if they
met the following criteria: (1) Diagnostic accuracy of LP on contrast-enhanced MRI in
detecting active inflammation in patients with CD was investigated; (2) Data to
determine 2 × 2 contingency tables were available; (3) Per-patient analysis was
performed; (4) A proper reference standard to confirm imaging-based diagnoses was
used for all patients (i.e., endoscopy with biopsy and/or surgical pathologic
examination); and (5) Patients were not a subgroup from any other included study
population

Data extraction and quality assessment
Two reviewers independently extracted relevant data from the included studies using
a data extraction form. Disagreements were resolved by discussion with a third
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reviewer (blinded to the review process, an MRI radiologist with more than 25 years
of experience). The extracted data were as follows.
Study characteristics: These characteristics included year of publication, study design
and country, sample size, main outcome, reference standards, interval between index
test and reference standard, and total number of true-positive (TP), false-positive (FP),
true-negative (TN) and false-negative (FN) findings.
Patient characteristics: These characteristics included patient’s age and gender,
patient spectrum (i.e., known or suspected CD), clinical setting and information about
CD activity.
Imaging characteristics: These characteristics included detailed information about the
imaging equipment and basic specifications (vendor, model, and magnetic field
strength), assessment techniques used (MRI pulse sequences, postcontrast sequences
timing), bowel preparation (diet, cathartic or spasmolytic drugs), and enteral and
intravenous contrast agent used.
Reviewers tried repeatedly to get in contact with authors whose papers reported
incomplete or apparently conflicting or inconsistent data to be clarified.
Risk of bias and applicability concerns of the included studies were assessed
independently by two authors (blinded to the review process, with 2 and 6 years of
experience) using items from a customized Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool[15]. Disagreement was resolved by consensus
discussion with a third senior author (blinded to the review process, with 25 years of
experience in abdominal radiology). For each domain (patient selection, index test,
reference standard, and patient flow and timing), risks of bias and applicability
concerns were rated as low (1), high (0), or unclear (0.5). The risk for bias across
studies (i.e., “publication bias’’) was not assessed, since there is no generally accepted
method for this task and the number of included studies was low[16].

Summary Measures and Statistical methods
The primary end point in this systematic review and meta-analysis was to evaluate
sensitivity, specificity, positive likelihood ratio (PLR) value, negative likelihood ratio
(NLR), summary diagnostic odds ratio (SDOR), and summary receiver-operatingcharacteristic curve (SROC) of LP on contrast-enhanced MRI in detecting active
inflammation in patients with CD.
Data on numbers of TP, FN, TN, and FP findings were used to calculate a pooled
sensitivity and specificity along with 95% confidence intervals (CI), using randomeffect models according to heterogeneity in a per-patient analysis. For studies that
provided for additional reference standard tests other than endoscopy or surgery (e.g.,
CD Activity Index and serum or fecal markers), only results from histopathologic
analysis were considered for data synthesis.
For each analysis, between-study heterogeneity was quantified computing I2 values
with the following equation: I2 = [(χ2-df)/ χ2] x 100%, where χ2 was the chi-squared
statistic and df the degrees of freedom. I2 values were rated as follows: I2 ≥ 25%, low
heterogeneity; I2 ≥ 50% moderate heterogeneity; and I2 ≥ 75%, high heterogeneity.
A P value of <0.05 was used as the threshold for statistical significance for all
analyses. Data were analyzed by using Comprehensive Meta Analyses (version
2.2.064, July 27, 2011, Biostat), Excel 365 (Microsoft), and MetaDiSc (version 1.4,
Hospital Ramon y Cajal and Universidad Complutense de Madrid) statistical software
interfaces.

RESULTS
Study selection
Electronical search returned 1383 papers, of which 1105 were evaluated for inclusion,
after duplicates removal. After title and abstract review, 1088 articles not meeting the
inclusion criteria were excluded, and 17 papers underwent full-text review (Figure 1).
No additional studies were identified after checking the references. Twelve studies
were excluded due to impossibility of reconstructing a 2 x 2 contingency table or
because data were analyzed on a per-bowel segments analysis (Appendix S2). Five
articles were ultimately selected for quantitative and qualitative synthesis[10,11,17-19].

Data extraction
The detailed study and patient characteristics are reported in Table 1. The 5 studies
eligible for review[10,11,17-19] involved 245 patients, 238 of whom had histopathologically
confirmed CD, 144 with active inflammation and 94 with inactive disease. The median
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Figure 1

Figure 1 Diagram shows the process for selecting studies that were included in meta-analysis according to
PRISMA-2019 guidelines. The twelve articles that were excluded and their reasons for exclusion are listed in
Appendix S2[24-32].

sample size was 48 patients (ranging between 23 and 91 patients), and the median
patient age was 37 years (ranging between 15 and 78 years). The median year of
publication of the included studies was 2011 (range 2001-2014). All five studies were
single-center studies conducted in Europe. Further detailed characteristics on the
index test and reference standard of the included studies are summarized in Table 2.

Data analysis
Accuracy of LP on MRI exams in the diagnosis of active inflammation: Two-by-two
data for diagnostic accuracy were summarized into a forest plot (Figures 2 and 3 and
Table 3). Cumulative data for diagnostic accuracy were sensitivity 49.3% (95%CI:
41.0%-57.8%; I2: 90.7%), specificity 89.1% (95%CI: 81.3%-94.4%; I2: 48.6%), pooled PLR
3.3 (95%CI: 1.9-5.7; I2: 6.1%), and pooled NLR 0.6 (95%CI: 0.5-0.9; I2: 70.5%). The SDOR
was 6.8 (95%CI: 2.6-17.6; I2: 27.1%). The SROC curve showed an area under the curve
(AUC) of 0.82 (SE: 0.06; Q*: 0.76).

Quality assessment
The results of quality assessment are shown in Figure 4. Reference standard, patient
selection, and flow and timing domains were the major sources of concerns regarding
potential bias. Four included studies did not report whether the readers who
interpreted the reference standard were aware of MRE findings[10,17-19]. In two studies,
the treatment was not withheld or interrupted before the completion of both the index
test and the reference standard[11,17], while this was unclear in the remaining three
included studies[10,18,19]. One study had high risk of bias and applicability concerns in
the patient selection domain because it was a case-control study and patients with
involvement of small bowel segments apart from terminal ileum were excluded[19].
The comprehensive results from the quality assessment of each article using a
customized QUADAS-2 tool are reported in online-only Supplemental Material
(Appendix S3).

DISCUSSION
Our systematic review and meta-analysis, which included 245 patients (144 of them
with active inflammation), demonstrates that layered pattern has high diagnostic
accuracy for the identification of active CD.
By pooling and comparing data on different diagnostic accuracy measures, our
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Table 1 Study and patient characteristics of the included studies
Year of
publication

Del
Vescovo et
al[19]

Grieser et
al[18]

Country

Patient
spectrum

2008

Italy

Prospective

NR

Known
Proven
CD/healthy terminal
controls
ileum
CD/no
history of
bowel
disease

8 active CD, 23
8 non-active
CD, 7
healthy
controls

37.5 ± 17.41

15:8

2012

Germany

Retrospective

NR

Known CD

Referred to
MRI for
evaluation
of disease
activity

24 active
CD, 24
patients
non-active
CD

48

37 ± 11

16:32

Koh et al[10] 2001

England

Prospective

NR

Known CD

Clinically
symptomatic patients
referred to
MRI by
gastroentero
logists

23 active
CD, 7
patients
non-active
CD

30

37.6 (18-58)

14:16

Quaia et
al[17]

2014

Italy

Retrospective

NR

Known CD

Clinically
symptomatic patients
referred to
MRI for
evaluation
of disease
activity

47 active
CD, 44
patients
non-active
CD

91

39.6 ± 17.1

47:44

Zappa et
al[11]

2011

France

Retrospective

NR

Known CD

Patients
who were to
undergo
bowel
resection for
small bowel
CD

42 active
CD, 11
patients
non-active
CD

53

35 (15-74)

28:25

Ref.

Inclusion
criteria

Disease
activity

No. of
patients

Age, yr,
Gender,
mean
male:
(range)or
female
mean ± SD

Study desi- Founding
gn
sources

1

Data are relative to patients with CD. CD: Crohn’s disease; MRI: Magnetic resonance imaging; NR: Not reported; SD: Standard deviation.

most significant result is the high value of specificity (close to 90%), underlying the
importance of this pattern of enhancement in excluding active inflammation. The
clinical impact of this finding is of utmost importance, and assessing whether or not
active inflammation is present is crucial to guide the therapeutic management of
patients with CD, allowing physicians to distinguish patients who would benefit from
medical therapy[20]. Biological therapies aimed to control active inflammation have
notable side effect profiles. Clinical evaluation is always the first step to assess disease
activity. However, it has been shown that clinical evaluation of disease activity is
often unreliable and blood or fecal markers lack specificity to accurately identify
active inflammation[21,22]. Therefore, specific imaging signs, such as LP, which are able
to accurately identify active inflammation, are crucial to avoid overtreatment and to
reduce healthcare costs.
Despite the relatively low value of cumulative sensitivity (approximately 50%), the
overall effectiveness of LP should be considered high. Indeed, our meta-analysis
showed a SDOR of 6.8 (95%CI: 2.6-17.5) and a cumulative AUC of 0.82; in other
words, it is almost 7 times more probable to identify LP in active CD than in nonactive CD.
Notwithstanding the importance of LP, the multiparametric approach of MRI
demands, in routine clinical practice, a more comprehensive assessment of all other
radiological signs. Rimola and coworkers [12] recently published an interesting paper
aimed to identify MRE features able to discriminate between active inflammatory
process and fibrosis. According to their results, the following MRE findings proved to
be significantly correlated with the presence of active inflammation at pathological
examination: mural edema (high signal on T2-weighted images; P = 0.02), increased
enhancement of the inner layer of the bowel wall (P = 0.03), ulcerations (P < 0.01), and
indistinct margins (P = 0.05). The same group proposed the use of an MR index of
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Zappa et al

[11]

1

1.5

Philips (Intera)

1.5

Philips (Achieva) 1.5

Siemens Corp.
(Magnetom
Impact)

GE Healthcare
(Twin Speed)

EG

EG

EG

EC

EG

8 hrs fasting 2 L PEG
solution
orally
60 min
prior and
diatrizoate
meglumine
and
diatrizoate
sodium
solution
rectally
NR
1L
mannitol
solution
orally

1.2-2 L PEG
solution
orally 45
min prior
8 hrs fasting 1-2 L water,
80 ml/min,
20 min
prior; 30
ml/min
during MRI
NR
600 mL
water orally
30 min prior

NR

Bowel
Luminal
preparation contrast

Glucagon
1 mg iv

Buscopan
40 mg iv

Buscopan
1 mg im

Buscopan
10 mg iv

Buscopan
20 mg iv

0.2 mL/kg
Gadoterate
meglumine
(Dotarem)

Index test
readers (years of
experience)

30 s, 70 s,
3 min, 5 min

20 s

60-70 s

2 blinded
radiologists in
consensus (NR)

2 blinded
radiologists in
consensus (10,12)

2 blinded
radiologists in
consensus (NR)

2 blinded
radiologists in
consensus (6,12)

15 s, 60 s, 100 s, 160 s, 2 blinded
220 s, 280 s, 340 s, 400 radiologists in
s, 460 s
consensus (NR)

T2-SSH-TSE fs,
90 s, 8 min
true-FISP, T1FLASH 3D (pre/
postcontrast)

0.1 mmol/kg T2-TSE, T1Gadodiamide FLASH, T1(Omniscan)
FLASH fs (pre/
postcontrast)
0.2 mL/kg
T2-HASTE, T2Gadobenate
SPAIR, T1-FISP,
dimeglumine T1-THRIVE
(Multihance) 3D fs (pre/
postcontrast)

0.1 mmol/kg T2-HASTE,
Gadodiamide True-FISP, T1(Omniscan)
FLASH fs (pre/
postcontrast)
0.2 mL/kg
SSFP, FIESTA,
Gd-DTPA
FRFSE, T1(Magnevist)
SPGR fs (pre/
postcontrast)

Spasmolytic Intravenous MRI sequences Postcontrast
agent
contrast
sequence timing

Surgery

Endoscopy with
biopsy or surgery

Endoscopy with
biopsy and/or
surgery

Endoscopy with
biopsy and/or
surgery

Endoscopy with
biopsy

Reference
standard

≤ 90 d (mean
24 d, range 1–
90 d, median
14 d)

≤ 30 d

Median 21 d

Endoscopy ≤
3 d; surgery ≤
10 d

NR

Interval1

Time interval between index test and reference standard. T: Tesla; EG: Enterography; EC: Enteroclysis; NR: Not reported; PEG: Polyethylene glycol; MRI: Magnetic resonance imaging; iv: Intravenous; im: Intramuscular; GdDTPA: Gadolinium(-diethylenetriaminepentaacetic acid); HASTE: Half-Fourier single-shot turbo spin-echo; True-FISP: Fast imaging in the steady state procession; FLASH: Fast low angle shot; fs: Fat saturated; SSFP: Steady-state
free precession; FIESTA: Fast imaging employing steady state acquisition; FRFSE: Fast relaxation fast spin echo; SPGR: Spoiled gradient echo; TSE: Turbo spin-echo; SPAIR: Half-Fourier single-shot spectral presaturation with
inversion recovery; THRIVE: T1-weighted high resolution isotropic volume examination; SSH-TSE: Single-shot turbo spin-echo.

1

[18]

[17]

[10]

Quaia et al

Koh et al

Grieser et al

1.5

Vendor (model) Magnet
Technique
strength, T

Del Vescovo et al[19] Siemens Corp.
(Magnetom
Symphony)

Ref.

Table 2 Index test and reference standard characteristics of the included studies
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Figure 2

Figure 2 Diagnostic accuracy of layered pattern of enhancement for active Crohn’s disease. Forest plot of diagnostic sensitivity, specificity, and summary ROC
in discriminating active and non-active inflammation. SROC: Summary receiver operating characteristic; AUC: Area under the curve.

activity (MaRIa), pooling and powering different findings in a quantitative and
objective manner, to assess the overall disease activity at MRI. Other quantitative
measurements of fibrosis are proposed by the same group for the identification of
severe disease with both active inflammation and fibrosis, assessing the gain of
percentage enhancement between the 70 s and 7 min phase[12].
However, to the best of our knowledge, neither the abovementioned paper nor
other articles already published assessed the diagnostic value of MRE-specific
findings in a systematic way. The high evidence level that comes from the present
meta-analysis makes LP of enhancement a practical and reliable sign to be used
routinely for the evaluation of active inflammation.
Our study had notable limitations. First, the heterogeneity in number of patients
among different studies, with a large proportion of subjects from a few centers, may
have affected our work and may have been further compounded by the relatively
small number of studies enrolled. On the other hand, the number of included studies
is comparable to that commonly reported in the literature for meta-analyses of
diagnostic test accuracy studies[23]. Second, the data extracted from the included
studies were collected retrospectively from a relatively large patient cohort. Third,
three included studies used both endoscopy with biopsy and surgery as reference
standard[10,17,18], however we could not perform a sub-analysis to assess the potential
influence of the reference standard used on diagnostic accuracy, since necessary data
were not provided by the Authors. Fourth, a significant bias in the domain of flow
and timing could have negatively affected results. It is not clear in the three studies
included in our analysis, if the treatment of patients changed between the index test
and the reference standard. However, the interval between the MRE and
histopathological evaluation was fewer than 30 d in most of the studies, which is
reasonably acceptable considering the course of CD. Fifth, none of the studies had set
a threshold to define the “LP of enhancement” for which evaluation was performed
qualitatively and in a dichotomic way. This represents a source of bias in the index
text domain and is mainly derived from retrospective analyses only (rather than a
priori), which is known to overestimate diagnostic accuracy.
To conclude, our meta-analysis’ results demonstrate that layered pattern of
enhancement is a specific radiological sign of active inflammation in CD. However,
because of concerns about risk of bias and limited sample size, additional prospective
studies using a prespecified definition of layered pattern may be appropriate.
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Table 3 Two-by-two data of the included studies
Ref.

TP
[19]

TN

FP

FN

Del Vescovo et al

8

14

1

0

Grieser et al[18]

6

21

3

18

Koh et al[10]

7

7

0

16

Quaia et al[17]

16

41

3

31

Zappa et al[11]

34

7

4

8

TP: True positive; TN: True negative; FP: False positive; FN: False negative.

Figure 3

Figure 3 Diagnostic accuracy of layered pattern of enhancement for active Crohn’s disease. Forest plot of positive likelihood ratio, negative likelihood ratio and
diagnostic odds ratio in discriminating active and non-active inflammation. LR: Likelihood ratio.
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Figure 4 Graphs show evaluation of risk of bias and applicability concerns for the five included studies combined using the quality assessment of
diagnostic accuracy studies-2 tool. Risk of bias and applicability concerns for individuals in included studies are reported in Appendix S3.

ARTICLE HIGHLIGHTS
Research background
Cross-sectional imaging evaluation of the small bowel is recommended in Crohn’s Disease (CD)
to determine the grade of disease activity and the extent of bowel involvement. Magnetic
resonance enterography/enteroclysis (MRE) is often preferred over other cross-sectional
imaging modalities due to its ability to demonstrate transmural involvement or extraenteric
complications and the lack of radiation exposure.

Research motivation
Layered pattern (LP) of bowel walls’ contrast enhancement is commonly observed at MRE in
patients with CD. Nevertheless, it remains uncertain whether LP has to be considered as a sign
of active inflammation or rather correlates with chronic changes and the presence of coexisting
fibrosis. A better characterization of the clinical significance of LP may further expand the role of
MRE, helping clinicians to choose the best treatment option and to monitor response to therapies
over the course of the disease.

Research objectives
We performed a systematic review and meta-analysis aiming to estimate the diagnostic
performance of LP of bowel walls’ enhancement at MRE in detecting inflammatory activity in
CD.

Research methods
Electronic search was performed to identify studies that investigated the diagnostic accuracy of
LP for the recognition of active inflammation in patients with known or suspected CD using
ileocolonoscopy with biopsy or surgical specimens’ histopathological analysis as reference
standard. Quality Assessment for Diagnostic Accuracy Studies 2 (QUADAS-2) was employed to
assess methodological quality of the included studies. Pooled data on diagnostic accuracy were
estimated by means of bivariate random-effect model analysis.

Research results
After full-text review, five studies met the inclusion criteria for quantitative analysis. Cumulative
data on LP diagnostic accuracy demonstrated by meta-analysis were as follows: pooled
sensitivity, 49.3% (95%CI: 41.0%-57.8%); pooled specificity, 89.1% (95%CI: 81.3%-94.4%); pooled
PLR, 3.3 (95%CI: 1.9-5.7); pooled NLR, 0.6 (95%CI: 0.5-0.9); and SDOR, 6.8 (95%CI: 2.6-17.6).
Summary ROC curve returned an area under the curve (AUC) of 0.82 (SE 0.06). High risk of bias
and applicability concerns were raised up in relation to patient selection in one of the included
studies.

Research conclusions
LP of bowel walls’ enhancement at MRE yields high specificity for active inflammation in
patients with CD.

Research perspectives
Our findings may further refine the role of MRE in characterizing inflammatory activity in CD,
providing relevant information to ensure proper therapeutic management. Future prospective
studies adopting a prespecified definition of LP are advisable to further support our findings.
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Abstract
The prevalence of obesity continues to rise, and along with it comes a multitude
of health-related consequences. The healthcare community has consistently
struggled with providing treatment options to obese patients, in part due to the
reluctance of patients in pursuing the more effective (yet invasive) surgical
approaches such as sleeve gastrectomy and Rou-en-Y gastric bypass. On the
other hand, the less invasive approach such as lifestyle/behavioral interventions
and pharmacotherapy (Orlistat, Phenteramine, Phentermine/Topiramate,
Locaserin, Naltrexon/Buproprion, and Liraglutide) have very limited efficacy,
especially in the morbidly obese patients. Despite our best efforts, the epidemic of
obesity continues to rise and pose enormous costs on our healthcare system and
society. Bariatric endoscopy is an evolving field generated to combat this
epidemic through minimally invasive techniques. These procedures can be
performed in an ambulatory setting, are potentially reversible, repeatable, and
pose less complications than their invasive surgical counterparts. These
modalities are designed to alter gut metabolism by means of space occupation,
malabsorption, or restriction. In this review we will discuss different bariatric
endoscopic options (such as intragastric balloons, endoscopic sleeve gastroplasty,
endoscopic aspiration therapies and gastrointestinal bypass sleeves), their
advantages and disadvantages, and suggest a new paradigm where providers
may start incorporating this modality in their treatment approach for obese
patients.
Key words: Bariatric endoscopy; Bariatrics; Obesity; Intragastric balloon; Bariatric
medicine; AspireAssist; Endoscopic sleeve gastroplasty
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Core tip: The prevalence of obesity has risen to an alarming level. The associated
morbidity and mortality of this epidemic affects the community and health related
economics directly. Current options include lifestyle modifications, pharmacotherapy,
and surgery; the latter being the most effective, however most invasive and prone to
complications. Bariatric endoscopy, with methods including intragastric balloons, sleeve
gastroplasty, and aspiration techniques, provides an effective and less invasive option for
weight loss in obese patients.
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INTRODUCTION
The prevalence of obesity has seen a drastic increase over the last thirty years, now
approaching 35% in men and 40% in women[1]. Obesity has been associated with a
multitude of adverse health outcomes including all cause cardiovascular mortality,
diabetes, hyperlipidemia, and all-cause mortality [2] . Lifestyle modifications,
pharmacological agents, and surgical options are all amongst the myriad treatments
in obesity.
Lifestyle modifications, despite being the least expensive and less invasive, have
been shown to be the least successful of the options. Intensive behavioral interventions (such as identifying barriers, self-monitoring of weight, peer support, etc.)
with a combination of dietary changes and increased physical activity over multiple
sessions can result in > 5% weight loss in adults with obesity. Hence, US Preventive
Services Task Force recommends that clinicians offer or refer adults with a body mass
index (BMI) of 30 or higher to intensive, multicomponent behavioral interventions
(grade B recommendation)[3].
Pharmacological agents currently Food and Drug Administration (FDA) approved
for weight loss include Orlistat, Phenteramine, Phentermine/Topiramate, Locaserin,
Naltrexon/Buproprion, and Liraglutide [4] . These agents have been approved for
patients with a BMI of ≥ 27 kg/m2 with one obesity related complication or patients
with a BMI of ≥ 30 kg/m2. They have shown modest benefits for weight loss with an
estimate weight loss of 3%-7% efficacy compared with placebo. At 12 to 18 mo,
participants in pharmacotherapy-based weight loss trials (32 trials) had more weight
loss compared with placebo groups [mean or least squares mean difference in weight
change, -1.0 kg (-2.2 lb) to -5.8 kg (−12.8 lb)][5]. Participants also experienced a greater
decrease in waist circumference and a greater likelihood of losing 5% of their initial
weight compared with placebo groups. Three pharmacotherapy-based weight loss
maintenance trials showed that participants receiving the intervention had better
weight loss maintenance compared with placebo groups over 12 to 36 mo (mean
difference, -0.6 to -3.5 kg)[6]. Although these options have shown promise, along with
some intolerable side effects, their longstanding efficacy has not been particularly
encouraging[7].
For patients with BMI ≥ 40 or BMI ≥ 35 with comorbidity, referral to an experienced
bariatric surgeon should be considered. To date, bariatric surgery has shown the most
dramatic results in treatment of obesity. Current literature has shown this treatment
to be lasting and effective, with improvement of obesity related co-morbidity. Despite
these advantages, bariatric surgery poses several disadvantages. As with all
procedures, bariatric surgery comes with possible complications, the most common
including anastomotic ulceration, anastomotic stenosis, gastro-gastric fistulas, surgical
leaks, intestinal obstruction, and choledocholithiasis[8]. In addition, the process of
undergoing bariatric surgery is complex, requiring multiple physician visits over a
prolonged period of time. As a result, only < 1% of all eligible patients actually
undergo bariatric surgery [9] . A detailed discussion of various surgical options,
advantages and disadvantages, adverse effect profile, etc. is beyond the scope of this
article. A brief overview has been summarized in Figure 1.
Given the limited efficacy of lifestyle/behavioral interventions and
pharmacotherapy, as well as the barriers associated with bariatric surgery, new
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Figure 1

Figure 1 Common bariatric surgical procedures. A: Rou-en-Y gastric bypass; B: Adjustable gastric band; C: Sleeve gastrectomy; D: Biliopancreatic diversion with
duodenal switch. Reprinted from “Nguyen NT, Varela JE. Bariatric surgery for obesity and metabolic disorders: State of the art. Nat Rev Gastroenterol Hepatol 2017;
14: 160-169”. With permission from RightsLink.

therapies must be discovered to handle the growing population of obese patients. In
this review, we introduce bariatric endoscopy as a methodology and tool that
physicians may start incorporating in their treatment algorithms for management of
obesity (Figure 2).

BARIATRIC ENDOSCOPY
Bariatric endoscopy is an innovative technology designed to mimic weight loss
surgery without the associated co-morbidities. There are several modalities used in
endoscopic bariatrics, each with its own physiologic method behind weight loss.
These include malabsorption techniques, use of space occupying devices, restrictive
methods, and aspiration therapies. In this section we will discuss three forms of
bariatric endoscopy including intragastric balloon (IGB) therapy, endoscopic sleeve
gastroplasty (ESG), and aspiration techniques (AspireAssist). Further we will discuss
other small bowel therapies currently in clinical trial. Figure 3 illustrates a summary
of all FDA approved and non-FDA approved bariatric endoscopic modalities,
whereas Table 1 summarizes an overview of the commonly used modalities in the
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Figure 2

Figure 2 A step wise approach to obesity management. A shift in the paradigm of current trends of obesity. The
authors of this manuscript suggest that bariatric endoscopy should be incorporated in the armamentarium of obesity
treatment, with the potential of using each modality in combination (when clinically feasible).

world of bariatrics.

SPACE OCCUPYING TECHNIQUES
Intragastric balloon
IGBs were first introduced in the United States in 1985 as the Garren-Edwards gastric
bubble which was made of polyurethane and filled with 200-220cc of air[10]. This
balloon gave way for the three IGBs which are currently FDA approved for use. These
include the Orbera IGB (Apollo Endosurgery, Austin, TX, United States), the ReShape
Duo (ReShape Medical, San Clemente, CA, United States), and the most recent Obalon
IGB (Obalon Therapeutics, Inc, Carlsbad, CA, United States). The balloons act as
space-occupying device thereby inducing early satiety leading to weight reduction
and altering gut neuroendocrinology[11]. Each balloon has been approved for a 6 mo
duration for those with a BMI between 30 to 40 mg/kg2 who have failed lifestyle
modifications[12]. The most common complication of the IGBs include nausea (29%)
and pain (33.7%), which are usually self-limited. Other rare side effects include small
bowel obstruction, perforation, and death at rates of 0.3%, 0.1%, and 0.08%,
respectively[13].

Orbera balloon
The Orbera balloon is an elastic spherical balloon made of silicone. It is inserted in the
stomach blindly via transoral advancement on a preloaded catheter. An endoscope is
advanced to confirm correct placement, after which the balloon is injected with 450700 mL of normal saline mixed with methylene blue. The methylene blue provides a
marker for balloon malfunction. If the balloon ruptures, the methylene blue will be
systemically absorbed and change the color of urine to blue, prompting the patient to
seek medical attention. Pain and nausea are frequent side effects of Orbera IGB
implantation, occurring in about 33.7% of subjects, with serious side effects being
balloon migration and gastric perforation of 1.4% and 0.1%, respectively.
Orbera has shown efficacy in several trials. It has been used in other countries for
many years before being approved by FDA for use in the United States in 2015. Based
on a large meta-analysis of 17 studies, the percentage of excess weight loss (%EWL)
with the Orbera IGB at 12 mo was 25.44% and total body weight loss (%TBWL) was
12.3% 13.16%, and 11.27% at 3, 6, and 12 mo after implantation, respectively[13,14]. In a
recent multicenter, randomized, open-label clinical trial, 255 adults with a BMI of 3040 kg/m 2 were treated and outcomes were assessed up to 12 mo. Patients were
randomized to IGB (Obera) plus lifestyle modifications (n = 125) vs lifestyle
modification alone (control; n = 130). Balloons were removed at 6 mo and lifestyle
intervention continued for both groups through 12 mo. At 6 mo, weight loss was 3.3% (-3.2 kg) in the lifestyle modification arm vs -10.2 % (-9.9 kg) in the balloon plus
lifestyle intervention arm (P < 0.001); at 9 mo (3 mo post balloon removal), weight loss
was -3.4% (-3.2kg) vs -9.1% (-8.8kg, P < 0.001); and at 12 mo, -3.1% (-2.9kg) vs -7.6% (7.4kg, P < 0.001). The authors concluded that IGB was more successful than life style
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Table 1 A summary of currently available non-lifestyle modalities in bariatric medicine
Treatment options

Indication

Pharmacological
methods

BMI of ≥ 27 kg/m2 with Varies depending on the 2%-10% weight loss
one obesity related
agent
depending on the
complication or patients
agent[33]
with a BMI of ≥ 30
kg/m2

Intragastric Balloons

Aspiration therapy

Endoscopic
Gastroplasty

Lap Band

Sleeve gastrectomy

RYGB

Duration

BMI between 30 and 40
kg/m2

BMI of 35-55 kg/m2

BMI between 30 and 40
kg/m2

6 mo

Long term duration

Long term follow-up
studies in progress

Efficacy

Advantages

Disadvantages

Mild to moderately
effective

Adverse side effect
profile dependent on the
medication

Non-invasive
Reusable

No evidence for long
term effectiveness

%TBWL 7%-15%

Reversible

%EWL 30%-47%

Repeatable

High rates of nausea
and vomiting

At 6 mo duration[34]

Can be used in
combination of other
modalities

Some reports of gastric
perforation in rare cases

%TBWL 14%-18%

Effective

%EWL 37-54%

Minimal side effects

Must see doctors at
scheduled intervals

From 6-24 mo[35]

Long duration of use

Abdominal pain,
peristomal
complications

%TBWL 12%-19%

Adaptive new
technology with a lot of
promise

Requires expertise and
technical skills

At 6-24 mo duration[35]

Minimally invasive

Perigastric fluid
collections, extragastric
bleeding

BMI of 35 kg/m2 with
Reversible
obesity related
complications or BMI of
40 kg/m2

Mean percentage weight Sustained weight loss at Need for explant up to
loss at 5 yr was 15.9 ±
5 yr
12% Vomiting, nausea,
12.4%[35]
dysphagia, GERD

BMI of 35 kg/m2 with
Permanent, but can be
obesity related
bridged to RYGB
complications or BMI of
40 kg/m2

49%EWL at 5 yr[36]

BMI of 35 kg/m2 with
Permanent
obesity related
complications or BMI of
40 kg/m2

57%EWL at 5 yr[36]

Improvements in hgb
a1c, cholesterol
Long term sustained
weight loss

Significant adverse
events

Cardiometabolic risk
factor modifying;
hyperlipidemia,
diabetes

Overall morbidity rate
of 19% at 5 yr

Long term sustained
weight loss

Significant adverse
events related to surgery

Cardiometabolic risk
factor modifying;
hyperlipidemia,
diabetes

Overall morbidity rate
of 26% at 5 yr

%EWL: Percentage excess weight loss; %TBWL: Percentage total body weight loss; BMI: Body mass index; GERD: Gastroesophageal reflux disease; RYGB:
Roux-en-Y gastric bypass.

modifications alone in achieving short term weight loss at 9 mo (3 mo post balloon
removal) and 12 mo (6 mo post balloon removal.) The study lacked the long term
follow up needed to determine effectiveness on diabetes, hyperlipidemia, and
cardiovascular outcomes[15]. IGBs have now been studied in conjunction with bariatric
surgery, with a more recent study showing the Orbera balloon plus bariatric surgery
[Roux-en-Y gastric bypass (RYGB)/Sleeve gastrectomy] to be more effective in the
super obese (BMI > 50 kg/m2) than either alone[16].

The ReShape Duo
The ReShape Duo (ReShape Medical, San Clemente, CA, United States) is another
type of IGB with two balloons attached to each other by flexible tube. Each balloon
requires about 450 mL of saline solution (mixed with methylene blue). This unique
shape enables one balloon to continue working as a space occupying device even if
the other balloon gets deflated spontaneously. Initial data on the efficacy of ReShape
Duo balloon has shown promise. The REDUCE trial was the first large multicenter
prospective study looking at efficacy and safety of the ReShape dual balloon. In this
study, 326 participants with a BMI between 30-40 kg/m 2 were randomized to
endoscopic ReShape Duo balloon placement plus diet and exercise vs. sham
endoscopy plus diet and exercise alone. Duo patients had significantly greater %EWL
at 24 wk (25.1% intent-to-treat (ITT), 27.9% completed cases (CC, n = 167) compared
with DIET patients (11.3%ITT, P = 0.004, 12.3% CC, n = 126). This significant weight
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Figure 3 A summary of bariatric endoscopic techniques. EBTs: Endoscopic bariatric treatments; GI: Gastrointestinal; ESG: Endoscopic sleeve gastroplasty; IGB:
Intragastric balloon. Reprinted from “ASGE Bariatric Endoscopy Task Force; ASGE Technology Committee, Abu Dayyeh BK, Edmundowicz SA, Jonnalagadda S,
Kumar N, Larsen M, Sullivan S, Thompson CC, Banerjee S. Endoscopic bariatric therapies. Gastrointest Endosc 2015; 81: 1073-1086”. With permission from Elsevier.

loss noted with ReShape Duo balloon (i.e., %EWL noted with Duo balloon was double
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that of lifestyle modification) was coupled with very low adverse event (AE) profile
(such as accommodative symptoms, balloon deflation, gastric ulceration)[17]. High
incidence of gastric ulcers and erosions (39%) was initially observed at or near the
gastric incisura during the study period but the frequency reduced to 10.3% with
design modification.
The most recent data was published in 2018 through John’s Hopkins where they
analyzed 202 adult patients who underwent ReShape Duo IGB insertion and they
determined %TBWL and %EWL over a 12 mo period. Mean %TBWL at 1, 3, 6, 9 and
12 mo was 4.8%, 8.8%, 11.4%, 13.3% and 14.7%, respectively. Of the data available,
60.4% of patients achieved more than 10% TBWL and 55.4% had more than 25% EWL.
Common AE included nausea, vomiting, and abdominal pain, with more severe AE
being one small bowel obstruction. Secondary endpoints such as systolic and diastolic
blood pressure, hemoglobin a1c, fasting blood sugar, and total cholesterol were found
to be statistically significantly lower at balloon removal than at baseline[18].

Obalon
Obalon (Obalon Therapeutics Inc, Carlsbad, CA, United States) is the first and only
swallowable, FDA approved balloon system for weight loss. This is approved to
facilitate weight loss in patients with a BMI between 30 and 40 kg/m2 in conjunction
with diet and exercise. The Obalon balloon is packaged with a gelatin capsule. The
patient swallows the capsule which is attached to a small catheter. Fluoroscopy is
used to confirm intragastric location. The gelatin capsule dissolves allowing the
balloon to enter the stomach. The catheter is used to inflate the balloon by using a gas
filled canister, after which the catheter is detached and removed. The balloons should
be removed after 6 mo.
The advantage of this mechanism is that the placement of the IGB endoscopically
(with all procedural and anesthesia related risks) is not required; however, it still must
be retrieved after a 6-mo time period. Up to three balloons may be placed at one time
equivalent to 750 mL of gastric space which allows modifiability[19]. The most recent
data showing efficacy of this system was published in 2018 where the authors
conducted a double-blind, randomized sham controlled trial of Obalon balloon plus
lifestyle therapy compared to lifestyle therapy alone for weight loss at 6 mo. The
authors found that compared with lifestyle alone, the Obalon IGB resulted in twice
the weight loss compared to controls with minimal AEs[20].

IGB advantages
The IGB offers several advantages. One, it is a relatively simple procedure that could
be adopted within the realm of general gastroenterology with minimal additional
training needed. The procedure can be performed on an outpatient basis, thereby
saving costs. It is minimally invasive with little risk as compared to the most common
surgical bariatric procedures (RYGB and Sleeve gastrectomy). Further, studies are
now revealing superior weight loss effect with combination of IGB and bariatric
surgical procedures than either alone, suggesting that it can be used in combination
with standard surgical approaches. Lastly, it can be easily reversed and repeated
multiple times over. Although there is promise for IGB’s, there still remains a need for
further evidence of safety, efficacy, and established guidelines that can be followed by
the medical community.

Other intragastric balloons and space occupying devices
Other IGBs are available worldwide but not approved in United States at the current
time. Spatz adjustable balloon system (Spatz Medical, Great Neck, NY, United States)
is an endoscopically placed saline filled IGB with a unique design that allows for
volume adjustment. Hence, increasing or decreasing balloon volume may result in
better patient tolerance, making it adjustable per patient’s preference. Another IGB,
Elipse Balloon (Allurion Technologies, Wellesley, MA, United States) remains in the
stomach for approximately 4 mo, at which time a valve opens spontaneously,
deflating the balloon and allowing it to be spontaneously excreted through the GI
tract.
Other gastric non-balloon space-occupying devices have been introduced.
TransPyloric Shuttle (BAROnova, Inc, Goleta, CA, United States) is composed of a
large spherical silicone bulb connected to a smaller cylindrical silicone bulb by a
flexible catheter. This unique design allows the device to assume transpyloric
positioning creating an intermittent seal resulting in delayed gastric emptying and
early satiety. The Full Sense Device (Barker, Foote, Kemmeter, Walburn, LLC, Grand
Rapids, MI, United States) is a modified, fully covered, gastroesophageal stent. After
deployment, the exclusive design allows the gastric disk component to apply pressure
on the gastric cardia resulting in satiety.
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Endoscopic sleeve gastroplasty
ESG is an incisionless method whereby full thickness sutures (OverStitch; Apollo
Endosurgery) are placed within the greater curvature of the stomach during
endoscopy. This, in essence, creates a gastric restriction by decreasing gastric volumes
by approximately 70%, thereby leading to early satiety and weight loss. Additionally,
this method has been shown to alter insulin sensitivity, gastric emptying, satiation,
and appetite regulatory hormones; which becomes important in the altered
neurohormonal physiology in obese individuals[21].
This method for endoscopic weight loss has shown promise in clinical trials and
retrospective reviews. In a recent study published in 2017, Lopez-Nava et al [22]
evaluated 248 patients to examine the short term and long-term outcomes after ESG.
There they were able to show that %TBWL was 15.2 and 18.6 at 6 and 24 mo
respectively. At 24 mo the proportion of patients achieving > 10% TBWL was 84.2%
and 53% with per protocol and intention-to-treat analysis, respectively[22]. In a more
recent multi-centered trial, 112 patients (baseline BMI 37.9kg/m2) who underwent
ESG were followed prospectively. TBWL at 1, 3, and 6 mo was 8.4%, 11.9%, and 14.9%
respectively. The proportion of patients who attained greater than 10% TBWL and
25% EWL was 62.2 and 78.0% at 3 mo post-ESG and 81.0 and 86.5% at 6 mo post-ESG.
Multivariable analysis revealed that male gender, greater baseline body weight, and
no prior endoscopic bariatric treatment were predictors of weight loss at 6 mo follow
up. The safety of this procedure was also evaluated. Mild AEs such as self-limited
nausea and vomiting occurring in a large proportion of patients were noted. Three
major AEs were noted (two patients had gastrointestinal (GI) bleeding and one
patient had perigastric fluid collection; no patient required conversion to surgery for
management of these complications)[23]. In summary, the current evidence suggests
that ESG results in greater weight loss compared to gastric balloon but not as much as
with bariatric surgery (although high quality head to head studies to answer this
question are in progress).
In another study performed by Sharaiha et al[24], ESG has been able to reduce obesity
associated medical co-morbidities. In this study, 91 consecutive patients who
underwent ESG between August 2013 and March 2016 were analyzed. At 24 mo
follow up, statistically significant reductions in levels of hemoglobin A1c, systolic
blood pressure, waist circumference, low density lipoprotein cholesterol, alanine
aminotransferase, and serum triglycerides were noted [24] . A multi-center ESG
Randomized Interventional Trial (MERIT-Trial) with estimated 200 participants is
underway and is expected to complete at the end of 2020.
ESG provides a unique intermediary between gastric bariatric surgery and the
gastric balloon. Gastric balloons have only been studied and approved for a shortterm period, with long lasting weight loss a limitation of this modality thus far. On
the other hand, ESG may provide a feasible means of weight loss with a more durable
effect than the IGB. Moreover, compared to bariatric surgery, ESG is less invasive,
efficient, safe and less costly making it an attractive possibility for patients who want
to lose weight without undergoing surgery.
Another similarly designed treatment modality, primary obesity surgery
endoluminal (POSE), uses a peroral incisionless operating platform (USGI Medical,
San Clemente, CA, United States) to place transmural tissue anchor plications that
reduce accommodation of the gastric fundus. Additional plications are placed in the
distal gastric body to delay gastric emptying. In a pivotal United States multicenter
randomized blinded clinical trial, the %TBWL at 12 mo for the POSE group was 4.94%
± 7% compared to 1.38% ± 5.6% in the control group. The rate of serious AEs was
4.7%[25].

ASPIRATION THERAPIES
The AspireAssist (Aspire Bariatrics, King of Prussia, PA, United States) is an FDA
approved device for patients with BMI of 35-55 kg/m2. It is a large caliber tube that is
inserted percutaneously through the stomach (like a polyethylene glycol tube)[26]. Two
weeks after insertion, the external portion of the tube is shortened and a skin port
with a valve is attached to the skin. An Aspire Assist device is connected to the skin
port to provide aspiration. A water reservoir is used to flush water into the stomach to
help with aspiration. Usually, aspiration is performed over a 5-10 min period about 20
to 30 min following each meal, effectively removing up to one third of the ingested
meal. Regular visits to a physician very one to two months is required in the first year
(and less frequently thereafter) to help monitor the progress.
The PATHWAY trial was the largest multicentered randomized controlled trial
looking at 207 patients, randomized in a 2:1 fashion, where 137 patients underwent
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AspireAssist and 70 patients received Lifestyle Counseling. 111 patients underwent
final analysis (26 withdrew). At 52 wk, participants in AspireAssist group had lost a
mean (± SD) of 31.5 ± 26.7% of their excess body weight (12.1 ± 9.6% total body
weight), whereas those in the Lifestyle Counseling group had lost a mean of 9.8 ±
15.5% of their excess body weight (3.5 ± 6.0% total body weight, P < 0.001). A total of
58.6% of participants in the AspirteAssist group and 15.3% in the Lifestyle Counseling
group lost at least 25% of their excess body weight (P < 0.001). Each of these outcomes
achieved statistical significance. The AspireAssist group was also able to show
statistically significant changes in glycated hemoglobin levels as well [27] . The
advantages of aspiration therapies include reversibility, outpatient procedure, no
alteration to the internal anatomy, limited risks, and long-term duration of use.

SMALL BOWEL ENDOSCOPIC BARIATRIC THERAPIES
The proximal small bowel plays an important role in glucose homeostasis and
pathogenesis of diet-induced diabetes. Enteroendocrine cells within the small
intestinal mucosa release gut peptides that mediate satiety and increase insulin
secretion. Secretion of biliary and pancreatic enzymes within the proximal small
bowel helps in digestion of food. To mitigate these beneficial physiological effects of
the proximal small bowel mucosa, several barrier devices have been developed,
which will be explained in the next section.

Gastrointestinal bypass sleeves
The small intestine is primarily used for nutrient absorption of carbohydrates, fats,
and proteins. GI bypass sleeves are intended to bypass a part of small intestine to
cause malabsorption of nutrients. This has shown promise in both weight reduction as
well as control of diabetes.
Endobarrier (GI dynamics, Lexington, MA, United States) is a long duodenojejunal
bypass (DJBS) sleeve made up of an impermeable polymer liner and a nitinol crown
anchoring system which attaches to the duodenal bulb. The sleeve is designed to
cause malabsorption by allowing food passage from the stomach into the small bowel
while bypassing the first 65 cm of the small bowel. Due to the barrier function of the
sleeve, contact of the food with pancreatic enzymes and biliary secretions in the
duodenum is eliminated and hence, results in malabsorption of nutrients and
resultant weight loss. This has shown excitement as it is designed to mimic the RYGB
without the associated morbidity (1 year 14.9%) and 30 d mortality (0.5%)[28]. The
sleeve is removed endoscopically in 12 mo.
Although this technology has yet to be approved by FDA within the United States,
there have been multiple clinical trials which have shown promise with this device. In
a large metanalysis by Force et al[29], published in 2015, EndoBarrier was associated
with 35.3% EWL at 12 mo (95% confidence interval, 24.6-46.1). An interesting finding
associated with this bypass sleeves was that hemoglobin a1c levels were markedly
improved with the use of this device, even in as little as 24 wk[30]. This finding has
been seen in RYGB, and is thought to be secondary to increased glucagon synthesis
after exclusion of the proximal small bowel, as well as enhanced secretion of incretins,
like GLP-1, in response to nutrients being delivered to the distal small bowel[31].
However, a pivotal multicenter double-blinded sham control United States trial
was terminated early because of a 3.5% incidence of hepatic abscess formation.
Interestingly, subjects who received the DJBS had more weight loss compared to the
sham group at 12 mo (%TBWL, 7.7% ± 9.6% vs 2.1% ± 5.4%, P < 0.0001) and had more
significant improvement in HgA1c level (-1.1% ± 1.5% vs -0.3% ± 1.6%). AEs occurred
in 10.9% of patients requiring early device retrieval]. Unfortunately, long term follow
up study revealed that the weight reduction of initial DJBL treatment seems to be
diminished after 4 years of follow up[32]. Due to the results discussed above, the
current system fell out of favor but paved the way for second generation DJBSs with
atraumatic anchoring and retrieval systems, which are being currently studied in
clinical human trials.

Other small bowel endoscopic bariatric therapies
Other small bowel endoscopic bariatric therapies are in the initial phase of
development and are being studied in clinical trials. Gastroduodenojejunal bypass
sleeve (ValenTx) is technology similar to EndoBarrier; however, it is a much longer
sleeve and is anchored to the GE junction. The ValenTx endoluminal bypass therapy
mimics the permanent anatomical changes made by the RYGB procedure, but does
this with an adjustable, removable, and replaceable device. This technology is still
undergoing early clinical trials.
A duodenal mucosal resurfacing procedure (Fractyl Laboratories, Cambridge, MA,
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United States) has been developed. In this procedure, a special catheter is used to
deliver heat energy resulting in thermal ablation of the superficial duodenal mucosa.
This results in mucosal remodeling and subsequent resetting of the signaling pathway
of the duodenal neuroendocrine cells, translating into better control of hyperglycemia
and diabetes. Self-assembling magnets for endoscopy (GI windows, Boston, MA,
United States) have been developed with the idea of creating a communication
between proximal jejunum and ileum. This would allow the nutrients to bypass the
absorptive surface of a major part of small bowel leading to malabsorption and
weight loss.

CONCLUSION
The medical community is exploring options to feed the unmet need of the United
States obesity epidemic. These options include lifestyle/behavioral modifications,
pharmacotherapy, bariatric surgery, or combination therapy. Studies have shown that
lifestyle modifications and pharmacotherapy have only been able to achieve modest
weight loss effects. Bariatric surgery has been shown to be a landmark intervention in
obesity, but many patients find this invasive approach unacceptable due to the side
effect profile and potential late complications. Endoscopic bariatric treatment options,
although relatively novel, has shown efficacy in the treatment of obesity. It has
potential to become more popular in near future considering being less invasive and
having a more favorable side effect profile compared to surgery. Long term efficacy is
not well known at this time but should be available in a few years as more studies are
being reported. Additional studies must also include comparison of different
modalities and outcomes on obesity related illnesses (cardiovascular disease, diabetes,
hyperlipidemia, etc.). The future of this developing arena will also depend upon
training future gastroenterologists in the technical and medical aspects of this field. To
date, there is no formalized bariatric endoscopic training amongst gastroenterology
fellowship programs. Primary care, bariatric medicine physicians, and bariatric
surgeons must incorporate and determine appropriateness of bariatric endoscopy
when evaluating patients. Given the promise of this new modality, the authors of this
review believe the future of bariatric medicine will include endoscopic intervention as
a major tool in its armamentarium.
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Abstract
Chronic delta hepatitis is the most severe form of viral hepatitis affecting nearly
65 million people worldwide. Individuals with this devastating illness are at
higher risk for developing cirrhosis and hepatocellular carcinoma. Delta virus is a
defective RNA virus that requires hepatitis B surface antigen for propagation in
humans. Infection can occur in the form of a co-infection with hepatitis B, which
can be self-limiting, vs superinfection in a patient with established hepatitis B
infection, which often leads to chronicity in majority of cases. Current
noninvasive tools to assess for advanced liver disease have limited utility in delta
hepatitis. Guidelines recommend treatment with pegylated interferon, but this is
limited to patients with compensated disease and is efficacious in about 30% of
those treated. Due to limited treatment options, novel agents are being
investigated and include entry, assembly and export inhibitors of viral particles
in addition to stimulators of the host immune response. Future clinical trials
should take into consideration the interaction of hepatitis B and hepatitis D as
suppression of one virus can lead to the activation of the other. Also, surrogate
markers of treatment efficacy have been proposed.
Key words: Hepatitis delta; Epidemiology; Treatment
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Delta hepatitis is a progressive disease affecting millions worldwide. Current
treatment options have limited efficacy. This review focuses on the history of interferon
therapy, novel therapies that have been developed and future treatment options for a
possible functional cure.
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INTRODUCTION
Hepatitis D virus (HDV) infection was initially identified in 1977 in Italy by Dr. Mario
Rizzetto and colleagues who noted a severe hepatitis in individuals thought to be
mono-infected with hepatitis B virus (HBV). Initial immunofluorescence studies led to
the finding of a novel antigen which was thought to be a new biomarker for HBV[1].
Serum analysis of these affected patients showed that they developed an antibody to a
newly identified antigen which was subsequently termed the delta antigen (HDAg).
In the early 1980s, collaborative studies in chimpanzees revealed more information
regarding this novel finding. Hepatitis B susceptible and immune animals were
inoculated with hepatitis B surface antigen (HBsAg) positive sera from patients with
HDAg and only susceptible animals developed HBV and delta markers. Also,
synthesis of delta markers caused the synthesis of HBV gene products to be
diminished. This study importantly highlighted that HDV was transmissible, requires
HBV for its own replicative cycle and interferes with HBV replication[2]. Over the past
40+ years since the initial identification of HDV, chronic HDV infection has come to
be known as the most severe form of viral hepatitis[3] which leads to higher rates of
cirrhosis[4] and hepatocellular carcinoma (HCC)[5] compared to HBV mono-infection[6-8]
and chronic hepatitis C (HCV) infection[9]. To date, there is no treatment approved by
the United States Food and Drug Administration (FDA) for chronic HDV infection.
Current treatment with interferon alpha, as recommended by professional societies,
has limited efficacy thereby leaving liver transplant a final viable option. However,
new and promising treatment options are being investigated in clinical trials.

EPIDEMIOLOGY
Approximately 587 million people are infected with chronic HBV infection with 62-72
million chronically infected with HDV[10]. Eight HDV genotypes have been identified
to date with genotype 1 being widely distributed, 2 and 4 predominantly in Asia, 3
localized to the Amazon Basin and 5-8 of African lineage (Figure 1)[11,12]. Prevalence
rates vary widely with high rates noted in Africa and South America (Table 1).
Retrospective studies have noted that HDV infection is more common in men than
women [13,14] . High risk populations include individuals from endemic areas,
intravenous drug users, men who have sex with men, individuals with human
immunodeficiency virus (HIV) or HCV and patients with multiple sexual
partners[5,13,15,16]. In a retrospective analysis in Spain, there was a reduction of new cases
of acute HBV and HDV infection between the time periods 1983-1995 and 1996-2008
and it is thought that policy changes during the 1990s for HBV vaccination to include
all newborns and adolescents and not just high risk groups played a substantial
role[13,17]. Immigration and sexual transmission are now the leading risk factors for
HDV infection[17].
In the United States, testing for HDV infection has been poor[4,15,18]. In a retrospective
study of 1191 patients in northern California from 1989-2007, only 499 (42%) patients
were tested for HDV (HDV ab or HDAg or both)[4]. Of those tested, 42 (8%) patients
were confirmed to be HDV infected [HDV ab (n = 29), HDAg (n = 6), both (n = 7)].
Interestingly, 67% of the HDV patients were diagnosed with cirrhosis compared to
only 17% of HBV monoinfected patients tested for HDV and 22% of the total HBV
monoinfected cohort (including patients not tested for HDV). In a retrospective study
of patients in the Veterans Affairs medical system from 1999-2013, 2008 (7.8%) of
25,603 HBsAg positive patients were tested for HDV and 73 (3.6%) had a positive
HDV ab[5]. In a cross-sectional study of electronic medical records from 1994-2014, 121
(12%) of 1007 HBsAg positive were tested for HDV and 4 (3.3%) had a positive HDV
ab[18]. These studies highlight the need for HDV screening in all patients with HBV in
congruence with the Asian Pacific Association for the Study of the Liver (APASL)[19]
and European Association for the Study of the Liver (EASL) [20] guidelines for
education, possible need for treatment and prevention of transmission.
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Table 1 Prevalence rates throughout the world
Prevalence (%)
Geographic area

Ref.
HDV ab | HDV RNA

Africa
[137]

Gabon

63-70.6 | X

Nigeria

4.9 | 9

Sub-Saharan

1.3-50 | 21.4-100

Tunisia

2 | 33.3

[138]
[139]
[140]

Asia
Japan

21.1 | X

Mongolia

74.4 | 97.9

[141]
[9]
[142]

90.7 | 91.4
Pacific
Kiribati

[143]

X | 37

North America
United States

[144]

42 | X

South America
Brazil

[145]

1.8 | X

[146]

34.4 | X
Europe
Belgium

3.7-5.5 | X

Greece

4.2 | X

Italy

67 | 93

[147]
[148]
[149]
[150]

23.4 | X
London

4.5 | 20.2

Romania

23.1 | 71.0

Spain

4|X

[151]
[8]
[152]
[17]

8.2 | X

HDV: Hepatitis D virus.

VIROLOGY
HDV is the smallest known human RNA virus and is a defective RNA virus which
requires HBsAg[21]. It is about 36 nm in diameter and consists of a circular single
stranded RNA (about 1700 BP)[22], that folds into a rod like structure[23] due to selfcomplementarity[24], and HDAg thus forming the HDV ribonucleoprotein (RNP)[25]
surrounded by the HBsAg envelope (Figure 2)[21,26,27]. Entry of the HDV RNP into
hepatocytes occurs through binding of the sodium taurocholate co-transporting
polypeptide (NTCP) receptor[28,29] through the preS1 region of the large HBsAg. Once
in the hepatocyte, transport to the nucleus is mediated by HDAg [25,30] through a
nuclear localization signal[31-34] and possibly through phosphorylation[35], acetylation[36]
and methylation [37] of HDAg. Replication occurs through the host RNA polymerase [38-41] in a double-rolling cycle [22] . Rolling cycle replication allows for
transcription of full-length antigenomic RNA which is used to generate genomic
RNA. The antigenomic RNA contains the sequence for HDAg[37,42], which undergoes
RNA editing and self-cleavage [43,44] , and translation occurs in the endoplasmic
reticulum. HDAg is present in two forms based on RNA editing[44] and are referred to
as small (SHDAg, 195 amino acids, 24 kDa) and large (LHDAg, 214 amino acids, 27
kDa) delta antigen[42]. This editing process adds additional amino acids to the Cterminus of LHDAg[45]. Replication is promoted by SHDAg[46,47]. LHDAg suppresses
SHDAg [47] , contains an isoprenylation motif and nuclear export signal [48,49] and
promotes assembly of the virus[46,50-52]. Genomic RNA is exported to the cytoplasm
through signaling in HDV RNA[34]. LHDAg promotes prenylation and association
with HBsAg[53] generating a viral particle. SHDAg alone is insufficient for virion
formation and it is thought that the LHDAg acts as a bridge between HBsAg and
SHDAg and HDV RNA[25,34,51,52,54,55] (Figure 3).
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Figure 1

Figure 1 World map illustrating the estimated prevalence of hepatitis D virus infection with genotypic distribution.

PATHOGENESIS
Studies have shown that there is an interaction between HBV and HDV though the
exact mechanism has not been elucidated. In a longitudinal analysis of 33 chronic
HDV patients, HDV was the predominant replicating virus in 54.5% of cases, whereas
HBV was the predominant replicative virus in 30.3% of cases and both were
codominant 15.2% of cases[56]. Compared to HBV mono-infection, it has been reported
that HBV/HDV infection leads to more severe liver damage[8,57-59] including extensive
necrosis[3,60-62] and patients develop cirrhosis at a faster rate[8]. Also, though suppressed,
low level HBV replication may be capable of causing liver damage[63]. In chimpanzees,
damage by HBV is immune mediated whereas in HDV it is cytopathic[64] or possibly
cytotoxic as evidenced with a predominance of macrophages in areas of necrosis[62].
An in vitro model to determine the effect of HDAg expression in HeLa and HepG2
cells showed that HDAg is directly cytotoxic [65] . In a study analyzing cytokine
responses in patients with chronic HDV infection before and during interferon alpha
(IFN-α) treatment, it was found that interleukin (IL)-2, interferon gamma (IFN-γ),
interferon-inducible protein-10 and IL-10 responses were detectable and that these
responses declined during treatment with interferon[66]. In a humanized mouse model
evaluating the antiviral state of human hepatocytes in the setting of HBV/HDV coinfection compared to HBV mono-infection, the JAK STAT pathway was triggered by
HDV infection [67] . Natural killer cells were studied in chronic untreated HDV
patients [68] . Elevated STAT1 levels were observed in chronic HDV patients and
treatment with pegylated interferon alpha (peg-IFN-α) further augmented this
elevation and reduced induction of STAT4 signaling with expected decrease in IFN-γ.
An integrated genomic approach of liver specimens from HDV-HCC (n = 5) and nonHCC HDV cirrhosis (n = 7) at the time of liver transplantation showed that HDV-HCC
tissue exhibited upregulated gene expression of cell cycle pathways important for
DNA replication, damage and repair and the pattern is disease specific[69]. A more
recent study suggests that the pathways to damage of hepatocytes may be due to the
imbalance in type 1 and 2 immunity, activated HDV-specific CD8 + T cells and
presence of escape variants[70,71].

CLINICAL PRESENTATION AND DIAGNOSIS
It is important to have a high clinical suspicion for HDV especially in high risk patient
populations and HBsAg positive individuals with high alanine aminotransferase
(ALT) and low or undetectable HBV DNA levels[5,63,72]. The recommended screening
test is anti-HDV antibodies with follow up HDV RNA testing if screening is
positive[15]. The clinical presentation of HDV can be variable and patients can be
asymptomatic with mild enzyme elevation vs fulminant hepatic failure. HDV can
present as a co-infection vs superinfection with HBV. The main serological difference
between them is positive anti-HBc IgM in co-infected individuals[64,73]. Co-infection
occurs with acute infection of both viruses. A biphasic pattern of ALT and bilirubin
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Figure 2

Figure 2 Structural representation of hepatitis B and delta viruses.

can be observed[74]. Clinical course is typically benign, similar to acute HBV infection,
spontaneous recovery occurs in up to 90% of individuals and progression to
chronicity occurs in 2-8% of individuals[13,73,75,76]. Superinfection occurs in individuals
with chronic HBV infection who are later infected with HDV. Spontaneous recovery
occurs in 10% of individuals with progression to chronicity in 90%-100% of
individuals [13,73,75] . Chronic HDV infection leads to cirrhosis in about 80% of
individuals in 5-10 years[4,77].
Disease progression is striking in patients with chronic HDV infection [57] and
scoring systems in addition to noninvasive markers of fibrosis have been evaluated
for predicting damage and clinical outcomes. The baseline-event-anticipation score
(BEA score) resulted from a 16-year study of 75 HBsAg-anti-HDV-positive patients
with delta hepatitis and validated in two independent cohorts[78]. Age, sex, region of
origin, bilirubin, platelets and international normalized ratio (INR) and based were
included and allocated points and the summation resulted in mild, moderate and
high risk groups[78].
The Delta Fibrosis Score (DFS) was developed in a cohort of 100 HDV RNA positive
patients in Europe[79]. Eight non-invasive fibrosis scores were evaluated (aspartate
aminotransferase (AST) to ALT ratio (AAR), AST to platelet ratio index (APRI),
ﬁbrosis-4 score (FIB-4), Non-alcoholic fatty liver disease (NAFLD) score, BARD score,
European Liver Fibrosis (ELF) score, SHASTA index, Amino-terminal propeptide of
type III collagen) and compared to liver biopsy using the Ishak scoring system. F3-F4
indicated advanced fibrosis and F5-F6 indicated cirrhosis. Goal AUROC was > 0.8,
sensitivity > 80% and positive predictive value (PPV) > 90%. None of the scores met
criteria even after adapting cut-off values to optimize for chronic HDV infection. The
ELF score did meet criteria of sensitivity and PPV but was determined to not be cost
effective especially for endemic regions with limited sources of funding. Thus, the
DFS was developed and components included older age, elevated gamma glutamyl
transferase (GGT), low albumin and low cholinesterase with an AUROC of 0.87,
sensitivity of 85% and PPV of 93%.
The utility of serum fibrosis markers in HDV were also explored in a retrospective,
cross-sectional study of 1003 patients with chronic hepatitis B (n = 240), C (n = 701)
and D (n = 62) who underwent liver biopsy[61]. Markers included FIB-4, AAR, ageplatelet index (API), APRI and Hui score. Advanced fibrosis was defined as Ishak ≥ 4
and cirrhosis as Ishak 6. FIB-4 appeared to perform the best in this comparison with
an AUROC of 0.70, although the performance was substantially better in the
comparative HBV and HCV cohorts. Current therapy for chronic HDV infection is
limited to interferon alpha. Identifying patients who warrant treatment highlights the
need for specific HDV scoring systems and fibrosis markers.

MANAGEMENT
Currently there is no treatment approved by the United States FDA for chronic HDV
infection. Current guidelines of the American Association for the Study of Liver
Diseases (AASLD), Asian Pacific Association for the Study of the Liver (APASL) and
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Figure 3 Hepatitis D virus viral life cycle and sites of investigative therapies. (1) Hepatitis D virus (HDV) virion attaches to the hepatocyte through interaction
between HBsAg and NTCP; (2) HDV RNP is translocated to nucleus facilitated by HDAg; (3) HDV genome replication occurs via a “rolling cycle” mechanism; (4) HDV
antigenome is transported out of the nucleus to the endoplasmic reticulum (ER); (5) HDV antigenome is translated in the ER into SHDAg and LHDAg; (6) SHDAg is
transported into the nucleus; (7) SHDAg promotes HDV replication in the nucleus; (8) LHDAg undergoes prenylation prior to assembly; (9) LHDAg inhibits HDV
replication in the nucleus; (10) New HDAg molecules are associated with new transcripts of genomic RNA to form new RNPs that are exported to the cytoplasm; (11)
New HDV RNPs associate with HBsAg and assemble into HDV virions; and (12) Completed HDV virions are released from the hepatocyte via the trans-Golgi network.

the European Association for the Study of the Liver (EASL) recommend peg-IFN-α for
12 mo[15,19,20]. IFN-α, peg-IFN-α and combination therapy with nucleos(t)ide analogues
(NA) have been studied in chronic HDV infection but therapy with IFN is largely
limited to patients who are non-cirrhotic. Novel treatment options have been
evaluated recently and four areas of interest include drugs that target entry, assembly
and release of viral particles in addition to treatment that activates the immune host
response.

Interferon
As IFN was thought to be able to inhibit viral nucleic acid replication, the tolerability
and efficacy of IFN-α in chronic HDV patients was studied. Sixty one patients were
randomized to receive IFN-α-2b three times a week (5 MU/m 2 for 4 mo, then 3
MU/m2 for 8 mo, n = 31) vs no treatment (n = 30)[80]. A complete biochemical response
was defined as the normalization of ALT or decrease of 50% from baseline and was
met in 42%, 26% and 3% of treated patients at 4, 12 and 24 mo, respectively vs 7%, 7%
and 0% at the same timepoints in the control group. A complete virological response
was defined as negative HDV RNA and was not met in either group. A decrease in
histologic portal inflammation was observed though not significant.
Forty two patients with chronic HDV infection were randomly assigned to receive
either 9 million (high dose, n = 14) or 3 million units (low dose, n = 14) of recombinant
IFN-α-2a three times a week for 48 wk or no treatment (control, n = 13)[81]. Biochemical
response was defined as normal ALT, virologic response as the absence of HDV RNA
and complete response as normal ALT and absence of HDV RNA at the end of
treatment. ALT became normal in 71%, 29% (P = 0.029 compared to high) and 8% (P =
0.001 compared to high) of patients in the high, low and control cohorts at 48 wk,
respectively. HDV RNA was not detectable in 71%, 36% and 0% of patients in the
high, low and control cohorts at 48 wk, respectively. Complete response occurred in
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50%, 21% and 0% of patients in the high, low and control cohorts, respectively.
Biochemical response was maintained in 50% of the patients whose ALT normalized
in the high dose group and was persistent at 12 years[82]. Virological response was not
sustained in any cohort but in the high dose group, there was a significant decrease in
HDV RNA at the end of treatment compared with baseline (P = 0.009) and this
decrease was sustained during long term follow up and two patients were able to
clear HBsAg. Liver histology significantly improved in the high dose group as well in
terms of interface hepatitis, lobular necrosis, portal inﬂammation and ﬁbrosis stage
after a mean of 11.5 years. In 4 patients in the high dose group who maintained a
sustained biochemical response who had cirrhosis initially, fibrosis was absent in the
last liver biopsy. Overall, long-term survival was significantly longer in the high-dose
group than in the low-dose group (P = 0.019) and untreated controls (P = 0.003).
The safety and efficacy of peg-IFN-α-2b 1.5 μg/kg per week subcutaneous (SC) for
12 mo was evaluated in 14 patients with chronic HDV infection [83] . The primary
endpoint was virological response with undetectable HDV RNA at the end of
treatment and was met in 57% of patients and 43% of patients achieved sustained
virological response (undetectable HDV RNA 6 months after end of treatment).
Biochemical response was normal ALT levels at the end of treatment and was met in
36% of patients and 57% of patients achieved a sustained biochemical response
(normal ALT 6 mo after end of treatment). One patient cleared HBsAg in the
sustained responder group. Treatment withdrawal was not needed but dose
reduction to 1 μg/kg per week occurred in 5 patients due to leukopenia. This
preliminary study indicated the safety and efficacy of peg-IFN-α-2b and additional
studies have been completed.
In a pilot study of ribavirin treatment in 7 patients with HDV, an oral dose of
15mg/kg daily of ribavirin was administered for 16 wk[84]. Complete biochemical
response was defined as normal ALT and a complete virological response as negative
serum HDV RNA. Biochemical response was not met. Significant virological response
was not observed by the end of follow up and at 12 mo post-treatment. Peg-IFN-α-2b
at a dose of 1.5 μg/kg for 48 wk in 2 out of 12 patients resulted in undetectable HDV
RNA and normal of ALT by the end of follow up and at 24 wk post-treatment[85]. This
same dose of peg-IFN-α-2b was assessed as monotherapy or in combination with
ribavirin (800 mg oral daily) for 48 wk with maintenance therapy of peg-IFN-α-2b for
24 wk[86]. The primary and secondary endpoints were suppression or clearance of
HDV RNA and normal ALT at end of treatment or at the end of 6 month follow up,
respectively. Though not significant, the prolonged course of peg-IFN led to HDV
RNA clearance and a sustained virological response in about 20% of patients in the
monotherapy group. The addition of ribavarin to peg-IFN did not demonstrate added
anti-HDV effects. Extending peg-IFN-α-2b therapy from 12 to 24 mo resulted in no
significant advantage in virological and biochemical change[87]. Five-year therapy with
peg-IFN-α-2a showed unsatisfactory results[88]. Based on these and other landmark
studies, the consensus of current guidelines is treatment with peg-IFN-α for 12 mo
(12-18 mo, APASL) in patients with compensated liver disease (EASL) with
consideration of nucleos(t)ide analogue therapy with ongoing HBV DNA replication
(AASLD, EASL) and referral to specialized centers for experimental therapies given
limited efficacy of peg-IFN-α (AASLD)[15,19,20].

Interferon and nucleos(t)ide analogs
The utility of HBV nucleos(t)ide (NA) analogues as monotherapy or in combination
with IFN-α therapy has been explored in chronic HDV infected patients. The efficacy
of oral Lamivudine on HDV RNA, ALT, liver histology and HBsAg seroconversion
was evaluated in a multicenter randomized-controlled study. Thirty one patients with
chronic HDV were randomized to receive Lamivudine 100mg daily or placebo for 52
weeks then all patients received Lamividune 100mg daily for 52 weeks with 16 wk
post treatment follow up. HDV RNA levels were not affected, there was a partial
histological response in 26% of patients and there was no HBsAg seroconversion[89].
Combination therapy with peg-IFN-α-2a, tenofovir and emtricitabine for one year in
one patient with HDV showed that after 10 months of treatment, a sustained response
was obtained and seroconversion of HBsAg occurred suggesting that combination
therapy was more effective than IFN monotherapy[90]. Thus, more studies using mono
or combination therapies were evaluated especially with adefovir.
In a large randomized treatment trial, the Hep-Net-International-Delta-HepatitisIntervention-Study 1 (HIDIT-I), 90 patients were treated with adefovir (ADV, 10 mg
oral daily, n = 30) vs peg-IFN-α-2a (180 μg/weekly, n = 29) and placebo vs adefovir
and peg-IFN-α-2a (n = 31) for 48 wk with 24 wk follow up[91]. The primary endpoint
was undetectable HDV RNA and normal ALT at the end of treatment. This was met
in 0, 2 and 2 patients in the ADV, peg-IFN and combination groups, respectively.
HDV RNA was negative in 0%, 24% and 23% in the ADV, peg-IFN and combination
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groups, respectively. Twenty eight percent of patients receiving peg-IFN based
treatments had negative HDV RNA at 24 wk post treatment. Zero, 2 and 10 patients
developed a decline in HBsAg levels of > 1 log10 IU/mL from baseline to week 48 in
the ADV, peg-IFN (P = 0.01 compared to combination) and combination groups (P <
0.001 compared to ADV alone), respectively.
A retrospective-prospective follow-up of the HIDIT-I trial was completed in 77
patients with a median time follow-up of 4.5 years[92]. Twenty-one, 19 and 18 patients
from the ADV, peg-IFN and the combination group were included, respectively. The
overall posttreatment clinical-event rate (hepatic decompensation, HCC, liver
transplantation and liver-related death) was 2.5% (4.9% in patients with cirrhosis).
Ten percent of peg-IFN based treated patients achieved HBsAg loss by the end of
follow up. HDV RNA relapses occurred during long term follow up in nearly 50% of
responder patients and the authors recommended that the term “sustained”
virological response be avoided in chronic HDV infection. Univariate and multivariate analyses of HIDIT-I to identify factors associated with outcomes of peg-IFN
treatment, with and without adefovir revealed that the level of HDV RNA at week 24
of treatment was associated more strongly with response to therapy and could help to
identify patients who will test negative for HDV RNA 24 wk after the end of
treatment[93].
In HIDIT-II, two parallel, multicenter, double-blind, randomized, controlled trials
evaluated peg-IFN-α-2a (180 µg/weekly) combination therapy with oral Tenofovir
Disoproxil Fumarate (TDF, 300 mg daily, n = 59) or placebo (n = 61) for 96 wk in 120
patients with chronic HDV infection[94]. The primary endpoint was negative HDV
RNA at the end of treatment. Secondary endpoints included negative HDV RNA at
treatment week 48 and post-treatment week 24, HBsAg loss or decline > 0.5 log10 from
baseline to treatment weeks 48 and 96 and normal ALT at treatment weeks 48, 96 and
post-treatment week 24. Addition of TDF did not provide additional benefit for
treatment endpoints as there were no significant differences between both cohorts and
the authors suggest that HBV nucleotide analogous should not be recommended as
standard of care at this time. However, there were other important off target findings.
Ninety-six weeks of peg-IFN-α-2a was tolerated by most of the patients in this study,
which also included patients with cirrhosis, and that prolonged treatment was
associated with improvement in histological fibrosis scores overall. Also, the presence
of liver cirrhosis was associated with an increased likelihood for an HDV RNA
response at post-treatment week 24. Therefore, retreatment of patients with peg-IFN
can be considered if prior treatment was tolerated and progression of disease is likely.
Though peg-IFN was tolerated and showed histological improvement, this did not
correlate with virological or biochemical responses and extension of treatment to 96
wk did not cause significant change in HDV RNA negativity in either group and
seemed to peak at week 48 and did not prevent relapse. Therefore, if suppression of
HDV RNA is the main endpoint, then treatment beyond 48 wk may not yield
additional benefit.
Long-term outcome of delta hepatitis after treatment with antiviral treatment
regimens was evaluated in a large, single-center cohort of 136 patients for a mean
follow-up of 5.2 years[95]. Thirty-nine patients had not received treatment, 52 received
IFN-α based therapy and 45 patients received treatment with NA analogues only.
Clinical endpoints of hepatic decompensation, HCC, liver transplantation and liverrelated death were monitored and occurred in 55 patients. Regarding IFN-α based
therapy, patients developed clinical endpoints significantly less frequently than the
other two cohorts (NA, P < 0.01; untreated, P < 0.01), was independently associated
with a more benign clinical long-term outcome (P = 0.04; OR = 0.25; 95% CI: 0.07-0.9),
and hepatic decompensation (P < 0.01) and need for liver transplant (P < 0.01)
occurred less often compared to the NA group. Though efficacy of IFN-α is not
optimal, this study highlights the fact that IFN-α is necessary in those that require
treatment until improved options are available.

Who to treat?
As mentioned previously, the only recommended therapy for chronic HDV infection
is IFN-α based treatment with limited efficacy and many side effects and identifying
patients who warrant treatment highlight the need for specific HDV scoring systems
and fibrosis markers. Current guidelines suggest treating individuals with elevated
HDV-RNA levels and ALT elevation with peg-IFN-α for 12 months with consideration of NA therapy with ongoing HBV DNA replication[15,20]. In a cross-sectional
study of two independent cohorts of patients including individuals from the HIDIT-II
trial, anti-HDV IgM was assessed for its utility as a biomarker to determine disease
activity and to predict the risk of disease progression in patients with chronic HDV
infection[96]. One hundred and twenty patients were included from HIDIT-II and 78
patients from a ‘‘real-world’’ validation cohort. The validation cohort received various
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forms of treatment: no treatment, n = 46; NA analogues, n = 16; peg-IFN, n = 3;
combination NA analogues and peg-IFN, n = 13. Liver-related endpoints of hepatic
decompensation (encephalopathy, variceal bleeding, ascites), liver transplantation,
HCC or liver-related death were evaluated in the validation cohort. Anti-HDV IgM
serum levels were tested in 102 (85%) HIDIT-II patients and 67 (85.9%) cohort
patients. Negative, low, intermediate and high anti-HDV IgM levels were defined as
negative, < 0.5, 0.5-2.5 and > 2.5, respectively. Though not significant, the validation
cohort had more patients with intermediate (32% vs 21%) or high anti-HDV IgM
levels (5% vs 0%) and in both cohorts there was a trend with histological activity.
There was significant congruency between both cohorts regarding ALT and anti-HDV
IgM levels (negative vs low or intermediate). In HIDIT-II patients, HBV DNA and
anti-HDV IgM were inversely correlated and significant in the negative vs low or
intermediate patients. There was no association between HDV RNA or HBsAg with
anti-HDV IgM. Clinical long-term outcome was investigated in the validation cohort
who were followed over a period of 14 years. Clinical decompensation occurred only
in one anti-HDV IgM negative patient and in 26 patients with positive IgM levels (P =
0.05). These findings suggest that anti-HDV IgM identified a subgroup of patients
with a very mild course of liver disease who may not require urgent treatment.

INVESTIGATIONAL THERAPIES
Prohibiting entry of viral particles
Prior studies have demonstrated that myristoylation of the preS1 domain of the L
envelope protein of HBsAg is required for HBV infectivity[97-99] and that interference of
infectivity occurs through specific cell receptor targeting on the hepatocyte
surface[100,101]. The Sodium Taurocholate Co-Transporting Polypeptide (NTCP) receptor
was identified as the specific receptor for HBV and HDV [28,29] and Myrcludex B
(Bulevirtide), a synthetic preS1 derived peptide, has been identified as an NTCP
receptor inhibitor[99,102-104] with little effect on bile acid transport[105].
A single center, randomized, 3-arm, parallel, open-label clinical trial was performed
in Russia to evaluate the effect of Myrcludex B alone or in combination with peg-IFNα-2a vs peg-IFN-α-2a alone in 24 patients with HDV infection [106] . The primary
endpoint was HBsAg response at week 12 of treatment (HBsAg decline of at least 0.5
log 10 IU/mL at any time during the study). Secondary endpoints included the
responses of HBsAg (24 wk), HDV RNA, HBV DNA and ALT at 24 and 48 wk of
therapy and at 24 wk following the completion of treatment. The 3 treatment groups
included the Myr cohort - 2 mg Myrcludex B SC daily for 24 wk followed by 180 μg
peg-IFN-α-2a SC weekly for 48 wk; Myr-IFN cohort – 2 mg Myrcludex B SC daily plus
180 μg peg-IFN-α-2a SC weekly for 24 wk followed by peg-IFN-α-2a alone for 24 wk;
IFN cohort – 180 μg peg-IFN-α-2a SC weekly for 48 wk. The results at 12 and 24 wk
were reported. There was no significant change of HBsAg at 12 and 24 wk in all
cohorts. At week 24, there was significant mean change from baseline in HDV RNA in
6, 7 and 6 patients and HDV RNA levels became undetectable in 2, 5 and 2 patients in
the Myr, Myr-IFN and IFN cohorts, respectively. The only significant change in HBV
DNA and ALT response was seen in the Myr-IFN cohort. The drug was well tolerated
and there was an asymptomatic rise in plasma bile acid concentrations. At the time of
publication, the trial is still ongoing as this report included data from weeks 12 and 24
of treatment.
The multicenter, open-label, randomized trial to assess the safety and efficacy of
varying doses of Myrcludex B for 24 wk in combination with Tenofovir vs Tenofovir
alone in patients with chronic HDV infection is completed[107]. One hundred and
twenty patients were randomized to 4 treatment arms (n = 30/arm): Myrcludex B (2,
5, or 10mg SC daily) and Tenofovir (245 mg daily) for 24 wk with 24 wk follow up vs
Tenofovir alone for 48 wk. Myrcludex B was generally well tolerated. The primary
endpoint was HDV RNA reduction by 2 log10 or negativity at the end of treatment and
was achieved in 46.4%, 46.8%, 76.6% and 3.3% in the 2, 5 and 10mg Myrcludex B
cohorts and Tenofovir alone cohort, respectively. ALT normalization was achieved in
42.8%, 50%, 40% and 6.6%, respectively. At follow up 12 wk post-treatment, HDV
RNA relapse occurred in 60%, 80% and 83% of treatment responder patients in the
Myrcludex B arms, respectively.
Interim results for a phase 2, multicenter, open-label, randomized trial assessing the
safety and efficacy of Myrcludex B in combination with peg-IFN-α-2a vs peg-IFN-α-2a
alone in patients with compensated chronic HDV infection was made available[108].
Sixty patients (n = 15/arm) were treated for 48 wk with 24 wk follow up. Treatment
cohorts were as follows: peg-IFN-α-2a (180 μg weekly) vs Myrcludex B (2 mg daily) vs
Myrcludex B (2 mg daily) + peg-IFN-α-2a vs Myrcludex B (5 mg daily) + peg-IFN-α-2a
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(180 μg weekly). Myrcludex B was generally well tolerated with an asymptomatic
dose dependent increase in bile salts. The primary endpoint was undetectable HDV
RNA at week 72. Secondary endpoints included undetectable HDV RNA at week 48
and ALT normalization, undetectable HBsAg or decline and combination response
(decline or undetectable HDV RNA and normal ALT) at weeks 48 and 72. Median
HDV RNA log10 change from baseline to week 48 was -1.14, -2.84, -3.62 and -4.48,
respectively. At week 48, undetectable HDV RNA was achieved in 2, 2, 9 and 6
patients, ALT normalization in 4, 10, 4 and 7 patients and combined treatment
response in 2, 8, 4, 6 patients, respectively. HBsAg clearance was achieved in 0, 0, 7
and 2 patients, respectively.
In a randomized, open-label trial of daily Myrcludex B and peg-IFN-α-2a in
patients with HBeAg negative chronic HDV infection, 24 patients were randomized
into 3 treatment arms: Pre-treatment with Myrcludex B (2 mg daily) for 24 wk
followed by peg-IFN-α-2a (180 μg weekly) for 48 wk vs combination Myrcludex B and
peg-IFN-α-2a for 24 wk then peg-IFN-α-2a for 24 wk vs peg-IFN-α-2a for 48 wk and
results are pending (NCT02637999). Future studies include a phase 2b study of
Bulevirtide with peg-IFN-α-2a for 96 wk (NCT03852433) and a phase 3 study of
Bulevirtide for 144 wk (NCT03852719) in patients with chronic HDV infection.

Inhibiting assembly of viral particles
As mentioned previously, HDV replication is promoted by SHDAg and inhibited by
LHDAg, which promotes assembly and export of HDV through prenylation of
LHDAg. Prenylation of LHDAg promotes the interaction of LHDAg with HBsAg[53].
Farnesyl is the prenyl moiety added to LHDAg by farnesyltransferase and inhibitors
of farnesyltransferase have been shown to prevent the production of HDV virions[109].
Lonafarnib is a farnesyl transferase inhibitor being studied in chronic HDV infection.
A proof-of-concept randomized, double-blind, placebo-controlled phase 2a trial
assessed the safety, tolerability and effect of HDV RNA levels of oral Lonafarnib in
chronic HDV infection [110] . Fourteen patients were randomly assigned to receive
Lonafarnib 100 mg BID or placebo (Group 1) or Lonafarnib 200 mg BID or placebo
(Group 2) for 28 d with follow-up for 6 months. Adverse effects including nausea,
diarrhea, bloating and weight loss were notable in Group 2, but treatment
discontinuation was not required. Mean log10 HDV RNA levels were significantly
decreased in both groups compared to placebo (Group 2 -1.54 log10 IU/mL vs Group 1
-0.73 log10 IU/mL) and correlated with Lonafarnib concentrations. There were no
significant changes noted in ALT, HBsAg or HBV DNA levels but a trend towards
increased HBV DNA levels was noted in Group 2.
These findings led to a single center, phase 2, open label trial to optimize the
treatment regimen of Lonafarnib with 21 patients in 7 treatment arms (Lonafarnib
with and without Ritonavir in HDV-1, LOWR HDV-1) [111] . When comparing
Lonafarnib 200 mg BID vs 300 mg BID monotherapy, the higher dose of Lonafarnib
resulted in greater initial decreases in HDV levels though with increased
gastrointestinal side effects and when combined with peg-IFN-α 180 μg weekly was
intolerable resulting in discontinuation of treatment in those arms. Addition of the
CYP3A4 inhibitor Ritonavir 100 mg oral daily to Lonafarnib 100 mg BID to achieve
high post absorption levels of Lonafarnib without needing high doses of Lonafarnib
resulted in a 2.4 and 3.2 log10 reduction in HDV RNA at 4 and 8 wk of treatment,
respectively. Similar results were seen with the same dose of Lonafarnib and peg-IFNα and both combinations resulted in normalization of ALT. Therapeutic flares were
seen in 2/6 patients in the Lonafarnib monotherapy groups in posttreatment follow
up.
In LOWR HDV-2, even lower doses of Lonafarnib proved to be effective. In this
open-label, dose-optimization study, 55 patients were given combinations of
Lonafarnib (25 or 50 mg BID vs 75 mg or more BID) with Ritonavir (100 mg BID), with
or without peg-IFN-α (180 µg weekly) for 12, 24, or 48 wk[112]. As responses were
comparable with the lower and higher dose Lonafarnib groups, the study was
extended beyond 12 wk for only the 25 or 50 mg BID groups. Response was defined as
HDV RNA decrease of 2 log10 IU/mL or more. At week 24, 50% of patients who
received Lonafarnib 50mg BID and 89% of patients who received Lonafarnib (25 or 50
mg BID) and peg-IFN-α exhibited a response. Also, at week 24, ALT levels
normalized in majority of patients with combination therapy (60% with Lonafarnib 25
mg BID and 88% with Lonafarnib 50 mg BID). Therapeutic flares were also seen in
several patients similar to LOWR HDV-1.
In the randomized, double-blind LOWR HDV-3 study, 21 patients received a daily
oral combination of Lonafarnib (50, 75, or 100 mg) and Ritonavir (100 mg) for 24
wk[113]. Twelve patients received Lonafarnib and Ritonavir for 24 wk and 9 patients
received 12 wk of placebo followed by Lonafarnib. Median decrease in HDV RNA
from baseline after 12 wk of treatment was 1.6, 1.33 and 0.83 log10 IU/mL in the
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Lonafarnib 50, 75 and 100 mg groups, respectively. Six patients achieved a decrease in
serum level of HDV RNA of 2 log or more and ALT normalized in 47% of patients.
In the open-label, dose escalation LOWR HDV-4 study, 15 patients with chronic
HDV infection were given Lonafarnib (50 mg BID initially, then increased to 75 mg
BID after 4 wk and then increase to 100 mg BID after 1 week pending tolerability)
with Ritonavir (100 mg BID) for 24 wk[114]. Sixty six percent of patients were able to
tolerate dose escalation to 100 mg BID with 33% being able to maintain this dose to 24
wk. Mean decrease in HDV RNA for all patients was 1.7 log 10 IU/mL and ALT
normalized in 53% of patients.
Finally, a multicenter, randomized, partially double-blind, phase 3 study will
evaluate the safety and efficacy of Lonafarnib 50mg BID and Ritonavir 100 mg BID
with and without peg-IFN-α-2a 180 µg weekly vs peg-IFN-α-2a 180 µg weekly
monotherapy vs placebo for 48 wk with 24 wk follow up in patients with chronic
HDV infection (Delta Liver Improvement and Virologic Response in HDV, D-LIVR)
(NCT03719313). Four hundred patients will be included and will receive Entecavir or
Tenofovir for at least 12 wk prior to initiating study therapy. Endpoints include
virologic response (2 log10 IU/mL reduction from baseline) and ALT normalization.

Preventing export of viral particles
Nucleic acid polymers (NAP) are amphipathic phosphorothioate oligonucleotides that
exhibit broad spectrum antiviral activity which was initially observed in HIV[115].
Studies of NAPs (REP 2006, 2031, 2055) in the duck hepatitis B virus model of HBV
infection also showed exhibition of antiviral activity[116-118]. These studies revealed that
there was rapid clearance of duck HBsAg in serum, though it was still present in the
liver, and that duck HBV DNA was persistent in the serum highlighting the
possibility that the target of NAPs is subviral particle secretion from the liver. REP
2139 is a nucleic acid polymer currently being investigated in chronic HBV and HDV
infection.
Clinical studies in patients with treatment naive HBeAg positive chronic hepatitis B
infection have shown that REP 2055 monotherapy (n = 8) for 40 wk or REP 2139-Ca
monotherapy (n = 12) for 40 wk or combined treatment (n = 9/12) for 13 wk with
immunotherapy (pegylated interferon or thymosin alpha 1) resulted in reduction in
HBsAg and HBV DNA and development of serum anti-HBsAg antibodies[119]. In the
REP 2055 cohort, HBsAg loss occurred in 3 patients during treatment and HBV DNA
suppression was maintained at weeks 231 and 290 wk in 2 patients after end of
treatment. In the REP 2139 cohort, 9/12 patients experienced reductions in HBsAg
with 3 patients achieving HBsAg loss during monotherapy treatment. Of these 9
patients who were transitioned to combination treatment with immunotherapy,
HBsAg loss was maintained in the same 3 patients and the remaining 6 patients
experienced further HBsAg decline and eventually achieved HBsAg loss by the end of
therapy.
In 2017, an open-label, non-randomized, phase 2 trial was published which
assessed the safety and efficacy of REP 2139-Ca and peg-IFN-α-2a in patients with
HBV and HDV co-infection [120] . Twelve treatment naïve, non-cirrhotic, HBeAg
negative patients with HBsAg levels greater than 1000 IU/mL received 500 mg REP
2139 weekly infusions for 15 wk, then combined therapy with 250 mg REP 2139
weekly and 180μg SC peg-IFN-α-2a weekly for 15 wk and finally monotherapy with
180 μg peg-IFN-α-2a weekly for 33 wk. Primary endpoints included safety and
tolerability of therapy. Secondary endpoints included HBsAg < 50 IU/mL and
suppressed HBV DNA and maintenance of response during follow up. For the
primary endpoints, 4 patients experienced a serious adverse event and all patients
had treatment-emergent laboratory abnormalities. For the secondary endpoints, 6
patients had HBsAg levels < 50 IU/mL by the end of treatment and 5 patients
maintained this by the end of 1 year follow up. Nine patients had suppressed HBV
DNA (< 10 IU/mL) at the end of treatment and 7 patients were able to maintain this
by the end of 1 year follow up. One patient established suppressed HBV DNA at the
end of 1 year follow up. Eleven patients were HDV RNA negative during treatment, 9
remained that way at the end of treatment and 7 patients maintained this at 1 year
follow up. Follow up at 1.5-2 years showed that 7/11 patients had persistent HDV
RNA negativity[121].
A current study for NAPs is an open-label, randomized, active controlled, parallel
comparison trial of the safety and efficacy of REP 2139-Mg (250 mg weekly) or REP
2165-Mg (REP 2139 derivative, 250 mg weekly) in combination with Tenofovir (300
mg daily) and peg-IFN-α-2a (180 μg weekly) in patients with HBeAg negative chronic
hepatitis B[122]. Forty patients were treated for 24 wk with Tenofovir monotherapy
before randomization into experimental (48 wk of Tenofovir, peg-IFN and REP 2139
or REP 2165) and control (48 wk of Tenofovir and peg-IFN) groups. All patients in the
control group crossed over to experimental therapy at week 49 as they did not achieve
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a 3 log10 HBsAg decline and are labeled as the adaptive control group. Interim follow
up analysis of the experimental group shows that treatment was well tolerated. Eight
of 10 REP 2139 and 5/10 REP 2165 patients in this group achieved functional control
and normalization of liver enzymes.

Activation of host immune responses
In 2003, interferon lambda (IFN-λ), a type III interferon, was discovered[123] and was
subsequently studied as an alternative treatment to IFN-α in HCV [124-127] and
HBV[127,128]. Prior studies have shown that IFN-λ has similar downstream signaling
pathways to IFN-α[129] but IFN-λ signaling is localized to the liver[129,130] and IFN-λ may
have a protective role in the liver[131,132].
In a multicenter, randomized, open-label, phase 2 trial, the safety, tolerability and
efficacy of IFN-λ was evaluated in 33 patients with chronic HDV infection (Lambda
Interferon Monotherapy Study in HDV, LIMT HDV)[133]. Patients received IFN-λ 120
μg (n = 19) or 180 μg (n = 14) SC weekly for 48 wk with 24 wk follow up. Patients also
received Tenofovir or Entecavir for HBV suppression. The primary endpoint was
change in HDV RNA from baseline to weeks 48 and at week 72 and responders were
defined as those exhibiting a 2 log10 decline or below limit of quantification of HDV
RNA. IFN-λ was generally well tolerated and patients that received prior treatment
with IFN-α reported fewer side effects with IFN-λ. A durable virologic response was
achieved in 36% in the high dose IFN-λ cohort compared to 16% in the lower dose
cohort and this was maintained in both groups at 24 wk follow up. By the end of
follow up, ALT normalized in 36% vs 26% in the high vs low dose cohorts,
respectively.
Currently, an open label, phase 2 trial investigating the safety and efficacy of
combination lonafarnib, ritonavir and IFN-λ is ongoing at the National Institutes of
Health. Twenty-six patients will be treated with Lonafarnib (50 mg BID), Ritonavir
(100 mg BID) and peg-IFN-λ-1a (180 μg weekly) for 24 wk with 24 wk follow up. The
patients will also receive Tenofovir or Entecavir for HBV suppression. The primary
safety endpoint will be drug tolerability at the prescribed dosages for the duration of
treatment. The primary therapeutic endpoint is a decline of HDV RNA of 2 log10 at the
end of therapy. Secondary endpoints include sustained undetectable HDV RNA, loss
of HBsAg, normalization of ALT, reduction in hepatic venous pressure gradient
measurements and reduction in histologic inflammatory scores. To date, the study has
completed enrollment and the investigators are awaiting final results.
With the increasing number of clinical trials investigating novel therapies for
chronic HDV infection, it is important to determine surrogate makers to monitor
treatment efficacy. A panel of experts have proposed that a ≥ 2 log10 decline in HDV
RNA be used as a target for initial treatment efficacy in this patient population[134].
Additionally, nucleos(t)ide analogues suppressing hepatitis B should be considered as
suppressing HDV can cause reactivation of HBV.

CONCLUSION
In addition to the novel treatments mentioned prior, research has been growing in
identifying treatments to achieve a functional cure in chronic hepatitis B infection
which could potentially be useful in the treatment of chronic hepatitis D
infection[135,136]. Three areas of interest include capsid assembly modulators, immune
system stimulators (toll-like receptor agonists and checkpoint inhibitors) and RNAi
gene silencing. These studies in addition to those of NTCP receptor inhibitors,
farnesyl transferase inhibitors, nucleic acid polymers in combination with interferon
therapy will lead to further insight into the management of this devastating disease in
the near future and hopefully one day a cure.
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Abstract
Eosinophilic esophagitis is an immune-allergic pathology of multifactorial
etiology (genetic and environmental) that affects both pediatric and adult
patients. Its symptoms, which include heartburn, regurgitation, and esophageal
stenosis (with dysphagia being more frequent in eosinophilic esophagitis in
young adults and children), are similar to those of gastroesophageal reflux
disease, causing delays in diagnosis and treatment. Although endoscopic
findings such as furrows, esophageal mucosa trachealization, and whitish
exudates may suggest its presence, this diagnosis should be confirmed
histologically based on the presence of more than 15 eosinophils per high-power
field and the exclusion of other causes of eosinophilia (parasitic infections,
hypereosinophilic syndrome, inflammatory bowel disease, among others) for
which treatment could be initiated. Currently, the 3 “D”s (“Drugs, Diet, and
Dilation”) are considered the fundamental components of treatment. The first 2
components, which involve the use of proton pump inhibitors, corticosteroids,
immunosuppressants and empirical diets or guided food elimination based on
allergy tests, are more useful in the initial phases, whereas endoscopic dilation is
reserved for esophageal strictures. Herein, the most important aspects of
eosinophilic esophagitis pathophysiology will be reviewed, in addition to
evidence for the various treatments.
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Core tip: Eosinophilic esophagitis affects both pediatric and adult patients. It causes
symptoms that are initially attributed to gastroesophageal reflux, for which treatment
with proton pump inhibitors is prescribed, with limited response. The objective of this
review is to define the fundamental aspects of the development of this disease and the
complementary and beneficial role of proton pump inhibitors without neglecting the
need for diets that involve spaced withdrawal of certain foods.
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INTRODUCTION
Eosinophilic esophagitis (EoE) is a pathology that has emerged only recently. The first
report in the literature dates from 1978 [1] , and as an emerging disease, EoE has
gradually increased in frequency. As a pathological entity, it was recognized in the
literature between 1993 and 1994 with the reports by Attwood and Straumann[2,3] that
identified an exaggerated response of the immune system to contact with allergens. In
the last decade, awareness of this pathology has increased, and the incidence and
prevalence have increased[4]. A recent meta-analysis found that the incidence rate was
6.6/100000 person-years in children and 7.7/100000 person-years in adults and that
the prevalence was 34 cases per 100000 children and 42.2 cases per 100000 adults[4]. It
is more common in men, with a male to female ratio of 3:1[5]. More than 65% of cases
occur during childhood and there is a peak between 30 and 44 years of age[6]. In
population studies, a higher prevalence of EoE has been found in Europe and North
America, whereas there is a low prevalence in Eastern countries, suggesting that it is
associated with environmental and immune factors[6]. EoE is more common in rural
areas with low population densities, which can be explained by vegetation, pollution,
and other environmental factors[7], and it varies according to climate zone and season,
with more frequent diagnoses during summer[8].

PATHOPHYSIOLOGY
Several risk factors and mechanisms have been described by which external agents
and factors inherent to each person may lead to EoE (Figure 1).

ENVIRONMENTAL FACTORS
There are several factors that are thought to contribute to the increase in the incidence
of EoE in recent years[9]: (1) The hypothesis of hygiene and bacterial dysbiosis, that is,
that modern life and hygiene conditions have decreased the incidence of infections,
resulting in less bacterial exposure and thus altering the body’s microbiota and
epithelial permeability[10]; (2) Environmental factors, such as changes in aeroallergen
air conditions and concentrations of airborne pollen[11,12] and/or genetic and chemical
modifications used in the cultivation, processing, and packaging of food [9] ; (3)
Decreased frequency of infection by Helicobacter pylori (H. pylori) in certain countries
(it has been found that this bacterium increases Th1 and Th17 populations,
downregulating Th2)[13]; (4) Gastroesophageal reflux disease (GERD), an entity that
leads to the injury of intraepithelial junctions, causing greater allergen permeability in
the esophageal epithelium as measured by mucosal impedance[14,15]; and (5) The use of
acid-suppressive drugs, which is paradoxical, given that proton pump inhibitors
(PPIs) exert an anti-inflammatory effect by blocking eotaxin secretion[16] and inhibiting
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Figure 1 Pathophysiology of eosinophilic esophagitis. TSLPr: TSLP receptor; IL-4r: IL-4 receptor; Eo: Eosinophils; Bas: Basophils; Mas: Mast cells; NK: Natural
killer cells; PO: Periostin.

acid secretion, thereby reducing activation of digestive enzymes such that the
antigens in food do not degrade and the digestive system is protected from the
immune response mediated by these proteins[17].
The main foods that induce an immune response in a patient’s esophagus are milk,
wheat, soy, eggs, peanuts/nuts, and fish/shellfish, a theory that is reaffirmed in
studies that remove those 6 foods (SFED)[17]. Because of that observation, and because
it involves an immune response mediated by Th2 lymphocytes, this disease is
considered a form of food allergy[18].

IMMUNOGENETIC FACTORS
Patients with EoE have genetic risk factors. Genetic variants in genes such as CCL26,
which encodes eotaxin 3, thymic stromal lymphopoietin (TSLP), filaggrin (FLG),
desmoglein-1 (DSG1), STAT6, calpain 14 (CAPN14) and CRLF2 have been identified
in patients with EoE [19] . TSLP plays a very important role in the Th2-mediated
immune response not only in EoE but also in other disease entities, such as asthma[20].
TSLP is overexpressed in the epithelium of people who have EoE; it activates Th2
lymphocytes, which in turn activate basophils[21]. Lastly, the secretion of IL-4, IL-5, IL-
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13, CCL3, and CCL4 activates the STAT5 and STAT6 pathways, the latter of which, in
turn, regulates very important molecules such as eotaxin 3, calpain 14 and desmoglein-1[21,22].
IL-13 induces the secretion of 2 molecules in the esophageal epithelium: First,
eotaxin 3, an important chemokine that attracts eosinophils to the esophagus [23] ,
causing remodeling and deposition of collagen in esophageal tissue[23], and second,
calpain 14, a proteolytic enzyme specific to the esophagus that cleaves desmoglein1 [24] , thus leading to disruption of the esophageal epithelial barrier. IL-13 then
decreases the production of desmoglein-1, an important desmosomal protein, thus
increasing lesions in the esophageal epithelial barrier[22].
EoE has not been shown to be influenced by immunoglobulin E (IgE)[25]; however,
an increase in IgG4 has been found in tissue samples, and IgG4 specific to some SFED
food allergens has been found in serum samples[26,27], which supports the theory that
EoE is truly an IgG4-mediated disease. In clinical practice, immunostaining for IgG4
in esophageal biopsies has not been effective in diagnosing EoE, as it has a low
sensitivity of 48%[28].

PATHOBIOLOGY OF THE ESOPHAGEAL EPITHELIUM
Lesions in the esophageal epithelial barrier are a key element of the pathophysiology
of EoE. IL-13 plays an important role in epithelial lesions because it induces a decrease
in filaggrin, a protein that is present in the stratum corneum of the esophagus[29], thus
allowing the passage of allergens. Because desmoglein-1 is decreased, the barrier
function of the esophageal epithelium is also diminished[30]. TGF-B1 produced by
eosinophils and mast cells[31] also contributes to epithelial barrier dysfunction by
decreasing the levels of claudin 7, an intercellular tight junction protein[32].

CHRONIC INFLAMMATION AND ESOPHAGEAL FIBROSIS
Once acute inflammation is established, several mechanisms are induced, causing
chronic damage at the esophageal level. At this stage, TGF-B1 induces periostin,
facilitating remodeling at the esophageal level, as well as an increase in smooth
muscle and fibrotic tissue (Figure 1)[33].

DIAGNOSIS
The diagnosis of EoE depends on the clinical manifestations and endoscopic and
histological findings in esophageal mucosa biopsies [34-36] .Although EoE typically
begins in childhood, it can present at any age. The clinical manifestations depend on
the age at presentation[37,38]. In infants and small children, it presents with vomiting,
food rejection, dysphagia and, less commonly, growth retardation. School-aged
children and adolescents present with symptoms such as dysphagia and food
impaction, especially with food that has a coarse consistency. Other symptoms at
these ages are chest and abdominal pain, vomiting, and regurgitation[39]. In adults, the
main symptoms are dysphagia and untreatable heartburn[38]. Endoscopic findings in
most patients include linear grooves on the esophagus wall, concentric rings, whitish
exudates that resemble candidal infection, Schatzki rings, a reduction in the size of the
esophagus and superficial tears of the mucosa after endoscope introduction [40-41]
(Figures 2-5). The EoE Endoscopic Reference Score (EREFS), the classification system
for EoE endoscopic findings, has been validated and includes major esophageal
features (rings, furrows, exudates, and edema) as well as additional features such as
narrow esophageal caliber, feline esophagus, strictures and crepe paper esophagus[42].
A prospective study of children between 2 and 17 years of age with histological
diagnosis of EoE who underwent diagnostic and post-treatment endoscopy after
therapy consisting of steroids and dietary elimination found that visual detection of
more than 1 abnormality during diagnostic endoscopy identified children with EoE
with 89.6% sensitivity and 87.9% specificity. Children who responded to therapy had
an average EREFS of 0.5 compared to 2.4 in those who did not respond. The EREFS
identified children with EoE with an area under the curve (AUC) of 0.93 and
identified children with active EoE despite treatment with an AUC of 0.81 before
treatment and an AUC of 0.79 after treatment[43].
A meta-analysis of EoE endoscopic findings including more than 100 publications,
comprising a total of 4678 patients with EoE and 2742 controls, found that the
sensitivity, specificity, and predictive value of these endoscopic findings in isolation
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Figure 2 Longitudinal furrows in the esophagus.

are insufficient for the diagnosis of EoE[44]. In addition, the endoscopic appearance of
the esophagus may be normal in 10% to 25% of patients with EoE[45-47].
It is necessary to perform esophageal biopsies in patients in whom there is clinical
suspicion of EoE, even if there are no endoscopic alterations of the esophageal
mucosa. Because eosinophilic infiltrates occur in patches, biopsies should be taken
from the upper, middle, and lower thirds of the esophagus[48,49]. Studies have shown
that taking 6 to 9 esophageal mucosal samples increases the sensitivity to 100%[48,49-51].
A histological diagnosis is confirmed when there are ≥ 15 eosinophils per high-power
field (HPF)[36]. EoE is a clinicopathological disorder in which clinical and pathological
findings should be considered together rather than separately. A recent crosssectional study aimed to establish correlations between the clinical and the
histological and endoscopic findings of patients with EoE based on a set of 96
esophageal transcriptional profiles known as the Eosinophilic Esophagitis diagnostic
panel (EDP). Biopsies of the distal esophagus were taken and assessed using the
histological scoring system (HSS) and the aforementioned EREFS. Associations
between the histological, endoscopic and molecular characteristics were identified
using Spearman correlation analysis. The EDP showed was significantly correlated
with EoE and findings were similar between adults and children. Among the 8 HSS
domains, basal zone hyperplasia was found to correlated with EDP; and of the 5
endoscopic findings included in the EREFS, distal grooves were correlated with EDP.
Based on the analysis of patients with active EoE the EDP identified three groups
associated with different endotypes, named EoEe1-3. The EoEe1 endotype was
associated with a normal-appearing esophagus (RR = 3.27, 95%CI: 1.04-10.27; P =
0.0443), and inversely correlated with a history of esophageal dilation (0.27, 0.09-0.82;
P = 0.0105) and mild molecular, endoscopic and histological changes. EoEe2 patients
had an inflammatory and steroid-refractory phenotype (2.77, 95%CI: 1.11-6.95; P =
0.0376) and the highest expression of inflammatory cytokines. The EoEe3 endotype
was associated with a narrow-gauge esophagus (RR 2.77, 95%CI: 1.11-6.95; P = 0.0376)
beginning in adulthood (2.22, 1.19-4.12; P = 0.0155), and these patients had the highest
degree of endoscopic and histological severity[51]. Patients with GERD and EoE exhibit
dilation of intercellular spaces between esophageal epithelial cells. The degree of
dilation of the intercellular spaces is inversely correlated with the measured mucosal
impedance (MI). Direct measurement of the esophageal epithelium’s integrity by
measuring MI can potentially obviate the need for endoscopies and repeated biopsies
in EoE and reduce the pH monitoring time in GERD. A recent prospective study of 69
patients evaluated the performance of a balloon catheter system that measures MI in a
long segment of the esophagus in the diagnosis of esophageal disorders including
GERD and EoE. In this study, patients were classified into three groups: GERD, EoE
and non-GERD, according to the endoscopic, histological and ambulatory pH
monitoring results. The pattern of MI along the esophagus was different in the three
groups. Patients without GERD had the highest MI values in all segments. In patients
with GERD, the mucosal impedance (MI) values were low in the distal esophagus and
normal in the proximal esophagus. In EoE patients, MI measurements were low in all
segments of the esophagus. The increase in MI per distance from the squamocolumnar junction identified patients with GERD with an AUC of 0.67, patients
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Figure 3 Whitish exudate in the esophagus and trachealized esophagus.

with EoE with an AUC of 0.84 and non-GERD patients with an AUC of 0.83[52].
The American College of Gastroenterology guidelines for this entity have
established the following diagnostic criteria [34] : (1) Symptoms of esophageal
dysfunction; (2) Biopsies of the esophagus with predominant eosinophilic inflammation, typically equal to or greater than 15 eosinophils per HPF; (3) Eosinophilia
limited to the esophagus that persists despite therapeutic trials with PPIs; (4)
Exclusion of secondary causes of esophageal eosinophilia; and (5) Response to
treatment with dietary elimination and topical corticosteroids, which supports but is
not required for diagnosis.
A recent update has established the following diagnostic criteria[36]: (1) Symptoms
of esophageal dysfunction; (2) Concomitant atopic conditions; (3) Endoscopic findings
of rings, grooves, exudate, stenosis, luminal narrowing, and fragility of the mucosa or
crepe mucosa; (4) ≥ 15 eosinophils per HPF (60 eosinophils/mm2) in an esophageal
biopsy; (5) Eosinophilic infiltration should be isolated to the esophagus; and (6)
Evaluation of disorders other than EoE that potentially contribute to esophageal
eosinophilia.
The following disorders/diseases are within the differential diagnosis of EoE:
GERD; infections such as schistosomiasis, anisakiasis, and toxocariasis; celiac disease;
hypereosinophilic syndrome; and other diseases such as inflammatory bowel disease
and eosinophilic granulomatosis with polyangiitis. There are 2 clinical situations in
which esophageal eosinophilia can respond to PPI therapy that deserve special
mention because they pose a diagnostic challenge: (1) Patients with GERD symptoms
and endoscopic findings of esophagitis or Barrett esophagus who are most likely
diagnosed with GERD, but in whom esophageal biopsies show eosinophilia[52,54]; these
patients will mostly respond to PPI therapy with symptomatic and histological
improvement of esophageal eosinophilia; and (2) Patients with symptoms of EoE,
endoscopic findings of EoE and esophageal eosinophilia that respond to PPIs[55]; the
diagnosis for this group is PPI-responsive esophageal eosinophilia or PPI-REE[34]. Up
to one-third of patients with esophageal eosinophilia respond to PPIs[55,58]. There is
controversy as to whether this phenotype of patients with PPI-REE corresponds to a
variant of EoE or to GERD. However, recent evidence, mainly in adults, has found
that PPI-REE is within the same spectrum as EoE, as it shares clinical, histological, and
endoscopic characteristics; moreover, there is overlap in terms of inflammation
mediated by a Th2 immune response and abnormal gene expression, which are
different from GERD[59,60]. Management guidelines worldwide suggest that, to make a
true diagnosis of EoE, a therapeutic trial using high doses of PPIs should be
performed for 8 weeks, confirming the persistence of at least 15 eosinophils per HPF
in esophageal biopsies taken after completion of the therapeutic regimen[34]; however,
a recent consensus has excluded therapeutic challenge with PPIs from the diagnostic
criteria and considers it purely therapeutic[36].

TREATMENT
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Figure 4 Superficial tear of the proximal esophageal mucosa.

The 3 “D”s of treatment
The treatment of EoE revolves around controlling causative factors and the Th2
response, which is altered in the same way as in allergic respiratory diseases[61] for
which “Drugs” are the main treatment option; in addition, “Diet” modifications are
used to control interacting environmental factors[62], and endoscopic “Dilation” is used
for the management of endoscopic complications[63]. The ultimate goal of treatment is
to control esophageal eosinophilia and inflammation, which triggers the symptoms
and fibrotic processes in the esophagus[64]. In some cases, a combination of therapies
may be necessary to reduce esophageal eosinophilia (achieve < 15 eosinophils/HPF in
biopsies), in order to control symptoms, prevent remodeling and reverse fibrosis[64].

“Drugs”
There are currently no drugs approved by the Food and Drug Administration for the
treatment of EoE.
GERD plays an important role in EoE because mild eosinophilia (< 5-10
eosinophils/HPF) can also be found in biopsies of GERD patients[65]. PPIs increase the
pH of gastric contents, reducing esophageal damage caused by exposure to acid[61,63].
Additionally, they exert an anti-inflammatory effect by blocking the Th2 response,
with a reduction in inflammatory cytokine exposure, and they repair the epithelial
barrier of intercellular spaces that is altered by acid exposure[66,67]. PPIs are useful as a
first-line treatment for patients with EoE[15], based on the concept that PPI-REE is
within the same spectrum as EoE[59,60]. Initial PPI doses of 20-40 mg or 1 mg/kg per
dose are recommended twice daily in adults and children, respectively[63]. A metaanalysis that included 33 studies of 188 children and 431 adults found that PPIs
induce clinical remission and histological remission in 60.8% and 50.5% of patients,
respectively[68]. In a study that included 121 patients with EoE, 33% reached complete
remission (sustained clinical remission and histological remission with < 15
eosinophils/HPF) after taking 40 mg omeprazole twice a day for 8 weeks. After
reducing the dose of omeprazole to 40 mg per day, 81% remained in complete
remission, and of those, 83% remained in remission with 20 mg omeprazole per
day[69]. That observation was supported in another study of 53 patients, in which the
expression of eotaxin-3, IL-13, and IL-5 in the proximal and distal esophagus was
evaluated in patients prescribed PPIs for the management of PPI-REE and EoE;
similar decreases in the levels of these molecules were observed in all portions of the
esophagus[66].
Corticosteroids are another effective therapy for the treatment of EoE[70,71]. the
formulation of the most commonly used corticosteroids, including budesonide,
fluticasone propionate, and ciclesonide, influences histological remission. In a study
by Dellon et al[72], the ingestion of corticoids in a viscous vehicle such as sucralose was
more effective than the deglutition of inhaled corticosteroids. This effect was also
observed when comparing effervescent tablets and viscous oral budesonide[73,74]. The
initial recommended treatment consists of 1 mg budesonide or 880 mg fluticasone in a
viscous solution, twice a day[64]. Lucendo et al[75] conducted a recent clinical trial that
included 88 adults with EoE and compared oral budesonide tablets with placebo; the
study found 58% complete remission at 6 wk in patients treated with budesonide
compared to no remission in any patient treated with placebo, and the proportion of
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Figure 5 Trachealized mucosa of the esophagus.

complete remission increased to 85% at 12 wk. Histological remission was achieved in
93% of patients treated with budesonide vs 0% in patients treated with placebo[75].
Additionally, along with the histological response, an improvement in symptoms,
mainly dysphagia, has been observed. A study using validated questionnaires to
evaluate dysphagia, such as the Dysphagia Symptom Questionnaire, and EoE,
identified a correlation between histological and symptomatic improvement [76] .
However, EoE is a chronic disease, and treatment is not curative. A study by Eluri et
al[77] that included 55 patients with EoE with an initial histological response (< 15
eosinophils/HPF) after 8 wk of topical steroid treatment found a decrease in response
to treatment, to 50% at 18.5 mo and 75% at 29.6 mo, when decreasing the
corticosteroid dose. A recent study that included 229 patients with a median followup of 5 years found that patients were taking the topical corticoid by swallowing it in
41.0% of visits; these patients had a higher frequency of clinical remission (31.0% vs
4.5%), endoscopic remission (48.8% vs 17.8%), histological remission (44.8% vs 10.1%)
and complete remission (16.1% vs 1.3%) compared with patients who were not
swallowing the topical corticoid[78]. In a placebo-controlled clinical trial, a maintenance
dosage of 0.25 mg of deglutinized budesonide twice daily for 50 wk resulted in higher
rates of histological and clinical remission, reduced noneosinophilic markers of
inflammation, epithelial cell apoptosis, and remodeling events, was associated with a
significant decrease in mucosal thickness, and had no serious adverse effects[79].
Long-term maintenance therapy has been proposed for patients with esophageal
stenosis, symptomatic relapse upon discontinuation of treatment, recurrent food
impaction, comorbidities that increase the risk of endoscopy and dilation, and
previous spontaneous perforation or perforation induced by dilation, as well as for
patients who travel to areas where there is greater risk of food impaction[64].
Among the adverse effects of steroid therapy, esophageal candidiasis has been
described in 5%-30% of patients and oral candidiasis in 1%; (mostly incidental
findings, as many patients are asymptomatic), and adrenal insufficiency was observed
in 16% of patients in a systematic review of 17 studies with 596 patients[80,81].
In patients with corticosteroid dependence, there are reports of cases in which
immunomodulators such as azathioprine and 6-mercaptopurine have been used,
achieving induction and long-term maintenance of clinical and histological
remission[82]. However, there are no controlled clinical trials of these therapies.
Leukotriene D4 is a proinflammatory molecule that serves as a chemotactic factor
for eosinophils[83]. Montelukast is an antagonist of the type-1 receptor of cysteinyl
leukotrienes whose therapeutic effect has been limited in EoE. In a prospective study
that included 11 adults with EoE in remission treated with fluticasone propionate and
montelukast 10 mg/d for 3 mo, the clinical and histological remission achieved by
topical steroids could not be maintained[84]. Alexander et al[85] conducted a study in
which they included 41 adults with EoE in symptomatic remission with topical
steroids; montelukast 20 mg/d for 26 wk resulted in no significant difference
compared to placebo for maintaining symptomatic remission. The guidelines do not
recommend the use of leukotriene antagonists as induction or maintenance therapy
for EoE.
EoE is a chronic inflammatory disease in which immune cells and cytokines are
responsible for the inflammatory response and symptoms. For this reason,
monoclonal antibodies with therapeutic targets against these pathophysiological
effectors offer more powerful symptomatic and histological control while minimizing
adverse effects[86]. Monoclonal antibodies against IL-5 (mepolizumab, reslizumab)
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have been evaluated in 5 studies in children and adults and they have shown
evidence of decreased esophageal eosinophilia, symptomatic improvement, and
increased quality of life, with an acceptable safety profile. The most frequent adverse
events were headache, cough, nasal congestion and upper respiratory tract infections[87-91]. Monoclonal antibodies against IL-13 (QAX576, RPC4046) were evaluated
in 2 studies in adults that showed a tendency toward improvement of symptoms
(mainly dysphagia), endoscopic and histological improvement, improvement in the
expression of esophageal transcripts including eotaxin-3, periostin, and mast cell
markers, and improved barrier function; the most frequent adverse events were
headache and upper respiratory tract infections [92,93] . In a pilot study evaluating
omalizumab (antibody against immunoglobulin E) , complete remission was found in
only 33% of patients[94]. Straumann et al[95] conducted a pilot study in which they
evaluated 3 patients with EoE who were treated with an antibody against tumor
necrosis factor-alpha (TNF-a) (infliximab) and found no resolution of esophageal
eosinophilic infiltration or reduction of symptoms. Recently, dupilumab, a
monoclonal antibody that acts on the IL-4 receptor, inhibiting IL-4/IL-13 signaling by
negatively regulating the Th2 response, has been considered as a possible therapy for
this disease[96]. Although biological therapy is safe, with limited and reversible adverse
effects, well-designed clinical trials are needed to define the exact role of monoclonal
antibodies in EoE[86].

“Dietary therapy”
Diet modification is a nonpharmacological therapy for the management of EoE in
adults and children, and it has been used because of the role that dietary antigens
play in the pathogenesis of this disease. Currently, there are 3 primary choices for
initial dietary therapy for EoE: Elemental diets, elimination diets guided by food
allergy testing, and empiric elimination diets[97].

Elemental diet
The benefits of the elemental diet were first described more than 2 decades ago. Kelly
et al[98] evaluated 10 children with GERD and eosinophilic infiltration in the esophagus
while receiving Neocate or Neocate-1-Plus based on simple amino acids. For a
minimum of 6 wk, patients had resolution or improvement of symptoms and a
significant decrease in esophageal eosinophilia, and the symptoms recurred when
specific proteins from the diet were reintroduced during open food challenges,
implying that food allergies are responsible for esophageal inflammation. In a
prospective study that included 18 adults with EoE, 4 wk of an elemental diet
achieved a histological response in 72% of patients[99]. Subsequently, Warners et al[100]
evaluated 21 patients with EoE who were administered an elemental diet for 4 wk and
found a complete histological response in 71% of patients, as well as marked
improvement in endoscopic signs. A meta-analysis found that elemental diets were
effective in 90.8% of cases and that they were superior to both the 6-food elimination
diet (SFED), which was effective in 72.1% of cases, and allergy testing-guided food
elimination, which was effective in 45.5% of cases[101]. However, this dietary strategy
seems unfeasible in clinical practice; the main limitations include poor palatability of
the formula (requiring a nasogastric tube in the majority of children, resulting in
adherence by only one-third of patients), psychological and social disturbances,
alterations in quality of life due to lack of variety of foods, and high cost, as these diets
are not universally covered by health systems[98]. Although the goal of the diet is to
eliminate specific dietary triggers, another major defect of elemental diets is the time
period and number of endoscopies required to identify specific triggers during the
food reintroduction phase[102].

Allergy testing-guided food elimination diet
In this specific dietary approach, the skin-prick test and the atopy patch test are
performed to test for food allergies, with subsequent elimination of foods with
positive test results[97]. Spergel et al[103] conducted a study in which they included 26
children with EoE and showed that the combination of skin-prick testing and patch
testing can identify potential causative foods; the foods most commonly identified by
patients were milk and eggs. In a retrospective study that included 941 children with
EoE, the elimination of foods associated with positive allergy tests resulted in a
histological response in 53% of patients [107] . With respect to adults, there is low
concordance between the results of cutaneous tests for food allergies and the
identified EoE food triggers[108]. In a prospective study that included 43 adults with
EoE, a serum IgE-targeted elimination diet for 6 wk resulted in histological remission
in 73% of patients, which was not significantly superior to the SFED, and effectively
identified cow's milk as a food trigger in IgE-sensitized patients[109]. In a study in
which 5 different food allergy tests were conducted via skin and blood (skin-prick and
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skin-patch tests, serum allergen-specific IgE, basophil activation test and serum foodspecific IgG), no allergy test could accurately predict actual food triggers[107]. Data
from recent studies support the ideas that the pathogenesis of EoE is not IgEmediated but, rather, mainly associated with IgG4; these studies conclude that skin
and serum allergy tests are not advisable in adults and of questionable utility in
children[25-28,108].

Empiric elimination diet
Given the limitations on the use of elemental diets in clinical practice, mainly because
it requires an exclusive liquid formula with poor palatability, a retrospective study
was performed in 2006 that included 60 children with EoE and compared the SFED
(eliminating proteins from cow milk, soy, wheat, eggs, peanuts, and shellfish) with
the elemental diet; after 6 wk, clinical and histological remission was observed in 74%
of patients on the SFED, a result that was not inferior to the elemental diet but had
better acceptance, adherence and cost[109]. A cost analysis found that the SFED has
similar effectiveness to topical corticosteroids for first-line treatment in EoE; however,
the SFED is less expensive[110].
After the reintroduction phase, only 1 or 2 foods trigger symptoms in 65%-85% of
patients. In a prospective study in which 52 adults with EoE were included, an
elimination diet was implemented (milk, wheat, egg and legumes) for 6 weeks; 54% of
patients achieved clinicopathological remission, with milk being the only causal food
in 27% of patients[111].
The number of follow-up endoscopies and the numerous dietary restrictions limit
the implementation of empirical elimination diets, for which a step-up approach is
proposed in which one begins with the elimination of milk and gluten, and additional
foods are removed according to the response[112]. Molina-Infante et al[112] conducted a
prospective study that included 130 adults and children with EoE and found that 6
wk of a diet that eliminated 2 foods (milk and cereals with gluten), 4 foods (2
aforementioned foods plus eggs and legumes), or 6 foods (4 aforementioned foods
plus nuts and fish/shellfish) resulted in clinicopathological remission in 43%, 60%,
and 79% of patients, respectively; additionally, compared with the SFED, the step-up
strategy reduced endoscopic procedures and diagnostic test times by 20%.
Lastly, a meta-analysis found no significant difference in remission after dietary
interventions in adults and children (67.2% vs 63.3%, respectively)[101].

“Dilation”
Bougie and balloon dilation is the only endoscopic treatment available for EoE[63]. It
should be performed in patients with persistent dysphagia resistant to medical
treatment in whom remission of inflammation has been achieved and in patients with
severe dysphagia and a history of food impaction[63]. However, the main issue with
esophageal dilation is that it does not control the chronic inflammation that
contributes to esophageal remodeling[64].
Esophageal dilation is a safe and effective treatment for fibrostenotic Crohn’s
disease[113]. In a retrospective study that included 509 patients with EoE, patients who
underwent endoscopic dilation had a longer duration of symptoms before diagnosis;
58% required more than one dilation, and of these individuals, 75% required repeat
dilation within one year[114]. The overall complication rate was 5%, primarily due to
postprocedural pain [114] . In a meta-analysis, 468 patients were evaluated who
underwent a total of 671 dilations; only one perforation (0.1%) occurred, a rate similar
to those observed in other causes of esophageal stenosis[115]. In a recent meta-analysis
included 845 adults and children with EoE, in whom 1820 esophageal dilations were
performed; endoscopic dilations achieved clinical improvement in 95% of patients,
with very low rates (< 1%) of major complications[116]. Dilation should be performed
gradually, using the rule of 3, without passing more than 3 dilators with 2-mm
incremental diameter increases per session if moderate or severe resistance is found. It
should be performed frequently, with several sessions every 2 to 3 wk, depending on
the symptoms and the initial diameter of the esophageal lumen, in order to decrease
the risk of complications such as chest pain or esophageal per-foration[64].

MONITORING
In monitoring treatment, a system has been proposed that evaluates response along a
spectrum that includes complete normalization, response, and nonresponse, based on
histology, symptoms, and endoscopic findings[117] (Table 1).
Additionally, noninvasive methods for follow-up are being studied. These include
the cytosponge[118] and esophageal string device[119]; blood markers such as IL-3, IL-5,
IL-6, IL-9, IL-13, transforming growth factor-alpha (TGF-a) and -beta (TGF-b), TNF-a,
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Table 1 Treatment response in eosinophilic esophagitis[117]
Spectrum of response
Spectrum of outcomes

Non- response

Response

Complete normalization

Histology

Persistent eosinophilia ≥ 15
eos/hpf

Reduced eosinophilia 7-14
eos/hpf, 1-6 eos/hpf

Normal biopsy < 1 eos/hpf

Symptoms

Persistent symptons < 30%
Decrease eosinophilia 30%decrease in a symptom metric 90% decrease in a symptom
metric

Symptom resolution > 90%
decrease in a symptom
metric; EEsAI score < 20

Endoscopy

Persistent endoscopic
findings: < 30% decrease in
EREFS

Normal esophagus EREFS < 2

Improved findings: EREFS ≥
2 but less than baseline

EEsAI: Eosinophilic Esophagitis Symptom Activity Index; eos/hpf: Eosinophils per high-power field; EREFS: Eosinophilic Esophagitis Endoscopic
Reference Score.

eotaxin-1, -2 and -3, thymic stromal lymphopoietin (TSLP), and major basic protein
and neurotoxin derived from eosinophils [ 1 2 0 ] ; urine markers such as 3-bromotyrosine[121]; and modifications in gene expression[122].

CONCLUSION
EoE is considered an immune and allergic entity that involves the activation of a
mainly Th2-driven immune response to certain allergens, coupled with genetic
susceptibility. Although the use of PPIs was previously thought to facilitate diagnostic
differentiation, it has since been found that PPIs can act in synergy and facilitate the
resolution of EoE symptoms. Given this phenomenon, the use of PPIs should be
considered in early stages of treatment, in conjunction with other therapies such as
topical corticosteroids or elimination diets.
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Abstract
Liver cancers are the second most frequent cause of global cancer-related
mortality of which 90% are attributable to hepatocellular carcinoma (HCC).
Despite the advent of screening programmes for patients with known risk factors,
a substantial number of patients are ineligible for curative surgery at presentation
with limited outcomes achievable with systemic chemotherapy/external
radiotherapy. This has led to the advent of numerous minimally invasive options
including but not limited to trans-arterial chemoembolization,
radiofrequency/microwave ablation and more recently selective internal
radiation therapy many of which are often the first-line treatment for select stages
of HCC or serve as a conduit to liver transplant. The authors aim to provide a
comprehensive overview of these various image guided minimally invasive
therapies with a brief focus on the technical aspects accompanied by a critical
analysis of the literature to assess the most up-to-date evidence from comparative
systematic reviews and meta-analyses finishing with an assessment of novel
combination regimens and future directions of travel.
Key words: Hepatocellular carcinoma; Cirrhosis; Liver; Interventional oncology; Transarterial chemo embolization; Selective internal radiation therapy; Ablation
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Core tip: Hepatocellular carcinoma (HCC) is the most frequently observed primary
malignant liver tumors and is a major cause of worldwide mortality. Despite the
advances in minimally invasive surgery, such as laparoscopic and robotic, they are
reserved only in early stage patients. Thus, percutaneous locoregional treatments have
now a pivotal role in HCC management; in this review, we discuss state of the art of
currently available locoregional treatment for HCC and their future perspectives.
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents 75%-90% of primary liver malignancies
and is a major cause of worldwide mortality[1]. According to the National Cancer
Institute, estimated HCC deaths for the year 2016 in the United States were 27170,
while the incidence of the disease will continue to increase until 2030. Acknowledged
risk factors are closely related with life-style choices and include chronic hepatitis B
and C virus infection, fatty liver disease, cirrhosis, diabetes, obesity, and smoking[2-4].
The prognosis of HCC remains poor, especially if diagnosed at an advanced stage,
while mainstream curative options for very early and early stage HCC in good
surgical candidates are liver transplantation and surgical resection. Nevertheless, at
the time of diagnosis, a substantial number of patients are ineligible for surgical
treatment, due to intermediate or advanced disease stage or severe comorbidities
which increase the surgical risk[5]. Unfortunately, the prognosis of HCC following
systemic pharmacotherapy, external radiotherapy or plain supportive treatments is
also poor. As a result, various percutaneous, image-guided, locoregional therapies,
have emerged in order to improve outcomes, initially among inoperable patients[6,7]
(Table 1). After decades of thorough investigation and clinical experience in the field
of interventional oncology, numerous minimal invasive treatment options have been
developed and include: (1) Curative modalities such as percutaneous radiofrequency
ablation (RFA), microwave ablation (MWA), percutaneous ethanol injection (PEI),
cryoablation (CA), irreversible electroporation (IRE); and (2) Palliative therapies such
as bland trans-arterial embolization (TAE), conventional trans-arterial chemoembolization (TACE) or chemoembolization with drug-eluting beads (DEB-TACE)
and more recently local endovascular radiotherapy via the trans-arterial delivery of
beta-emitting microparticles (selective internal radiation therapy; SIRT). Moreover,
the effectiveness of various combinations of locoregional treatments with or without
systemic chemotherapy has been also investigated, aiming in down staging
inoperable disease or increasing overall survival rates and improving quality of
life[7-10]. This review analyses currently available locoregional treatment options for
HCC and highlights their importance in the development of more efficient treatment
algorithms.

TACE
Transcatheter arterial chemoembolization (TACE) represents the therapeutic goldstandard in patients unsuitable for surgery and for percutaneous ablation techniques,
with multinodular HCC and preserved liver function, without vascular invasion or
extra-hepatic spread (intermediate stage, BCLC-B)[11,12].
The TACE treatment is based on the occlusion of the arterial blood supply of the
target neoplastic lesion by embolizing microparticles, combined with the injection of
chemotherapeutic drugs in a super-selective manner, sparing the adjacent healthy
liver[13-16].
There is great variety, in the literature, among therapeutic protocols, and middle/long-term results are poor, mostly due to the tumour burden, incomplete
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Table 1 Codified locoregional treatments: Indications, advantages and disadvantages

Ablation (RFA)

TACE

Indications

Advantages

Disadvantages

BCLC-A patients

Curative

Low complication rates rates in HCC
> 3 cm

New devices (MWA, Cryoablation,
HIFU, Laser, IRE)

Relatively unfeasible in “complex”
sites/lesions

Super-selective delivery

Palliative

Great variety of materials

Heterogeneous population

BCLC-B patients without PVT

No standardization
Combined therapy (RFA + TACE)

Selected BCLC-A/B patients

SIRT

Selected BCLC-B/C patients not
amenable for TACE or Sorafenib

Complimentary and sinergistic effect No standardization
Better than RFA and TACE alone
Super-selective delivery

High costs

HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation; MWA: Microwave ablation; IRE: Irreversible electroporation; TACE: Trans-arterial
chemoembolization; SIRT: Selective internal radiation therapy.

embolization, and presence of undetectable satellite lesions[17,18].
Nonetheless, BCLC stage B includes a heterogeneous population, with different
tumour burden, as well as greatly different liver function (from Child-Pugh class A5
to B9), that cannot all be treated with the same weapons; there is, therefore, the need
to perform individualized and personalized treatments. The ideal TACE target is
represented by BCLC stage B asymptomatic patients with preserved liver function
and without portal vein thrombosis, which are suitable for a more complete and
effective treatment[19,20].
Less than 2% of patients obtain a complete response after the first TACE treatment,
due to the presence of viable tissue and neo-angiogenesis which allows the
continuous growth of the neoplasm; therefore, TACE should be performed more than
once, at regular intervals[21], however, there is no consensus nor guidelines on the
correct number on TACE treatments and on the time interval between TACE sessions,
leaving the choice in the hands of the operators, with the expert’s suggestion of “ondemand” treatments with 1- or 2-mo interval between sessions and of ceasing TACE
after 2-3 unsuccessful sessions[22].
Meta-analysis and randomized controlled trials have demonstrated that treatment
response is associated with a good 2-years patient’s survival (about 60%), even
though there is great heterogeneity among these trials in terms of patient’s
characteristics, treatment modalities and materials[23,24].
The principal contraindication to TACE treatment is the presence of a poor venous
blood supply from the portal vein (mostly due to chemical or neoplastic thrombosis of
the main portal vein or of its lobar and segmental branches, as well as porto-systemic
anastomosis and hepatofugal portal flow), due to the increased risk of ischaemic
necrosis of the liver and thus liver failure. In a similar manner, patients with advanced
hepatic disease (Child-Pugh class B and C) should not be considered for TACE due to
their increased risk of liver failure and death[25].
Adverse effects of selective transarterial administration of the chemotherapeutic
drugs may be similar those seen with systemic administration: Nausea, vomiting,
myelotoxicity, alopecia, and kidney failure.
Hepatic artery occlusion, causing acute ischaemia of the HCC lesion is associated,
in more than 50% of the patients, with post-embolization syndrome, which usually
lasts less than 48 hours and is characterized by fever, abdominal pain, and slowed
peristalsis: Fever is determined by the tumoral necrosis with cytokines release. A
small percentage of patients can present with infectious complications such as hepatic
abscess or cholecystitis[20].
Various chemotherapic agents have been utilized for TACE, the most common
choices being doxorubicin and cisplatin[20].
Liu et al[26] showed in a randomized trial that TACE with the use of more than one
chemotherapic drug has a better efficacy on overall survival and overall response
rates when compared to doxorubicin monotherapy.
One of the greatest matters of debate when dealing with TACE, is the choice
between conventional TACE (c-TACE) and drug-eluting beads TACE (DEB-TACE). cTACE is performed with the infusion of a suspension of iodized oil mixed with the
chemotherapic drug; the iodized oil acts as a carrier for the drug, and undergoes
selective uptake by the neoplastic cells, increasing HCC exposureto the drug,
followed by administration of the embolic particles[25,27-29]. On the other hand, DEB-
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TACE uses embolizing polyvinylchloride microspheres of different sizes, pre-loaded
with the chemotherapic drug, which are injected in the tumour feeding artery
releasing the drug in the neoplastic bloodstream, in a sustained, prolonged, and
predictable manner; this determines a reduction of collateral effects due to the
passage of the chemotherapeutic agent into the systemic circulation. Moreover, due to
the predetermined microparticles’ calibre, the arterial occlusion is a predictable and
homogeneous process, increasing the anti-neoplastic activity and safety profile[30-35]
(Figure 1).
Burrel et al[34] observed that 1-, 3- and 5-years survival in a group of patients treated
with DEB-TACE was 89.9%, 66.3% and 38.3% respectively, with a median survival
time of 48.6 mo.
Various studies evaluated and comparedthe efficacy of c-TACE versus DEB-TACE,
as the PRECISION-V trial, which showed higher - even though not significant complete response, objective response and disease control rates in DEB-TACE, and a
significant reduction in liver toxicity and doxorubicin-related side effects; other
studies did not confirm that superiority. Therefore, the comparison between c-TACE
and DEB-TACE is still a matter of debate[36-38].
A recent improvement to TACE was made with the introduction of embolizing
microparticles containing iodine atoms in their structure, thus visible during
fluoroscopy, granting a precise and controlled delivery of the chemotherapeutic drug
during the treatment[39].
Furthermore, patients with intermediate-stage HCC (BCLC-B) and impaired liver
function, or with portal vein thrombosis/invasion, can nowadays benefit froma
particular form of chemoembolization, based on degradable starch microspheres
(DSM-TACE), which carry the chemotherapic drug but are rapidly digested once
delivered in the hepatic blood stream, reducing the ischaemic effect on the liver
parenchyma[40,41]. This treatment has also been performed as a second-line treatment in
BCLC-C stage patients ineligible forthe anti-angiogenic drug Sorafenib, with similar
results in terms of progression-free survival (6.4 months) and overall survival (11.3
months), and of 1- and 16.5-months overall disease control of 80% and 52.5%
respectively[42].

ABLATION
Ablative techniques using chemical or thermal energy have been developed and
established in the loco-regional therapy of hepatocellular carcinomas over the last
three decades[43,44]. The 2017 European association for the study of the liver (EASL)
clinical practice guidelines on the management of HCCs recommend the use of
ablative therapy in very early stage (single lesion < 2 cm) and early stage (single or 2-3
nodules < 3 cm) cancers amongst patients who are not candidates for surgical
resection or transplant[44,45]. Prototypical amongst ablation therapies was PEI[46], used
to cause coagulative necrosis of the lesion via cellular dehydration. By the early 90s
however, the advent of RFA offered better survival and local disease control versus
PEI[47,48] with the latter demonstrating local recurrence rates exceeding 43% in lesions >
3 cm[49], but retaining a role in the management of tumours < 2 cm where thermal
ablation is not feasible. RFA is now established as the first-line ablative therapy while
concomitant advances have been made with MWA and CA. Newer technologies such
as laser ablation (LA) and irreversible electroporation (IRE) remain under
investigation for their efficacy[44-46].
In RFA, an alternating electric current between (460-500 kHz) is applied to the
target lesion via a radio-frequency (RF) electrode placed under imaging/laparoscopic
guidance and returning through grounding pads on the skin surface. An induced
electromagnetic field causes oscillation of tissue ions and frictional heating leading to
coagulative necrosis and cell death at temperatures of 60-100 °C[50,51]. Overall efficacy
of RFA is limited by local tissue charring, which increases impedance, limiting the
zone of ablation, and the well described ‘heat-sink’ effect whereby, slow in vivo heat
transfer from the electrode is counteracted by local high flow vascular perfusion[50].
Strategies to mitigate these limitations include the use of internal electrode cooling
and the use of bipolar mode with multiple electrodes to create overlapping ablation
zones though these carry an increased risk of bleeding and adjacent organ
damage [50,51] . Imaging guidance is generally achieved with the use of B-mode
ultrasound (Figure 2), however one study by Kim et al[52] found up to a third of lesions
were not visible on this modality alone with increased use of fusion imaging with
volumetric CT/MRI data to circumvent this challenge[53]. An inadequate acoustic
window may be improved by infusion of fluid into the pleural or peritoneal cavity
with the added benefit of minimizing adjacent organ injury. Consideration must be
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Figure 1

Figure 1 Drug Eluting Beads-Trans Arterial Chemo Embolization of 3 cm hepatocellular carcinoma. A: GdEOB- DTPA enhanced MR image of a 73 years old cirrhotic patient with a 3-cm exophytic liver nodule in segment VI
(arrow), showing enhancement in the arterial phase; B: the nodule is hypointense in comparison to the surrounding
liver parenchyma in coronal hepatobiliary phase, in keeping with HCC. C and D: Celiac axis DSA showing the
hypervascular lesion (arrow); selective microcatheterization of the feeding vessel with infusion of doxorubicin-loaded
drug-eluting beads (200 µm). E and F: 2-mo follow-up Gd-EOB- DTPA enhanced MR image demonstrating absence
of arterial enhancement of the nodule and marked hypointensity in coronal hepatobiliary phase (arrow).

given to the location of the tumour and RFA should be avoided in lesions with close
proximity to other abdominal viscera or in a peripheral subcapsular location[54]. For
patients with very early/early stage HCC (overall size < 3 cm) RFA is the principle
loco-regional therapeutic option in contrast to transplantation or surgical resection
(SR). Comparison of the outcomes between RFA and SR has yielded several
inconclusive studies in the literature; however results from a 2014 Cochrane review by
Weis et al and three other contemporaneous systematic reviews and meta-analyses[55-58]
demonstrate similar overall survival at 1 and 3 years between RFA and SR groups for
tumours < 2 cm in subgroup analysis. Conclusions about recurrence rates in this
cohort are contradictory amongst the various studies with recurrence generally lower
following resection which is associated with longer in hospital stay and more overall
complications. Cucchetti et al[56] also demonstrate a favourable cost analysis of RFA
over SR in this subgroup of patients. Amongst early stage tumours (2-3 cm, up to 3
nodules), Pompili et al[59] demonstrated no significant difference in survival (RFA
66.2% vs SR 74.4%, P = 0.353) or cumulative recurrence (RFA 57.1% vs SR 56.0%, P =
0.765) at 4 years, though a trend was noted towards lower recurrence in the resection
group. These findings were further confirmed with propensity score matching to
minimise confounding factors for overall survival and recurrence (P = 0.450 and P =
0.152 respectively) with similar results demonstrated in a more recent RCT of 218
patients by Ng et al[60]. RFA therefore remains the mainstay of ablative treatments very
early and early stage HCC despite the dearth of large scale multi-centric RCTs in this
field.
Microwave ablation was initially developed to work around the heat-sink and
tissue impedance limitations of RFA within the liver [50] . While the underlying
mechanism of cell death in MWA is similar to RFA, tissue temperature is raised by
causing the continuous realignment of polar (principally water) molecules within an
oscillating microwave field at frequencies of 915/2450 MHz[50,61]. Microwaves radiate
equally through all biological tissue without impedance allowing a much larger
volume of tissue to be heated with each application. The latest third generation
systems incorporate antenna cooling and high-power generators in combination with
different antenna designs, which contribute to variable size and shape of the ablation
zones necessitating careful planning on the part of the operator. With these attributes,
MWA shares a similar application profile as RFA but with advantages over the latter
with regards to larger lesions or those closer to blood vessels and other visceral
structures [62] . Given its relative novelty there is a lack of high powered studies
comparing its efficacy to RFA and only 2 meta-analyses assessing outcomes of HCC
treatment between the modalities[63,64] which largely included the same studies with
similar cumulative numbers of approximately 400 patients in the MWA and RFA
arms apiece. Chinnaratha et al [ 6 3 ] demonstrated no difference in local recurrence/progression between RFA and MWA with pooled OR (95%CI) 1.01 (0.671.50, P = 0.98) or overall survival at 3 years with pooled OR (95%CI) 0.76 (0.44-1.32, P
= 0.33). Complete ablation was achieved in MWA at rates of between 91%-100%
between studies. Of note, a subgroup analysis of the use of MWA in HCC beyond the
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Figure 2 US-guided radiofrequency ablation Radio-Frequency Ablation of hepatocellular carcinoma. A: Gd-EOB- DTPA enhanced MR image of a 57 years old
cirrhotic patient with a 1.5-cm liver nodule in segment VIII (arrow), showing enhancement in the arterial phase, in keeping with HCC. B: US image demonstrating the
RF needle, with a 3 cm exposed tip, crossing the lesion (arrow). C: 1-mo follow-up portal-venous phase Gd-EOB- DTPA enhanced MR image demonstrating the oval
shaped ablation zone (arrow).

Milan criteria (single tumor > 5 cm or > 3 nodules) in 450 patients demonstrated lower
local tumor progression over RFA with pooled OR (95%CI) 1.88 (1.10-3.23, P = 0.02)
supporting the use of MWA in larger lesions. Facciorusso et al excluded lower
powered studies and congress abstracts finding no significant difference in local
recurrence with OR (95%CI) 1.01 (0.53-1.87, P = 0.98), higher (though insignificant)
overall survival at 3 years, OR (95%CI) 0.95 (0.58-1.57, P = 0.85) and a non-significant
higher rate of complete ablation in MWA (P = 0.67). A systematic review by Lahat et
al [65] analysing major complications (defined as symptoms persisting for > 1 wk,
delaying discharge, causing significant morbidity/disability and death) following
percutaneous ablation reported mortality of 0.15% and 0.23% for RFA and MWA
respectively with major complications occurring in 4.1% and 4.6% of cases
respectively the most common being haemorrhage but also including portal vein
thrombosis, bile leak/duct injury, intestinal/diaphragmatic injury and liver
abscess/dysfunction. Ding et al[66] found no statistically significant difference in types
or number of complications between MWA and RFA in their large retrospective
analysis of 879 patients (P > 0.05). Ultimately while MWA has shown promising
results for local disease its proven benefits over RFA are limited and further study is
required.
In addition to RFA and MFA, several novel modalities of ablation are entering
clinical practice including CA, LA, IRE and high-intensity focused ultrasound (HIFU).
Cryoablation causes tumour necrosis by freezing at temperatures between −35 °C to
−20 °C using the Joule-Thomson theory of expanding gases within a needle-like
cryoprobe causing cooling at the probe tip[50]. Heat transfer to probe is by passive
diffusion and so probe surface area limits cooling capacity. Procedures are therefore
usually carried out with several probes with ablation times of up to 25-30 min with
the advantage of precise intra-procedural monitoring of ice ball formation on image
guidance (CT/MRI) and the ability to include larger ablative zones[67,68]. Cryotherapy
is susceptible to the “cool-sink” effect whereby thermal energy exchange is disrupted
near the cryoprobe owing to adjacent vascular structures[51] and the possibility of the
serious and possibly life threating complication of Cryoshock whereby ablation of
large tumours with large ablation volume eliciting an aggressive inflammatory
response with pleural effusions, thrombocytopenia, haemorrhage, myoglobinemia
and renal/respiratory failure[67]. A recent meta-analysis by Luo et al[69] including
several cohort studies and one RCT demonstrated high rates of complete ablation
(73.3%-100%) and no statistically significant difference in recurrence rates or overall
survival between CA and RFA. In their RCT included within the meta-analysis, Wang
et al[70], demonstrated improved 3 year survival (11% vs 7 %, P = 0.043), and for lesions
> 3 cm, significantly lower local progression (7.7% vs 18.2%, P = 0.041) in patients
treated with CA rather than RFA indicating some possible benefit with CA in larger
lesions which needs to be weighed against the potentially serious associated
complications. LA remains poorly studied in comparison to most other methods of
ablations. Light is delivered via multiple flexible quartz fibers within water-cooled
laser application sheaths and LA has been demonstrated to be safe and feasible[62]. Luo
et al[69] found higher tumor recurrence, lower overall survival and complete ablation in
LA vs RFA however none of these were statistically significant.
IRE is a recently developed non-thermal ablation technology that uses low-voltage,
high-energy, electrical pulses to induce cell death by pore creation within the cell lipid
membrane. The procedure is performed using multiple monopolar 19-gauge probes
and, due to its non-thermal nature, represents a valid alternative to thermal for peri-
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vascular lesions and those in proximity to large bile ducts. However, despite the fact
that initial results following IRE for HCC are optimistic for selected < 3 cm lesions,
and the safety profile of the method has been established, data remain limited. As a
result, application of liver IRE for the treatment of HCC requires further investigation
and its clinical application for the moment remains limited[71].
The paucity of literature assessing HIFU limits conclusions that can be drawn about
its effectiveness.
RFA remains the mainstay of ablative therapy at present with further high-quality
randomised studies needed to evaluate the performance of the newer modalities in
comparison.

SIRT
SIRT or also known as trans arterial radio-embolization (TARE) is a well-recognised
loco-regional treatment modality used in patients with intermediate-stage or
advanced stages of HCC (BLCL – B/C) in patients who are not eligible or cannot
tolerate TACE/Sorafenib respectively[72,73]. Similar to TACE, delivery of treatment
relies upon the hepatic arterial predominant blood supply of HCCs (80%) thereby
reducing its effect on normal hepatic parenchyma which derives most (75%) of its
supply from the portal vein[74]. In contradistinction to TACE which uses a combination
of chemotherapy and ischaemia, SIRT has a minor effect from microembolisation and
principally acts by irradiation from Yttrium-90(Y-90) bearing microspheres though
other radioactive substances such as 131-iodine labelled lipiodol[44] may be considered.
Emission of a beta particle (maximum energy 2.27 MeV; mean energy: 0.94 MeV) with
decay of 90Y to 90Zr (Zirconium) is able to deliver targeted radiation to the lesion
limiting radiation exposure to normal parenchyma while reducing the risk of
radiation induced liver disease (up to 50% of patients with 40Gy delivered)[74]. High
energy beta radiation triggers DNA double strand breaks resulting in tumour cell
damage. Pre-procedure planning requires a separate angiographic procedure
delivering 99mTc macroaggregated albumin (MAA) at the most ideal arterial position
to target the tumour (Figure 3), followed by single photon emission computer
tomography (SPECT) to detect extra-hepatic uptake and assess lung shunt fraction
(proportion deposited in lung potentially causing radiation pneumonitis). Dosage of
Y-90 to be delivered is calculated based on factors including type of microspheres
being used, percentage involvement of tumour within the liver, lung shunt fraction
and overall liver mass estimate from cross-sectional imaging with multiple formulas
available but not completely evaluated at present[75]. Intra-arterial CT angiography
(hybrid angiography-MDCT or cone-beam CT) allows volumetric assessment of
tumour coverage by the chosen vessel and non-target vessels close to this should be
selectively coil embolised to prevent extra-hepatic passage of Y-90. Careful
administration of the Y-90 is carried out in conjunction with a physicist to reduce
exposure to personnel.
Of both available prospective RCT results comparing SIRT and TACE amongst
intermediate stage patients, PREMIERE (n = 43) and SIRTACE (n = 28), the former
demonstrated significantly longer time to progression for SIRT (14.5 mo vs 6.4 mo, P =
0.0019) and no significant difference in overall survival (23.8 mo vs 17.7 mo, P =
0.9772) and the latter (pilot) study, by Kollig et al, demonstrated similar efficacy and
health-related quality of life (HRQoL)[76,77]. All other studies being retrospective, a
meta-analysis by Lobo et al [78] demonstrated comparable overall survival and
complication rates with one study by Soydal et al [79] demonstrating a survival
advantage for SIRT (39 mo vs 31 mo, P = 0.014). Kollig et al[77] also described a similar
profile of safety between TACE and SIRT. Y-90 has also been demonstrated to have a
role in early stage cancers as a bridge to liver transplantation and in order to
downstage tumours from United network for organ sharing stage T3 to T2 (58% vs
31%, P = 0.023)[80,81].
Sorafenib remains the mainstay of treatment in advanced stage HCC (BCLC – C).
Results from the SIRveNIB comparing SIRT with Sorafenib demonstrated no
statistically significant differences in overall survival however progression free
survival and time to progression in patients treated with SIRT vs Sorafenib with a
similar trend demonstrated in the SARAH trial[82,83]. Complication rates of up to 4.9%
and a mortality rate of 1.5% were reported in one multi-centre Australian study[84].
The most common complications were post-embolisation syndrome (0-70%) and
Radiation-induced liver disease (0-31%). Other complications include biliary system
damage and pneumonitis. Given both the SIRveNIB and SARAH trials were not able
to statistically demonstrate superiority and the studies were not aimed at simply
demonstrating non-inferiority, the status quo of Sorafenib as first line treatment for
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Figure 3

Figure 3 Tc-99m Macro-Aggregates of albumin mapping procedure prior to Y-90 radioembolization. A:
Selective common hepatic artery DSA following coil embolization of the gastroduodenal artery (arrow); and B:
subsequent infusion of MAA with documentation of the exact position of the tip of the microcatheter at the right
hepatic artery (arrow).

advanced stage HCC remains and further study is suggested in specific patient
cohorts where SIRT may prove useful such as those with tumoral portal vein
thrombosis. Further large-scale trials are required prior to conclusive guidelines
regarding the use of SIRT in advanced HCC.

COMBINED TREATMENTS
The combined treatment of HCC lesions implies the utilization of both RFA and
TACE; this approach is used in early and intermediate stage (BCLC-A or -B) patients
with large (> 3 cm) unresectable HCC nodules. Combined treatments were mostly
investigated in retrospective studies, showing, however, better results when
compared to RFA or TACE alone, both in terms of complete response and disease-free
survival rates, as well as being less time and cost-consuming than performing the two
treatments alone[85].
In fact, even if RFA provides excellent results in terms of local disease control and
represents a curative treatment for HCC lesions up to 3 cm, it is ineffective in HCCs
larger than 3 cm in size, with low rates of complete response, and high rates of local
recurrence even after an initial complete response, as showed by Peng et al. in a
prospective randomized trial, which compared combined treatment versus RFA alone
in HCC up to 7 cm: The combined treatment group had significantly better overall
survival and recurrence-free survival rates than the RFA-alone group, with a 1-, 3and 4-year overall survival of 92.6%, 66.6% and 61.8% vs 85.3%, 59% and 45%
respectively, and a recurrence-free survival of 79.4%, 60.6% and 54.8% versus 66.7%,
44.2% and 38.9% respectively[86].
On the other hand, TACE is considered a palliative treatment, showing decreased
effectiveness with increasing size of the target HCC lesion, with only a few treated
HCCs obtaining a stable complete response. High rates of local recurrence, generally
being due to an incomplete embolization of the target lesion or due to tumoral
neoangiogenesis[33].
Many authors have demonstrated the efficacy of the combined treatment in
achieving complete tumour necrosis and increasing patient’s survival rates, especially
in HCC lesions larger than 3 cm[85].
RFA and TACE can be combined in different but complimentary and synergistic
ways; however, it is not clear which is the best combination and the optimal time
interval between TACE and RFA to enhance the synergic effect and balance local
therapeutic efficacy, with preservation of safety and liver function.
In particular, performing RFA first allows use of the sublethal heating area
surrounding the central post-ablative necrosis, where the residual neoplastic cells
have increased vascular permeability and blood flow. This in turn grants better
delivery of the chemotherapeutic drug and improves efficacy due to a lower cellular
resistance, as well as a better treatment of satellite nodules[87,88].
On the flipside, performing TACE first reduces the heat-sink effect secondary to the
blood flow in the adjacent vessels, amplifying the RFA treatment, even though there
could be a greater degradation of the chemotherapic drug when exposed to the high
temperatures of the RFA. In addition, performing TACE first could lead to reduced
ultrasound visibility of the target lesion, impairing the correct RFA electrode
positioning; this issue has been partly overcome with the introduction of cone-beam
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CT (CBCT), which allows an accurate RFA electrode positioning using multiplanar
and three-dimensional reconstructions[89,90].
Nonetheless, the individual steps of RFA and TACE, of combined treatment can be
performed in a single session or with a wide time interval (ranging from 1 to 30
d)[86,91-93].
Various meta-analysis have shown that the combined treatment determines a
significant increase of patient’s 1-, 3-, and 5-years overall survival rates when
compared to RFA alone (P = 0.0004, 0.0002 and 0.0001 respectively), in particular
when dealing with HCC lesions larger than 3 cm, as shown by the meta-analysis of
randomized controlled trials performed by Lu et al., whereas there was no difference
in terms of overall survival rates in HCCs smaller than 3 cm[94]. Moreover, even if
there are ambiguous results, when compared to surgical resection, combined
treatment seems to grant the same overall survival, even though surgical resection has
better disease-free survival rates, in particular in lesions larger than 3 cm[95,96].
In recent years, the introduction of a new ablative technique represented by MWA,
which overcomes the RFA limitations and can produce greater necrosis volumes, has
also expanded the possibilities combined treatments; MWA plus TACE has
beendemonstrated to have good complete response rates in HCC lesions up to 5 cm,
with a better efficacy when compared to RFA plus TACE, even if there are only a few
studies comparing these two kinds of combined treatment. For example, Sheta et al.,
showed 1-month recurrence rates of 0% and 5% for MWA+TACE and RFA+TACE
respectively, with similar complication rates[97-103].
One other great advantage of the combined treatment is the possibility to overcome
the classical contraindications of the ablative treatment; in particular, when dealing
with complex lesions, such as nodules located in unfavourable positions and so with a
greater risk of complications, as well as in “complex” patients (those with a high risk
of bleeding due to their cirrhosis which leads to a low platelet count), performing
TACE after the ablative treatment allows prompt treatment of eventual post-ablative
bleedings[88,102,103]. Additionally, performing TACE after RFA allows, treatment of those
not-so-rare hypovascular HCC lesions, thanks to the vasodilator and hyperaemic
effects of thermal ablation.
When considering combined therapies, in HCC lesions larger than 3 cm, the
recently-introduced treatment with RFA plus intravenous systemic lysothermosensitive liposomal doxorubicin (LTLD) is worth a mention: The liposomes
contains doxorubicin, and the RFA-induced target heating, when performed for more
than 45 min, determines a high target drug concentration, almost 25 times greater
than that of free doxorubicin[104,105].
A final, special mention is deserved for the combination of TACE and systemic
chemotherapy with Sorafenib: The TACE-induced ischaemia determines the
production of neoplastic angiogenic growth-factors that can be promptly blocked by
the anti-angiogenic action of Sorafenib, with a good tolerability for the patients[106].
Most trials, however, failed to show a significant advantage of combined therapy
versus TACE alone in terms of overall survival and time to progression[107,108]. On the
other hand, the TACTICS trial showed a very favorable result of its primary end-point
(progression-free survival rates) in the TACE+Sorafenib group versus TACE alone[109].
The reason of this different trend in comparison to the other trials can be identified
both in the different primary end-point (Time-To-Progression (TTP) for SPACE, PFS
for TACTICS), and in the different definition of Time-To-UnTACEable-Progression
(TTUP, the time until TACE is no more effective or feasible): Even if both the SPACE
and TACTICS trial considered vascular invasion and extra-hepatic lesions as a sign of
unTACEable progression, TACTICS trial did not considered the development of a
new liver lesion as tumour progression, whereas the SPACE trial added Child-Pugh
B, persistent ascites and low platelet count as other criteria, limiting the treatment
possibilities and leading to a precocious stop in sorafenib administration; moreover,
in TACTICS trial, TACE was administered “on-demand” at the growth of the viable
lesions, whereas, in SPACE trial, TACE sessions were scheduled, leading to less
treatments[106,109].
Alternatively to Sorafenib, Kudo et al. investigated the efficacy of combination
therapy between doxorubicin-TACE and brivanib, an inhibitor of vascular-endothelial
and fibroblast growth factor given as an adjuvant for TACE; the trial did not show
improvements in terms of OS between TACE plus brivanib and TACE plus
placebo[110].

FUTURE PERSPECTIVES
The optimal treatment algorithm for the management of HCC is still under
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meticulous investigation, as survival and recurrence rates are still far from
satisfactory, and many unresolved issues remain to be determined. Surgery and liver
transplantation have for years provided the best results. However, recent advances in
minimal invasive locoregional treatments are continuously gaining ground not only
in the management of non-operable HCC but also in the curative treatment of small
T1 lesions. This is attributed to the fact that surgical options are often not indicated
due to the advanced stage of underlying cirrhosis, or other severe comorbidities.
Notably, in patients with HCC the prevalence of cirrhosis ranges between 85%-95%.
However, despite the AASLD suggestion for surgical resection over RFA for T1 or T2
lesions in patients with Child- Pugh class A cirrhosis, the effectiveness of other
ablative techniques, such as MWV or stereotactic body radiation as well as their
combination with TACE and SIRT should also be evaluated compared to surgery[2].
Recurrence of HCC, especially in cases in which the ablated treatment margin was
deemed sufficient (1 cm), could be attributed to non-visible microscopic satellite
nodules. Histopathology studies following curative hepatectomy for lesions
measuring from 2.5 to 5 cm, have demonstrated the presence of non-detectable
microsatellite disease (portal vein invasion or intrahepatic metastasis) in 46% of the
patients with a mean distance from the primary tumor of 9 mm (range 8 to 30 mm).
The authors believe that more potent ablative technologies achieving treatment
margins beyond 1cm as well as the combination of ablative/embolization therapies,
in lesions measuring over 2.5 cm, would improve overall survival and recurrence
rates due to the possibility to expand the necrotic zone to also include non-identified
satellite lesions. Interestingly, according to a recent network metanalysis of RCTs,
comparing available percutaneous locoregional treatments combined with local
ablative or adjuvant systemic treatments for non-operable HCC, TACE combined
with external radiotherapy or local ablation significantly improve patient survival and
tumor response compared with embolization therapies alone, indicating the utility of
the synergic effect provided by different locoregional treatments. However, the
quality of evidence remains low to moderate and future RCTs to provide further level
A evidence are required. The combination of locoregional modalities in the same
patient in order to improve both quality of life and overall survival should also be
assessed. Future studies should focus on the effect of the sequential alternation of
treatments such as ablation, TACE and SIRT, based on the existing staging of the
disease and the realistic therapeutic target.
Another major issue remains the lack of high-quality evidence to verify a
significant survival improvement of chemo-embolization over bland embolization, or
the superiority of other TACE techniques versus conventional TACE for intermediate
stage HCC. Therefore, carefully designed multicenter RCTs comparing various
embolization options are still awaited.
The authors believe that a major breakthrough in the management of HCC
treatment would be the genetic characterization of HCC in every-day clinical practice
in order to enable a personalized treatment plan. Today, non-invasive, liquid biopsy
by sequencing cell-free DNA in plasma is currently under investigation and aims in
the identification of driver mutations and tumor heterogeneity as to enable targeted
HCC therapy. Published studies demonstrated variability in the efficacy of targeted
agents in different populations and high inter-patient heterogeneity attributed to
genetic mutations[111]. Personalized medicine could contribute in patient selection and
individualized decision-making could optimize the outcomes of locoregional
treatments.

CONCLUSION
To summarize, future research direction should focus on the combination of loco
regional therapies. High quality data from multi-center RCTs are required to
investigate the possibility of improving the overall survival in unresectable HCC by
applying the available ablative and embolization techniques. Crucial issues regarding
the combination of minimal invasive therapies that remain to be determined by largescale trials, include the choice between bland TAE, particle-mediated TACE, or
conventional TACE, the choice to embolize prior or after ablation, as well as the
optimal timing of embolization (same session? after 2 wk, etc.). Moreover, the authors
strongly believe that the investigation of aggressive sequential alternation of various
locoregional therapies in the ambit of personalized patient selection will provide
evidence that could modify the existing therapeutic protocols and improve both
quality of life and survival outcomes. Finally, radioembolization is a very promising
therapy and the initial failure to improve survival in patients with intermediate or
advanced HCC should not discourage investigators. Well- designed trials with better
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patient selection would certainly define its role in HCC treatment.
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Abstract
Helicobacter pylori (H. pylori) infection is highly prevalent in the human
population and may lead to severe gastrointestinal pathology including gastric
and duodenal ulcers, mucosa associated tissue lymphoma and gastric
adenocarcinoma. In recent years, an alarming increase in antimicrobial resistance
and subsequently failing empiric H. pylori eradication therapies have been noted
worldwide, also in many European countries. Therefore, rapid and accurate
determination of H. pylori’s antibiotic susceptibility prior to the administration of
eradication regimens becomes ever more important. Traditionally, detection of
H. pylori and its antimicrobial resistance is done by culture and phenotypic drug
susceptibility testing that are cumbersome with a long turn-around-time. Recent
advances in diagnostics provide new tools, like real-time polymerase chain
reaction (PCR) and line probe assays, to diagnose H. pylori infection and
antimicrobial resistance to certain antibiotics, directly from clinical specimens.
Moreover, high-throughput whole genome sequencing technologies allow the
rapid analysis of the pathogen’s genome, thereby allowing identification of
resistance mutations and associated antibiotic resistance. In the first part of this
review, we will give an overview on currently available diagnostic methods for
detection of H. pylori and its drug resistance and their implementation in H. pylori
management. The second part of the review focusses on the use of next
generation sequencing technology in H. pylori research. To this end, we
conducted a literature search for original research articles in English using the
terms “Helicobacter”, “transcriptomic”, “transcriptome”, “next generation
sequencing” and “whole genome sequencing”. This review is aimed to bridge the
gap between current diagnostic practice (histology, rapid urease test, H. pylori
culture, PCR and line probe assays) and new sequencing technologies and their
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potential implementation in diagnostic laboratory settings in order to
complement the currently recommended H. pylori management guidelines and
subsequently improve public health.
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Core tip: With worldwide increasing antibiotic resistance in Helicobacter pylori
(H. pylori), drug resistance phenotypes should be determined prior to the administration
of antibiotic eradication regimens. Our literature search yielded studies that focused on
the prediction of drug resistance phenotypes in H. pylori based on the presence of certain
point mutations in the bacterium’s genome using next generation sequencing (NGS)
technology. Thus, NGS technology may enable the implementation of rapid and accurate
genotypic drug susceptibility testing prior to the administration of antimicrobial therapy.
This may increase H. pylori eradication rates and ultimately improve patient
management.
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HELICOBACTER PYLORI PREVALENCE, EPIDEMIOLOGY
AND ANTIBIOTIC RESISTANCE
Current Helicobacter pylori prevalence and epidemiology
Initial acquisition of Helicobacter pylori (H. pylori) occurs primarily during childhood
and may persist throughout life[1]. Infection with H. pylori occurs worldwide, but there
are substantial geographic differences in the prevalence of infection between
countries[2]. Multiple studies have demonstrated that socioeconomic status and ethnic
origin of the population are strongly associated with prevalence of H. pylori
infection[3-5]. In Central and Northern Europe, H. pylori prevalence, excluding nonEuropean immigrants, was found to be around 24% to 32%[6-10]. Studies conducted in
Switzerland revealed a H. pylori prevalence of 12%-20% in patients born in Switzerland and a prevalence of 27% in immigrants[5,11]. H. pylori can be divided into
relatively distinct populations that are specific for large geographical areas:
HpEurope, hpSahul, hpEastAsia, hpAsia2, hpNEAfrica, hpAfrica1 and hpAfrica2[12-14].
The most prevalent H. pylori populations in Europe are hpEurope and hpNEAfrica[15].

Management of Helicobacter pylori infections
In most patients, H. pylori infection stays asymptomatic, but it can progress to various
gastrointestinal diseases including chronic active gastritis, peptic or duodenal ulcers,
gastric adenocarcinoma and mucosa associated tissue lymphoma[16]. Consequently, it
is a challenge for physicians to decide who should be tested for H. pylori infection and
who should be treated. In general, treatment is recommended in case of detection of
H. pylori infection, even in patients with asymptomatic H. pylori gastritis[17,18]. This
practice is supported by results from a systematic review of six randomized trials
evaluating H. pylori eradication therapy to prevent gastric cancer in healthy
asymptomatic individuals that found a significant reduction in the incidence of gastric
cancer[19]. However, this conclusion is mostly based on results of one interventional,
placebo-controlled trial that was conducted in China[20], a high incidence country for
gastric cancer. Therefore, further studies are needed in countries with low prevalence
of gastric cancer to evaluate the long-term cost-effectiveness of such interventions. In
the United Kingdom, two placebo-controlled trials conducted a H. pylori screening
and treatment program in the general population that reduced dyspepsia in patients,
who receive eradication therapy [21,22] . Though, they concluded that targeted
eradication strategies in dyspeptic patients may be preferable. Therefore, the main
question in clinical practice remains: Who should be tested and consequently treated?
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Based on recent research, current guidelines (i.e., fifth Maastricht/Florence consensus
report[23]) recommend testing for H. pylori infection in situations described in Table 1.
Adult patients in industrial countries that have been successfully treated for
H. pylori infection rarely show reinfection (reinfection rate of 2%) [24] . Therefore,
adequate treatment promises high eradication efficacy (see next chapter for
antimicrobial therapy options) without recurrence of H. pylori infection. However,
there are major challenges in the treatment of H. pylori infection including increasing
resistance to antibiotics, which will be discussed in detail in the next section, and
compliance to therapy. A study performed in Switzerland showed that approximately
89% of the patients treated were considered as “good compliers”, meaning that they
consumed more than 85% of the prescribed doses [25] . In this study, H. pylori
eradication was inversely associated with poor compliance (P = 0.029) and the major
reason mentioned by the patients not complying with the treatment was side effects.
Antibiotic therapy indeed has non-negligible, short-term side effects such as diarrhea,
nausea, vomiting, bloating and/or abdominal pain. Moreover, it has been shown, and
also received media attention, that antibiotic treatment can alter the gut microbiota
richness and diversity [26,27] , possibly deferring health-conscious patients from
following through with antibiotic treatment.

Antibiotic resistance in Helicobacter pylori
The only currently available efficient treatment against H. pylori infection includes the
use of antibiotics. Main mechanisms of antibiotic resistance development in H. pylori
include mutations that impair the capability of antibiotics to bind the ribosomes and
interfere with protein synthesis; mutations that affect DNA replication and
transcription; mutations that modify penicillin binding proteins, involved in
peptidoglycan biosynthesis[28]. As H. pylori easily develops drug resistance to single
antibiotics, combination therapy of several antibiotics is recommended. Combination
of antibiotics used in therapy should depend on local drug resistance rates estimated
in the respective country. Primary and acquired resistance to clarithromycin and
metronidazole has increased globally in the last years, diminishing the effectiveness of
conventional first-line treatment regimens and increasing treatment failures due to
drug-resistant H. pylori strains[29-33]. In particular, clarithromycin resistance increased
rapidly in several countries, to reach 30% in Japan and up to 50% in China[32]. Also in
Europe, an increasing trend of clarithromycin resistance in H. pylori can be observed
with an overall primary clarithromycin resistance rate of 17%[34]. However, prevalence
of clarithromycin resistance varies from 21% in Austria to 6% in Finland and the
Netherlands [10,35] . This shows that clarithromycin resistance is strongly variable
between neighboring European countries emphasizing the need to examine drug
resistance separately in each geographic region to better guide empiric treatment
regimens. Metronidazole resistance, although not as important as clarithromycin
resistance, also significantly reduces treatment efficiency of the standard triple
regimen[36]. Overall, metronidazole resistance rates have been increasing in many
European countries[34,37-40], ranging from 14% to 33% in Europe[41-46]. The general trend
towards increasing resistance to first-line antibiotics in H. pylori has urged treating
physicians to prescribe alternative treatment regimens including tetracycline with a
PPI and a bismuth salt or the use of levofloxacin or rifabutin-based treatment
regimens[23,47,48]. However, these regimens require high patient compliance as antibiotic
therapy consist of many tablets that have to be taken daily for 10 to 14 d[49]. Incomplete
patient adherence to antibiotic therapy is directly associated with further resistance
development in H. pylori. Although levofloxacin resistance has not been studied as
extensively as clarithromycin and metronidazole resistance, there is also a trend
towards high primary and secondary levofloxacin resistance in H. pylori[35,38-40,50]. In
contrast, resistance to amoxicillin and tetracycline seems to be negligible in H. pylori (0
to 2%) in European countries[35,40,51-53]. Though tetracycline resistance does not seem
alarming yet in Western Europe, high resistance rates ranging from 5% to 19% were
found in Eastern European and Asian countries[54,55], emphasizing the need to prevent
further resistance spread in H. pylori. Therefore, similar as for first-line H. pylori
eradication regimens, administration of alternative antimicrobial therapy, especially
when levofloxacin based, should be guided by the regional and patient-specific
antimicrobial resistance patterns and knowledge about their local effectiveness.

CURRENT HELICOBACTER PYLORI DIAGNOSTICS
Several diagnostic methods are available for detecting H. pylori infections. They can be
broadly classified as invasive and non-invasive methods depending on the need to
retrieve a gastric biopsy from the patient. For H. pylori detection, endoscopy is
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Table 1 Who to test, summary of the recommendations from the fifth Maastricht/Florence consensus report[23]
Recommendations from the fifth Maastricht/Florence consensus report
Dyspepsia

Subject to regional Helicobacter pylori prevalence, not applicable to patients
with alarm symptoms or older patients

Peptic ulcers

Especially in aspirin and nonsteroidal anti-inflammatory drugs users with
history of peptic ulcer

Gastritis

Especially in long-term proton-pump-inhibitor users

Gastric cancer

In individuals at increased risk of gastric cancer

MALToma

In individuals with localized early-stage MALToma

Iron deficiency anemia, idiopathic thrombocytopenic purpura,
vitamin B12 deficiency

employed in combination with histology and/or culture from the gastric biopsy
specimen. The major limitation of endoscopic examination is its relative invasiveness
and that only a small portion of the gastric mucosa can be explored. Therefore,
assessment of multiple gastric biopsy specimens is necessary to provide a global
picture of H. pylori infection in the stomach[56,57]. When an endoscopy is indicated,
H. pylori can be detected by histology, rapid urease test (RUT), culture and polymerase
chain reaction (PCR)-based tests using gastric biopsy specimens[58,59]. The accuracy of
histology depends on a number of factors like the pathologist’s experience, density of
H. pylori colonization in the gastric mucosa, the quality and quantity of the clinical
specimen and subjective assessment of tissue changes.
The RUT is based on detecting urea produced by H. pylori, and results are obtained
within minutes to hours. The RUT is a cheap, rapid and generally highly specific
assay, but its sensitivity is affected if less than 104 bacterial cells are present in the
gastric biopsy, most probably leading to false-negative results. In some instances,
RUT specificity may be negatively affected by the presence of other urease producing
bacteria like Staphylococcus capitis urealiticum in the stomach that can lead to falsepositive test results[60]. Commercially available RUTs (e.g., HpFast, CLOTest, HpOne)
have reported specificities from 95% to 100%, but their sensitivity is moderate (85% to
95%)[17,61,62].
Successful isolation and cultivation of H. pylori from gastric biopsy specimens is a
challenging task that is affected by a number of factors like the quality of the clinical
specimen, occurrence of microbial commensal flora in clinical specimens, time interval
between sampling and culture and inappropriate transport conditions (temperature,
duration of air exposure, etc.). Furthermore, H. pylori culture requires highly trained
laboratory personnel and takes up to 7 d until samples can be reported as negative
and up to 2 wk until H. pylori has grown and an antibiogram can be provided to the
treating physician. H. pylori culture from gastric biopsy specimens typically has a
sensitivity greater 90% and a specificity of 100%, when performed under optimal
conditions[63]. H. pylori culture from clinical specimens obtained by non-invasive
procedures, such as gastric juice, saliva and stool, is challenging and hampered by
low sensitivity[64-66], and therefore not recommended in routine diagnostics[67]. With the
global emergence of antibiotic resistant H. pylori isolates and subsequently increasingly failing empiric first-line therapies, bacterial culture and phenotypic drug
susceptibility testing (DST) remains a crucial diagnostic method for antibiotic
resistance surveillance and management of antibiotic treatment failures. However, it
is not recommended to do a full phenotypic DST before administration of first-line
treatment as: (1) An invasive endoscopy is required to obtain gastric biopsy
specimens from the patient; (2) It is time consuming and costly; and (3) Less invasive,
molecular based methods are also able to detect clarithromycin resistance that is
momentarily the main cause of empiric treatment failure in European countries.
Due to these drawbacks, numerous attempts have been made to develop noninvasive diagnostic methods that avoid endoscopy. Classically, non-invasive tests for
H. pylori detection include stool antigen assays, serology and the frequently used urea
breath test (UBT)[68,69]. Antigen tests have been widely used for H. pylori detection in
clinical specimens like gastric juice, saliva, urine and stool[70-72]. However, antigen
detection methods, may suffer from poor specificity and sensitivity[70,71,73]. Different
stool antigen tests have been developed to detect H. pylori in stool specimens with a
sensitivity and specificity of 85% to 95%[17]. The UBT is the most frequently used
point-of-care test in the clinic with a sensitivity and specificity of 85% to 95%[17,74].
One limitation of the beforehand presented non-invasive diagnostic methods is that
they can solely detect H. pylori but do not provide information on the drug
susceptibility of the bacterium. With increasing clarithromycin resistance rates in
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H. pylori, rapid and accurate methods that can simultaneously detect H. pylori and
assess its clarithromycin susceptibility offer high added value[10,44,75]. Clarithromycin
resistance in H. pylori is attributable, in a majority of cases, to three single point
mutations (A2146C, A2146G and A2147G) in the 23S rRNA gene that can be
accurately detected by PCR[76-79]. At the moment, there are a number of molecular
assays commercially available for H. pylori and clarithromycin resistance detection,
such as the H. pylori ClariRes (Ingenetix, Vienna, Austria), the Allplex H. pylori and
ClariR (Seegene, Korea), the Lightmix ® H. pylori (TIBMolbiol, Germany) and the
H. pylori Taqman® real-time PCR assay (Meridian Bioscience, United States). These
assays mostly combine real-time PCR with melting curve analysis and are highly
specific and rapid (< 2 h) molecular methods that can be applied to gastric biopsy and
stool specimens[77,78]. Moreover, they can distinguish the three most common point
mutations (A2146G, A2147G and A2146C) in the 23S rRNA gene, which allows to
genotypically distinguish low- and high-level clarithromycin resistance[77]. However,
several studies found rather low sensitivity (ranging from 63% to 84%) of H. pylori
detection from stool specimens using the ClariRes assay when compared to stool
antigen test and H. pylori culture from gastric biopsy specimens[80-82]. Another study
validating the H. pylori Taqman® real-time PCR assay in stool specimens reported
higher sensitivity of 93.8% [79] . Therefore, H. pylori and clarithromycin resistance
detection directly from stool specimens may strongly depend on the DNA extraction
method and the PCR assay used. Consequently, no general statement on the
diagnostic performance of PCR from stool can be made. One limitation of PCR assays
is, however, that they can just provide resistance information for clarithromycin. At
the moment, there is only one line probe assay (the Genotype HelicoDR assay; Hain
Life Sciences, Germany) commercially available that enables the detection of the most
common point mutations in the 23S rRNA (A2146G, A2147G and A2146C) and the
gyrA gene (N87K, D91G, D91N, D91Y) to determine clarithromycin and levofloxacin
susceptibility, respectively. The Genotype HelicoDR assay has been reported to
accurately detect H. pylori and clarithromycin resistance from gastric biopsy
specimens[83], but low concordance between H. pylori and clarithromycin resistance
detection from biopsy and stool specimens was found[84]. Moreover, the Genotype
HelicoDR assay has a long turn-around-time of 6 h compared to real-time PCR assays.
In sum, non-invasive molecular testing from stool would have the following
advantages: (1) No invasive endoscopy is required; (2) Specimens can be stored longer
and do not require immediate processing; (3) Batching of specimens is possible; (4)
H. pylori detection and genotypic clarithromycin susceptibility screening can be done
within one working day (< 4 h); (5) Detection of hetero-resistance in specimens is
achievable when more than one H. pylori strain is present in a clinical specimen; (6)
Automated DNA extraction and real-time PCR analysis offers a high degree of
standardization and reproducibility. However, further studies are needed that assess
the diagnostic performance of optimized DNA extraction procedures and noninvasive stool PCRs (ideally targeting the 23S rRNA and gyrA gene) in comparison to
H. pylori culture based phenotypic DST from gastric biopsy specimens.

HELICOBACTER PYLORI TREATMENT AND PROPHYLAXIS
As H. pylori antibiotic therapy is mostly based on clarithromycin, clarithromycin
resistance is the major determinant of antimicrobial treatment: In countries with low
clarithromycin resistance (i.e., < 15%), current first-line standard regimens for H. pylori
eradication are a proton pump inhibitor (PPI)-based triple therapy (with
clarithromycin in combination with metronidazole or amoxicillin) or a bismuth
quadruple therapy [23,85,86] . The second line therapy should then be the bismuthquadruple (if not used as first-line therapy) or a triple therapy containing
fluoroquinolones. Choice of third-line therapy should be guided by phenotypic DST
or genotypic determination of drug resistance (associated costs for antibiotic therapy
are listed in Tables 2 and 3; approximate drug prices from Germany).
In countries with high clarithromycin resistance (i.e., > 15%), metronidazole
resistance, although clinically less relevant, should be considered. If metronidazole
resistance is low, a triple therapy with PPI, amoxicillin and metronidazole can be
applied. If the dual resistance for clarithromycin and metronidazole is low, a bismuth
quadruple or a concomitant non-bismuth quadruple therapy should be used.
However, if the dual resistance is high, bismuth containing quadruple therapies
should be used[23].
Vaccines against H. pylori have only recently been given serious consideration. In
animal models, initial vaccination tried oral immunization with H. pylori bacterial
lysate and cholera toxin as adjuvant[87]. Later on, intranasal and rectal delivery systems
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Table 2 Standard clarithromycin-based triple regimens using metronidazole or amoxicillin and associated costs
Drug

Dose

Standard triple regimen Clarithromycin
(with metronidazole)
Metronidazole
Pantoprazole (Protonpump inhibitor)

Pantoprazole (Protonpump inhibitor)
In total

Costs (EUR) for 14 d

500 mg (twice daily)

1.1

15.4

30.8

500 mg (three times
daily)

0.6

13.1

26.2

Standard dose (twice
daily)

0.1

1.6

3.2

1.8

30.1

60.2

In total
Standard triple regimen Clarithromycin
(with amoxicillin)
Amoxicillin

Costs (EUR) per dose Costs (EUR) for 7 d

500 mg (twice daily)

1.1

15.4

30.8

1 g (twice daily)

1.4

20.2

40.4

Standard dose (twice
daily)

0.1

1.6

3.2

2.6

37.2

74.4

allowed reducing the required amount of purified antigen compared to oral
immunization. Given the proposed mechanism of action involving the cellular
immune system[88], parenteral immunization with H. pylori antigens has been shown
to result in a significant protection from infection in mice models [89] . However,
although clinical trials in human on immunization with H. pylori proteins have shown
adaptive immune mechanisms, they have since failed to consistently reduce bacterial
load[90]. More studies are needed in this area.
Due to increasing antibiotic resistances and side effects of antibiotics, alternative
therapies are of great interest. Probiotics have been shown to have positive effects on
eradication rates, prevention of adverse reactions and antibiotic-associated diarrhea
when combined to eradication therapies. A recent systematic review and metaanalysis on probiotics as adjunct therapy found 19 randomized controlled trials, all
showing positive effects on at least one of the above-mentioned aspects[91]. However, it
appears that the number of meta-analysis on the topic exceeds the number of original
publications, that, even in randomized controlled fashion show large detail
variance[92]. Interestingly, a large and well performed meta-analysis showed that
probiotic dose, duration, number of strains and duration of antibiotic treatment did
not affect the benefits conferred by probiotic adjunction[93], reducing the scientific
plausibility of this intervention based on current publications. The fifth
Maastricht/Florence consensus rapport acknowledges probiotics as beneficial in its
report, but evaluates the level of evidence as low to moderate with weak grade of
recommendation. That being said, probiotics alone, not in combination with
antibiotics, have not been shown to efficiently eradicate H. pylori[94]. We as others
conclude that “more data are definitely needed to assess the direct efficacy of
probiotics against H. pylori”[23].
Licorice root is a botanical product frequently used in Chinese medicine. It has
detoxifying, antiulcer, anti-inflammatory, anti-viral and anticarcinogenic properties[95].
A randomized controlled trial on 120 H. pylori positive dyspeptic patients (with or
without peptic ulcer) assessed the effect of licorice in addition to clarithromycin-based
triple regimen. They showed that treatment response was 83.3% in the licorice-group
compared to 62.5% in the control group (P = 0.018). When distinguishing between
peptic ulcer disease and non-ulcer dyspepsia, significantly better response to
treatment was only observed in patients with peptic ulcer (P = 0.034)[96].
Several other plant-based products are used for the treatment of gastrointestinal
disorders. Some of them have been mentioned as influencing H. pylori infections such
as garlic, cranberry juice, oregano or broccoli sprouts (non-exhaustive list) [97] .
However, few studies have identified the active ingredient or its mechanism of action
and dose/response or exposure level are not understood. Possible safety issues as
well as impact of resistance on efficacy of phyto-therapeutic agents has to be
addressed. Moreover, one review article mentioned the possibility of phage therapy
against H. pylori[98].

NEXT GENERATION SEQUENCING AND HELICOBACTER
PYLORI
In order to get an overview on original research studies that focused on the
characterization of H. pylori by next generation sequencing (NGS) a PubMed
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Table 3 Alternative antibiotic Helicobacter pylori eradication therapy using quadruple or levofloxacin-based regimens and associated
costs
Regimen

Drug

Dose

Costs(EUR) per dose Costs (EUR) for 7 d

Costs (EUR) for 14 d

Bismuth quadruple
regimen

Tetracycline

500 mg (four times
daily)

0.6

12

16.8

Metronidazole

500 mg (three times
daily)

0.6

18.6

26.2

Pantoprazole (Protonpump inhibitor)

Standard dose (twice
daily)

0.1

2.2

3.0

Bismuth Subsalicylate

Standard dose (three
times daily)

0.3

10.0

14.0

1.6

42.8

60.0

Levofloxacin

500 mg (once daily)

2.7

27.0

38.0

Amoxicillin

1 g (twice daily)

1.4

28.8

40.4

Pantoprazole (Protonpump inhibitor)

Standard dose (twice
daily)

0.1

2.2

3.1

4.2

58.0

81.5

Clarithromycin

500 mg (twice daily)

1.1

22.0

30.8

Amoxicillin

1 g (twice daily)

1.4

28.8

40.4

Metronidazole

500 mg (three times
daily)

0.6

2.2

3.0

Pantoprazole (Protonpump inhibitor)

Standard dose (twice
daily)

0.1

18.6

26.0

3.2

72.0

100.0

In total
Levofloxacin-based
regimen

In total
Concomitant regimen

In total

MEDLINE and EMBASE literature search was conducted without any time
constrains. Inclusion criteria: (1) Original research manuscripts; (2) Characterization of
clinical human H. pylori isolates; (3) Use of second and/or third generation
sequencing technologies. Exclusion criteria: (1) Reviews, case reports, comments,
letters; (2) Characterization of non-human H. pylori isolates; (3) Original research
manuscripts that that did not use second or third generation sequencing technology.
First, the terms “Helicobacter pylori AND transcriptome OR transcriptomic” were
searched and yielded 134 results, of which 12 were original research articles meeting
the inclusion criteria (Table 4). Second, a PubMed, MEDLINE and EMBASE search
using the terms “Helicobacter pylori AND next generation sequencing” was done that
yielded 102 results, of which 19 met the inclusion criteria (Table 5). And finally, a
PubMed, MEDLINE and EMBASE search with the terms “Helicobacter pylori AND
whole genome sequencing” was done that yielded 89 results, of which 15 met the
inclusion criteria (Table 6).
The literature search mostly yielded basic research studies investigating a broad
spectrum of fundamental mechanism in H. pylori like the presence of genes associated
with bacterial virulence [99-104] and biofilm formation [105,106] , the characterization of
methylases[107], nudix hydrolases[108], restriction-modification (R-M) systems[109], exoand endo-ribonucleases[110]; and the transcriptional response of H. pylori to exposition
to different salt concentrations[111], different pH conditions[112], heat shock[113] and
chemical agents like bismuth[114] and nickel[115]. Most of these studies initially depleted
ribosomal RNA, either using RiboZero eukaryotic rRNA depletion treatment
(Epicentre, Illumina)[112,113,116] or a rRNA modified capture hybridization approach[110],
and performed sequencing on an Illumina platform (Illumina, United States). More
applied studies focused on two main topics: The composition of the gut microbial
community in patients with H. pylori associated gastrointestinal pathology[117-123] or the
association between genotypic and phenotypic drug resistance in H. pylori[124-133].
The assessment of the human gut microbiome in health and disease is a hot topic in
medical sciences. Changes in the gut microbial composition after H. pylori infection
may induce pathogenesis and various disorders. However, studies investigating
changes in the microbial community composition after H. pylori infection have
generated conflicting results. While some studies could not detect any significant
changes in the taxonomic composition of the gut microbiota[134-136], studies using NGS
technology have reported increased abundance of the families Xanthomonadaceae and
Enterobacteriaceae, and the genera Spirochaetae, Streptococcus, Lactobacillus,
Granulicatella, Prevotella and Veillonella in response to H. pylori infection [137-139] .
Moreover, some studies showed that antibiotic use to eradicate H. pylori affected the
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Table 4 A PubMed, MEDLINE and EMBASE search using the terms “Helicobacter pylori AND transcriptome OR transcriptomic” yielded
12 original research studies
Study

Main finding

Method

1

Objective

H. pylori 26695 culture grown Depletion of ribosomal RNA
in liquid medium to log
(RiboZero, Epicentre,
phase
Illumina)

Characterization of the
MTase JHP1050 in H. pylori

Sequencing

The MTase JHP1050, which
methylates GCGC sequences,
was found to be highly
conserved in all analyzed
H. pylori strains, with a
nucleotide sequence identity
> 87%. Absence of m5C
methylation had a significant
effect on H. pylori growth, led
to a significant reduction in
DNA uptake capacity, and
reduced the bacterial
protection against an excess
of copper
Objective
Analyzing the impact of
bismuth on a diverse array of
intracellular pathways in
H. pylori

Estibariz et al[107]

RNA-sequencing on an
Illumina HiSeq platform
(Illumina, United States; 1 ×
50 bp)

Main finding

2

Ref.

H. pylori 26695 culture grown RNA-sequencing on a HTSeq Han et al[114]
in liquid medium to early log v0.6.1 platform[148]
phase

Main finding
Bismuth influences multiple
metabolic pathways and
suppresses energy
production in H. pylori
through disruption of the
central carbon metabolism of
the bacterium. Bismuth
initially perturbs the citric
acid cycle and then urease
activity, followed by the
induction of oxidative stress
and inhibition of energy
production, and in the
meantime, induces extensive
down-regulation in the
H. pylori metabolome
3

Objective
Transcriptomic analysis to
assess the process of biofilm
formation in H. pylori

H. pylori grown on nonselective solid agar media

Depletion of ribosomal RNA
(RiboZero, Epicentre,
Illumina) RNA-sequencing
on an Illumina NextSeq
platform (Illumina)

Hathroubi et al[106]

Main finding
H. pylori biofilm cells
displayed a distinct
transcriptomic profile. Lower
metabolism and stress
responses, likely associated
with the microenvironment
generated in the H. pylori
biofilm, could be
determinants of antimicrobial
tolerance and involved in the
persistence and survival of
H. pylori. However, there were
no specific genes up-or
downregulated that are
specific for biofilm formation,
suggesting that there is no
biofilm-specific set of genes
expressed. However, genes
encoding flagellar filaments
were upregulated in biofilm
cells and formed an integral
part of the biofilm matrix

WJG

https://www.wjgnet.com

4636

August 28, 2019

Volume 25

Issue 32

Pohl D et al. Advances in H. pylori diagnostics

4

Objective
Transcriptional analysis of
H. pylori gene expression
under high salt conditions

H. pylori strain 7.13 was
grown in liquid medium to
mid exponential phase (OD
of 0.5)

Main finding

Depletion of ribosomal RNA
(RiboZero, Epicentre,
Illumina)

Loh et al[111]

RNA-sequencing on an
Illumina HiSeq 3000 platform
(Illumina; 2 × 75 bp)

Differential expression of
multiple genes encoding
outer membrane proteins,
including adhesins (SabA,
HopA and HopQ) and
proteins involved in iron
acquisition (FecA2 and
FecA3) was observed.
Transcript levels of sabA,
hopA and hopQ were
increased, whereas transcript
levels of fecA2 and fecA3 were
decreased under high-salt
conditions. Functions
associated with the up- and
downregulated genes
included acetone metabolism,
acid survival, flagellar
synthesis and iron transport
5

Objective
Transcriptional analysis of
H. pylori gene expression
under different pH conditions

H. pylori strain G27 grown in Depletion of ribosomal RNA
liquid medium, followed by (RiboZero, Epicentre,
adaptation of the pH (3.0, 4.5, Illumina)
6.0, 7.4, 8.0)
RNA-sequencing on an
Illumina HiSeq 2500 platform
(Illumina; 1 × 50 bp)

Main finding
About 250 genes were
induced, and an equal
number of genes were
repressed at acidic pH. Genes
encoding for antioxidant
proteins, flagellar structural
proteins, type-IV secretion
system (T4SS)/Cagpathogenicity island, FoF1ATPase, and proteins
involved in acid acclimation
were highly expressed at
acidic pH
6

Objective
Characterization of the heat
shock protein repressor
(HspR) binding sites in
H. pylori

Different H. pylori strains
Depletion of ribosomal RNA
grown in liquid medium to
(RiboZero, Epicentre,
mid exponential phase (OD = Illumina)
0.7) with/without heat shock
treatment

HspR is involved in the
regulation of different crucial
cellular functions through a
limited number of genomic
binding sites. There is high
sequence conservation in the
HAIR motif (an HspRassociated inverted repeat of
Streptomyces spp.) among
H. pylori strains. Site-directed
mutagenesis demonstrated
that the HAIR motif is
fundamental for HspR
binding and that additional
nucleotide determinants
flanking the HAIR motif are
required for complete
binding of HspR to its
operator sequence spanning
over 70 bp of DNA
Objective
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7

Marcus et al[112]

Gastric biopsy specimens
from patients with H. pylori
infection and premalignant
tissue changes
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Analysis of the composition
of the transcriptionally active
microbial community and
H. pylori gene expression in
gastric biopsy specimens
from patients with H. pylori
infection and premalignant
tissue changes

RNA-Sequencing on an
Illumina HiScanSQ platform
(Illumina; 2 × 100 bp)

Main finding
Although H. pylori infection
did not change the bacterial
diversity, H. pylori abundance
was positively correlated
with the presence of
Campylobacter, Deinococcus
and Sulfurospirillum.
Quantification of H. pylori
gene expression found high
expression of genes involved
in pH regulation and nickel
transport
8

Objective

H. pylori strains grown in
liquid medium and treated
Characterization of the Nickel
with high nickel (500 μM
dependent transcriptional
Ni2+) concentrations
regulator (NikR) in H. pylori

Depletion of ribosomal RNA
(RiboZero, Epicentre,
Illumina)

Main finding

RNA-sequencing on an
Illumina MiSeq platform
(Illumina; 1 × 76 bp)

NikR not only regulates
metal-ion transporters but
also virulence factors, noncoding RNAs, as well as
toxin-antitoxin systems in
response to nickel stimulation
9

Objective
Characterization of Nudix
hydrolases in H. pylori

Vannini et al[115]

H. pylori strains grown to mid RNA-sequencing on an
Bischler et al[108]
exponential growth phase
Illumina HiSeq 2000 platform
(OD = 0.7)
(Illumina; 1 × 97 bp)

Main finding
H. pylori encodes two
proteins resembling Nudix
enzymes. One of them,
HpRppH, is an RNA pyrophosphohydrolase that
triggers RNA degradation in
H. pylori, whereas the other,
HP0507, lacks such activity.
Transcriptional analysis
revealed at least 63 potential
HpRppH targets in H. pylori
H. pylori strains grown in
Depletion of ribosomal RNA Redko et al[110]
liquid medium to mid
by a rRNA modified capture
Characterization of the exoexponential phase (OD of 0.5) hybridization approach from
and endoribonuclease RNase
MICROBExpress kit
J in H. pylori and its putative
(Ambion, Invitrogen, Life
targets
Technologies)
Main finding
RNA-sequencing on an
Strong depletion of RNase J
Illumina HiSeq 2000 platform
led to a massive increase in
(Illumina; 1 × 50 bp)
the steady-state levels of nonrRNAs. mRNAs and RNAs
antisense to open reading
frames. In contrast, noncoding RNAs expressed in
the intergenic regions were
much less affected by RNase J
depletion. This suggests that
RNase J is a major RNase
involved in degradation of
most cellular RNAs in
H. pylori

10

Objective

11

Objective Analysis of
methylated DNA sites
throughout the H. pylori
genome for several closely
related H. pylori strains

Futura et al[149]
H. pylori strains (HPYF1 and RNA-sequencing on an
HPYF2) grown to mid
Illumina HiSeq 2000 platform
exponential phase (OD of 0.4) (Illumina)

Main finding
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Overall, the methylome was
highly variable among closely
related H. pylori strains. DNA
sequence motifs for
methylation could be
assigned to a specific
homology group of the target
recognition domains in the
specificity-determining genes
for Type I and other
restriction-modification
systems. Knocking out one of
the Type I specificity genes
led to transcriptome changes
12

Objective
Characterization of the
transcriptome of H. pylori,
and construction of a
genome-wide map of H. pylori
transcriptional start sites and
operons

H. pylori grown on nonselective solid agar media

Total RNA was digested with Sharma et al[150]
DNase I
RNA-sequencing was
performed on a Roche 454
FLX platform (Roche, Basel,
Switzerland) and on a
Genome Analyzer II platform
(Illumina; 1 × 76 bp)

Main finding
Discovery of hundreds of
transcriptional start sites
within operons, and opposite
to annotated genes,
indicating that complexity of
gene expression from the
small H. pylori genome is
increased by uncoupling of
polycistrons and by genomewide antisense transcription.
An unexpected number of
approximately 60 small
RNAs including the epsilonsubdivision counterpart of
the regulatory 6S RNA and
associated RNA products,
and potential regulators of
cis- and trans-encoded target
messenger RNAs were
discovered

Their objective, employed sequencing method and main finding is briefly described in the table. H. pylori: Helicobacter pylori.

proliferation of the gut microbial community and altered microbial diversity[140-142],
though; species diversity recovered to pre-treatment levels upon long-term followup[141,142]. This encourages the calculation of a microbial dysbiosis index based on the
abundances of certain gut microbial taxa in H. pylori infected patients [143] . The
dysbiosis index enables to distinguish patients with different H. pylori associated
gastrointestinal pathologies [138] , and may potentially help to guide patient management.
One limitation of using DNA based techniques for the determination of bacterial
abundances and the calculation of a dysbiosis index is that all microorganisms, which
are present in the human gut, are detected, including dead bacteria and DNA
contaminations (e.g., from incautious sampling, unsterile laboratory procedures or
from extraction and sequencing chemicals). In contrast, using meta-transcriptomics
allows to investigate only the viable and transcriptionally active proportion of the
human gut microbial community. A recently conducted study by Thorell et al[116]
nicely demonstrated that meta-transcriptomics is a very sensitive method that can be
applied directly on gastric biopsy specimens. They found that gastric biopsies from
patients initially classified as H. pylori uninfected by conventional methods, contained
actively replicating H. pylori, though in lower numbers than biopsy specimens initially
scored as H. pylori positive. This suggests that H. pylori may be present in low
abundance in individuals, in whom conventional methods have failed to detect
H. pylori. It would be interesting to investigate if these patients develop H. pylori
infection at a later stage and which circumstances may trigger or reinforce infection.
Moreover, it would be interesting to investigate if probiotic treatment in these patients
would reduce the transcriptionally active H. pylori population to undetectable levels,
potentially preventing disease development.
The other research studies identified in our literature review focused on using NGS
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Table 5 A PubMed, MEDLINE and EMBASE search using the terms “Helicobacter pylori AND next generation sequencing” yielded 19
original research studies
Study

Main finding

Method

Sequencing

1

Objective

DNA extraction from gastric
biopsy specimens

Targeted 16S rRNA
Han et al[117]
sequencing on an Ion
S5XLplatform (Thermo Fisher
Scientific, United States)

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
MiSeq platform (Illumina,
United States)

DNA extraction from gastric
FFPE tissue blocks

16S rRNA targeted
Nezami et al[132]
sequencing on an Ion Torrent
(Thermo Fischer) platform

Assessment of the correlation
between the microbial gut
community composition and
the degree of inflammatory
cell infiltration, endoscopic
findings and the
gastrointestinal disorders
symptom severity index
(PAGI-SYM)

Ref.

Main finding
Histological and endoscopic
gastritis was associated with
the abundance of H. pylori
and that of commensal
bacteria in the stomach. The
abundances of Variovorax
paradoxus and Porphyromonas
gingivalis were correlated
with histological gastritis, but
not with endoscopic or
symptomatic gastritis. The
total PAGI-SYM score
showed a stronger correlation
with the duodenal microbiota
(Prevotella nanceiensis and
Alloprevotella rava) than with
the gastric microbiota
(H. pylori, Neisseria elongate,
and Corynebacterium
segmentosum)
2

Objective
Resistance to metronidazole
rifaximin, rifabutin,
furazolidone, garenoxacin
and sitafloxacin was
investigated in Indonesian
H. pylori strains

Miftahussurur et al[128]

Main finding
Furazolidone-, rifabutin-, and
sitafloxacin-based therapies
might be considered as
alternative regimens to
eradicate metronidazole and
clarithromycin resistant
H. pylori in Indonesian
patients. Moreover,
sitafloxacin but not
garenoxacin should be
considered for eradication of
levofloxacin-resistant H.pylori
strains
3

Objective
Detection of H. pylori
mutations that are known to
confer resistance to
clarithromycin, levofloxacin,
and tetracycline directly from
formalin-fixed paraffinembedded (FFPE) gastric
biopsy specimens using next
generation sequencing
Main finding
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Therapy failure correlated
with the number of mutated
genes: No failure in cases with
no mutations (0/15), 19%
(5/27) failure in cases with
one gene mutation, and 69%
(11/16) failure in cases with
more than one mutated gene.
Common 23S rRNA
mutations (A2146G or
A241G) were present in 88%
(14/16) of failed cases as
opposed to only 10% (4/42)
of eradicated cases (P <
0.001). NGS can be used on
clinical specimens collected
during standard of care
testing to detect mutations
that correlate with increased
risk of treatment failure
4

Objective
Assessment of the changes in
the microbial esophagal
community composition in
Chinese patients with reflux
esophagitis and healthy
volunteers using
metagenomic highthroughput DNA sequencing

DNA extraction from gastric
biopsy specimens

16S rRNA targeted
sequencing on an Illumina
HiSeq 2500 platform
(Illumina; 2 × 250 bp)

Yu et al[118]

DNA extraction from gastric
biopsy specimens

16S rRNA targeted
sequencing on an Illumina
MiSeq platform (Illumina)

Zhao et al[119]

Main finding
Moderate changes in the
microbial community
composition were found in
patients with reflux
esophagitis and compared
with the healthy volunteers.
At the phylum level, only
Bacteroidetes differed between
the groups, being less
abundant in the reflux
esophagitis group. The
overall number and diversity
of species tended to be lower
in reflux esophagitis patients,
but there were no significant
differences between the
groups. Three genera,
Prevotella, Helicobacter and
Moraxella, were obviously
depleted in reflux esophagitis
patients
5

Objective
Characterization of H. pyloriinduced alterations in the
gastric and tongue coating
microbiota and evaluation of
potential impacts on human
health in patients with
chronic gastritis
Main finding
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Significant alterations of the
gastric microbiota were
found in H. pylori-positive
(cagA-positive) samples
represented by a decrease in
bacterial diversity, a reduced
abundance of Roseburia and
increased abundances of
Helicobacter and Haemophilus.
At the community level,
functions involved in biofilm
formation, mobile element
content, and facultative
anaerobiosis were
significantly decreased in the
microbial community in
H. pylori-positive subjects.
Presence of CagA was linked
to an increased proportion of
Gram-negative bacteria in the
stomach, thereby
contributing to an up
regulation of
lipopolysaccharide
biosynthesis
6

Objective
Characterization of the
microbial community in
patients suffering from
gastritis and gastric cancer

DNA extraction from gastric
biopsy specimens or surgical
specimens of non-neoplastic
gastric mucosa adjacent to the
tumor

16S rRNA targeted
sequencing on an Ion PGM
Torrent platform (Thermo
Fischer Scientific)

Ferreira et al[138]

DNA extraction from stool
specimens

16S rRNA targeted
sequencing on an Illumina
MiSeq platform (Illumina)

Gotoda et al[142]

DNA extraction from stool
specimens

16S rRNA targeted
Iino et al[120]
sequencing on an Illumina
MiSeq platform (Illumina; 2 ×
300bp)

Main finding
The gastric carcinoma
microbiota was characterized
by reduced microbial
diversity, decreased
abundance of H. pylori and
the enrichment of other
bacterial genera, mostly
represented by intestinal
commensals. The
combination of these taxa
into a microbial dysbiosis
index revealed that dysbiosis
can be used to discriminate
between gastritis and gastric
carcinoma. Analysis of the
functional features of the
microbiota was compatible
with the presence of a
nitrosating microbial
community in carcinoma
7

Objective
Assessment of the changes in
the gut microbiome after
H. pylori eradication therapy
in teenagers
Main finding
Alpha diversity revealed that
both species richness and
evenness were recovered to
pre-treatment levels at 2 mo
after H. pylori eradication
therapy. Although H. pylori
eradication therapy caused
short-term dysbiosis,
microbial diversity was
restored in healthy teenagers

8

Objective
Assessment of the association
between H. pylori infection
and the abundance of
Lactobacillus species in the gut
microbial community in
Japanese patients
Main finding
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The relative abundance of
Lactobacillus in H. pyloriinfected subjects with severe
atrophic gastritis was higher
compared with patients with
mild atrophic gastritis and
without atrophic gastritis (P <
0.001) and non-infected
subjects (P < 0.001). The
proportion of Lactobacillus
salivarius was high in
H. pylori-infected subjects
while that of Lactobacillus
acidophilus was high in noninfected subjects
9

Objective
Determination of the
sequences of virulence genes
(cagA and vacA) and seven
housekeeping genes by next
generation sequencing

Aftab et al[103]

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
MiSeq platform (Illumina)

DNA extraction from gastric
biopsy specimens

16S rRNA targeted
Klymiuk et al[139]
sequencing on an Illumina
MiSeq platform (Illumina; 1 ×
500 bp)

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
MiSeq platform (Illumina)

Main finding
All H. pylori strains were
considered Western-type, and
73.2% of them carried cagA.
Patients infected with cagApositive strains had more
severe histological scores
than patients infected with
cagA-negative strains. Thus,
the low incidence of gastric
cancer in Bangladesh might
be attributable to the high
proportion of less-virulent
H. pylori genotypes
10

Objective
Assessment of the bacterial
microbiome in a total of 30
homogenized and frozen
gastric biopsy samples from
eight geographic locations.
Main finding
H. pylori infection of the
gastric habitat dominates the
gastric microbiota in most
patients and is associated
with a significant decrease of
the microbial alpha diversity.
Moreover, some bacterial
genera like Actinomyces,
Granulicatella, Veillonella,
Fusobacterium, Neisseria,
Helicobacter, Streptococcus, and
Prevotella were associated
with the presence of H. pylori

11

Objective
Characterization of
levofloxacin, metronidazole,
clarithromycin, amoxicillin
and tetracycline resistance in
H. pylori isolated from 158
dyspeptic patients in Santo
Domingo

Miftahussurur et al[124]

Main finding
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Clarithromycin and
amoxicillin resistance were
low (3.1% and 1.6%), and no
resistance to tetracycline was
found. In contrast,
metronidazole and
levofloxacin resistance were
high (82.8% and 35.9%). Most
levofloxacin-resistant H.pylori
strains had an amino acid
substitution at codon 87 or 91
in the gyrA gene. Many
different rdxA and frxA
mutations in metronidazoleresistant H. pylori strains were
found without synergistic
effects. Novel mutations in
dppA, dppB, fdxA and fdxB,
irrespective of rdxA and frxA
mutations were associated
with different levels of
metronidazole resistance in
H. pylori
12

Objective
Assessment of the influence
of antimicrobials on both, the
gut microbiota community
composition and the plasma
ghrelin level in H. pyloriinfected patients, who
underwent eradication
therapy (amoxicillin,
clarithromycin and protonpump inhibitors)

DNA extraction from stool
specimens

16S rRNA targeted
Yanagi et al[121]
sequencing on an Illumina
MiSeq platform (Illumina; 2 ×
300 bp)

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
Hashinaga et al[100]
HiSeq 2000 and MiSeq
platform (Illumina; 2 × 150 bp
and 2 × 300 bp)

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
MiSeq platform (Illumina)

Main finding
The Bacteroidetes: Firmicutes
(B:F) ratio was significantly
increased 3 months after than
before antibiotic treatment (P
< 0.01). A significant decrease
in the concentration of active
ghrelin (P < 0.01) in the
plasma was observed before
and 3 mo after antibiotic
therapy
13

Objective
Comparison of cagA and vacA
sequences of H. pylori strains
isolated from patients with
gastric cancer and MALT
lymphoma in Japan
Main finding
Conventional genotyping of
cagA and vacA showed no
significant difference between
patients with gastric cancer
and MALT lymphoma. When
comparing full protein
sequences of CagA and VacA,
four novel loci were found on
CagA, and three loci were
detected on VacA. Significant
differences were observed at
one CagA locus between
gastritis and MALT
lymphoma H. pylori strains,
and at one VacA locus
between gastritis and gastric
cancer H. pylori strains

14

Objective
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Characterization of
levofloxacin, metronidazole,
clarithromycin, amoxicillin
and tetracycline resistance in
H. pylori isolates from
Indonesia
Main finding
Clarithromycin, amoxicillin
and tetracycline resistance
were low (9.1%, 5.2% and
2.6%). In contrast, high
resistance rates to
metronidazole (46.7%) and
levofloxacin (31.2%) were
found. Metronidazole
resistant H. pylori strains
showed different rdxA amino
acid substitutions, and the
23S rRNA A2147G mutation
occurred in clarithromycin
resistant H. pylori. However,
one clarithromycin resistant
H. pylori strain had a novel
mutation in rpl22 without an
A2147G mutation. Amino
acid exchanges at N87
and/or D91 of gyrA were
associated with levofloxacinresistance
15

Objective
Characterization of H. pylori
strains isolated from 146
patients in Kathmandu,
Nepal

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
MiSeq platform (Illumina)

Miftahussurur et al[127]

Main finding
H. pylori was not resistant to
amoxicillin and tetracycline.
In contrast, metronidazole
resistance was extremely high
(88.1%), while clarithromycin
resistance was modestly high
(21.4%). Most of
metronidazole resistant
H. pylori strains had diverse
rdxA and frxA mutations.
Novel mutations in dppA
(A212, Q382 and I485) and
dapF (L145, T168, E117, V121,
R221) aside from missense
mutations in rdxA were
found in metronidazole
resistant H. pylori strains.
Amino acid exchanges at N87
and/or D91 in gyrA were
predominantly found in
levofloxacin-resistant H. pylori
strains
16

Objective
Characterization of wildtype
and metronidazole resistant
H. pylori reference strain
26695 in order to elucidate
the molecular basis of
metronidazole resistance and
the involved genes in H. pylori

A metronidazole-resistant
Sequencing on an Illumina
strain was cultured from the HiSeq 2000 platform
(Illumina; 2 × 90 bp)
metronidazole-susceptible
H. pylori reference strain 26695
by exposure to low
concentrations of
metronidazole

Binh et al[129]

Main finding
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Mutated sequences in rdxA
were successfully
transformed into the H. pylori
reference strain 26695, and
the transformants showed
resistance to metronidazole.
Transformed H. pylori isolates
containing a single mutation
in rdxA showed a low MIC
(16 mg/L), while those
containing mutations in both
rdxA and frxA showed a
higher MIC (48 mg/L).
Moreover, mutations in rpsU
may play a role in
metronidazole resistance
17

Objective
H. pylori strains were isolated
from the members of five
families to investigate the
microevolution and
adaptation of the H. pylori
genome using next
generation sequencing and
multi-locus sequence typing

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
platform (Illumina)

Furuta et al[104]

H. pylori strain UM032 was
grown on non-selective agar
medium

Sequencing on a RS
instrument (Pacific
Biosciences, United States;
yielding > 300 × average
genome coverage) and on an
Illumina MiSeq platform
(Illumina; 2 × 300 bp)

Lee et al[109]

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
HiSeq 2000 platform
(Illumina; 2 × 90bp)

Miftahussurur et al[122]

Main finding
Detection of nucleotide
substitutions revealed likely
transmission pathways
involving children.
Nonsynonymous mutations
were found in virulencerelated genes (cag, vacA,
hcpDX, tnfα, ggt, htrA and the
collagenase gene), outer
membrane protein (OMP)
genes and other cell surfacerelated protein genes, signal
transduction genes and
restriction-modification genes
18

Objective
Elucidating the biological
significance of the restrictionmodification (R-M) system in
the physiology and
pathogenesis of H. pylori
Main finding
Strain UM032 contains a
relatively large number of RM systems, including some
MTase activities with novel
specificities. Specifically, 17
methylated sequence motifs
corresponding to 1 Type I
and 16 Type II R-M systems
were found

19

Objective
Assessment of the prevalence
of H. pylori infection and
evaluation of human
migration patterns in the
remote areas of North
Sulawesi using nextgeneration sequencing and
multi-locus sequence typing
Main finding
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H. pylori prevalence was low
(14.3% in adults and 3.8% in
children). One H. pylori strain
carried East Asian type cagA
(ABD type), vacA s1c-m1b,
iceA1, jhp0562-positive/β(1,3), oipA “status-on”.
Phylogenetic analyses
showed that the strain
belonged to hspMaori type, a
major type observed in native
Taiwanese and Maori tribes

Their objective, employed sequencing method and main finding is briefly described in the table. H. pylori: Helicobacter pylori.

technology for the detection of drug resistance mutations in H. pylori and their
corrleation with phenotypic drug resistance[124-133]. Collectively, these studies show that
clarithromycin resistance is based on point mutations at nucleotide positions A2146
and A2147 in the 23S rRNA gene[125-127,133]. Additional mutations in rpl22 and infB were
reported in clarithromycin-resistant H. pylori strains without 23S rRNA mutations[126,127]. However, some methodological concerns should be considered. First,
multiple gastric biopsy specimens should be used for H. pylori culture in order to
enhance sensitivity and detect H. pylori sub-populations. Second, multiple colonies
should be picked from agar plates for DNA extraction and library preparation to not
miss drug resistant sub-populations. Third, H. pylori strains should be sequenced with
sufficient coverage to detect hetero-resistance. Fourth, multiple susceptible and
resistant H. pylori strains should be sequenced to distinguish naturally occurring
polymorphisms from mutations potentially conferring drug resistance.
Levofloxacin resistance in H. pylori has been found associated with amino acid
exchanges at codon 87 and/or 91 in the gyrA gene[124-127]. No synergistic effect on
levofloxacin resistance has been found in H. pylori strains that carried additional
mutations in gyrB. Rifampicin resistance has been reported to be associated with
amino acid exchanges in the rifampicin resistance determining region of the rpoB
gene[125]. In contrast, the prediction of metronidazole resistance based on genotypic
information remains challenging for H. pylori. Most metronidazole resistant H. pylori
strains have been reported to carry multiple rdxA and frxA mutations[124,125,127]; though,
also metronidazole resistant strains without mutations in rdxA and/or frxA were
reported[125]. Moreover, frameshift and resistance mutations in rdxA and frxA have also
been reported in metronidazole susceptible H. pylori strains[125]. Collectively, this
suggests that more studies are needed investigating the association between
polymorphisms detected in rdxA, frxA, mdaB, omp11 and rpsU and other genes and
phenotypic metronidazole resistance. NGS may also be used to detect novel
mutations associated with metronidazole resistance in genes such as dapF, dppA, dppB,
fdxA, and fdxB[124,127].
Another area of applicationf of NGS technology is the investigation of mutations
associated with resistance against new antibiotic agents like the rifamycins rifabutin
and rifaximin, the quinolones garenoxacin and sitafloxacin and the nitrofuran
antimicrobial agent furazolidone[128]. Analysis of rpoB sequences of rifaximin resistant
H. pylori strains showed amino acid exchanges at I837, A2414, K2068, Q2079 in rpoB,
while amino acid exchanges at N87 and D91 in gyrA were associated with high
levofloxacin resistance in H. pylori. No H. pylori strain was phenotypically resistant to
garenoxacin or sitafloxacin, suggesting a higher genetic barrier to resistance
development, and that multiple mutations or synergistic effects may be required to
infer resistance against these antibiotics. NGS can further be employed for the
identification of putative candidate mutations in phenotypically resistant H. pylori
strains without known resistance mutations[129,130]; and to identify efflux pump genes
that may be involved in the development of drug resistance in H. pylori[131].

CONCLUSION AND POTENTIAL FUTURE DIRECTIONS
During the last years, antibiotic resistance in H. pylori has continuously increased, also
in Western and Central Europe, where antibiotic resistance has been traditionally
considered low. This alarming trend leads to question the usefulness of the currently
employed “test-and-treat” strategy and to considered determining H. pylori’s
antibiotic resistance prior to eradication therapy in order to achieve better treatment
efficiency. When considering the current costs for H. pylori eradication regimens
(Table 2 and Table 3; approximate drug prices from Germany), depending on local
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Table 6 A PubMed, MEDLINE and EMBASE search using the terms “Helicobacter pylori AND whole genome sequencing” yielded 15
original research studies
Study

Main finding

Method

Sequencing

Ref.

1

Objective

DNA extraction from biopsy
specimens

Sequencing on an Illumina
HiSeq 2500 platform
(Illumina, United States; 2 ×
50 bp)

Ailloud et al[123]

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
Lauener et al[125]
MiSeq platform (Illumina; 2 ×
150 bp)

H. pylori strains grown on
solid non-selective agar
media

Sequencing on an Illumina
Chen et al[133]
HiSeq platform (Illumina; 2 ×
150 bp)

Investigation of H. pylori
evolution during infection
and population dynamics
inside the gastric
environment
Main finding
Phylogenetic analyses
suggested location-specific
evolution and bacterial
migration between gastric
regions. Migration was
significantly more frequent
between the corpus and the
fundus than with the antrum,
suggesting that physiological
differences between antral
and oxyntic mucosa
contribute to spatial
partitioning of H. pylori
populations. Associations
between H. pylori gene
polymorphisms and stomach
niches suggested that
chemotaxis, regulatory
functions and outer
membrane proteins
contribute to the specific
adaptation to the antral and
oxyntic mucosa
2

Objective
Single nucleotide
polymorphisms (SNPs) were
detected in H. pylori isolates
by whole genome sequencing
and their correlation with
phenotypic resistance to
clarithromycin,
metronidazole, tetracycline,
levofloxacin and rifampicin
was assessed
Main finding
Overall, there was high
congruence of > 99% between
phenotypic drug
susceptibility testing results
for clarithromycin,
levofloxacin, and rifampicin
and SNPs identified in the
23S rRNA, gyrA and rpoB
genes. However, it was not
possible to infer a resistance
phenotype for metronidazole
based on the occurrence of
distinct SNPs in rdxA and/or
frxA

3

Objective
Characterization of
polymorphisms in
Clarithromycin resistant and
susceptible H. pylori strains
using whole genome
sequencing
Main finding

WJG

https://www.wjgnet.com

4648

August 28, 2019

Volume 25

Issue 32

Pohl D et al. Advances in H. pylori diagnostics

No mutations known to be
associated with
clarithromycin resistance,
except for the controversial
T2182C mutation, were
detected. Single nucleotide
variants (SNVs) in multidrug
efflux transporter genes and
HP0605 were significantly
different between
clarithromycin resistant and
susceptible H. pylori strains.
No significant difference in
SNVs of membrane proteins
of the RND family or MFS
(HP1181) family were found
4

Objective
Characterization of the
binding ability, adhesion
modes, and growth of
H. pylori strains isolated from
pediatric patients with
abdominal pain, gastritis,
gastric or duodenal ulcers

H. pylori strains isolated from Sequencing on an Illumina
patients with abdominal
MiSeq platform (Illumina)
pain, gastritis, gastric or
duodenal ulcers

Quintana-Hayashi et al[151]

Main finding
Increased adhesion capacity
of pediatric peptic ulcer
disease (PUD) H. pylori
strains to human gastric
mucins compared to the nonulcer dyspepsia (NUD)
strains both at neutral and
acidic pH, regardless if the
mucins were positive for
Lewis b (Leb), Sialyl-Lewis ×
(SLex) or LacdiNAc. In
addition to babA positive
strains being more common
among PUD associated
strains, H. pylori babA positive
strains bound more avidly to
gastric mucins than NUD
babA positive strains at acidic
pH. Binding to Leb was
higher among babA positive
PUD H. pylori strains
compared to NUD strains at
neutral, but not acidic, pH.
PUD derived babA-knockout
mutants had attenuated
binding to mucins and Leb at
acidic and neutral pH, and to
SLex and DNA at acidic pH
5

H. pylori strain B128 isolated Sequencing on an Illumina
from a gastric biopsy of a
MiSeq platform (Illumina)
H. pylori was continuously
patient with gastric ulceration
cultured in vitro under low
was challenged with
iron or high salt conditions to
low/high salt concentrations
characterize fur genetic
variation. Moreover, fur
sequence variation was
assessed in 339 clinical
H. pylori strains
Objective

Noto et al[99]

Main finding
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Exposure to low iron or high
salt selected for a specific
single nucleotide
polymorphism in the fur gene
(FurR88H) in H. pylori.
Among the isolates
examined, 17% of H. pylori
strains isolated from patients
with premalignant lesions
harbored the FurR88H
variant, compared to only 6%
of H. pylori strains from
patients with non-atrophic
gastritis. These results
indicate that specific genetic
variation arises within H. pylori
strains during in vivo
adaptation to conditions
conducive for gastric
carcinogenesis
6

Objective
Comparison of
homogenization vs enzymatic
digestion protocols for DNA
extraction from gastric,
esophageal and colorectal
biopsies and survey of the
microbial content and
composition using whole
genome sequencing

H. pylori strains were
cultured on solid nonselective agar media

Sequencing on an Illumina
Zhang et al[152]
MiSeq platform (Illumina; 2 ×
300 bp)

Main finding
Neither method
demonstrated preferential
extraction of any particular
clade of bacteria, nor
significantly altered the
detection of Gram-positive or
Gram-negative organisms.
However, although the
overall microbial community
composition remained very
similar and the most
prevalent bacteria could be
detected effectively using
either method, the precise
community structure and
microbial abundances
between the two methods
were different. The
homogenization extraction
method provided higher
microbial DNA content and
higher read counts from
human tissue biopsy samples
of the gastrointestinal tract
7

Objective
Whole genome sequencing
and comparative analysis of
three H. pylori strains isolated
from three Arab patients

H. pylori strains isolated from Sequencing on an Illumina
Kumar et al[153]
gastric biopsies of patients
MiSeq platform (Illumina; 2 ×
suffering from dyspepsia
300 bp)

Main finding
The three genomes clustered
along with HpEurope strains
in the phylogenetic tree
comprising various H. pylori
lineages. The three genomes
possessed a complete cagpathogenicity island with an
AB-C type EPIYA motif
8

Objective
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Characterization of cagL and
cagI in H. pylori isolated from
patients in Southeast Asia
with chronic gastritis, gastric
ulcer, duodenal ulcer and
gastric cancer
Main finding
CagL motifs were highly
conserved among the H. pylori
isolates. CagL E59 and I234 in
the C-terminal motif were
more common in H. pylori
isolates from gastric cancer
patients. The CagI C-terminal
motif was completely
conserved across all H. pylori
isolates
H. pylori strains were isolated Sequencing on an Illumina
Silva et al[102]
from gastric biopsy
MiSeq platform (Illumina; 2 ×
Characterization of the
specimens of patients with
150 bp)
expression of virB genes,
non-ulcer dyspepsia, gastric
encoding parts of the type-IV
ulcer and duodenal ulcer
secretion system (T4SS)/Cagpathogenicity island, in
H. pylori strains isolated from
Western patients with
different gastrointestinal
malignancies

9

Objective

Main finding
The region spanning from
virB2 to virB10 constitutes an
operon, whose expression is
increased in the adherent
fraction of bacteria during
infection, as well as in both
adherent and nonadherent
fractions at acidic conditions.
10

Objective
Characterization of H. pylori
strains isolated in Nicaragua

H. pylori culture from gastric
biopsy specimens

Sequencing on an Illumina
Thorell et al[154]
HiScanSQ platform (Illumina;
2 × 100 bp)

Main finding
The Nicaraguan isolates
showed a phylogenetic
relationship with West
African H. pylori isolates in
whole genome sequence
comparison and with
Western and urban Southand Central-American
isolates using multi-locus
sequence analysis. A majority
(77%) of the isolates carried
the cancer-associated
virulence gene cagA and also
the s1/i1/m1 allele of the
vacuolating cytotoxin gene
that is linked to increased
severity of disease. Moreover,
it was found that Nicaraguan
isolates have a blood groupbinding adhesin (babA)
variant highly similar to
previously reported babA
sequences from Latin
America H. pylori isolates
11

Objective
Characterization of genes
associated with biofilm
formation in H. pylori

Sequencing on an Illumina
H. pylori reference strain
26695, cagA and CagMiSeq platform (Illumina)
pathogenicity island deletion
mutants were cultured

Wong et al[105]

Main finding
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Genes identified to be
associated with biofilm
formation in H. pylori
included alpha (1,3)fucosyltransferase, flagellar
protein, 3 hypothetical
proteins, outer membrane
proteins and a Cagpathogenicity island protein
(CagPAI). These genes play a
role in bacterial motility,
lipopolysaccharide synthesis,
Lewis antigen synthesis,
adhesion and/or the type-IV
secretion system (T4SS).
Deletion of cagA and CagPAI
confirmed that CagA and
T4SS were involved in
H. pylori biofilm formation
12

Objective
H. pylori was isolated from a
gastroscopic antral biopsy
specimen of a 53-year-old
male patient with chronic
gastritis. Whole genome
sequencing was applied to
these isolates, and
bioinformatic tools were used
to investigate the within host
evolution of H. pylori isolates

H. pylori was isolated from a
gastroscopic antral biopsy
specimen of a patient with
chronic gastritis

Sequencing on an Illumina
Cao et al[155]
MiSeq platform (Illumina; 2 ×
150 bp)

Main finding
The H. pylori genomes fall
into two clades, reflecting
colonization of the stomach
by two distinct strains. The
lineages have accumulated
diversity during an estimated
2.8 and 4.2 yr of evolution.
Around 150 clear
recombination events
between the two clades were
found. Imputed ancestral
sequences also showed
evidence of recombination
between the two strains prior
to their diversification, and it
was estimated that they have
both been infecting the same
host for at least 12 yr
13

Nineteen H. pylori clinical
isolates were isolated from
Whole genome sequencing of
gastric epithelium biopsy
12 clarithromycin resistant
specimens
and 7 susceptible H. pylori
strains was done to identify
novel genetic factors that
reduce susceptibility to
clarithromycin
Objective

Sequencing on an Illumina
Iwamoto et al[131]
MiSeq platform (Illumina; 2 ×
300 bp)

Main finding
In clarithromycin resistant
H. pylori strains specific point
mutations in the 23S rRNA
gene were found. In addition,
genetic variants of four gene
clusters (hp0605-hp0607,
hp0971-hp0969, hp1327hp1329, and hp1489-hp1487)
of efflux pumps homologues,
which have been previously
implicated in multi-drug
resistance, were found
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14

Objective
Investigation of the
occurrence of genetic
mutations that contribute to
amoxicillin resistance in
H. pylori when exposed to
increasing concentrations of
amoxicillin in vitro

H. pylori reference strain
26695 was used as
amoxicillin-sensitive
reference strain and as
parental strain to create in
vitro resistant H. pylori
isolates

Sequencing on an Illumina
Genome Analyzer (Illumina)

Qureshi et al[130]

H. pylori reference strain
26695 and H. pylori strain J99
were grown on solid nonselective agar media

Sequencing on a PGM (Ion
Torrent, Thermo Fischer
Scientific, United States) and
an Illumina MiSeq platform
(Illumina)

Perkins et al[156]

Main finding
Using a whole genome
sequencing approach,
mutations in a number of
genes were identified,
notably pbp1, pbp2, hefC, hopC
and hofH. Mutations in pbp1,
hefC, hopC, hofH, and possibly
pbp2, contributed to H. pylori
high-level amoxicillin
resistance
15

Objective
Next generation sequencing
of the H. pylori reference
strains J99 and 26695 and
bioinformatic analysis of the
sequencing data using
publicly available algorithms.
The accuracy of the coding
sequence assemblies was
compared to the originally
published sequences
Main finding
With the Ion Torrent PGM, an
inherently high-error rate in
the raw sequencing data was
found. With the Illumina
MiSeq, significantly more
non-covered nucleotides
were found when using
Illumina Nextera XT
compared to the Illumina
Nextera library preparation
method. The most accurate
de novo assemblies were
found when using the
Nextera technology.
However, extracting an
accurate multi-locus sequence
type was inconsistent
compared to the Ion Torrent
PGM. The Cag-pathogenicity
island failed to assemble onto
a single contig in all
technologies but was more
accurate using the Nextera
technology. The Illumina
MiSeq Nextera method was
found as the most accurate
method for whole genome
sequencing of H. pylori and
de novo assembly of its
genome

Their objective, employed sequencing method and main finding is briefly described in the table. H. pylori: Helicobacter pylori.

resistance rates, initial molecular determination of H. pylori drug susceptibility may be
cost efficient, especially, when considering that costs for PCR assays (< 20 EUR) and
WGS (< 100 EUR) have consistently decreased over the last years. In contrast,
endoscopy (100-250 EUR) and H. pylori culture-based phenotypic DST (80-100 EUR)
remains costly.
However, in order to determine drug resistance phenotypes prior to the administration of antibiotics, resistance information must be more rapidly available,
ideally with non-invasive methods that do not require endoscopy. Diagnostic
methods, like line probe assays or culture based phenotypic DST, that provide drug
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resistance information have long turn-around-times and require a gastric biopsy that
can just be obtained by invasive endoscopy. In contrast, currently available, noninvasive diagnostic methods can only detect resistance mutations in the 23S rRNA
gene of H. pylori (e.g., PCR from stool). This may be insufficient in areas with high
metronidazole resistance or if levofloxacin- or rifampicin-based regimens have to be
administered to patients. Our literature search yielded studies that focused on the
prediction of drug resistance phenotypes based on the presence of certain point
mutations in the H. pylori genome. However, all of these studies used culture H. pylori
isolates or DNA extraction from gastric biopsy specimens. In an effort to decrease
turn-around-times and apply diagnostic workflows that do not require endoscopy,
future studies should aim at detecting H. pylori and associated resistance mutations
directly from clinical specimens (gastric biopsies or stool) using meta-genomic and/or
meta-transcriptomic sequencing. Our literature search yielded primary research
articles that have successfully applied WGS directly on gastric biopsies for the
detection of H. pylori[116,132,144,145]. One major limitation for the cost-effectiveness and
feasibility of clinical meta-genomic and meta-transcriptomic sequencing has always
been the rather big amounts of RNA or DNA required for subsequent library
preparation and high human DNA background requiring deep sequencing. There has
been a tremendous development in this area, and in-house developed [146,147] and
commercial protocols [e.g., RiboZero (Illumina), RiboGold (Illumina), MICROBExpress (Ambion, Invitrogen)] are becoming available for the depletion of human
DNA or the enrichment of bacterial DNA prior to performing WGS, thereby
increasing the efficiency and cost-effectiveness of NGS due to less human DNA
background in clinical specimens.
In conclusion, NGS technology has opened up new avenues for the characterization
of complex microbial communities, including those associated with H. pylori
associated gastrointestinal disease. Particularly exciting is the promise of cultureindependent approaches to H. pylori detection and assessment of antibiotic resistance.
In the diagnostic laboratory, NGS may enable the implementation of rapid and
accurate genotypic DST prior to the administration of antimicrobial therapy for
H.pylori eradication.
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Abstract
Single molecular real-time (SMRT) sequencing, also called third-generation
sequencing, is a novel sequencing technique capable of generating extremely long
contiguous sequence reads. While conventional short-read sequencing cannot
evaluate the linkage of nucleotide substitutions distant from one another, SMRT
sequencing can directly demonstrate linkage of nucleotide changes over a span of
more than 20 kbp, and thus can be applied to directly examine the haplotypes of
viruses or bacteria whose genome structures are changing in real time. In
addition, an error correction method (circular consensus sequencing) has been
established and repeated sequencing of a single-molecule DNA template can
result in extremely high accuracy. The advantages of long read sequencing enable
accurate determination of the haplotypes of individual viral clones. SMRT
sequencing has been applied in various studies of viral genomes including
determination of the full-length contiguous genome sequence of hepatitis C virus
(HCV), targeted deep sequencing of the HCV NS5A gene, and assessment of
heterogeneity among viral populations. Recently, the emergence of multi-drug
resistant HCV viruses has become a significant clinical issue and has been also
demonstrated using SMRT sequencing. In this review, we introduce the novel
third-generation PacBio RSII/Sequel systems, compare them with conventional
next-generation sequencers, and summarize previous studies in which SMRT
sequencing technology has been applied for HCV genome analysis. We also refer
to another long-read sequencing platform, nanopore sequencing technology, and
discuss the advantages, limitations and future perspectives in using these thirdgeneration sequencers for HCV genome analysis.
Key words: Third generation sequencing; PacBio RSII; Single molecule real-time
sequencing; Hepatitis C virus; Resistance-associated substitution; Nanopore sequencer
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Core tip: Single molecular real-time (SMRT) sequencing, also called third-generation
sequencing, is a novel sequencing technique capable of generating extremely long
contiguous sequence reads. The advantages of long read sequencing enable accurate
determination of the haplotypes of infected viral clones. We introduce the novel thirdgeneration sequencers PacBio RSII/Sequel systems, compare them with conventional
next-generation sequencers, and summarize previous studies in which SMRT sequencing
technology has been applied for hepatitis C virus genome analysis.
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INTRODUCTION
Anti-hepatitis C virus (HCV) therapy has drastically improved over the last decade[1].
The development of oral direct-acting antivirals (DAAs) has enabled the majority of
HCV-infected patients to achieve sustained virologic response (SVR)[2-13]. However,
drug resistance-associated substitutions (RASs) including NS5A-P32del have been
reported as one of the major causes of DAA treatment failure[14-28]. A subset of patients
are difficult to treat with DAAs, such as patients with decompensated liver cirrhosis
or immunosuppressed patients following liver transplantation. These patients are
more likely to experience DAA treatment failure[1,29,30]. Thus, to achieve complete
eradication of HCV, a more detailed understanding is needed of the hepatitis virus
genome, especially of genetic alterations related to multidrug resistance.
Sequencing technology has made drastic progress in recent years [31,32] . Sanger
sequencing of hepatitis viruses has been broadly applied in real-world clinical
practice, mainly to predict the efficacy of antiviral therapy. Sanger sequencing can
determine the major viral haplotypes present, but cannot detect low-abundance
haplotypes which may have acquired RASs. By contrast, recently developed nextgeneration sequencing (NGS) instruments can generate sequence reads with much
higher throughput compared to Sanger sequencing. These instruments can also detect
rare nucleotide changes in variants at frequencies of less than 1% (Figure 1)[33]. Many
genetic analyses of the hepatitis virus genome have been conducted using NGS over
the last decade, and the utility of these methods has been validated in multiple studies
worldwide. NGS has enabled detection of rare viral variants in the sera of individuals
infected with HCV, analysis of the dynamics of drug-resistant variants in chronically
HCV-infected patients, and even prediction of clinical outcomes such as responses to
anti-HCV drugs.
Conventional NGS instruments including the Illumina Miseq, Illumina Hiseq and
Ion Torrent sequencers have several serious limitations such as short read lengths
(approximately 400 bp) and amplification biases. These factors restrict our ability to
understand the landscape of the HCV genome[31]. One of the central limitations of
conventional NGS techniques for genomic analysis of multi-drug resistant viral clones
is its short-read nature. HCV has a single-stranded, 9-kbp RNA genome, and several
variants associated with drug resistance are distributed over a 3-kbp region from the
NS3 to the NS5A genes. Although conventional NGS can be used to evaluate the
frequencies of variants present in a sample, short-read NGS of viral genomes cannot
assess the linkage of nucleotide variants located at sites distant from one another in a
single viral clone (haplotype). As a result, short-read NGS technologies cannot
completely evaluate the population of multi-drug resistant viral clones, despite multidrug resistance being closely related to relapse during or after anti-viral therapy.
Recently, third-generation sequencing (TGS) platforms based on single molecular
real-time (SMRT) technology have been developed. These platforms can generate
extremely longer DNA sequences with high accuracy[31,34-36], providing us the means to
obtain continuous long sequence reads from single viral clones. SMRT sequencing can
be accomplished using the PacBio system (Pacific Biosciences), and several studies of
viral genomes using this instrument have already been reported[32,37]. In this article, we
review previous reports of HCV genetic analysis using PacBio sequencing and
summarize the advantages and promise of this instrument in comparison with other
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Figure 1 Comparison of sequencing platforms. A: Direct sequencing (Sanger sequencing). This conventional
sequencing method determines the consensus sequence of target regions. Nucleotide variants with allele frequencies
of approximately 15% can be detected; B: Targeted deep sequencing using conventional short-read next-generation
sequencing (NGS) can detect low abundance variants making up approximately 1% of total mapped reads; C: When
long PCR products are used as templates for conventional short-read NGS, they are first fragmented into 100-200 bp
segments, ligated to sequence adapters, amplified and then sequenced. The sequenced reads are mapped to a
reference sequence using the shotgun method. One of the limitations of this technique is a lack of information
regarding whether two distant mutations co-exist on a single template molecule; D: Third-generation sequencing
methods represented by single-molecular real-time sequencing can generate ultra-long reads of more than 10000 bp,
and contiguous sequence information can be obtained. NGS: Next-generation sequencing.

NGS platforms.

SINGLE MOLECULE REAL-TIME SEQUENCING
PacBio sequencing
Recently, novel sequencing technologies capable of generating extremely long reads
have been developed. As a group, these technologies have often been called TGS
platforms[31]. One of the major TGS technologies is SMRT sequencing using the PacBio
RSII or Sequel sequencers (Pacific Biosciences)[34,36]. SMRT sequencing is a sequencingby-synthesis technology based on real-time imaging of fluorescently-tagged
nucleotides simultaneously with the synthesis along individual DNA template
molecules. Because the reaction is driven by a DNA polymerase, and because single
molecules are imaged in this technology, there is no degradation of signal over time.
The sequencing reaction continues until the template and polymerase dissociate. The
average sequencing read length from the current PacBio RSII instrument is about 12
kbp, and the newly-released PacBio Sequel sequencer can generate reads longer than
20 kbp on average. The longest sequence reads produced by the instrument exceed 50
kbp. These reads are about 200 times longer than those generated by conventional
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NGS instruments. Taking the advantage of ultra-long read length into consideration,
SMRT sequencing has been applied to various research questions such as
determination of the full-length genome sequences of bacteria, metagenome analyses
of viruses or bacteria, haplotype determination of genes, transcriptome analyses of
splicing variants, and determination of the full-length human genome sequence[32,38-41].

Circular consensus sequencing
The single-pass error rate for raw long reads generated by PacBio sequencing is as
high as 11%-15%, with indel errors dominating. Thus, several error correction
methodologies have been developed. One of the most commonly-used error
correction methods is circular consensus sequencing (CCS) (Figure 2)[42,43].
The template for PacBio sequencing, called SMRTBell, is created by ligating hairpin
adaptors to both ends of the prepared DNA templates, that is, double-stranded DNA
molecules including PCR amplicons. The template then acts as a single-stranded
closed circle loop. The enzyme initiates sequencing reaction at the specific region of
hairpin adaptor (identical in all SMRTBells) and sequences the template until the
polymerase loses activity. The enzyme proceeds around the hairpin on the other end
of the SMRTBell and can traverse a single DNA template multiple times. Then, errorcorrected consensus reads (CCS reads) are generated using data from a single
template sequenced multiple times. For example, CCS reads resulting from five
polymerase passes around closed loop SMRTbells are defined as “5-pass CCS reads”.
Based on the random error nature of SMRT sequencing, more passes result in higher
accuracy of the consensus reads; the error rate of 5-pass CCS reads is as low as 0.1%
per base and that of 10-pass CCS reads is less than 0.03%[44].
To generate 10-pass CCS reads from a 3000-bp DNA template, raw reads longer
than 30000 bp should be generated by SMRT sequencing. The average length of raw
reads generated by the PacBio RSII instrument is approximately 12000 bp, and
typically as few as 5% of the raw reads are longer than 30000 bp. Thus, most of the
sequenced reads would be excluded from the final analysis. To avoid this limitation,
decreasing the template length or the pass number cutoff for analysis can be
considered, although the advantages of SMRT sequencing are limited in turn.
Considering that longer sequencing can generate more accurate consensus reads,
improvement of sequencing cells, reagents or instruments for SMRT sequencing is
expected in the future.

Nanopore sequencing
Another technology for single-molecular real-time long read sequencing is nanopore
sequencing (Oxford Nanopore Technologies, Oxford, United Kingdom), which is
often compared with the PacBio sequencing platform[45]. As the throughput of PacBio
RS II has been somewhat limited and its running costs has been so high, many smaller
laboratories have not been able to take advantage of this instrument. In 2014, the first
device of a nanopore sequencer (the MinION) became available, and was immediately
attractive to smaller laboratories due to its low costs and small size. Unlike other
platforms, nanopore sequencers do not use base synthesis reaction in the sequencing
process, which differs fundamentally from other sequencing technologies including
PacBio sequencing. Instead, nanopore sequencers directly detect the sequence of the
nucleotides composing a native single stranded DNA molecule via changes in
electronic voltage as it passes through a protein pore.
This sequencing process generates 1D and 2D reads in which both “1D” strands can
be aligned to create a consensus sequence “2D” read. The 1D raw reads have error
rates of more than 10%, similar to PacBio raw reads. Although the error rates of 2D
reads are somewhat improved, these are still higher than the consensus reads
generated by PacBio sequencing. As a methodology for error correction of nanopore
sequencing platform has not yet been established[46], its utility to detect SNVs in viral
genome is limited in its current form. One group recently used nanopore sequencing
to detect HCV genomes in patient sera and demonstrated that despite an error rate as
high as 20%, genotypes could still be determined. Despite these limitations, nanopore
sequencing is expected to be used for clinical sequencing in the future because of its
low costs, USB power requirements, handheld use, and real-time processing capacity.
Thus, not only improvements of instruments but also establishment of bioinformatic
error correction methods is expected.

HCV GENOME SEQUENCING USING NEXT-AND THIRDGENERATION SEQUENCERS
Targeted deep sequencing of viral genomes using conventional next-generation
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Figure 2 Generation of circular consensus sequences. A: The template for PacBio sequencing, called SMRTBell, is created by ligating hairpin adaptors to both
ends of a double-stranded DNA molecule containing the sequence to be determined. This template then acts like a single-stranded closed circle. The polymerase
initiates at the primer location and sequences the template until it falls off. The enzyme then proceeeds around the hairpin on the other end of the SMRTBell, and can
circle around the same template multiple times; B: Scheme for generation of 5-pass circular consensus sequences (CCS) reads. Ultra-long raw reads are generated
by a polymerase. Although the accuracy of the raw read is 85%-90%, error-corrected consensus reads (CCS reads) can be generated using the data from a single
template sequenced multiple times. The accuracy of 5-pass CCS reads is as high as 99.9%. CCS: Circular consensus sequences.

sequencing
Conventional NGS instruments, represented by the Illumina Hiseq or ThermoFisher
IonTorrent systems, are characterized by their short reads. Generally, short DNA
fragments 100-400 bp in length are sequenced in massively parallel fashion[31,47]. One
common NGS application is amplicon sequencing. In this application, a short region
including sequences of interest (such as NS5A-aa93 in the HCV genome) is amplified
by RT-PCR, followed by library generation and sequencing. Another application is
based on the shotgun sequencing technique. For example, 9 kbp of the HCV genome
is first amplified using long-range RT-PCR and then the long amplicons are sheared
into shorter 100-200 bp fragments. Sequencing libraries are generated using the short
fragments and reads are finally mapped to a reference sequence such as the fulllength HCV genome. One of the advantages of conventional NGS is its ability to
generate enormous amounts of sequenced nucleotide data in less time compared with
Sanger sequencing. Therefore, conventional NGS has been widely applied to examine
viral quasispecies and the dynamics of viral genomes[48,49].
Using a conventional NGS method, Nasu et al[48] detected various sorts of lowabundance viral clones associated with drug resistance and characterized their
dynamics in a variety of clinical settings in patients infected with HCV. This
technique also enabled the discovery that various resistance-associated nucleotide
alterations naturally pre-existed in treatment-naïve HCV positive patients. Sato et al[49]
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conducted targeted deep sequencing of the NS3 region of HCV using serum samples
obtained before and after anti-HCV therapies. They compared the sequences of an
approximately 450 bp segment of the HCV NS3 region and evaluated the evolution of
variants resistant to interferon-based protease inhibitor therapy using phylogenetic
analysis. Teraoka et al [50] compared serum samples collected from chronic HCV
patients before and after oral DAA therapy and demonstrated that multidrug
resistant viral clones frequently emerge at the point of treatment failure. In this
manner, targeted deep sequencing of the HCV genome using conventional NGS has
been widely applied and its ability to detect rare variants has been well established.
After validating the reliability of variant detection by deep sequencing, targeted deep
sequencing has even been applied in clinical trials of anti-HCV drugs[9].
As described above, targeted sequencing using conventional short-read NGS yields
only fragmented information such as the relative frequencies of particular mutations
in NS3 or NS5A. Conventional NGS cannot establish linkage between distant
mutations in the NS3 to NS5A region in individual viral clones due to its short reads.
Thus, conventional NGS platforms are limited in their ability to provide information
regarding multi-drug resistance (Figure 2).

Targeted deep sequencing using SMRT sequencing
HCV has a single--stranded RNA genome encoding a total of 10 proteins.
Nonstructural proteins including NS3, NS5A and NS5B are essential for viral
replication and have been identified as the targets of DAAs. Although the therapeutic
effects of DAAs are excellent, several nucleotide changes within NS regions are
associated with drug resistance. In particular, nucleotide substitutions in the NS5A
region are clinically important and a number of studies have used various NGS
platforms for targeted deep sequencing of the NS5A region[18,19,23,24,26,50].
Targeted deep sequencing of the NS5A region of the HCV genome using the PacBio
RSII platform was first reported in 2015. Bergfors et al[51] generated CCS reads from
626-bp PCR amplicons covering the NS5A region (including aa25 to aa93). The
templates were prepared from 10 sera, including seven GT 1a samples, three GT 3a
samples and a control plasmid.
The authors first examined the error rate by sequencing the H77 GT 1a control
plasmid at NS5A aa25-95 sites and analyzing copy number, and found a mean error
rate of approximately 0.05%-0.25%. The pass number of CCS reads was not noted in
this analysis. They found that PacBio SMRT sequencing permitted detection of very
low frequencies (as low as 0.24%) of potentially resistant HCV variants in the NS5A
region. These data suggested that the detection rate of rare mutations by PacBio
SMRT sequencing might be similar or even superior to that of conventional short-read
sequencers.

Full-length genome determination by SMRT sequencing
Bull et al[52] described SMRT sequencing of amplicons nearly spanning the full-length
HCV genome. In this report, CCS reads generated by PacBio RS II sequencing with a
minimum of two passes of the full-length HCV amplicon (reads longer than 18 kb)
were selected for analysis. The authors compared the sensitivity of PacBio sequencing
to detect low frequency mutations with data generated by Illumina sequencing of the
same amplicon. Both sequencing platforms detected all SNVs at frequencies of > 7%.
However, PacBio reads only detected 4.2% of the SNVs with frequencies < 7%
detected using the Illumina platform. This finding is consistent with a previous report
by Jiao et al[42]. These authors conducted a benchmark study of the accuracy of CCS
reads generated by the PacBio sequencer and found that the Phred-like Quality Value
of 2-pass CCS reads was quite low. Thus, for accurate detection of rare SNVs, a higher
pass number is needed. In order to generate 5-pass CCS reads of the full-length HCV
genome (9.2 kbp), ultra-long raw reads at least 46 kb in length (five times 9.2 kb)
should be sequenced. Such enormously long reads can only be rarely generated even
by PacBio sequencing. Thus, accurate contiguous sequencing of the full-length HCV
genome is considered a major challenge. The recently launched PacBio Sequel
platform, which is reported to generate longer reads than the PacBio RSII, or
improvements in sequencing polymerases might overcome this problem in the near
future.

Evaluation of viral heterogeneity
To date, heterogeneity of various viral populations including HCV has been evaluated
using conventional short-read sequencers. Recently, PacBio sequencing has been also
applied for analysis of viral quasispecies. For example, Ho et al[53] evaluated the
sequence diversity of a 1680 nucleotide-long HCV envelope genome region in
individuals belonging to a cluster of sexually-transmitted cases using PacBio
sequencing. Using 7-pass CCS reads, they reported an error rate of 0.37%.
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We evaluated heterogeneity within the NS regions of the HCV genome in
treatment-naïve HCV patients using the PacBio RS II platform[44]. For this purpose, we
first performed control sequencing using a plasmid containing HCV genome as a
template. We amplified its NS3/4 and NS5A regions and generated the doublestranded DNA templates for SMRT sequencing. To ensure high accuracy of sequence
reads, 10-pass CCS reads were strictly selected. The average mismatch error rate of 10pass CCS reads was 0.0287% per bp, indicating that the SMRT sequencing platform
achieved extremely high accuracy sequence reads. Using these high-quality CCS
reads, we applied this sequencing platform to clinical serum samples. When sequence
reads were aligned to each reference sequence of HCV genome, the coverage curve
showed a uniform distribution across every nucleotide position compared with the
coverage curve obtained from short-read sequencing platforms. Thus, the SMRT
sequencing platform can provide information on heterogeneity at each nucleotide
position without positional bias (Figure 3). We performed phylogenetic analysis and
found that HCV clones from chronically-infected individuals were widely distributed
and that individual viral clones identified in each sample showed sequence diversity.
Long-read sequencing revealed that none of the viral clones present in each
individual’s serum had completely identical sequences through the NS3, 4A/B, and
5A regions [44] . This finding is reasonable considering that the HCV genome is
replicated by the error-prone NS5B polymerase and thus HCV clones can easily and
quickly accumulate genetic mutations in their RNA genomes.

Dynamics of multi-drug resistant HCV clones
One of the most important advantages of long-read sequencing with the PacBio RSII
platform is its ability to determine the haplotypes of individual viral clones (Figure 4).
In the era of DAA therapy for HCV, several RASs have been identified worldwide.
These RASs are mainly present in the genes encoding NS3 and NS5A. For example,
NS5A-Y93H is associated with ledipasvir or daclatasvir resistance and NS3-D168V is
associated with simeprevir resistance. Co-occurrence of some of these RASs in single
viral clones has been reported to be associated with high rates of DAA treatment
failure. Thus, evaluating the co-occurrence of RASs in NS3 and NS5A is critically
important. The distance between aa168 of NS3 and aa93 of NS5A is approximately 3
kbp, and conventional short-read sequencing cannot determine linkage between RASs
at NS3-aa168 and NS5A-aa93 within a single viral genome. In contrast, ultra-long read
sequencing using the SMRT sequencing platform with PacBio RSII instrument can
generate long contiguous sequence reads and overcome this limitation of short-read
sequencers.
Long-read sequencing using the PacBio RSII can be used to evaluate not only
linkage of RASs but also to analyze all synonymous nucleotide changes. Using paired
serum samples collected before and after DAA treatment, we compared the
haplotypes of individual viral clones and assessed the clonal evolution of HCV during
DAA therapy. For this purpose, we focused on synonymous nucleotide changes
linked with a given RAS such as NS5A-Y93H[44]. First, long contiguous sequences for
individual viral clones present in 12 serum samples from 6 non-SVR patients (a total
of more than 3000 clones) were sequenced using SMRT sequencing technology.
Subsequently, all nucleotide substitutions in each viral clone before and after
treatment were identified and then compared, and we found significant linkage
between several synonymous nucleotide changes and major RASs. For example,
several synonymous mutations were linked to NS5A-Y93H, one of the major RASs, in
a subpopulation of pre-existing viral clones at baseline, and these synonymous
mutations were shared by multi-drug resistant viral clones at viral breakthrough.
Phylogenetic analyses revealed that pre-existing low-abundance drug-resistant clones
and multi-drug resistant viral clones at viral breakthrough were genetically close each
other. In addition, linkage analysis demonstrated that multiple RASs developed de
novo based on pre-existing drug-resistant clones following DAA treatment in non-SVR
cases. Long-read sequencing using the PacBio platform enabled us to compare the
haplotypes of individual HCV clones and to estimate the origins and evolution of
multi-drug resistant HCV clones during anti-HCV treatment.
PacBio long-read sequencing was also applied for analysis of multi-drug resistant
clones of other virus species. Huang et al[37] examined linkage between six loci related
to drug resistance of human immunodeficiency virus (HIV). They compared the drug
resistance profiles of each HIV clone at two time points. The study examined a patient
infected with HIV whose plasma viral load of HIV increased suddenly within one
month of treatment from approximately 3000 copies/mL to approximately 30000
copies/mL. The authors found that rare viral populations with multi-drug resistant
haplotypes identical to those of the major clones at the time point of relapse were
already present at the pretreatment time point. They hypothesized that drug-resistant
haplotypes had already existed as minor species in the viral population at the
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Figure 3

Figure 3 Comparison of coverage curves generated by short-read next-generation sequencing and long-read single-molecular real-time sequencing. A: A
coverage curve generated by an IonProton sequencer. Approximately 3120 bp from the NS3 to NS5A region of the hepatitis C virus (HCV) genome from an HCVinfected patient was amplified and long-PCR products were subjected to short-read sequencing. The sequencing depth varies according to genomic location; B: When
the same template was sequenced using PacBio RSII sequencer, the coverage curve demonstrates uniform coverage through the NS3 to NS5A regions. HCV:
Hepatitis C virus.

pretreatment time point and that under the selective pressure of anti-viral therapy,
were quickly selected for and became dominant. Thus, long CCS reads generated by
PacBio RSII sequencing can reliably provide data for HIV quasispecies-level analysis.

CONCLUSION
SMRT long read sequencing technologies represented by the PacBio platform have
opened a new era for genetic analysis of viruses. Using these sequencers, long
contiguous sequences have been determined, linkage between distant SNVs can be
analyzed and viral quasispecies can be analyzed in more detail than permitted by
previous sequencing methods. Haplotype data generated by PacBio sequencing can
be used to analyze clonal evolution of viral genomes and viral dynamics in clinical
settings. Error correction methods for long reads of the HCV genome should be
applicable for analysis of other viruses including hepatitis B virus, HIV or other
pandemic viruses. In addition, the newly-launched PacBio Sequel System, which
reportedly has seven-fold higher throughput than the RS II, is expected to further
enable long-read sequencing analyses of viral genomes.
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Figure 4

Figure 4 Comparison of short-read and long-read sequencing for analysis of viral quasispecies. Conventional short-read sequencing, such as the IonProton
sequencer, generates bulk information on viral clones. However, only fragmented information can be obtained such as the frequency of viral clones bearing the NS3D168V or NS5A-P32del variants. By contrast, PacBio RSII sequencing can determine the contiguous genome sequence of each template, permitting analysis of
linkage between several nucleotide changes through the NS3 to NS5A regions for individual viral clones. TGS: Third-generation sequencing; NGS: Next-generation
sequencing; HCV: Hepatitis C virus.
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Abstract
Zollinger-Ellison syndrome (ZES) is characterized by gastric acid hypersecretion
causing severe recurrent acid-related peptic disease. Excessive secretion of
gastrin can now be effectively controlled with powerful proton pump inhibitors,
but surgical management to control gastrinoma itself remains controversial.
Based on a thorough literature review, we design a surgical algorithm for ZES
and list some significant consensus findings and recommendations: (1) For
sporadic ZES, surgery should be routinely undertaken as early as possible not
only for patients with a precisely localized diagnosis but also for those with
negative imaging findings. The surgical approach for sporadic ZES depends on
the lesion location (including the duodenum, pancreas, lymph nodes,
hepatobiliary tract, stomach, and some extremely rare sites such as the ovaries,
heart, omentum, and jejunum). Intraoperative liver exploration and
lymphadenectomy should be routinely performed; (2) For multiple endocrine
neoplasia type 1-related ZES (MEN1/ZES), surgery should not be performed
routinely except for lesions > 2 cm. An attempt to perform radical resection
(pancreaticoduodenectomy followed by lymphadenectomy) can be made. The
ameliorating effect of parathyroid surgery should be considered, and
parathyroidectomy should be performed first before any abdominal surgery for
ZES; and (3) For hepatic metastatic disease, hepatic resection should be routinely
performed. Currently, liver transplantation is still considered an investigational
therapeutic approach for ZES. Well-designed prospective studies are desperately
needed to further verify and modify the current considerations.
Key words: Zollinger-Ellison syndrome; Sporadic gastrinomas; Multiple endocrine
neoplasia type 1; Hepatic metastatic disease; Surgical treatment
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Core tip: Surgical approach to gastrinoma differs in sporadic Zollinger-Ellison syndrome
(ZES) and multiple endocrine neoplasia type 1-related ZES (MEN1/ZES), and the role of
surgery in patients with ZES is controversial, especially in those with MEN1. The
current article will present classical considerations as well as the controversies that exist
today with regard to the surgical management of ZES. We also make a surgical treatment
algorithm for ZES based on a thorough literature review and the evidence provided by
the current papers. To our best knowledge, this is the first review focusing on the
surgical treatment of ZES and giving a detail as well as through discussion on this topic.
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INTRODUCTION
Zollinger-Ellison syndrome (ZES) is characterized by severe recurrent peptic disease
and hypersecretion of gastric acid resulting from gastrinomas[1]. Approximately 75%
of gastrinomas are sporadic, and 25% of patients have multiple endocrine neoplasia
type 1 (MEN1)[2]. There are two therapeutic goals in patients with ZES: To control the
hypersecretion of gastric acid and to treat the gastrinoma itself. Excessive secretion of
gastrin can now be effectively controlled by the administration of powerful proton
pump inhibitors, which have significantly decreased the morbidity and mortality
resulting from severe ulcer disease[3]. Therefore, the development of gastrinoma is the
main determining factor of the long-term prognosis, and the role of surgery for ZES
has instead shifted to eradication of the primary tumor and control/prevention of
distant metastases[2,4].
The surgical strategy differs in patients with sporadic ZES and MEN1-related ZES
(MEN1/ZES), and the role of surgery in patients with ZES is controversial, especially
in those with MEN1. Over half of the gastrinomas are poorly differentiated and have
a malignant potential, which dramatically decreases survival and worsens the
prognosis[5-7]. Therefore, early surgical exploration and excision of primary lesions
should be routinely performed to prevent distant spread in patients with ZES.
Unfortunately, only half of patients with sporadic ZES and almost no patients with
MEN1/ZES could achieve complete surgical resection[8].
Surgical treatment is the only way to cure the disease, and removing all the lesions
(primary and metastatic) is still indicated in most cases. However, many aspects of the
surgical management of ZES (such as timing of intervention, extent of resection, and
surgery for advanced disease) are controversial topics. The current article will present
the classical considerations and controversies regarding the surgical management of
ZES.

SURGICAL TREATMENT OF SPORADIC ZES
Timing of surgery
Recent guidelines and studies recommended that patients with potentially resectable
sporadic gastrinoma should routinely be offered exploratory laparotomy with
curative intent, if no contraindications for surgery exist[5,9-12]. Moreover, after resection
of sporadic ZES, 50%-60% of patients were free of disease immediately and the
disease-free survival rate at 10 years is 35%-40% [2,13,14] . Surgical resection in ZES
patients protects against the possibility of hepatic metastases and increases
survival[4,15-17].
Approximately 30% of tumors in patients with sporadic ZES cannot be precisely
located by preoperative explorations, including more than 60% of tumors ≤ 1 cm in
size [18] . When the location of the gastrinoma is not confirmed by preoperative
investigations, the decision to perform surgical exploration is controversial. A careful
review of the case should be made before the decision about whether to perform
surgery. If surgery is indicated, thorough abdominal exploration through laparotomy,
intraoperative ultrasound, duodenotomy with transillumination, and routine
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lymphadenectomy should be included[19-21]. A prospective study conducted by Norton
et al[22] indicated that in the hands of an experienced surgeon, lesions could be found
in 98% of imaging-negative ZES patients, and nearly 50% of them were cured. This
rate was similar to that in imaging-positive patients. In this study, for patients in
whom the location of the gastrinoma was not confirmed preoperatively, mean delay
from the onset of ZES to surgery is 8.9 years [22] . Seven percent of patients with
negative imaging findings had liver metastases at the time of surgery, and all diseaserelated deaths occurred in this group, which may have been caused by the long delay
before surgery. Therefore, Norton et al [22] recommended that surgery should be
routinely performed as early as possible in sporadic ZES patients despite negative
imaging findings. In another prospective study, Bartlett et al[23] found that for patients
with radiographic evidence of metastatic disease and occult primary tumors, the
primary lesion could be identified in 89% of these patients. This study indicated that
surgical management should not be influenced by an inability to localize the primary
tumor[23].

Localization of sporadic ZES
Localization is significant for a cure but can be challenging.
Duodenal or pancreatic origin: More than 80% of primary gastrinomas are classically
located in the pancreas and duodenum within the gastrinoma triangle, which is an
important anatomic mark for localization[16,24-27]. Gastrinomas in the pancreas have a
higher malignant potential than those in the duodenum[27]. Moreover, for MEN1/ZES
patients, 60%-90% of lesions are located in the duodenum. These tumors are usually
small, can hardly be seen on endoscopic ultrasound or preoperative imaging
investigations, and can be found only at exploratory laparotomy[2,18,28-30]. In selected
cases, empirical diagnostic surgery with duodenotomy may be considered[13].
Lymph node origin: Although there have been several reported cases of primary
gastrinomas of the lymph nodes, the existence of sporadic ZES of lymph node origin
is controversial [ 1 9 , 3 1 - 3 3 ] . These cases have been explained by occult primary
microgastrinomas of the pancreas or duodenum resulting in metastases to the liver or
lymph nodes[19]. A recent study reported that 28.2% of ZES patients had gastrinomas
of the lymph nodes and were less likely to have recurrent or persistent disease than
patients with gastrinomas of other origins (9.1% vs 42.9%, P = 0.04)[34].
Hepatobiliary tract origin: A recent prospective study reported the existence of very
unusual ZES originating from the hepatobiliary tract[35]. Norton et al[35] found that of
233 sporadic ZES patients who received surgery to excise the lesions, 3.1% had
primary gastrinoma origin from the liver or biliary tract, which ranked as the second
most frequent extraduodenopancreatic primary location. Because the rates of survival
and long-term cure are high, and the rates of complications are acceptable, aggressive
liver or bile duct resection is indicated. In addition, their findings indicated that given
that nearly 50% of patients will develop lymph node metastases, lymph nodes in the
hepatic portal should be routinely removed.
Gastric origin: The incidence of gastrinomas of gastric origin has increased in the past
50 years[36]. In recent years, an increasing incidence of subclinical gastric gastrinomas
has been found by panendoscopic examination. Gastric gastrinomas can be treated by
local excision, such as endoscopic submucosal dissection or endoscopic polypectomy,
but partial or total gastrectomy may be needed if recurrence occurs[37,38]. Additionally,
because of lower grades and less frequent lymph node and hepatic metastases,
gastrinomas originating from the stomach were found to have better long-term
outcomes than gastrinomas of other origins[39].
Other origins: Other very uncommon primary sites include the ovaries, heart,
omentum, and jejunum[2,40].

Type and extent of surgery
The vast majority of cases of sporadic ZES are associated with single tumors, and the
surgical approach depends on the location of the gastrinomas. Sporadic gastrinomas
located distant from the pancreatic duct may be amenable to enucleation. Resections
are required for tumors that are close to the pancreatic duct (less than 3 mm). Distal
pancreatic resection should be performed for pancreatic head tumors, and
duodenotomy should be routinely performed to detect small duodenal lesions[41,42].
Distal pancreatectomy (with or without splenectomy) is indicated for sporadic
gastrinomas located in the body or tail of the pancreas. Pancreaticoduodenectomy
(PD) should be preferred for most patients with gastrinomas located in the head,
uncinated process, or neck of the pancreas. PD is also indicated for patients with local
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recurrence or persistent tumors after the first surgery[21].
The presence of hepatic metastases is an important prognostic indicator in ZES
patients; primary hepatic tumors have been reported, and liver metastasis from
duodenal or pancreatic gastrinomas is frequent. Thus, it is well established that
intraoperative liver exploration should be performed routinely[43]. However, routine
lymphadenectomy remains controversial, not only because of the controversy
regarding whether primary lymph node gastrinomas exist[19,32-34,44] but also because the
importance of identifying lymph node metastases, with some studies indicating that
they have prognostic meanings but others finding the opposite[15-16,43,45]. An increasing
number of studies have investigated the significance of lymph node metastases in the
ZES; lymph node metastases are reported to occur in 42%-82% of ZES patients[43-47];
furthermore, the postoperative survival rate is reported to be significantly reduced,
and the time to develop liver metastases is reported to be significantly shorter in
patients with positive lymph nodes than in those with negative lymph nodes[43-45].
Krampitz et al[43] reported that the disease-related decrease in survival was associated
with the number of involved lymph nodes. Each of these studies indicated that
lymphadenectomy should be routinely performed in ZES patients and that this
treatment not only can prevent recurrence and increase survival but also has
significant prognostic value[43-47].
Although a small part of ZES patients who undergo laparoscopic operation have
favorable outcomes[48-50], laparoscopic surgery has not been recommended as the
standard treatment in patients with gastrinomas for the following reasons: (1) The
primary tumor is not seen frequently on preoperative imaging examinations, and
complete exploration of the abdomen is needed; (2) The tumors are submucosal in the
duodenum and need routine duodenotomy combined with a Kocher maneuver; and
(3) Lymphadenectomy should be routinely performed because lymph node
metastases frequently occur[34,48].

SURGICAL TREATMENT OF MEN1/ZES
Timing of surgery
The timing and place of routine surgical exploration in patients with MEN1/ZES
remain controversial[2,9,51,52]. These patients usually have an unpredictable course and
frequently have lymph node metastases, multiple duodenal gastrinomas, and other
pancreatic neuroendocrine tumors (pNETs)[5,29,53,54]. Consequently, local resection or
enucleation rarely leads to a long-term cure. In patients diagnosed with MEN1/ZES,
operation other than PD is related to recurrence in almost 100% of patients[2,52]. It is
generally recommended that surgery to prevent metastatic dissemination should be
restricted to patients with tumors > 2 cm, given that MEN1 patients with pancreatic
tumors ≤ 2 cm have fine long-term life expectancy [5,53,55,56] . Recent European
Neuroendocrine Tumor Society/North American Tumor Society (ENETS/NANETS)
guidelines recommended that routine surgery for a possible cure should be reserved
for ZES patients with lesions > 2 cm but should not be performed routinely[11-12].
Furthermore, as surgery is the only way to prevent or cure malignant transformation[52], others have indicated that early surgical intervention as soon as the
diagnosis is made is indicated for all patients with MEN1/ZES[51,55,57,58].

Type and extent of surgery
The excision of pancreatic head tumors, limited surgical resection with excision of
duodenal lesions, and distal pancreatectomy have been proposed as surgical
alternatives for the treatment of MEN1/ZES[58]. In some cases, total pancreatectomy is
considered the therapeutic choice in an attempt to completely remove all tumor
lesions. However, such surgical approaches may be frequently associated with a high
recurrence rate and low cure rate. A more radical surgical intervention with PD
followed by regional lymphadenectomy is proposed for patients with MEN1/ZES[51,58].
Since a cure can only be achieved by performing PD, others still recommend routine
PD in an attempt to achieve a cure[5,29,53-55,59,60]. Although several studies have reported
potential long-term biochemical remission after PD in MEN1/ZES patients, the longterm consequences of PD remain largely undefined, and the real benefit on long-term
survival remains controversial[9,21,51,61]. Each approach has its advocates, but there are
no prospective data to provide evidence and guidance. Recent ENETs/NANETs
guidelines recommended that PD should not be performed routinely[11,12]. However,
guidelines from the Polish Network of Neuroendocrine Tumors indicated that an
attempt to perform a radical resection can be made if the disease seems to be
limited [62,63] . Additionally, intraoperative gastrin monitoring may be helpful to
improve the capacity for determining the extent of resection[57].
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Ameliorating the effects of other MEN1-related diseases
In patients with primary hyperparathyroidism (HPT) and MEN1/ZES, the effect of
parathyroidectomy (PTX) on the behavior of the gastrinoma can be evaluated by
fasting gastrin levels, basal acid output (BAO), and secretin provocative testing[64].
Some previous studies involving small numbers of MEN1/HPT/ZES patients
reported that fasting gastrin levels, BAO, and/or secretin-stimulated gastrin response
scan were markedly decreased by PTX [65-74] . In a prospective study including 84
MEN1/HPT/ZES patients, Norton et al[75] convincingly demonstrated that successful
PTX had a marked ameliorating effect on these parameters. With surgery to remove
only the abnormal parathyroid glands but not directed at the pNET, 20% of patients
with MEN1/HPT/ZES no longer had biochemical evidence of ZES. Careful
observation is necessary after PTX because primary HPT with hypercalcemia can
result in secondary hypergastrinemia, obscuring the diagnosis of patients with
MEN1/ZES. Additionally, this finding supports the strategy that before any
abdominal surgery is performed for ZES, parathyroid surgery should be performed
first.

SURGICAL TREATMENT OF HEPATIC METASTATIC
DISEASE
Hepatic resection
For patients with hepatic metastases, several retrospective reports and one recent
meta-analysis have demonstrated the benefits of hepatic resection in terms of quality
of life and overall survival[76-81]. Previous studies have shown that R0 or R1 resection
can result in better long-term survival, and the 5-year survival rates are approximately 60%-80%[76-78]. Liver resection has an acceptable morbidity (approximately
30%) and a low mortality rate (less than 5%). On the other hand, when liver
metastases are not resected, the survival rate is about 30%[82,83]. However, considering
the retrospective nature of the studies, bias in patient selection (such as less advanced
disease and better performance status) may have affected the surgical outcomes. Liver
resection for metastases has a therapeutic effect as mass reduction, even if >90%-95%
of tumors were resected[84]. Even though a reliable prospective study lacks, some
papers recommended aggressive liver resection, not liver transplantation.
Intraoperative ultrasound is essential to detect small tumors that were not detected
preoperatively and to determine the extent of lesions. Liver function must be assessed
precisely, and liver dysfunction should be avoided after the surgery[21].

Orthotopic liver transplantation
Orthotopic liver transplantation has been considered an exploratory option for
patients who are not amenable to limited hepatic resection. The 5-year disease-free
survival rate was similar (approximately 30%) to that of hepatic resection in the two
largest series [85,86] . The heterogeneity of the results was highlighted in a recent
systematic review that illustrated the need for well-designed prospective studies[87].
Considering the risks involved, transplantation was considered to be an investigational method in the treatment of ZES. Prospective clinical trials conducted in a
defined population of patients are needed to determine the true benefits of orthotopic
liver transplantation[84].

CONCLUSION
In conclusion, surgical treatment is the only way to cure ZES, but the role of surgery
in patients with ZES (especially in MEN1/ZES) remains controversial. Until now,
only two management guidelines for gastroduodenal neuroendocrine neoplasms
(including gastrinoma) mentioned therapeutic recommendations for ZES, but not in
detail[62,63]. Many aspects of the surgical treatment for ZES lack expert consensus. We
thus propose a surgical treatment algorithm for ZES based on a thorough literature
review of the evidence provided by the current papers (see Figure 1). Well-designed
prospective studies and more optimized therapeutic algorithms for ZES are still
desperately needed in the future.
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Figure 1

Figure 1 Surgical treatment algorithm for Zollinger-Ellison syndrome. ZES: Zollinger-Ellison syndrome; MEN1: Multiple endocrine neoplasia type 1; MEN1/ZES:
Multiple endocrine neoplasia type 1-related Zollinger-Ellison syndrome; MEN1/HPT/ZES: Patients with primary hyperparathyroidism and Multiple endocrine neoplasia
type 1-related Zollinger-Ellison syndrome; PTX: Parathyroidectomy.
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Hepatocellular carcinoma (HCC) is one of the leading causes of cancer mortality
worldwide. Various imaging modalities provide important information about
HCC for its clinical management. Since positron-emission tomography (PET) or
PET-computed tomography was introduced to the oncologic setting, it has
played crucial roles in detecting, distinguishing, accurately staging, and
evaluating local, residual, and recurrent HCC. PET imaging visualizes tissue
metabolic information that is closely associated with treatment. Dynamic PET
imaging and dual-tracer have emerged as complementary techniques that aid in
various aspects of HCC diagnosis. The advent of new radiotracers and the
development of immuno-PET and PET-magnetic resonance imaging have
improved the ability to detect lesions and have made great progress in treatment
surveillance. The current PET diagnostic capabilities for HCC and the
supplementary techniques are reviewed herein.
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Core tip: Positron-emission tomography (PET) is an effective and noninvasive modality
for visualizing hepatocellular carcinoma (HCC). This paper reviews the clinical utility of
PET for HCC, including the detection of intrahepatic or extrahepatic lesions, differential
diagnosis, prediction of differentiation and prognosis, and evaluation of therapeutic
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response. Complementary technologies, such as dynamic blood flow and dual-phase and
dual-tracer PET imaging, are also mentioned. Novel radiotracers and immuno-PET have
shown great potential for PET imaging and have become the focus of current research,
which may enhance the diagnostic capability of PET for HCC. An overview of the
current PET diagnostic status of HCC is reviewed.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the second most common cause of death from
cancer worldwide, with more than 740000 deaths each year[1]. Although modern
management methodologies for HCC patients, such as surgical resection and
comprehensive treatment (radiotherapy, chemotherapy, immunotherapy, interventional therapy, or combined) have been developed, the overall survival (OS)
rate remains low. Liver transplantation (LT), partial liver resection, and ablation
remain the main therapeutic tools for HCC and have a high rate of complete response.
However, most patients are diagnosed at an advanced stage and are complicated with
multiple lesions and liver cirrhosis; no more than 40% of HCC patients have the
opportunity to undergo surgery[2].
Careful selection of candidates is vital for improving treatment outcomes.
Evaluation of HCC should be referred to multidisciplinary teams that include
surgeons, oncologists, hepatologists, and radiologists. Serum alpha-fetoprotein (AFP)
levels have been widely used to diagnose HCC in the early stage; however, this test is
limited due to its low sensitivity of approximately 25% [3] . Contrast-enhanced
ultrasound (CEUS) imaging is useful for HCC diagnosis only when the tumor sites are
identified by B-mode US[4]. Contrast-enhanced computed tomography (CECT) or
magnetic resonance imaging (MRI) are also available for HCC screening, and each has
its own advantages, such as multiphase enhancement characteristics and easy
acquisition, but their accuracy may be lower when lesions are smaller than 2 cm[5-7].
Digital angiography is another examination method that can diagnose HCC, but it is
invasive and is usually only performed when transarterial treatment is necessary[4].
Although these examinations are well utilized by surgeons for preoperative staging,
they often show only a part of the body and detect morphologic changes that can
occur quite slowly in HCC. In addition, these traditional examination techniques
cannot detect recurrent, residual, or metastatic lesions well.
Positron-emission tomography (PET) seems to be a more effective and noninvasive
modality than traditional radiography techniques for scanning the whole body[8].
Although 2-deoxy-2-( 18 F)fluoro-D-glucose ( 18 F-FDG) PET has a low sensitivity,
between 36% and 70%, in detecting HCC[9-11], the application of PET-CT for diagnosing
HCC has made great progress in recent years. This review presents an overview of the
current status and future prospects of PET for diagnosing HCC.

RADIOTRACERS
18

F-FDG is the most widely used radiotracer for PET-CT; 18F has a long half-life (110
min), the best imaging spatial resolution, and favorable nuclear and chemical
properties[12]. 18F-FDG is a radiolabeled glucose analog in which the positron emitter
radioactive isotope 18F replaces the hydroxyl group at the C2 position in the glucose
molecule. 18F-FDG is transported across the cell membrane by glucose transporters
(GLUTs); in HCC, GLUT1, GLUT3, and, more recently, GLUT12, have been associated
with the transport of this radiopharmaceutical into cancer cells. Multidrug resistance
(MDR) is the ability of tumor cells to become resistant to different drugs and
represents a major barrier to successful treatments. The overexpression of MDR
proteins is thought to be a major obstacle to successful chemotherapy in various
cancer types, including HCC. Studies have shown that cells that present increased
MDR protein expression exhibit lower 18F-FDG accumulation[13]. In intracellular terms,
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F-FDG is phosphorylated by hexokinase II to 18F-FDG-6-phosphate, which cannot be
metabolized in the glycolytic pathway and accumulates in metabolically active cells.
18
F-labeled amino acids and peptides have potential application value for PET
imaging in HCC or other tumors [14-18] . Sun et al [19] synthesized N-(2- 18 F-fluoropropionyl)-L-glutamate (18F-FPGLU), and the radiochemical purity was higher than
95%, with a specific activity of 30-40 GBq/μmol. Although the novel tracer showed
good tumor-to-background contrast and good stability in vitro, 18 F-FPGLU was
metabolically unstable in plasma, urine, and tumor tissues[20].
18
F-fluorocholine is another radiotracer used in PET imaging that radiolabels
phosphocholine, the major metabolite in cancer cells that is responsible for choline
uptake and has a steady distribution that is available within 10 min, demonstrating
high sensitivities of 89% for hepatic HCC and 100% for extrahepatic HCC [21,22] .
Although the 18F-labeled metabolites are not able to be synthesized in every medical
center, they still perform better than other radiolabels in diagnosing HCC.
Other promising radiopharmaceuticals currently used in PET-CT include 11 Clabeled acetate ( 11 C-ACT) and 11 C-labeled choline ( 11 C-CHOL) [23] . 11 C-ACT is a
radiopharmaceutical that is widely used in the imaging of HCC, primary brain
tumors, carcinoid tumors, prostate adenocarcinoma, and transitional cell carcinoma[24].
As a substrate, 11C-ACT enters the Krebs cycle for β-oxidation in fatty acid synthase
(FASN) and cholesterol synthesis. Fatty acid synthesis is thought to be the key factor
for the uptake of 11C-ACT by liver neoplasms. Increased 11C-ACT uptake is often
considered to reflect the increased de novo lipogenesis rate and to be associated with
increased FASN expression[25,26]. Unlike 18F-FDG, 11C-ACT mainly reflects the growth
activity of tumor cells and may provide a complementary role to conventional
radiotracers[27].
11
C-CHOL is a precursor for phospholipid synthesis of the cell membrane. 11CCHOL has a high PET signal in liver tumor cells due to the increased activities of
choline transporter and choline kinase. In addition, HCC foci gained a better tumorto-background contrast with CHOL[28,29]. Nevertheless, 11C has a short half-life of
approximately 20 min, and the use of 11C-labeled tracers is limited based on access to
an on-site cyclotron, whereas 18F has a longer half-life than 11C[28].
Another alternative tracer is the 68 Ga-labeled 1,4,7,10-tetraazacyclododecane1,4,7,10-tetraacetic acid (DOTA) conjugate of serum albumin or peptides. With an
appropriate physical half-life (68 min) and good blood clearance, 68Ga-DOTA may be
a potential radiotracer for use in imaging HCC[30,31]. Studies have shown that 68GaDOTA has a higher sensitivity than 18F-DOTA, as 68Ga-DOTA had a greater PET
uptake than 1 8 F-FDG in low-grade neuroendocrine tumors [ 2 9 ] . Gao et al [ 3 2 ]
demonstrated that 68Ga-asparagine-glycine-arginine uptake was higher than 18F-FDG
uptake for imaging well-differentiated HCC xenografts. However, limited data using
68
Ga for HCC are now emerging, and its potential clinical utility is unclear.
64
Cu radionuclide has a half-life of 12.7 h and is a novel biomarker for molecular
imaging of HCC. 64CuCl2 PET-CT was able to detect early intracranial and other
extrahepatic metastases located in areas with low physiological uptake, such as
musculoskeletal tissues, which is important for determining the stage and prognosis
of patients with HCC. This radionucleotide also plays an important role in treatment
method selection. However, 64Cu has an abundant physiological distribution in the
liver, which will decrease the tumor-to-background contrast and make the lesions
unrecognizable, which will limit its value of evaluation for HCC. Furthermore, altered
copper metabolism is expected to be a target for radionuclide therapy of HCC using
therapeutic copper radionuclides[33]. Another promising radiotracer, 89Zr, will be
reviewed in relation to immuno-PET in detail later in the article. The important
findings about these radiotracers are summarized in Tables 1 and 2.

F-FDG PET

18

Detection of intrahepatic or extrahepatic lesions
Although HCC is the only solid tumor that can be diagnosed by the characteristics of
“arterial phase hyperenhancement” and “washout” on CT or MRI after contrast
medium injection[5], there are still limitations in the biology of HCC that CT or MRI
cannot show but that can be presented by the metabolic information from PET-CT[34];
however, none of these examinations can present the local tumor extent or detect
distant metastases in the same examination. 18F-FDG PET-CT can also enhance the
detection capacity for synchronous neoplasms in patients with HCC, which may be
misdiagnosed as primary lesions or metastasis[35].
18
F-FDG PET gives hepatologists complementary imaging details about primary
HCC lesions and extrahepatic metastases, and this additional information is
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Table 1 Positron emission tomography for intrahepatic or extrahepatic hepatocellular carcinoma
Intrahepatic

Extrahepatic

Sensitivity

Specificity

Sensitivity

Specificity

Review

0.36-0.70

NA

NA

NA

Hossein
Jadvar[29]

Review

NA

0.91

NA

NA

2012

Lin et al[89]

Metaanalysis

NA

NA

0.77

0.98

18

F-FCH

2014

Bieze et
al[21]

30

Prospective 0.88
; singlecenter

1.0

1.0

1.0

18

11

C-ACT

2009

Hwang et
al[27]

13

Prospective 0.83

NA

0.77

NA

11

11

2016

CastillaLièvre et
al[71]

28

Prospective 0.67
; singlecenter

NA

NA

NA

Combining
18
F-FDG
with 11CCHOL
could be
useful for
clinicians
in the
management of
HCC
patients

Isotopes Half-life

Radiotracer

18

18

F

11

C

110 min

20 min

F-FDG

C-CHOL

Year

First
author

No. of
patients

Study
design

2019

Lee et al[11]

-

2012

Related
notable
findings
18

F-FDG
PET has
demonstrated a
higher
sensitivity
for
detecting
extrahepatic
metastasis
compared
to primary
HCC
F-FCH
shows
additional
value in the
assessment
of intraand
extrahepatic diseases
C
increases
the
sensitivity
in the
detection
of HCC
lesions of
more than
10 mm

HCC: Hepatocellular carcinoma; NA: Not available;
18
F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose; 18F-FCH: 18F-fluorocholine;
11
C-ACT: 11C-acetate; 11C-CHOL: 11C-choline.

associated with treatment selection[36]. 18F-FDG PET-CT is usually a complementary
method for routine examinations because the accumulation of FDG in HCC varies.
According to the current European Association for the Study of the Liver Clinical
Practice Guidelines for the management of HCC, 18F-FDG uptake was observed in less
than 40% of HCC patients[37]. Studies have demonstrated that low 18F-FDG uptake is
correlated with high FDG-6-phosphatase activity, high expression of P-glycoprotein,
and low expression of GLUT1 or GLUT2 in moderately and well-differentiated
HCC[38]. 18F-FDG is transported into cells and phosphorylated to FDG-6-phosphate,
which is trapped within cells. However, high levels of FDG-6-phosphatase hydrolyzes
FDG-6-phosphate to FDG, which is then transported outside the cells, and high
expression of P-glycoprotein acts as an efflux pump to also transport FDG out of the
cell, and low expression of GLUT1 or GLUT2 reduces the uptake of FDG. These
reasons contribute to lower FDG accumulation in tumors[11,39,40].
PET scanning has a high sensitivity for detecting extrahepatic metastases but a low
sensitivity for primary HCC[41]. The reason is that normal liver tissue has a relatively
high FDG uptake, which reduces the tumor-to-liver standardized uptake value (SUV)
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Table 2 Positron emission tomography in animal experiments of hepatocellular carcinoma
Isotopes

Half-life

Radiotracer

Year

First author

Animal models

18

110 min

18

2017

Sun et al[19]

Tumor-bearing
mice (HCC
SMCC-7721)

F

F-FPGLU

Related notable
Limitations
findings
Radiochemical
Unstable in
purity is higher
plasma, tumor,
than 95% with a
and urine
specific activity of
30-40 GBq/μmol
Stable in vitro
High uptake and
retention in
tumor

64

12.7 h

64

2011

Lièvre et al[71]

Athymic mice
Increased 64Cu
bearing
radioactivity is
extrahepatic HCC well visualized
xenografts
Useful for
detection of
intracranial HCC
metastasis

68

68 min

68

2017

Gao et al[32]

Tumor-bearing
mice (HCC
SMCC-7721)

68

89

78.4 h

89

2014

Sham et al[79]

HepG2 tumorbearing mice

Excellent
specificity

Cu

Ga

Zr

CuCl2

Ga-NGR

Zr-αGPC3

Ga-NGR could
visualize CD13positive tumors

The uptake
performance of
68
Ga-NGR for
poorly
68
Ga-NGR uptake
differentiated
is significantly
HCC needs
higher than that
further
of 18F-FDG in
investigation
welldifferentiated
HCC xenografts
Long half-life in
the blood, leading
to suboptimal
imaging
pharmacokinetics,
poorer tumor
penetration, and
increased
immunogenicity
due to relatively
large size and
intact Fc regions

Even smaller
tumors (<1 mm)
are able to be
identified

89

Zr-αGPC3F(ab′)2

2014

Sham et al[80]

HepG2 tumorbearing mice

Significantly
reduces blood
circulation time
Lower
background liver
uptake allows for
early imaging

89

Zr-DFO-1G12

2014

Yang et al[81]

HepG2 tumorbearing mice

Abundant
physiological
distribution in
liver

Specifically taken
up by GPC3positive HCC
xenografts
regardless of
GPC3 expression
levels

Potential risk of
fragment
concentration in
the kidneys,
leading to organ
dysfunction

This probe should
be further
validated using a
humanized antiGPC3 antibody

High tumor-toliver ratio
89

Zr-Df-YY146ZW800

2016

Hernandez et
al[82]

HepG2 tumorbearing mice

Excellent CD146affinity,
specificity, and
stability

Bone-displaying
PET signal is not
matched by NIRF

Both PET and
NIRF imaging are
achieved

HCC: Hepatocellular carcinoma; PET: Positron emission tomography;
18
F-FPGLU: N-(2-18F-fluoropropionyl)-L-glutamate;
68
Ga-NGR: 68Ga-labeled asparagine-glycine-arginine;
89
Zr-αGPC3: 89Zr-anti glypican-3; 89Zr-αGPC3-F(ab’)2: 89Zr-anti glypican-3-F(ab’)2;
89
Zr- deferoxamine-YY146-ZW800; NIRF: Near-infrared fluorescence.
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ratio (TLR) and makes it difficult to visualize tumor lesions[42]. However, extrahepatic
metastases usually have a low FDG uptake background to visualize. Based on the
Barcelona Clinic Liver Cancer staging classification, patients with HCC have lymph
node metastasis that usually indicates an advanced stage. Metastasis is a fairly
common sequela in HCC, occurring in more than 50% of patients; most of these
metastases frequently affect the lungs (18%-53.8%), lymph nodes (26.7%-53%), and
diaphragm and skeleton (5.8%-38.5%)[43,44]. Among them, lymph node metastasis most
frequently occurs, with an incidence of more than 50%. Retroperitoneal lymph node
metastasis is more frequent than porta hepatis lymph node metastasis[45]. 18F-FDG
PET-CT has a higher sensitivity to detect lymph node metastasis, which is a poor
prognostic factor for HCC[29].
In view of the potential value of PET-CT for extrahepatic lesions, PET-CT should be
considered for initial HCC staging work-ups to formulate a plan for patients who are
candidates for hepatic resection (HR) or LT [44] . Although CT, MRI, and bone
scintigraphy are recommended for preoperative HCC staging, HCC metastasis to
uncommon sites, such as the oral cavity, jaw, thyroid, and adrenal glands, may be
detected only by 18F-FDG PET-CT[43,46,47] and easily missed by conventional CT and
MRI. Overall, 18F-FDG PET-CT has additional value for HCC staging.

Differential diagnosis
There are few studies on the differential diagnosis of HCC, and the utility of PET-CT
for differential diagnosis is limited. Several case reports[48-50] have shown that PET-CT
is a useful tool to differentiate primary or secondary neoplasms, but these studies did
not systematically summarize the signs of differential diagnosis from HCC. Malignant
lesions may increase radiotracer uptake, and PET-CT is of value for the following
reasons.
18
F-FDG PET-CT is very helpful to assess the malignant potential of hepatic lesions
of unknown origin through simultaneous visualization of the liver and extrahepatic
tissue and for further confirmation of a clinically suspected extrahepatic metastasis of
known HCC[51]. 18F-FDG PET-CT has the potential value to distinguish malignant
thrombus from a bland thrombus of the portal vein in patients with HCC, which is of
great clinical significance for determining the therapeutic approach, predicting
survival, and assessing candidates for LT[52]. However, no studies have shown that
PET-CT has higher value to diagnose bland thrombus than CT, MRI, or even fine
needle biopsy. 18 F-FDG PET-CT may play an important role in differentiating
malignant lymph metastasis from lymphoproliferative diseases[53]. However, there is
no denying that these conclusions are drawn from case reports, and more evidence is
needed to support these topics in further studies.
Additionally, there is a lack of literature to differentiate between HCC and
intrahepatic cholangiocellular carcinoma using 18F-FDG PET alone. Conventional CT
and MRI, especially with contrast enhancement, are useful[54], and developing new
specific radiotracers can be a desirable alternative for enhancing the ability of
differential diagnosis.

Prediction of differentiation and prognosis
18

F-FDG PET is expected to describe tumor aggressiveness of HCC, and high accumulation of FDG is associated with biological malignancy[55]. Moderately and welldifferentiated HCC may show low glucose metabolism, whereas 18F-FDG uptake by
poorly differentiated HCC may be visualized as a hot spot on a PET scan[56]. The main
reason is the high FDG-6-phosphatase activity in well-differentiated HCC, which
resembles normal liver tissue, thus reducing FDG accumulation in the lesions[34,39].
Pretreatment 18 F-FDG PET has incremental prognostic value for OS in both
intrahepatic and extrahepatic diseases. In addition, for patients with intermediate-toadvanced stage HCC confined to the liver, TLR is an independent prognostic factor
for progression-free survival (PFS) and OS[57,58]. A TLR of 1.2 or more has a statistically
significant association with microvascular invasion (MVI)[59,60]. Patients with MVI and
those with poorly differentiated grade show significantly higher recurrence rates[55].
Kobayashi et al[61] suggested that the combination of an SUVmax of 3.2 or greater and an
AFP-L3 level of 19% or greater are useful for selecting small numbers of HCC patients
for HR or LT.
18
F-FDG PET-CT can also predict the prognosis of patients with HCC after
treatment. 18F-FDG PET-CT is sensitive to detecting recurrent extrahepatic lesions of
HCC after hepatectomy or radiofrequency ablation, which has a diagnostic sensitivity
of 90–100% for recurrent or metastatic hepatic tumors[62]. 18F-FDG PET-CT is a valid
prognostic tool in patients with HCC who are candidates for orthotopic liver
transplantation (OLT); positivity on PET is the only factor related to early recurrence
of HCC after OLT, and the combination of findings on PET and the AFP levels
provides even more decisive results[63].
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Evaluation of therapeutic response
18

F-FDG uptake is closely related to therapeutic response in HCC and can offer
additional information on the risk of HCC recurrence after surgery. PET status may be
a significant and independent risk factor for posttreatment recurrence of HCC after
LT[55]. 18F-FDG PET-CT scans reflect tissue metabolism, while the size changes do not
serve as a predictor of tumor control.
The SUV ratio is an important factor affecting treatment response, and a decreased
SUV ratio after external beam radiotherapy is associated with the degree of tumor
necrosis on the histological examination[64]. Kim et al[65] indicated that the maximum
tumor-to-background ratio calculated by the inferior vena cava (TBRIVCmax) and the
uptake-volume product measured by margin thresholds of the TBRIVC exhibit higher
predictive power for patients after transplantation than other indices. PET-CT was
also performed 1 month after interventional treatment to evaluate the therapeutic
response. Song et al[66] revealed that 18F-FDG PET-CT was efficient in assessing the
viability of HCC after transcatheter arterial chemoembolization (TACE) and was
superior to CECT in grades I and II and similar in grade III; moreover,
nonattenuation-corrected PET data may be helpful for avoiding false-positive results
of tracer uptake induced by lipiodol deposition (Figure 1).
TLR only represents the point of the highest metabolic activity of the tumor and
does not account for the tumor extent, while metabolic tumor volume (MTV) is a
better parameter that represents the extent of abnormally increased FDG uptake by
tumor tissue beyond the intensity of FDG uptake in normal tissue. MTV may be an
independent prognostic factor for PFS and OS in patients with HCC after TACE[67].
Apart from HCC, 18F-FDG PET-CT is also a good predictive tool to assess treatment
outcomes of HCC metastasis and for the early identification of treatment failure,
especially when additional treatments remain a possibility. One study showed that
preradiotherapy SUV ratios and a decline in postradiotherapy SUV ratios were
identified as independent predictive factors for bone metastasis, and when combined,
these factors predicted outcomes much more effectively than other methods[68].

DUAL-TRACER PET-CT
Dual-tracer PET-CT with 11C-ACT and 18F-FDG are biochemical probes of HCC and
are complementary to each other. 11C-ACT uptake is related to well-differentiated
HCC and a less aggressive cancer or a fair prognosis[69]. The regenerative nodules are
avid for either of the two tracers, and they can be distinguished from HCC [70] .
Combining 11C-CHOL and 18F-FDG PET-CT may also be a valuable option to detect
HCC in the background of chronic liver disease. 11C-CHOL improves the detection
rate for HCC in cases that are negative on conventional 18F-FDG PET-CT (Figure 2),
and the combination of two tracers can increase the sensitivity of PET-CT to
approximately 93%[71]. Dual-tracer PET-CT enhances its capacity to identify lesions
and benefits the management of HCC patients.

DYNAMIC BLOOD FLOW AND DUAL-PHASE PET IMAGING
To obtain a better diagnostic result, additional emerging technologies can be
performed, including early dynamic PET imaging and dual-phase PET-CT. Dynamic
blood flow PET-CT is centered on the liver, beginning with the injection of 18F-FDG, to
reveal information about both the spatial distribution and temporal kinetics of the
tumor, and enables quantitative interpretation of PET data[72].
Time-activity curves are generated from the mean activities for each volume of
interest; three blood flow parameters related to the first-pass delivery of FDG are
acquired, including peak intensity, time to peak (TTP), and hepatic perfusion index
(HPI), which are derived for the HCC lesion and the background liver parenchyma[42].
Studies show that TTP and HPI demonstrate significantly better performances than
SUVmax for the discrimination between HCC and background liver tissue, and HPI
represents the percentage of arterial supply of the total blood flow in the liver. Early
dynamic 18F-FDG PET-CT generates significantly greater contrast during the arterial
phase of imaging and similar contrast during the venous phase compared to CECT[73].
Of course, a conventional (standard static) PET-CT scan of the torso is routinely
performed 60 min after FDG injection. Early dynamic 18F-FDG PET-CT allows for the
improvement of the detection rate for HCC in cases that are negative for HCC on
conventional 18F-FDG PET-CT (Figure 3), and the combination of early dynamic 18FFDG PET-CT and conventional PET-CT improves the detection ability for HCC[74].
These results indicate that dynamic PET-CT may serve as an alternative where CECT

WJG

https://www.wjgnet.com

4688

August 28, 2019

Volume 25

Issue 32

Lu RC et al. Positron-emission tomography for HCC
Figure 1

Figure 1 2-Deoxy-2-(18F)fluoro-D-glucose positron-emission tomography-computed tomography detected
tumor recurrence after intervention therapy in a 58-year-old male patient with hepatocellular carcinoma. A:
Cross-sectional computed tomography (CT) image showing a large sheet of lipiodol deposition in the right lobe of live
after HCC intervention therapy; B: Cross-sectional positron-emission tomography (PET-CT) fusion image showing
increased 18F-FDG uptake in and around the area of lipiodol deposition (blue arrow); the size of the lesion was 5.8 ×
13.3 cm; C: Cross-sectional PET image showing increased 18F-FDG uptake in the right lobe of the liver; D: Maximum
intensity projection image showing increased 18F-FDG uptake in the right lobe of the liver. 18F-FDG: 2-deoxy-2(18F)fluoro-D-glucose; CT: Computed tomography; PET: Positron-emission tomography.

or other conventional contrast-enhanced modalities are contraindicated or unavailable. However, early dynamic 18F-FDG PET-CT shows perfusion parameters, and
18
F-FDG can be absorbed into cells and become involved in intracellular metabolism at
the same time[74]; therefore, more precise algorithms are needed to separate these
parameters from those necessary for image analyses. In addition, formal and
prospective clinical studies with a larger number of subjects are needed to explore the
value of early dynamic 18F-FDG PET-CT in HCC diagnosis.
Dual-phase PET begins with whole-body scanning 60 min after the injection of 18FFDG, and delayed scanning begins approximately 2 h after 18F-FDG injection. The
tumor may be more clearly visualized by delayed PET-CT imaging of 18F-FDG, and
the uptake may be higher, thus supporting the diagnosis of HCC[75]. Dual-phase
imaging of 11C-ACT PET acquires early scan immediately after tracer administration
and conventional scan in 11-18 min, and it seems to be an available method for the
differential diagnosis of focal nodular hyperplasia (FNH) and small hemangioma
from malignant lesions[76,77]. Both FNH and small hemangioma are hypervascularized
lesions and exhibit positive tracer uptake ratios in early-phase imaging, followed by
an immediate decline in the late phase [76] . However, well-differentiated HCC
demonstrates an increasing tracer uptake over time. Furthermore, compared to CT,
MRI, or ultrasound, 11C-ACT PET images are not easy to acquire because 11C has a
short half-life (20 min), which limits its utility in clinical work.

IMMUNO-PET
To date, immuno-PET has emerged as a targeted molecular imaging method that
represents a promising approach for diagnosing HCC. Glypican-3 (GPC3) is a cell
surface protein that is highly expressed in HCC, melanoma, and clear cell carcinoma
of the ovary. GPC3 has been proposed as an immunohistochemistry marker to
differentiate HCC from benign hepatocyte nodules[78].
89
Zr possesses a better half-life (78.4 h) than other radiotracers and performs well,
especially when conjugated with monoclonal antibodies (mAbs). The 89Zr-conjugated
mAb against GPC3 (89Zr-αGPC3) demonstrates antibody-dependent and antigenspecific tumor binding; the αGPC3 protein was created using the human GPC3

WJG

https://www.wjgnet.com

4689

August 28, 2019

Volume 25

Issue 32

Lu RC et al. Positron-emission tomography for HCC
Figure 2

Figure 2 11C-choline positron-emission tomography-computed tomography detected a tumor that was missed on conventional 2-deoxy-2-(18F)fluoro-Dglucose positron-emission tomography-computed tomography in a 58-year-old patient with hepatocellular carcinoma. A-D: 2-deoxy-2-(18F)fluoro-D-glucose
positron-emission tomography-computed tomography (18F-FDG PET-CT) showed that there was no increased 18F-FDG uptake in the liver; E-H: 11C-choline (11CCHOL) PET-CT showed focal increased 11C-CHOL uptake in the upper segment of the anterior lobe of the liver, and the size of the lesion was 1.2 × 1.3 cm (blue
arrow in F and G). Pathological examination confirmed well-differentiated hepatocellular carcinoma. 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose; CT: Computed
tomography; PET: Positron-emission tomography; 11C-CHOL: 11C-choline.

protein and demonstrated high-affinity binding. 89Zr-αGPC3 PET has shown a great
capacity for identifying primary liver malignancies, even smaller lesions (< 1 mm),
and has demonstrated the capacity to overcome background liver activity[79].
However, mAbs have long half-lives in the blood, leading to suboptimal imaging
pharmacokinetics, poor tumor penetration, and increased immunogenicity due to
their relatively large size and intact Fc regions. Smaller targeting moieties, such as
F(ab′)2 fragments, have emerged as an alternative to mAbs. The half-life of 89ZrαGPC3-F(ab′)2 in the blood is approximately 11 h and enables clear tumor
visualization on PET 4 h after administration and has an excellent signal-to-noise ratio
at an early time point[80].
Yang et al[81] synthesized a new PET probe, 89Zr-DFO-1G12, by bioconjugating and
radiolabeling anti-GPC3 mAbs (clone 1G12) with 89Zr; this probe can be specifically
taken up only by GPC3-expressing cells and achieved a high TLR. 89Zr-DFO-1G12
detected all GPC3-positive orthotopic HCC xenografts regardless of the level of GPC3
expression, highlighting its clinical value in the diagnosis of all GPC3-expressing
HCC.
Another attractive molecular target is CD146, which is overexpressed in multiple
cancers and associates with a high histological grade in HCC, but not in normal liver
tissue. YY146 is an anti-CD146 mAb; when conjugated, the zwitterionic near-infrared
fluorescence (NIRF) dye ZW800-1 and the chelator deferoxamine (Df) enable the
labeling of Df-YY146-ZW800 with 89Zr and its subsequent detection with PET and
NIRF imaging [82] . 89 Zr-Df-YY146-ZW800 showed excellent properties as a dualmodality imaging agent and exhibited good stability.
The dual-modality imaging capacity not only provides diagnostic information but
also may guide surgical resection. All radiotracers for immuno-PET benefit from the
long half-life of 89Zr; hence, these radiotracers showed better properties for PET
imaging. In addition, GPC3 is proposed to be an immunohistochemistry marker that
can differentiate HCC from benign hepatocyte nodules[79]. However, most studies
regarding immuno-PET were performed in animals, and further studies are needed to
transfer this technique to clinical use.

PET-MRI
Combined PET and MRI utilize the advantages of MRI, including increased soft tissue
contrast, multiple sequences, lack of ionizing radiation exposure, and use of MRIspecific contrast agents [83] . Diffusion-weighted imaging is widely used in tumor
evaluation, and the apparent diffusion coefficient can quantify the Brownian motion
of water molecules in tissue, which changes during a pathophysiological state. Kong
et al[84] indicated that there may exist a negative correlation between increased FDG
accumulation and water diffusion in hepatic tumors. PET-MRI is available in HCC
staging and follow-up after treatment[85].
Although PET-MRI is promising in many aspects, PET-MRI systems are still
relatively rare, and there are several hurdles that prevent its clinical application.
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Figure 3

Figure 3 Early dynamic 2-deoxy-2-(18F)fluoro-D-glucose positron-emission tomography-computed tomography detected a tumor that was missed on
conventional 2-deoxy-2-(18F)fluoro-D-glucose positron-emission tomography-computed tomography in a 64-year-old patient with hepatocellular carcinoma.
A-D: 2-deoxy-2-(18F)fluoro-D-glucose positron-emission tomography-computed tomography (18F-FDG PET-CT) showed that there was no increased 18F-FDG uptake
in the lesion on conventional 18F-FDG PET-CT; E-H: Early dynamic 18F-FDG PET-CT showed focal 18F-FDG hyperperfusion in the upper segment of the anterior lobe
of the liver, and the size of the lesion was 1.7 × 1.9 cm (blue arrow in F and G). 18F-FDG: 2-deoxy-2-(18F)fluoro-D-glucose; CT: Computed tomography; PET: Positronemission tomography.

Interpretation of PET-MRI requires technician knowledge on both nuclear medicine
and MRI, and the examination may take more time. On the other hand, PET-MRI has
limited evaluation of pulmonary parenchyma, and patients with metal implants in
their bodies cannot undergo MRI. Further studies of PET-MRI utility in clinical
applications are needed[83].

CONCLUSION
Although 18F-FDG PET-CT has emerged as an important noninvasive diagnostic tool
in HCC, especially in staging and detecting metastatic lesions, the low sensitivity of
18
F-FDG PET-CT limits its clinical use, especially for routine surveillance [86] . To
improve the sensitivity of PET-CT for HCC diagnosis, many new techniques have
been carried out, and several methods have been applied. The advent of novel
radiotracers and dual-tracer PET-CT increases the sensitivity and enables the
visualization of other metabolic processes apart from glucose metabolism. The new
modalities require technical expertise and on-site cyclotron facilities; in addition, these
radiotracers are expensive and inconvenient for patients[87]. Dynamic or dual-phase
PET imaging is an alternative modality when other CE modalities cannot be utilized;
dual-phase PET imaging provides multiple parameters for quantitative analysis and
reflects the blood perfusion in detail. Although false-positive findings might
sometimes occur in dynamic PET imaging, it has certain value in diagnosis and
differential diagnosis[73].
Radiotracer synthesis and targeted molecular imaging modalities, such as immunoPET, have already become the focus of current research, and their diagnostic capacity
for smaller HCC lesions is encouraging. However, most research about radiotracers
and immuno-PET is performed on experimental animals, and immuno-PET also
shows the overexpression of molecular targets in many non-liver malignancies[79,88].
Further evaluation of their immune reactivity is needed, and clinical translation
requires more evidence. Additionally, a useful surrogate marker of MVI in small HCC
has not yet been established[61]. It is imperative to develop new molecular targets and
new probes that can specifically bind to each other. The development of new probes
will not only improve diagnostic sensitivity and specificity but also be adapted for the
targeted delivery of therapeutic agents[81].
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Abstract
BACKGROUND
About one-third of refractory irritable bowel syndrome (IBS) cases are caused by
gastrointestinal (GI) infection/inflammation, known as post-infectious/postinflammatory IBS (PI-IBS). Although it is known that intestinal microbiota and
host NOD-like receptor family pyrin domain containing 6 (NLRP6) inflammsome
signaling are closely related to PI-IBS and moxibustion has a therapeutic effect on
PI-IBS, whether moxibustion regulates the intestinal flora and host NLRP6 events
in PI-IBS remains unclear.
AIM
To examine the regulatory effect of moxibustion on intestinal microbiota and host
NLRP6 inflammatory signaling in PI-IBS.
METHODS
Sprague-Dawley rats were divided into a normal control group, a model control
group, a mild moxibustion group, and a sham mild moxibustion group. PI-IBS
rats in the mild moxibustion group were treated with moxibusiton at bilateral
Tianshu (ST 25) and Zusanli (ST36) for 7 consecutive days for 10 min each time.
The sham group rats were given the same treatment as the mild moxibustion
group except the moxa stick was not ignited. Abdominal withdrawal reflex
(AWR) score was measured to assess the visceral sensitivity, and colon
histopathology and ultrastructure, colonic myeloperoxidase (MPO) activity, and
serum C-reactive protein (CRP) level were measured to evaluate low-grade
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colonic inflammation in rats. The relative abundance of selected intestinal
bacteria in rat feces was detected by 16S rDNA PCR and the NLRP6
inflammsome signaling in the colon was detected by immunofluorescence, qRTPCR, and Western blot.
RESULTS
The AWR score was significantly decreased and the low-grade intestinal
inflammation reflected by serum CRP and colonic MPO levels was inhibited in
the mild moxibustion group compared with the sham group. Mild moxibustion
remarkably increased the relative DNA abundances of Lactobacillus,
Bifidobacterium, and Faecalibacterium prausnitzii but decreased that of Escherichia
coli in the gut of PI-IBS rats. Additionally, mild moxibustion induced mRNA and
protein expression of intestine lectin 1 but inhibited the expression of IL-1β, IL-18,
and resistance-like molecule β by promoting the NLRP6 and reducing the mRNA
and protein expression of apoptosis-associated speck-like protein containing
CARD (ASC) and cysteinyl-aspartate-specific proteinase 1 (Caspase-1). The
relative DNA abundances of Lactobacillus, Bifidobacteria, Faecalibacterium
prausnitzii, and Escherichia coli in each group were correlated with the mRNA and
protein expression of NLRP6, ASC, and Caspase-1 in the colon.
CONCLUSION
These findings indicated that mild moxibustion can relieve low-grade GI
inflammation and alleviate visceral hypersensitivity in PI-IBS by regulating
intestinal microbes and controlling NLRP6 inflammasome signaling.
Key words: Moxibustion; Post-inflammation irritable bowel syndrome; Intestinal
microbes; NLRP6 inflammasome; Intestinal inflammation; Visceral hypersensitivity;
Traditional Chinese medicine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Moxibustion has been shown to have a therapeutic effect on postinfectious/post-inflammatory irritable bowel syndrome (PI-IBS). However, it is unclear
whether moxibustion achieves its therapeutic effect by regulating intestinal microbiota
and inflammatory responses in PI-IBS. In this study, we found that visceral
hypersensitivity and low-grade intestinal inflammation in PI-IBS rats were significantly
inhibited by 7-d mild moxibustion treatment. This treatment effect of moxibustion may
be related to regulating the relative abundances of selected gut microbes and controlling
NLRP6 inflammasome signaling.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional gastrointestinal (GI) disorder
with associated symptoms of abdominal pain and distention, dysphoria, and/or
changes of defecation shape. The incidence of IBS is 11.2% worldwide and 5%-6% in
China[1]. One-third of IBS cases are caused by GI infection/ inflammation, which is
commonly defined as post-infectious/post-inflammatory IBS (PI-IBS)[2]. PI-IBS causes
continual IBS symptoms after acute GI infection with Shigella, Escherichia coli, or
Campylobacter jejuni [3,4] . Notably, the clinical symptoms (abdominal pain and
diarrhea)[2] of PI-IBS resemble those of diarrhea-predominant IBS (IBS-D)[5].
Recent studies[6-8] showed altered abundance and diversity of intestinal microflora
in the GI tract of PI-IBS patients. The differences lie in the augmentation of
Bacteroidetes, decline of Clostridium, and decrease in mucosal microbial diversity and
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stability, all of which are negatively correlated with the lymphocyte ratio in the
mucosal lamina propria[7,8]. Barman et al[9] showed that there was an approximately
95% decrease in the total number of bacteria in the cecum and colon after peroral
Salmonella enterica serovar Typhimurium infection and the mice simultaneously suffered
from severe diarrhea on day 7 post-infection. Moreover, alteration of intestinal
microbiota triggers the intestinal mucosal immune system to cause ongoing lowgrade intestinal inflammation [10] . When pathogenic microorganisms invade and
stimulate the gut, nucleotide-binding and oligomerization domain-like receptor
(NLR) family pyrin domain 6 (NLRP6) binds to an apoptosis-associated speck-like
protein containing CARD (ASC) and recruits a cysteinyl-aspartate-specific proteinase
1 (Caspase-1) that self-cleaves into activated Caspase-1. The activated Caspase-1
cleaves the precursors of the inflammatory cytokines interleukin 1β (pro-IL-1β) and
IL-18 (pro-IL-18) to form active mature peptides, which are delivered extracellularly
and thus cause low-grade intestinal inflammation[11]. Moreover, IL-18 induces the
expression of intestine lectin 1(ITLN1) and resistance-like molecule β (RELMβ), both
of which play pivotal roles in gut inflammatory response. ITLN1 is associated with
secretory function of intestinal goblet cells and is involved in gut immunity while
RELMβ has a positive correlation with the level of gut inflammation[12-14].
Conventional treatments for IBS have limitations such as a high risk of side effects
and long-term drug administration[15,16]. Moxibustion treatment has effects in disease
amelioration and improvement of life quality of IBS-D patients, and provides more
benefits than pharmacotherapy[16,17]. Our previous study found that moxibustion
decreased gut relative DNA abundances of Prevotella, Bacteroides, and Clostridium XI,
increased those of Lactobacillus and Clostridium XIVa, and improved the gut
microbiota alpha diversity in a chronic visceral pain model of IBS in rats[18]. Given the
importance of NLRP6 inflammasome signaling in the intestinal mucosa in
maintaining the stability of gut microbiota and intestinal homeostasis[19,20], this study
tested the hypothesis that moxibustion may relieve visceral hypersensitivity of PI-IBS
by regulating intestinal microbiota and NLRP6 inflammasome signaling mediated GI
tract inflammation.

MATERIALS AND METHODS
This experiment protocol was approved by the standardizing laboratory animal
ethical review of Shanghai University of Traditional Chinese Medicine and
implemented according to experimental protocol completely (Ethical review code:
SZY201711006).

Animals and model preparation
Pathogen-free male Sprague-Dawley rats (150 ± 20 g) were fed adaptively for 7 d with
drinking water ad libitum. All rats were provided by the Animal Experimental Center
of Shanghai University of Traditional Chinese Medicine [License number: SCXK (Hu)
2017-0005]. The rats were randomly divided into a normal control group and a model
control group. PI-IBS was induced in rats with 2,4,6-trinitrobenzenesulfonic acid
(TNBS)[21]. No treatment was given to the normal control group. One normal rat and
two model rats were randomly selected on each of the days 7, 14, 21, and 28 to
observe their colonic mucosal structure and histopathology. Abdominal withdrawal
reflex (AWR) [ 2 2 ] scores were assessed to determine whether the model was
successfully established. The AWR scores were assessed under the induction of
balloon dilation for colorectal distension (CRD). All rats were fasted for 12 h except
for drinking water. A cotton swab was used to stimulate the contraction of the anus
for promoting defecation. A small balloon dipped in liquid paraffin was then slowly
inserted into the colon to 3 cm. Subsequently, the rats were fixed on a table and given
20, 40, 60, and 80 mmHg pressure stimulation successively. The Al-Chaer method was
used to evaluate the criterion-referenced AWR score[22]. The criteria (score) were: 0, no
reaction to CRD; 1, the body remains immobile or head moves slightly; 2, abdominal
muscle contraction; 3, the abdominal wall lifts from the bottom and contracts
obviously; and 4, body arching along with the pelvic and scrotum lifting. The same
pressure stimulations were performed three times and the average score was taken as
the final score.

Group division and moxibustion implementation
The TNBS-treated PI-IBS rats were further subdivided into a model control group, a
mild moxibustion group, and a sham moxibustion group. A normal control group
was also established. For mild moxibustion, bilateral Zusanli (ST 36) and Tianshu (ST
25) acupoints were selected based on the locations described in Experimental
Acupuncture[23], which are similar to our previous studies[24,25]. A moxa stick of 5 mm
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in diameter was ignited and placed 2-3 cm above the selected points for 10 min per
day for 7 d of continuous treatment. The sham moxibustion group was given the same
treatment as the mild moxibustion group except that an unlit moxa stick was used
(Figure 1). The model control group and the normal control group were given the
same fixation (The forelimbs and hind limbs of the rats were fixed on the fixation
device) as the mild moxibustion group without any intervention.

AWR score
After the intervention was finished, the AWR scores were assessed as described
above.

Protocols for collecting specimens of feces, serum, and colonic tissues
Rat feces were collected after the AWR scores were assessed. A swab was used to
touch the perianal skin of the rats to collect 2-3 capsules of feces, which were then
immediately stored in freezing tubes at -80 °C. Anesthesia was performed by
intraperitoneal injection of 2% sodium barbiturate (0.3 mL/100 g). Blood samples
collected from the abdominal aorta were transferred into a cryogenic microcentrifuge
tube after 1-h standstill and centrifuged for 20 min (3000 rpm) to collect the serum.
Distal colonic tissues (6 cm above the first lymph node of the anus) were rinsed with
normal saline to remove the surrounding connective tissue and fat, and then the
lesions in the colonic mucosa were scored and photographed. The criteria of colonic
mucosa damage score was according to Wallace et al[26]. After scoring, the colonic
tissues were then stored in 4% paraformaldehyde or liquid nitrogen.

Hematoxylin and eosin (HE) staining
The colonic tissues that were drained from 4% paraformaldehyde were embedded in
paraffin and cut into 4 μm slices. The sections were processed with xylene I and
xylene II for 20 min successively. Subsequently, the sections were hydrated with
anhydrous ethanol, 90% ethanol, 80% ethanol, and 70% ethanol sequentially with 3
min of treatment of each round. Then sections were treated with hematoxylin stain for
1.5 min, 1% hydrochloric acid alcohol for 4 s, and eosin for 2 min. The histopathological findings were observed under an optical microscope and analyzed
according to the criteria in the literature published by Park et al [27] . The histopathological score includes severity of inflammation, extent of inflammation, and
crypt damage, with a score of 0-9.

Enzyme linked immunosorbent assay (ELISA)
The serum C-reactive protein (CRP) levels and myeloperoxidase (MPO) activities in
colonic tissues of rats were measured by ELISA (Shanghai Yuanye Biological Co.,
Shanghai, China). The concentrations of diluted serum samples were 1800 μg/L, 1200
μg/L, 600 μg/L, 300 μg/L, 150 μg/L, and 50 μl per well, respectively. The
concentrations of homogenized colonic tissues were 120 U/L, 80 U/L, 40 U/L, 20
U/L, and 10 U/L with 50 μL of equal sampling volume.

Extraction of total DNA of gut microbiota
Thawing feces after freezing (0.2 g) were dissolved into 1.5 mL of 0.05 M phosphate
buffered saline (PBS), blended for 5 min, and centrifuged three times (1000 rpm; 15
min/time). The supernatant was collected and then centrifuged for another 10 min
(14000 rpm). The supernatant was then removed, and 1 mL of PBS was added into the
precipitate and then centrifuged for 5 min (14000 rpm). The above procedures were
repeated five times.
The precipitate was washed with 1 mL of water, then 100 μL of sterile water and
TritonX-100 were added to the precipitate to mix and lyse the cells. Then, the sample
was centrifuged for 15 s (14000 rpm). Two hundred microliters of supernatant from
the lysate was taken, extracted by phenol and chloroform (1:1) for 10 s, and
centrifuged for 15 s (14000 rpm). About 2.5-fold of supernatant volume cold ethanol
was added into the collected supernatant. The mixture was incubated at -20 °C for 1 h
and centrifuged for 1 min (14000 rpm). The supernatant was discarded, and cold
ethanol was added to the precipitate again, incubated at -20 °C for 1 h, and
centrifuged for 1 min (14000 rpm). The supernatant was discarded and the DNA
precipitate was dried, dissolved with 50 μL of sterile water, and stored at -20 °C in a
freezer.

16S rDNA PCR
According to the literature[28], the bacterial abundance of Escherichia coli in patients
with IBS is significantly higher than that in healthy people, while the abundance of
Lactobacillus is significantly reduced. The abundance of Bifidobacterium in the gut of
IBS patients is 1.5 times less than that of healthy people[29], and the Faecalibacterium
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Figure 1

Figure 1 Diagram of moxibustion in rats. Rats were immobilized on a fixing frame. A: A moxa stick of 5 mm in
diameter was ignited and placed 2-3 cm above the bilateral Zusanli (ST26) and Tianshu (ST25) for 10 min per day
with 7 d of continuous treatment in the mild moxibustion group; B: The sham moxibustion group was given the same
treatment as the mild moxibustion group except that moxibustion was treated with an unlit moxa stick.

prausnitzii and its cultural supernatant can relieve the intestinal inflammation[30].
Therefore, Lactobacillus, Bifidobacterium, Faecalibacterium prausnitzii, and Escherichia coli
were selected as the four targeted microbes for research. 16S rDNA PCR was applied
for testing the DNA relative abundance of selected bacteria. The isolated DNA was
amplified by real-time PCR with a total volume of 25 μL recipe: SYBR Green Mix 12.5
μL, primer F 0.5 μL, primer R 9.5 μL, double distilled water 9.5 μL, and cDNA
template 2 μL. SYBR Green PCR kit was purchased from ThermoFisher (K0223) and
the PCR purification kit was purchased from Axygen (AP-GX-50). The primer
sequences are listed in Table 1. Reaction conditions were: 95 °C for 10 min; 40 cycles of
95 °C for 15 s and 60 °C for 45 s; 95 °C for 15 s; 60 °C for 1 min; 95 °C for 15 s; and 60
°C for 15 s. ABI Prism 7300 SDS software was used to analyze the data.

qRT-PCR
The mRNA expression of NLRP6, ASC, Caspase-1, IL-1β, IL-18, ITLN1, and RELMβ
was detected by qRT-PCR. One milliliter of colonic tissue was added into a
homogenate tube containing Trizol reagent, and total RNA was extracted according to
the manufacturer’s instruction (1596-026; Invitrogen). A volume of 25 μL cDNA
reaction recipe was prepared in a sequence of RNA-Primer Mix 12 μL, 5 × RT
Reaction Buffer 5 μL, 25 mM dNTPs 1 μL, 25 U/μL RNase Inhibitor 1 μL, 200U/μL MMLV Rtase 1 μL, Oligo (dt) 18 primer 1 μL, and DEPC water 4 μL. The products for
qPCR were made in a reaction system containing SYBRGreen Mix 12.5 μL, primer F
0.5 μL, primer R 0.5 μL, ddH2O 9.5 μL, and cDNA template 2 μL. SYBR Green PCR
KIT was purchased from Thermo (K0223), and the Retroscript kit was purchased from
Fermentas (k1622). The primer sequences are listed in Table 2. Reaction conditions
were: 95 °C for 10 min; 40 cycles of 95 °C for 15 s and 60 °C for 45 s; 95 °C for 15 s; 60
°C for 1min; 95 °C for 15 s; and 60 °C for 15 s. ABI Prism 7300 SDS software was used
to analyze the data.

Western blot analysis
Western blot was performed to test the protein expression of NLRP6, ASC, Caspase-1,
IL-1β, IL-18, ITLN1, and RELMβ in the colonic tissue. The colon tissue stock was
taken out from liquid nitrogen. The tissue was weighed, chopped, and placed in a
homogenate tube. Then, a lysis fluid (containing protease and phosphatase inhibitors)
was added to the sample tube to fully lyse the cells at 4 °C. The cells were scraped into
a 1.5 mL Eppendorf tube, heated at 95 °C, and then centrifuged for 15 min (12000
rpm). The supernatant was harvested for protein quantification. The dilutions of
primary antibodies of NLRP6 (Santa Cruz, SC-376434), ASC (Invitrogen, PA5-50915),
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Table 1 Primers used for amplification of selective intestinal microbiota
Microorganism

Base sequence

Lactobacillus

Bifidobacterium

Faecalibacterium_prausnitzii

Escherichia_coli

Primer F

5'-ACGGGAGGCAGCAGTAGGGA-3'

Primer R

5'-AGCCGTGACTTTCTGGTTGATT-3'

Primer F

5'-GATTCTGGCTCAGGATGAACGC-3'

Primer R

5'-CTGATAGGACGCGACCCCAT-3'

Primer F

5'-AGATGGCCTCGCGTCCGA-3'

Primer R

5'-CCGAAGAACCTTCTTCCTCC-3'

Primer F

5'-CATGCCGCGTGTATGAAGAA-3'

Primer R

5'-CGGGTAACGTCAATGAGCAAA-3'

Caspase-1 (Abcam, Ab1872), IL-1β (Abcam, Ab9722), IL-18 (Abcam, Ab191860), and
GAPDH (CST, #5174) were 1:100, 1:1000, 1:500, 1:1000, 1:1000, and 1:2000,
respectively.

Immunofluorescence
The protein expression and location of NLRP6, ASC, and Caspase-1 in colonic tissue
were studied by immunofluorescence. The paraffin sections of colon tissue were dried
at 60 °C, plastered with xylene-wax twice, repaired with 0.01 M of sodium citrate
buffer solution for 15 min after gradient alcohol dehydration, and finally washed with
PBS three times. The primary antibody of NLRP6 was goat anti-mouse IgG [Biyuntian
Biotechnology Co., Ltd (A0428)] labelled with Alexa Fluor 488; the diluted
concentration was 1:500. The primary antibodies of ASC and Caspase-1 were goat
anti-rabbit IgG [Biyuntian Biotechnology Co., Ltd (A0423)] labelled with Alexa Fluor
488; the dilution was 1:100 and incubation temperature was 4 °C. The dilutions of
fluorescent secondary antibody of NLRP6, ASC, and Caspase-1 were 1:200, 1:500, and
1:200, respectively, with 30 min incubation. The protein expression of NLRP6, ASC,
and Caspase-1 in the intestinal mucosa was observed under a laser confocal
microscope.

Statistical analysis
Statistical analyses were performed using SPSS v21.0 software. Serum CRP level,
colonic MPO activity, relative bacterial abundance, and colonic mRNA and protein
expression of NLRP6, ASC, Caspase-1, IL-1β, IL-18, ITLN1, and RELMβ are
represented as the mean ± SD. These data were analyzed by one-way analysis of
variance (ANOVA) for the differences between groups, and the least significant
difference test for pairwise comparisons. AWR score, colonic mucosa damage score,
and histopathological score are shown as medians (P25, P75). These data were
analyzed by the nonparametric Kruskal-Wallis test. The correlations were measured
by Pearson correlation coefficient. P < 0.05 was set as the threshold of statistical
significance[31,32].

RESULTS
Sixty rats were randomly divided into a normal control group (n = 14) and a model
control group (n = 46). One normal rat and two model rats were randomly selected on
each of the days 7, 14, 21, and 28 to establish a PI-IBS model. During the preparation
of the model, one rat died and the remaining rats in the model control group were
further subdivided into a model control group (n = 13), a mild moxibustion group (n
= 12), and a sham moxibustion group (n = 12). Finally, 10 rats in each of the three
groups were randomly selected, and with the 10 rats in the normal control group, a
total of 40 rats were included in the final statistical analysis.

PI-IBS model
The colonic mucosal surfaces of normal rats on days 7, 14, 21, and 28 were smooth and
the mucosa rugae were clear with full shape and moderate thickness (Figure 2A). The
HE staining results demonstrated that the colonic mucosa of the model control group
had mild hyperemia and edema damage, and the glands appeared neatly arranged
(Figure 2B). Compared to the normal control group, the colonic tissue of rats in the
model control group on day 7 became significantly thickened, congested, and swollen
with no mucosa rugae or ulcers. As seen under the microscope, most of the glandular
structures disappeared, the mucosa and submucosa had severe infiltration of

WJG

https://www.wjgnet.com

4701

August 28, 2019

Volume 25

Issue 32

Bao CH et al. Effect of moxibustion on PI-IBS in rats

Table 2 Primers used for amplification of NLRP6, ASC, Caspase-1, and GAPH mRNA
mRNA
NLRP6

Base sequence
Primer A

5'-AAGGTGAAGGAGAGGAATG-3'

Primer B

5'-GAAGAGCCGATTGAAAGTG-3'

ASC

Primer A

5'-TGCTGGATGCTCTGTATGG-3'

Primer B

5'-CAAGTAGGGCTGTGTTTGC-3'

Caspase-1

Primer A

5'-GACAAGCCCAAGGTTATC-3'

Primer B

5'-GGCCTTCTTAATGCCATC-3'

Primer A

5'-AAGGTGAAGGAGAGGAAT-3'

Primer B

5'-GAAGAGCCGATTGAAAGTG-3'

Primer A

5'-TGCTGGATGCTCTGTATGG-3'

Primer B

5'-CAAGTAGGGCTGTGTTTGC-3'

Primer A

5'-GTCGGTGTGAACGGATTTG-3'

Primer B

5'-TCCCATTCTCAGCCTTGAC-3'

IL-1β

IL-18

GAPDH

inflammatory cells, and the submucosa was congested with edema.
By day 28, the thickness of the colonic tissue was gradually reduced, and the
hyperemia and edema were relieved, meanwhile the mucosal rugae were clear and
had returned to normal. The gland boundary was clear and neat under the
microscope, the lamina propria had less inflammatory cell infiltration than that on
day 7, and the submucosa exhibited mild hyperemia and edema.
AWR scores were calculated for the normal control group and model control group
on day 28. Compared with the normal control group, the rats in the model control
group had significantly higher AWR scores under 20 mmHg, 40 mmHg, and 60
mmHg pressure stimulation (P < 0.01), respectively, which indicated that the model
control group had obviously increased gut sensitivity (Figure 2C). The higher AWR
scores and alterations in colonic mucosal histopathology indicated higher gut
sensitivity after low-grade inflammation and the successful establishment of the PIIBS model.

AWR scores
The model control group had significantly higher AWR scores compared to the
normal control group under 20 mmHg, 40 mmHg, and 60 mmHg pressure
stimulation, respectively (P < 0.01). The rats in the mild moxibustion group possessed
lower AWR scores than those of the model control group under 20 mmHg, 40 mmHg,
and 60 mmHg pressure stimulation, respectively (P < 0.01). The sham moxibustion
group also exhibited lower AWR scores than the model control group, but there was
no significant difference between the two groups in AWR scores under different
stimulating pressures (P > 0.05) (Figure 3A). These results indicated that moxibustion
significantly alleviated gut hypersensitivity and increased pain threshold of rats in the
model control group. This effect was significantly better than that of sham
moxibustion.

Colonic mucosal damage
The colonic mucous membrane of normal rats was smooth and the mucosal ruga were
clear and had an integral shape with moderate thickness. The model and sham
moxibustion groups displayed thicker colonic tissues than normal rats with visible
pathological changes such as mild hyperemia and edema without ulcers. The mild
moxibustion group had smooth colonic mucous membranes and clear and integralshaped mucosal rugae. The bowel walls of rats in the mild moxibustion group were
slightly thicker than those of the normal control group, but still thinner than those of
the model control group and sham moxibustion group. Furthermore, the bowel walls
of rats in the mild moxibustion group had mild hyperemia but no ulcers (Figure 3B).
The rats of the model control group, the mild moxibustion group, and the sham
moxibustion group had higher colonic mucosa damage scores than those of the
normal control group. However, there was no significant difference among all these
groups (Figure 3C).

Colonic histopathology
Microscopically, the colonic mucous membrane of normal rats was smooth, the glands
were neatly arranged with no hyperemia or edema, and no inflammatory cell
infiltration was observed. The model control group had neatly integrated membrane
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Figure 2

Figure 2 A rat post-infectious/post-inflammatory irritable bowel syndrome model established by 2,4,6-trinitrobenzenesulfonic acid induction. A: Gross
structure; B: Pathology of the normal control group and model control group on days 7, 14, 21, and 28; C: Abdominal withdrawal reflex scores of the normal and model
control groups under different pressure stimulations on day 28 after model generation. bP < 0.01 vs normal control group. AWR: Abdominal withdrawal reflex.
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Figure 3

Figure 3 Effects of mild moxibustion on abdominal withdrawal reflex scores and low-grade inflammation of the colon in each group. A: Abdominal
withdrawal reflex score; B: Observed gross structure; C: Histological score; D: Observed histopathology; E: Pathological score. bP < 0.01 vs normal control group; dP
< 0.01 vs model control group. AWR: Abdominal withdrawal reflex.
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with a messy gland arrangement, and structure of the glands could not be identified
under the microscope. The mucosa and submucosa were infiltrated with a small
number of inflammatory cells, giving an appearance of submucosal hyperemia and
edema. The mild moxibustion group harbored integrated membrane with the glands
neatly arranged, and no inflammatory infiltration was observed. The submucosa of
some rats of the mild moxibustion group was mildly congested and swollen. The
sham moxibustion group displayed similar colonic pathology as the PI-IBS model.
These observations suggested that mild moxibustion ameliorated the intestinal
mucosal pathological score of PI-IBS rats and displayed better efficiency than sham
moxibustion in the treatment of PI-IBS rats (Figure 3D). Both the model control group
and the sham moxibustion group had higher histopathological scores than the normal
control group and the mild moxibustion group. However, there was no statistical
difference among all these groups (Figure 3E).

Colonic ultrastructure
The colonic ultrastructure of rats in the normal control group showed neat and
regular shaped villi, and close links between epithelial cells, and the mitochondria
were oval shaped with clear and regular cristae. In the model control group, however,
the colonic villi were partially missing, and the epithelial space in model control
group rats became wider than that in the normal control group. The number of
desmosomes decreased, the mitochondria became swollen with larger sizes, the inner
crests were blurred, and some vacuoles appeared.
Colonic villi of rats in the mild moxibustion group were neat with regular shape
and length. No significant increase in epithelial cell gaps was observed, the number of
desmosomes increased, and the shapes of the mitochondria and cristae were regular
and clear. Rats in the sham moxibustion group demonstrated almost the same
alterations as the model control group. These results indicated that mild moxibustion
improved the ultrastructure of the colonic tissues to a far greater extent than that of
sham moxibustion (Figure 4).

Serum CRP levels and colonic MPO activity
The model control group had significantly higher colonic MPO activities and serum
CRP levels than the normal control group (P < 0.01), while the mild moxibustion
group had significantly lower colonic MPO activities and serum CRP levels (P < 0.01)
than the model control group. The sham moxibustion group also had decreased
colonic MPO activities and serum CRP levels than the model control group, but this
difference was not statistically significant. In contrast, the mild moxibustion group
had significantly lower colonic MPO activities and serum CRP levels than the sham
moxibustion group (P < 0.01) (Figure 5). These results revealed that mild moxibustion
significantly decreased colonic MPO activities and serum CRP levels, relieved
intestinal inflammation, and had a better therapeutic effect than the sham
moxibustion group in the treatment of PI-IBS rats.

Relative bacterial abundance in the intestine
Sequencing analysis indicated that relative DNA abundances of Lactobacillus,
Bifidobacteria, and Faecalibacterium prausnitzii in gut microbiota community were
remarkably lower in the model control group than in the normal control group (P <
0.01), and the DNA abundance of Escherichia coli was significantly higher (P < 0.01).
Compared with the model control group, the relative DNA abundances of the
Lactobacillus, Bifidobacteria, and Faecalibacterium prausnitzii in the mild moxibustion
group were significantly increased (P < 0.05) while the relative DNA abundance of
Escherichia coli was significantly decreased (P < 0.01). The relative DNA abundances of
the four aforementioned kinds of bacteria in the sham moxibustion group were
almost the same as those of the model control group.
Compared with the sham moxibustion group, the mild moxibustion group had
higher relative DNA abundances of Lactobacillus, Bifidobacteria, and Faecalibacterium
prausnitzii (P < 0.01) and lower DNA abundance of Escherichia coli (P < 0.01) (Figure 6).
These findings suggested that mild moxibustion significantly increased the relative
DNA abundances of intestinal Lactobacillus, Bifidobacterium, and Faecalibacterium
prausnitzii but reduced the relative abundance of Escherichia coli in the gut microbiota
of PI-IBS rats, which was superior to sham moxibustion in adjusting the equilibrium
of relative gut microbiome.

The mRNA and protein expression of NLRP6, ASC, and Caspase-1
The model control group displayed significantly lower mRNA and protein expression
of NLRP6 and markedly higher mRNA and protein expression of ASC and Caspase-1
in comparison with the normal control group (P < 0.01). There was no statistical
significance between the model control group and mild moxibustion group in
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Figure 4

Figure 4 Effects of mild moxibustion on colonic ultrastructure of rats with post-infectious/post-inflammatory irritable bowel syndrome.

increasing the mRNA expression of NLRP6, but statistical significance was observed
between these two groups in increasing the protein expression of NLRP6 (P < 0.01).
The mRNA and protein expression of ASC and Caspase-1 in the mild moxibustion
group was significantly lower than that of the model control group (P < 0.01). NLRP6,
ASC, and Caspase-1 mRNA and protein expression in the sham moxibustion group
was similar to that of the model control group.
Compared with the sham moxibustion group, the NLRP6 mRNA (P < 0.05) and
protein expression (P < 0.01) in colonic tissue of the mild moxibustion group
increased significantly, while the ASC and Caspase-1 mRNA (P < 0.01) and protein
expression (P < 0.01) significantly decreased (Figure 7). Moreover, the expression
locations of NLRP6, ASC, and Caspase-1 were mostly distributed in the cytoplasm of
mucosal cells. The normal and mild moxibustion groups had higher NLRP6
expression intensity but lower ASC and Caspase-1 expression intensity than the
model and sham moxibustion groups (Figure 8). These findings indicated that mild
moxibustion, rather than sham moxibustion, could remarkably enhance the protein
expression of NLRP6 and inhibit the mRNA and protein expression of ASC and
Caspase-1 in the PI-IBS rat model.

The mRNA and protein expression of IL-1β and IL-18
The IL-1β and IL-18 mRNA and protein expression was significantly increased in the
model control group (P < 0.01) compared with the normal control group. However,
the mild moxibustion group displayed significantly lower expression levels of IL-1β
and IL-18 mRNA (P < 0.01) and protein (P < 0.01), while the sham moxibustion group
had similar expression levels of IL-1β and IL-18 mRNA and protein compared with
model control group. The IL-1β and IL-18 mRNA and protein expression in the mild
moxibustion group was significantly decreased compared with that of the sham
moxibustion group (P < 0.01) (Figure 9). These suggested that mild moxibustion could
significantly inhibit the IL-1β and IL-18 mRNA and protein expression in intestinal
tissues of PI-IBS rats, and exhibit a better effect than sham moxibustion in improving
IL-1β and IL-18 expression.

The mRNA and protein expression of ITLN1 and RELMβ
Compared with the normal control group, the mRNA expression level of ITLN1 in the
model control group was significantly lower (P < 0.01) while the mRNA expression of
RELMβ was higher (P < 0.01); the protein expression of RELMβ also increased but
without statistical significance. Compared with the model control group, the mRNA
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Figure 5

Figure 5 Effects of mild moxibustion on serum C-reactive protein levels and colonic myeloperoxidase activities in post-infectious/post-inflammatory
irritable bowel syndrome rats in each group. A: Serum C-reactive protein levels; B: Myeloperoxidase activities. bP < 0.01 vs normal control group; dP < 0.01 vs
model control group; fP < 0.01 vs sham moxibustion group. CRP: C-reactive protein; MPO: Myeloperoxidase.

expression of ITLN1 in the mild moxibustion group was notably higher (P < 0.05),
while the mRNA expression of RELMβ was notably lower (P < 0.01); the protein
expression of RELMβ was decreased without statistical significance. The mRNA and
protein expression levels of ITLN1 and RELMβ in the sham moxibustion group were
similar to those of the model control group.
Compared with the sham moxibustion group, the mRNA expression of ITLN1 in
the mild moxibustion group was significant higher (P < 0.01) while the mRNA and
protein expression of RELMβ was significant lower (P < 0.05). The protein expression
of ILTN1 in the four groups varied but without statistical significance (Figure 10).
These results suggested that mild moxibustion could remarkably increase the mRNA
expression of ITLN1 whereas the mRNA expression of RELMβ in colon tissues of PIIBS rats was inhibited. Therefore, mild moxibustion showed a better treatment effect
than sham moxibustion.

Correlation of selected bacteria and NLRP6 inflammasome signaling
The relative DNA abundances of Lactobacillus, Bifidobacteria, and Faecalibacterium
prausnitzii in feces of rats in each group were shown to have positive correlations with
the mRNA and protein expression of NLRP6 in the colon, and have negative
correlations with those of ASC and Caspase-1 in the colon. The relative DNA
abundance of Escherichia coli in feces of rats in each group were showed to have
negative correlations with the mRNA and protein expression of NLRP6 in the colon,
and positive correlations with those of ASC and Caspase-1 in the colon (Table 3).

DISCUSSION
In this study, we demonstrated that mild moxibustion on bilateral Tianshu (ST 25)
and Zusanli (ST 36) points regulated visceral hypersensitivity in rats with TNBSinduced PI-IBS. The possible events behind these effects may include modulating the
intestinal microbiota and NLRP6 inflammasome signaling. A close association
between regulating selected bacteria and NLRP6 inflammasome signaling was linked
to illustrate a possible way for the therapeutic effect of mild moxibustion on PI-IBS
and to provide an effective therapeutic plan for moxibustion treatment of PI-IBS.
Compared with the model control group, mild moxibustion treatment significantly
lowered AWR scores under 20, 40, and 60 mmHg pressure stimulation, while sham
acupuncture did not. These results indicated that mild moxibustion is effective in
downregulating gut sensitivity and increasing pain threshold in IBS.
The PI-IBS rats showed low-grade intestinal inflammation after successful
establishment of the rat model. Mild moxibustion improved histological and
ultrastructural features of the colon, serum CRP levels, and colonic MPO activities.
Specifically, the colon of rats in the mild moxibustion group had smooth mucous
membrane with mucosal rugae in a clear and integral shape and a slightly thicker
bowel wall, clear mucosa without inflammatory infiltration, and some mildly
congested and swollen submucosa. The damage caused by TNBS was alleviated
compared to that of the model control group. Transmission electron microscopic
images showed that colon villi of rats in the mild moxibustion group were neat with
regular shape and equal length. There were no significant increase in the epithelial
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Figure 6

Figure 6 Effects of mild moxibustion on the relative DNA abundances of targeted bacteria in feces of post-infectious/post-inflammatory irritable bowel
syndrome rats in each group. A: Relative DNA abundance of Lactobacillus; B: Relative DNA abundance of Bifidobacterium; C: Relative DNA abundance of
Faecalibacterium prausnitzii; D: Relative DNA abundance of Escherichia coli. bP < 0.01 vs normal control group; cP < 0.05 and dP < 0.01 vs model control group; fP <
0.01 vs sham moxibustion group.

cell gaps, the shape of mitochondria and cristae were regular and clear, and the
junctions of the intestinal epithelial cells were tight. Collectively, mild moxibustion
effectively relieved colonic mucosal damage and ameliorated low-grade inflammation
in the PI-IBS model.
Serum CRP levels and colonic MPO activities are generally used to evaluate the
degree of inflammation[33-35]. Menees et al[33] claimed that the results of their metaanalysis indicated that the diagnostic reliability of IBS could be improved by
comprehensive consideration of both IBS symptoms and serum CRP level. Hod et al[34]
found that the average CRP level of 242 IBS patients was significantly higher than that
of 244 healthy subjects. By using a TNBS-induced chronic visceral pain model in mice,
Campaniello et al[35] found that the MPO activity of the model control group was
significantly increased. Similarly, the increased serum CRP level and colonic MPO
activity of the PI-IBS rats in this study are consistent with the previous studies. After
mild moxibustion treatment, serum CRP level and colonic MPO activity of the mild
moxibustion group were remarkably decreased compared with those of the model
and sham moxibustion groups, indicating that mild moxibustion effectively decreased
the intestinal low-grade inflammation in PI-IBS rats.
We also explored whether mild moxibustion affects certain gut microbes. Previous
studies revealed that the abundance of Escherichia coli was significantly increased
while the relative DNA abundances of Lactobacillus and Bifidobacteria were remarkably
decreased in IBS patients, compared with healthy subjects [36] . Lactobacillus and
Bifidobacteria were found to relieve visceral hypersensitivity and inflammation in PIIBS rats[37]. Faecalibacterium prausnitzii had an anti-inflammatory effect as the cultural
supernatant could ameliorate colitis[38]. Therefore, we chose to evaluate Lactobacillus,
Bifidobacteria, Faecalibacterium prausnitzii, and Escherichia coli in this study. We found
that the relative DNA abundances of Lactobacillus, Bifidobacteria, and Faecalibacterium
prausnitzii in gut microbiome of rat feces were increased after mild moxibustion, while
the abundance of Escherichia coli was decreased after the treatment. These results
demonstrated that mild moxibustion was able to increase the relative DNA
abundances of probiotic bacteria, decrease harmful bacteria, and balance the bacteria
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Figure 7

Figure 7 Effects of mild moxibustion on the mRNA and protein expression of NLRP6, ASC, and Caspase-1 in the colon of post-infectious/postinflammatory irritable bowel syndrome rats in each group. A: The mRNA expression levels of NLRP6, ASC, and Caspase-1; B: The protein expression of NLRP6,
ASC, and Caspase-1. aP < 0.05 and bP < 0.01 vs normal control group; dP < 0.01 vs model control group; eP < 0.05 and fP < 0.01 vs sham moxibustion group.

composition of gut microbiota. The normal expression of NLRP6 and its ligands ASC
and Caspase-1 in the intestinal mucosa is essential for the maintenance of intestinal
microbiota homeostasis[19,20]. Abnormal expression of NLRP6 inflammasome signaling
and its downstream cytokines (IL-1β and IL-18, antibacterial peptide ITLN1, and
RELMβ) in the intestinal mucosa plays important roles in the intestinal microbiota
disturbance and low-grade inflammation in IBS patients. Analyses of the correlations
between the relative DNA abundances of the four bacteria and the protein levels of
NLRP6, ASC, and Caspase-1 showed significant correlations among them. The NLRP6
is a negative regulator that inhibits inflammatory signaling pathway[39] and adjusts IL1β and IL-18 expression and other cytokines involved in the inflammatory and innate
immune responses[40,41].
The antibacterial peptide ITLN1 regulates intestinal immunity by affecting goblet
cell protein expression, while RELMβ usually promotes the inflammatory
response [13,14] . After mild moxibustion treatment, NLRP6 and ITLN1 mRNA and
protein expression in the colonic tissue was increased, while the mRNA and protein
expression levels of ASC, Caspase-1, and downstream cytokines IL-1β, IL-18, and
RELMβ were decreased. The effect of moxibustion on NLRP6 inflammasome
signaling in this study was similar to that of Clostridium butyricum intervention[26].
Moreover, the results showed that mild moxibustion increased the expression of
NLRP6 (the upstream regulatory factor), reduced the expression of ASC and Caspase1 to modulate NLRP6 inflammasome signaling, decreased the expression of
downstream cytokines IL-1β and IL-18, promoted the mRNA and protein expression
of ITLN1, and inhibited the mRNA and protein expression of RELMβ. As a result,
intestinal inflammation was ameliorated and intestinal homeostasis was maintained.
The present study still has some limitations. We only explored four bacterial
species from among various gut microbes that can affect intestinal low-grade
inflammation and visceral hypersensitivity. Additionally, inhibitors and gene knockout rat models were not applied in this study to measure the effects of mild
moxibustion on NLRP6 inflammasome signaling. In the future, gene sequencing
technology will be introduced to investigate the mechanisms of mild moxibustion in
regulating gut microbiota, and the effect of mild moxibustion on NLRP6
inflammasome signaling will be tested. This study revealed that mild moxibustion
inhibited intestinal low-grade inflammation via regulating the relative abundance of
gut microbiota and NLRP6 inflammasome signaling, which may be an important
event of mild moxibustion in relieving visceral hypersensitivity in PI-IBS.
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Table 3 Correlations between selective intestinal microbes and mRNA and protein expression of NLRP6, ASC, and Caspase-1
Lactobacillus

Bifidobacterium

Faecalibacterium_prausnitzii

Escherichia_coli

r

P

r

P

r

P

r

P

NLRP6 mRNA

0.550

0.000

0.542

0.000

0.624

0.000

-0.495

0.000

ASC mRNA

-0.641

0.000

-0.633

0.000

-0.747

0.000

0.432

0.005

Caspase-1 mRNA

-0.656

0.000

-0.688

0.000

-0.737

0.000

0.716

0.000

NLRP6 protein

0.639

0.000

0.750

0.000

0.920

0.000

-0.626

0.000

ASC protein

-0.607

0.000

-0.709

0.000

-0.797

0.000

0.606

0.000

Caspase-1 protein

-0.654

0.000

-0.669

0.000

-0.749

0.000

0.501

0.001

Figure 8

Figure 8 Effects of mild moxibustion on the protein expression of NLRP6, ASC, and Caspase-1 in the colon of post-infectious/post-inflammatory irritable
bowel syndrome rats. NLRP6, ASC, and Caspase-1 are localized in the cytoplasm of mucosal cells in the mucosal layer of rats in each group.
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Figure 9

Figure 9 Effects of mild moxibustion on the mRNA and protein expression of IL-1β and IL-18 in the colon of post-infectious/post-inflammatory irritable
bowel syndrome rats in each group. A: The mRNA expression levels of IL-1β and IL-18; B: Protein expression levels of IL-1β and IL-18. aP < 0.05 and bP < 0.01 vs
normal control group; dP < 0.01 vs model control group; fP < 0.01 vs sham moxibustion group.
Figure 10

Figure 10 Effects of mild moxibustion on the mRNA and protein expression of ITLN1 and RELMβ in the colon of post-infectious/post-inflammatory irritable
bowel syndrome rats in each group. A: The mRNA expression levels of ITLN1 and RELMβ; B: Protein expression levels of ITLN1 and RELMβ. aP < 0.05 and bP <
0.01 vs normal control group; dP < 0.01 vs model control group; eP < 0.05 and fP < 0.01 vs sham moxibustion group.
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Irritable bowel syndrome (IBS) is a common functional gastrointestinal (GI) disorder with
associated symptoms of abdominal pain and distention, dysphoria, and/or changes of
defecation shape. About one-third of refractory IBS cases are caused by GI
infection/inflammation, known as post-infectious/post-inflammatory IBS (PI-IBS). Moxibustion
has been shown to have a therapeutic effect on PI-IBS but whether moxibustion achieves its
therapeutic effect by regulating the intestinal microbiota and host NLRP6 inflammatory
signaling in PI-IBS remains unclear. Our previous study found that moxibustion decreased gut
relative DNA abundances of Prevotella, Bacteroides, and Clostridium XI, increased the abundances
of Lactobacillus and Clostridium XIVa, and improved the gut microbiota alpha diversity in a
chronic visceral pain model of IBS in rats.

Research motivation
The hypothesis behind this study is that moxibustion could relieve the low-grade GI
inflammation and alleviate visceral hypersensitivity of PI-IBS by regulating intestinal microbes
and controlling NLRP6 inflammasome signaling.

Research objectives
The aim of this study was to investigate the possible events behind the therapeutic effect of
moxibustion on PI-IBS rats via regulating gut microbiota and NLRP6 inflammasome signaling.

Research methods
Sixty rats were divided into a normal control group, a model control group, a mild moxibustion
group, and a sham mild moxibustion group. PI-IBS rats in the mild moxibustion group were
given 7 d of continuous moxibustion treatment. The sham group was given the same treatment
as the mild moxibustion group except the moxa stick was not ignited. PI-IBS was induced with
TNBS in rats. Moxibustion was applied to the bilateral Zusanli (ST36) and Tianshu (ST25). The
abdominal withdrawal reflex (AWR) scores were assessed under the induction of balloon
dilation for colorectal distension. Haematoxylin and eosin staining was assessed to evaluate the
changes in the colonic histopathology. Serum C-reactive protein (CRP) levels and colonic
myeloperoxidase (MPO) activities in colonic tissues of rats were measured by ELISA. 16S rDNA
PCR was applied for testing the DNA relative abundance of selected intestinal bacteria. Western
blot and qPCR were used to determine the protein and mRNA expression of NLRP6, ASC,
Caspase-1, IL-1β, IL-18, ITLN1, and RELMβ.

Research results
Compared with the normal control group, the PI-IBS model control group had higher AWR
scores, serum CRP levels, and colonic MPO activities. After treatment, the scores were decreased
in the moxibustion group compared with the model control group. Mild moxibustion
significantly increased the relative DNA abundances of intestinal Lactobacillus, Bifidobacterium,
and Faecalibacterium prausnitzii but reduced the relative abundance of Escherichia coli in the gut of
PI-IBS rats. Besides, mild moxibustion significantly enhanced the protein expression of NLRP6
and ITLN1 and inhibited the mRNA and protein expression of ASC, Caspase-1, IL-1β, IL-18, and
RELMβ.

Research conclusions
This study revealed that mild moxibustion inhibits intestinal low-grade inflammation via
regulating DNA abundances of gut microbes and NLRP6 inflammasome signaling, which may
be an important mechanism of mild moxibustion in relieving visceral hypersensitivity in PI-IBS.

Research perspectives
Our findings may provide an experimental and scientific basis for the effective treatment of PIIBS by mild moxibustion.
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Abstract
BACKGROUND
Growth arrest-specific gene 2 (GAS2) plays a role in modulating in reversible
growth arrest cell cycle, apoptosis, and cell survival. GAS2 protein is universally
expressed in most normal tissues, particularly in the liver, but is depleted in some
tumor tissues. However, the functional mechanisms of GAS2 in hepatocellular
carcinoma (HCC) are not fully defined.
AIM
To investigate the function and mechanism of GAS2 in HCC.
METHODS
GAS2 expression in clinic liver and HCC specimens was analyzed by real-time
PCR and western blotting. Cell proliferation was analyzed by counting, MTS, and
colony formation assays. Cell cycle analysis was performed by flow cytometry.
Cell apoptosis was investigated by Annexin V apoptosis assay and western
blotting.
RESULTS
GAS2 protein expression was lower in HCC than in normal tissues.
Overexpression of GAS2 inhibited the proliferation of HCC cells with wide-type
p53, while knockdown of GAS2 promoted the proliferation of hepatocytes (P <
0.05). Furthermore, GAS2 overexpression impeded the G1-to-S cell cycle
transition and arrested more G1 cells, particularly the elevation of sub G1 (P <
0.01). Apoptosis induced by GAS2 was dependent on p53, which was increased
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by etoposide addition. The expression of p53 and apoptosis markers was further
enhanced when GAS2 was upregulated, but became diminished upon
downregulation of GAS2. In the clinic specimen, GAS2 was downregulated in
more than 60% of HCCs. The average fold changes of GAS2 expression in tumor
tissues were significantly lower than those in paired non-tumor tissues (P < 0.05).
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CONCLUSION
GAS2 plays a vital role in HCC cell proliferation and apoptosis, possibly by
regulating the cell cycle and p53-dependent apoptosis pathway.

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study elucidated the function and mechanism of growth arrest-specific
gene 2 (GAS2) in hepatocellular carcinoma (HCC) progression. By overexpression and
knockdown approaches, we found that GAS2 inhibited the proliferation of HCC with
wild-type p53. The effects of GAS2 on the cell cycle and apoptosis were investigated by
flow cytometry, Annexin V apoptosis, and western blot assay, respectively. GAS2
suppressed HCC proliferation by deregulating the cell cycle and p53-dependent
apoptosis pathway. Thus, GAS2 is expected to be a promising anti-oncogene and
potential therapeutic target in HCC with wild-type p53.
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INTRODUCTION
Liver cancer is currently one of the most common causes of cancer-related deaths
globally. Liver cancer has become a major health problem in developing countries,
where the highest incidence and mortality rates are in Eastern and Southeastern Asia
and parts of Africa[1,2]. Particularly, approximately 50% of liver cancer cases and
deaths worldwide are in China. Among these, hepatocellular carcinoma (HCC)
accounts for about 70% to 90% of liver cancers worldwide[3,4]. The prognosis of HCC is
poor with high mortality because of limited effective treatment options[5].
Growth arrest-specific (GAS) genes encode proteins implicated directly in
reversible growth arrest. This family contains seven genes (GAS1–GAS7) that encode
proteins exhibiting distinct biochemical properties[6-8]. Among these genes, the protein
encoded by GAS2 is a cell death substrate of caspase-3 that exerts some effects on
modulating microfilament and cellular morphological variation during apoptosis[9,10].
Through microfilament alterations regulated by GAS2, the actin cytoskeleton and cell
shape are quickly reset to respond to growth arrest induced by environmental stimuli
such as apoptosis, different proliferative stimuli with various growth factors.
Therefore, GAS2 as a component of the microfilament system functions in
mitogenesis, cell cycle, cell growth, apoptosis, and cell survival.
GAS2 protein is broadly expressed in many normal tissues, and is particularly
highly expressed in the liver; however, it is not expressed in some tumor tissues such
as prostate and breast[11,12]. Although it has a potentially important role in cell survival,
the role of GAS2 in HCC is largely unexplored. We hypothesized that GAS2 possesses
anti-oncogenic properties in HCC cells.

MATERIALS AND METHODS
Patients and clinical specimens
Clinical liver specimens were derived from 54 HCC patients with surgical treatment
at The University of Hong Kong–Shenzhen Hospital (Guangdong Sheng, China).
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HCC tissue samples were obtained from curative hepatic tumor resection except for
necrotic and hemorrhagic areas. The paired adjacent non-tumor tissues were more
than 5 cm away from the tumor edge, where was estimated to have no tumor
invasion. All tissue samples were snap-frozen immediately after resection and stored
in a -80°C nitrogen canister until use. This study was executed according to the ethical
guidelines of the 1975 Declaration of Helsinki and was authorized by the Institutional
Review Boards at The University of Hong Kong–Shenzhen Hospital [(2014)84]. All
HCC patients provided signed informed consent giving approval for the use of
clinical specimens for research purposes.

Human liver and HCC cell culture
Human normal liver cell lines (LO2 and MIHA) and HCC cell lines (SK-Hep1, PLC5,
Huh 7, and Hep3B) were obtained from the American Type Culture Collection
(Manassas, VA, United States). All cells were routinely maintained in high-glucose
Dulbecco’s Modified Eagle’s medium (Gibco, Gaithersburg, MD, United States) with
100 mL/L fetal bovine serum (Thermo Scientific HyClone, Buffalo, NY, United States)
and 10 mL/L MEM Non-Essential Amino Acids (Gibco) at 37°C in a humidified
incubator containing 50 mL/L CO2.

Quantitative real-time polymerase chain reaction
A total of 1 μg RNA sample extracted from samples by TriZol reagent (Invitrogen,
Carlsbad, CA, United States) was mixed with DNase I (Invitrogen) and then
synthesized to cDNA by SuperScript II reverse transcriptase (Invitrogen).
Quantitative real-time PCR (qPCR) was performed on the 7500 Real-Time PCR
System apparatus (Applied Biosystems, Framingham, MA, United States) to detect
gene transcripts in the cDNA template mixed with SYBR Green (Applied Biosystems).
The relative mRNA level of GAS2 (F5’-TG CAAATGCCCAAACAAGTTC-3’; GAS2R5’-TTCTCCCACTCGGTATCTTCC TT-3’) was evaluated by relative quantification of
an internal control gene expression based on a similar amplification efficiency.
Statistical analyses were carried out by the two-tailed t-test.

Plasmid transfection
pDEST40-GAS2 and pDEST40-CTRL were given by Prof. Yutaka Kondo (Nagoya,
Japan)[10]. A density of 1-3 × 105 cells per well were seeded in a 6-well plate overnight
to achieve 60%-80% confluency. Plasmids were transfected into cells using FuGene 6
reagent (Roche, Basel, Switzerland) at a ratio of 1:3 as per the manufacturer’s
instructions. The transfected cells were incubated daily for 3 d. The optimal
transfection efficiency was monitored in 2 d.

RNA interference and transfection
According to the manufacturer’s (HiPerfect; QIAGEN, Hilden, Germany) protocols,
50 nM small interfering RNAs (siRNAs) against GAS2, 100 nM siRNAs against p53
(ON-TARGET plus SMART pool; Thermo Fisher Scientific Ltd., Waltham, MA, United
States), and a control sequence (siCtrl: 5’-UUCUCCGAACGUGUCACGU-3’) were
transfected into the cell samples. These transfectants were added into a mixture of 100
μL serum-free culture medium with 12 μL transfection reagent (Hiper-Fect) and
cultured daily for 3 d. The optimum interference efficiency was observed in 2 d.

Western blot analysis
Total protein lysates from tissue and cell samples were extracted by T-PER Tissue
Protein Extraction Reagent (Thermo Fisher Scientific) and lysis buffer containing a
protease inhibitor cocktail (Roche), respectively. The protein concentration was
measured by the Bradford method (Bio-Rad Laboratories, Hercules, CA, United
States). Protein lysates (50 μg) were separated on an SDS-PAGE gel, and then
transferred onto polyvinylidene difluoride membranes for western blot analysis. The
various antibodies used were mouse anti-GAS2, mouse anti-P53, mouse anti-β-actin
(Santa Cruz Biotechnology, CA, United States), rabbit anti-poly (ADP-ribose)
polymerase (PARP), and rabbit anti-caspase3 (Cell Signaling Technology, Danvers,
MA, United States). Signals were quantified by scanning densitometry.

Cell proliferation assay
Cell proliferation was assessed by the cell counting and MTS assays (Promega Biotech
Co., Ltd., Madison, WI, United States). In cell counting, the number of cells was
measured by Trypan blue dye exclusion daily for 5 consecutive days. In the MTS
experiment, the cells subject to different transfections were incubated in a 96-well
plate sextuplicate for 5 consecutive days. In daily counting, the MTS mixture with 100
μL fresh culture medium and 20 μL MTS solution was added into the cultured cells.
The absorbance of the colorimetric products formed was determined by the Quant
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Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, United
States) at a 490 nm wavelength. All data were determined from three independent
experiments.

Colony formation assay
The cells transfected with the labeled plasmids by FuGene 6 reagent was incubated in
6-well plates for 2 wk in G418-selective medium (Invitrogen Life Technologies,
Carlsbad, CA, United States). The formative drug-resistant colonies stained by 2
mL/L crystal violet were counted under the microscope. All experiments were
performed in three independent experiments.

Cell cycle analysis
Collected cell pellets fixed in ice-cold 700 mL/L ethanol-phosphate-buffered saline
were stained with propidium iodide solution (50 μg/mL, Sigma-Aldrich, St. Louis,
MO, United Stated). Cellular DNA content was measured by a flow cytometer with
fluorescence-activated cell sorting (FACS) caliber (BD Biosciences, San Jose, CA,
United States). The cell cycle profiles were analyzed using WinMDI2.9 software
(WinMDI Version 2.9-Windows 3.95/DOS 5.0) in three independent experiments.

Annexin V apoptosis assay
After treatment, cells collected were mixed with 5 μL Annexin V-APC and 5 μL 7AAD according to the protocol of the APC Annexin V Apoptosis Detection Kit I (BD
Pharmingen). Finally, the abovementioned mixture was added into 400 μL of 1×
binding buffer and measured by flow cytometry in 1 h. These data were analyzed by
WinMDI 2.9 software.

Statistical analysis
The data of cellular proliferation, cell cycle distribution, colony formation, apoptosis,
and gene expression were determined by the independent Student’s t-test. The clinical
relevance of GAS2 expression in HCCs and the matched non-tumorous liver tissues
was analyzed by the non-parametric Wilcoxon’s matched pairs test. Scatterplot and
related statistical analyses were performed using GraphPad Software (version 5.0). P
values less than 0.05 were considered statistically significant.

RESULTS
Identification and analysis of GAS2 expression in HCC
To investigate the roles of GAS2 in HCC, we first examined GAS2 expression in the
liver normal and tumor tissues and its related cell lines. We found that GAS2 was
highly expressed in most normal liver tissues and MIHA hepatocytes, while GAS2
was depleted in most tumor tissues and some HCC cell lines such as Huh7, PLC5, and
SK-hep1 cells, with the exception of Hep3B (Figure 1A).

Ectopic overexpression of GAS2 suppresses HCC cell proliferation
To further explore the functions of GAS2 in HCC development, we investigated the
effect of ectopic expression of GAS2 on cell proliferation. We overexpressed GAS2 in
HCC cells without endogenous GAS2, for example SK-hep1/Huh7/PLC5 (Figure 1B
and Supplementary Figures 1A and Supplementary Figures 2A) and then analyzed
cell viability by counting, MTS and colony formation assays. After a 48-h transfection,
introduction of GAS2 suppressed cell growth rate in a time-dependent fashion
compared with the empty vector control (P < 0.05; Figure 1C and D). Furthermore,
GAS2 overexpression also notably reduced colony formation ability compared with
the control (P < 0.01; Figure 1E). However, there were no significant differences in the
proliferation of Huh7 and PLC5 cells (P > 0.05; Supplementary Figures 1B-D and Supplementary Figures 2B-D).
On the other hand, we used specific siRNA to knock down endogenous GAS2
expression in the MIHA and Hep3B cells, and then assessed the cell proliferation
(Figure 2A and Supplementary Figures 3A). The results showed that the
downregulation of GAS2 in MIHA cells caused a higher increase in cell viability (P <
0.05; Figure 2B and C) and colony formation ability in a time-dependent fashion
compared with the control cells (P < 0.01, Figure 2D). But Hep3B without GAS2 did
not grow significantly faster than the control cells (P > 0.05; Supplementary Figure 3BD).

Ectopic overexpression of GAS2 alters cell cycle progression in HCC cells
The growth-suppressive effect of GAS2 may depend on its activity to cell cycle
progression. FACS analysis of GAS2-transfected SK-hep1cells revealed a significant
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Figure 1

Figure 1 GAS2 exerts tumor-suppressive functions in HCC cells. A: Western blot analysis of GAS2 expression in liver and HCC cell lines. β-actin was used as
the loading control; B: GAS2 transfected in SK-hep1 cells was identified by western blotting. β-actin was used as the loading control; C: Cell counting (aP < 0.05 vs
control); D: Cell viability (aP < 0.05 vs control); E: Anchorage-dependent colony formation (bP < 0.01 vs control). GAS2: Growth arrest-specific gene 2.

increase in the population of G 0 /G 1 phase cells compared to the control cells.
Moreover, there was also a significant decrease in the population of S phase cells
although the extent appears minimal (P < 0.01; Figure 3A). Therefore, this also implies
GAS2 overexpression can impede G1-to-S cell cycle transition and arrest more G1
cells. More importantly, the significant elevation of subG1 cell population upon
overexpression of GAS2-transfected SK-hep1 cells had a significantly more than 2-fold
difference compared with the control SK-hep1 cells (P < 0.01; Figure 3B), suggesting
that the growth inhibition caused by GAS2 was primarily related to apoptosis.
However, on the other hand, FACS analysis of GAS2 downregulation in MIHA
cells showed that there was a decrease in the population of G0/G1 phase cells and an
increase in the population of S phase cells compared to the control cells (P < 0.05;
Figure 3C). There wasn’t the significant difference between G0/G1 phase and S phase,
let alone subG1 phase (P > 0.05; Figure 3D).

GAS2 mediates growth arrest through the p53-dependent apoptotic pathway
To determine if GAS2-dependent growth inhibition was related to apoptosis,
additional examinations were performed on the functionally characterized SK-hep1
and MIHA cells, without or with endogenous GAS2 expression. Annexin V apoptosis
assay showed that ectopic overexpression of GAS2 significantly increased the
population of early apoptotic cells, and such promotion was further enlarged by
etoposide, an activator promoter of p53-mediated apoptosis[13] (P < 0.05; Figure 4A).
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Figure 2

Figure 2 Effect of knockdown on endogenous GAS2 in MIHA cells. A: Western blot analysis of siGAS2, β-actin was used as the loading control; B: Cell counting
(aP < 0.05 vs control); C: Cell viability (aP < 0.05 vs control); D: Anchorage-dependent colony formation (bP < 0.01 vs control). GAS2: Growth arrest-specific gene 2.

By contrast, downregulation of GAS2 in MIHA cells with specific siRNA to abolish
endogenous GAS2 expression decreased early apoptosis (P < 0.05; Figure 4B). These
findings showed that the anti-proliferative function of GAS2 was exerted through
induction of apoptosis.
Because p53 plays an important role in apoptotic response, we next explored the
possible function of p53 in GAS2-mediated apoptosis. Western blotting showed that
p53 protein was expressed in normal hepatocyte cells (MIHA) and most HCC cell
lines except Hep3B (Figure 4C). Treatment of siRNA against p53 (siP53) was
significantly identified in SK-hep1-control and SK-hep1-GAS2 cells by western
blotting. The levels of p53 and apoptosis markers, that is, cleaved caspase-3 and
cleaved PARP were diminished after knockdown of p53 (Figure 4D). Annexin V
apoptosis assay demonstrated that knockdown of p53 significantly inhibited early
apoptosis in GAS2-SK-hep1 cells compared with control cells with abundant p53
expression (P < 0.05; Figure 4E). At the same time, in addition to p53, we also checked
the apoptosis markers in the GAS2-overexpressed SK-Hep1 and GAS2-ablated MIHA
cells with or without etoposide treatment. Overexpression of GAS2 and the treatment
of etoposide can increase the levels of p53, cleaved caspase-3, and cleaved PARP. In
addition, upregulation of GAS2 further enlarged the expression of p53 and apoptosis
markers induced by etoposide treatment. Conversely, downregulation of GAS2
diminished the expression of p53 and apoptosis markers and the effect of etoposide
treatment, relative to the corresponding controls (Figure 4F). Measurements of the
resulting cells showed that the GAS2-dependent stimulation of apoptosis. These data
indicate the existence of a p53-GAS2-caspase cascade and its function in cell growth
retardation.
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Figure 3

Figure 3 Effect of GAS2 on cell cycle progression. SK-hep1 cells were transfected with pDEST40-GAS2 and pDEST40-CTRL plasmids followed by FACS analysis
(FITC/PI). A: Cell populations in different fractions of the cell cycle phase were plotted (aP < 0.05 vs control); B: The cell population in subG1 phase was determined by
flow cytometry (bP < 0.01 vs control). MIHA cells were transfected with siGAS2 and siCTRL followed by FACS analysis (FITC/PI); C: Cell populations in different
fractions of the cell cycle phase were plotted (cP < 0.05 vs control); D: Cell population in the subG1 phase was determined by flow cytometry. FACS: Fluorescenceactivated cell sorting.

Correlation of GAS2 expression in HCC tissues and their matched adjacent nontumor liver tissues
To further investigate the clinical relevance of GAS2 in human HCC tissues and their
corresponding non-tumor liver tissues, we first examined the expression of GAS2 in
54 paired HCC and non-tumor liver samples by qPCR and western blot analysis.
GAS2 expression was downregulated in 61.1% of HCC tissues (33 of 54) compared to
the high basal levels in normal liver tissues. In contrast to the matched non-tumor
tissues, marked downregulation (defined as greater than 1.5-fold change) of GAS2
was detected in 27of 54 samples (50%) (P < 0.05; Figure 5A). Regarding the relative
GAS2 protein expression levels, the average fold changes of GAS2 expression in
tumor tissues were significantly lower than those in the matched non-tumor tissues (P
< 0.05; Figure 5B).

DISCUSSION
GAS2 is a member of the GAS gene family, which plays a role in modulating
reversible growth arrest, mitogenesis, cell cycle, apoptosis, and cell survival. In 1988,
Schneider et al[14] and Brancolini et al[15] found that GAS2 protein was highly expressed
in serum-starved 3T3 fibroblasts and was phosphorylated by cysteine proteases
during growth arrest. Its hyperphosphorylation is specifically relocalized to the
appearance of membrane ruffles formed at the edges of the cells during G0-G1
transition [16] . In the course of apoptosis, the carboxyl-terminal domain of GAS2
polypeptide is phosphorylated by caspase enzymes. This proteolytical process is
triggered by caspase-3 but not by caspase-2 [9,17] . These aspartic-specific cysteine
proteases are fundamental effectors of the apoptotic program, resulting in apoptosis
by cleaving specific cellular targets or death substrates[18,19]. Removal of the carboxyl
terminal domain of GAS2 dramatically performs the potential cell shape changes of
the affected cells through reorganizing the microfilaments system in order to response
to the growth arrest induced by environmental stimuli such as apoptosis[20]. As a
consequence, some study thought that the processing of GAS2 throughout apoptosis
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Figure 4

Figure 4 GAS2 inhibits HCC cell growth by increasing p53-mediated apoptosis. A: Effect of GAS2 overexpression on apoptosis was determined by FACS using
the Annexin V-APC apoptosis assay. A: The effect of 100 μM etoposide (Eto) in SK-Hep1 cells transfected with pDEST40-CTRL or pDEST40-GAS2 (aP < 0.05 vs
control); (B) Effect of knocking down GAS2 in MIHA on apoptosis was determined by FACS using the Annexin V-APC apoptosis assay. The effect of 100 μM
etoposide (Eto) in MIHA cells transfected with siCTRL or siGAS2 (aP < 0.05 vs control); C: Expression of p53 in hepatocytes and HCC cell lines was identified by
western blotting, β-actin was used as loading control; D: siRNA-mediated knockdown of p53 (sip53) and overexpression of GAS2 in SK-Hep1 cells as well as the
apoptosis markers such as cleaved caspase-3 and cleaved PARP were confirmed by western blotting; E: Effect of knocking down p53 (siP53) and overexpression of
GAS2 in SK-Hep1 cells on apoptosis was determined by FACS using the Annexin V-APC apoptosis assay (bP < 0.01 vs control; mean values and SD from three
replicate experiments); F: Cell apoptosis markers in the absence or presence of etoposide (Eto) in GAS2-overexpressing SK-Hep1 cells (left panel) or GAS2-ablated
MIHA cells (right panel). FACS: Fluorescence-activated cell sorting; GAS2: growth arrest-specific gene 2.
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Figure 5

Figure 5 Expression of GAS2 in HCC specimens as determined by qPCR and western blotting. A: Comparison of GAS2 mRNA expression in 54 paired tumor
(T) and non-tumorous (N) tissues using PNN as an internal control. The bars (shown in log scale) illustrate the relative GAS2 mRNA level (T/N) in individual tissue
pairs, of which negative and positive values respectively indicate downregulation and upregulation of GAS2 in HCC tumors. The differences of the T and N groups
were statistically significant (P < 0.05 vs non-tumorous); B: Relative protein expression levels of GAS2 in 54 paired tumor (T) and non-tumorous (N) tissues using βactin as an internal control. The average fold changes of GAS2 expression in tumor tissues were significantly lower than those in the paired non-tumor tissues (aP <
0.05 vs non-tumorous). GAS2: growth arrest-specific gene 2; HCC: Hepatocellular carcinoma.

by caspase enzymes could exert some critical effects on cell death.
The GAS2 gene maps to the human chromosome 11p15.2-p14.3, coding for a
protein of 314 amino acids with a molecular weight of approximately 36 kDa[21]. It is
expressed in many normal tissues, mostly in the liver, while it is absent in several
cancer cell lines such as prostate cancer cells and breast cancer cells (MCF7,
HCC1954)[11,12]. Although recent findings have revealed the functional links of GAS2 in
cell survival, the mechanisms of GAS2 in HCC remain incompletely defined.
In our study, we found that GAS2 protein was expressed in most normal liver
tissues and liver cell lines, while it was depleted in some HCC cell lines, for example,
Huh7, PLC5 and Sk-hep1. In order to better define the effect of GAS2 in HCC
development, we examined the functional consequences of GAS2 overexpression in a
null-GAS2 expressing HCC cell line, SK-hep1, which carries wild-type functional p53.
Although the lack of GAS2 and the presence of p53 were also found in the PLC5 and
Huh7 cells, p53 mutation was reported in these two cell lines. PLC5 displayed
Arg249Ser mutations in p53[22-24], while Tyr220Cys mutation of p53 was observed in
Huh7 [25-28] . Our subsequent functional analyses, by way of overexpression and
knockdown approaches, illustrated that GAS2 inhibited the proliferation of HCC cells
with wild-type functional p53. Furthermore, FACS analysis revealed overexpression
of GAS2 induced more cell arrest in the G0/G1 phase and less cell population in the S
phase, particularly the elevation of subG1, which may be primarily related to
apoptosis.
The imbalance between cellular proliferation and apoptosis may contribute to
carcinogenesis[29-31]. The interruption of apoptosis is likely one of the key mechanisms
for promoting the transition from benign cells to cancer cells. The induction of
apoptosis in SK-hep1 cells by GAS2 was also accompanied by the inhibition of cellular
proliferation. It had been reported that GAS2 was a death substrate cleaved by
caspase-3 and can efficiently increase cell susceptibility to apoptosis following UV
irradiation, etoposide, and MMS treatments, which are dependent on increased p53
stability and transcription activity[32]. Our study showed that the combined GAS2
overexpression and etoposide treatment had an additive effect in promoting
apoptosis in SK-hep1 cells with wild-type functional p53 compared with cells treated
with etoposide alone. The presence of etoposide might accelerate the proteolysis of
GAS2. The molecular basis of p53-dependent apoptotic pathway in HCC cells was
also analyzed by the expression of apoptosis markers, that is, cleaved caspase-3 and
cleaved PARP functioned in the execution of the intrinsic mitochondrial apoptotic
pathway. The proteolytic cleavage of PARP facilitated cellular disassembly and
undergone apoptosis [33,34] . According to our data, with the presence of p53,
overexpression of GAS2 could increase the level of cleaved caspase-3 and cleaved
PARP induced by etoposide. Without p53, overexpression of GAS2 was invalid in the
level of cleaved caspase-3 and cleaved PARP induced by etoposide. Likewise, without
GAS2 overexpression, these apoptosis markers were attenuated. This implies that
p53-dependent apoptotic pathway induced by GAS2 triggers a p53-GAS2-caspase
cascade effect that initiates the cell death program.
Furthermore, further validation of GAS2 in a clinic 54 pairs of HCC and their
matched adjacent non-tumor liver tissues subset is warranted. We found that GAS2
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was downregulated in more than 60% of HCCs. Their average fold changes of GAS2
expression in tumor tissues were significantly lower than those in the matched nontumor tissues. Of note, HCC is an extremely heterogenous disease, displaying
extensive histologic, transcriptomic and genetic diversity. On the genetic level, the
most common mutant genes are TP53 (encoding p53 protein) and CTNNB1
(encoding-catenin protein), both mutated in 20%-40% of HCCs. Particularly, the
frequency of TP53 mutation in HCC ranges from 22% to 33%[35-38]. The p53 protein
manipulates various molecular functions in cell such as DNA synthesis and repair,
cell cycle arrest, senescence, and apoptosis [39] . Since the role of GAS2 in cell
proliferation, cell cycle, and apoptosis was dependent on wild-type p53, together with
our clinical data, we speculated that the signal pathway of p53-GAS2 molecular axis
might be a primary tumorigenic mechanism in HCCs with wild-type p53. Of course,
there other silencing GAS2-targeted signal pathways in HCC development need to be
considered.
Together, our multiple functional experiments reveal that the anti-proliferative
nature of GAS2 may be one of the major hepatocarcinogenesis mechanisms. We
further characterized that GAS2 inhibited HCC cell proliferation possibly via
enhancing susceptibility to p53-dependent apoptosis. Accordingly, our findings not
only enhance our understanding of the mechanisms of liver carcinogenesis, but also
provide potential therapeutic targets for this aggressive malignancy.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, and is a leading
cause of cancer-related mortality in China. The prognosis of HCC is poor with high mortality
because of limited options of effective treatment. Thus, new therapeutic targets that may confer
survival benefit are urgently needed in HCC.

Research motivation
Growth arrest-specific gene 2 (GAS2) is a member of the GAS gene family, which is universally
expressed in most normal tissues, particularly in the liver, but is depleted in some tumor tissues.
However, the functional mechanisms of GAS2 in HCC are not fully defined.

Research objectives
The aim of this study was to investigate the role of GAS2 in the liver and HCC and its
underlying mechanism.

Research methods
GAS2 expression was examined by real-time PCR and western blotting in tissues and cells. The
proliferation of GAS2 expression was analyzed by counting, MTS, and colony formation assays.
Cell cycle analysis was performed by flow cytometry. Cell apoptosis was investigated by the
Annexin V apoptosis assay.

Research results
GAS2 protein expression was more downregulated in HCC than in normal tissues.
Overexpression of GAS2 inhibited the proliferation of HCC cells with wild-type p53 and
knockdown of GAS2 showed the opposite effects. The more arrested G1 cells in the cell cycle and
p53-GAS2 caspase cascade might be involved in the oncogenic function of GAS2 in HCC.

Research conclusions
The study showed that GAS2 suppressed the proliferation and apoptosis of HCC cells, and the
possible mechanism was by regulating the cell cycle and p53-dependent apoptosis pathway.
Thus, GAS2 is expected to be an important anti-oncogene and potential therapeutic target in
HCC.

Research perspectives
The function and mechanism of GAS2 in HCC development has been confirmed, and the
significance of GAS2 as a promising therapeutic target for HCC with wild-type p53 is
highlighted.
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Abstract
BACKGROUND
As the malignant tumor, pancreatic cancer with a meager 5-years survival rate
has been widely concerning. However, the molecular mechanisms that result in
malignant transformation of pancreatic cells remain elusive.
AIM
To investigate the gene expression profiles in normal or malignant transformed
pancreas development.
METHODS
MaSigPro and ANOVA were performed on two pancreas development datasets
downloaded from the Gene Expression Omnibus database. Six pancreatic cancer
datasets collected from TCGA database were used to establish differentially
expressed genes related to pancreas development and pancreatic cancer.
Moreover, gene clusters with highly similar interpretation patterns between
pancreas development and pancreatic cancer progression were established by
self-organizing map and singular value decomposition. Additionally, the
hypergeometric test was performed to compare the corresponding interpretation
patterns. Abnormal regions of metabolic pathway were analyzed using the Subpathway-GM method.
RESULTS
This study established the continuously upregulated and downregulated genes at
different stages in pancreas development and progression of pancreatic cancer.
Through analysis of the differentially expressed genes, we established the inverse
and consistent direction development-cancer pattern associations. Based on the
application of the Subpathway-GM analysis, we established 17 significant
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metabolic sub-pathways that were closely associated with pancreatic cancer. Of
note, the most significant metabolites sub-pathway was related to
glycerophospholipid metabolism.
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CONCLUSION
The inverse and consistent direction development-cancer pattern associations
were established. There was a significant correlation in the inverse patterns, but
not consistent direction patterns.
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Core tip: Here we analyzed the differentially expressed genes during pancreas
development and pancreatic cancer progression. We noticed that genes that up-regulated
in tumorigenesis were conversely suppressed in the development of pancreas.
Reciprocally, upregulated gene expression pattern during pancreas development were
negatively correlated with pancreatic cancer progression. Additionally, 17 significant
metabolic sub-pathways, especially glycerophospholipid metabolism, were identified,
which is highly correlated with pancreas cancer development.
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INTRODUCTION
As one of the most malignant tumors, pancreatic cancer results in more than 0.4
million deaths per year[1]. Generally, it is used to refer to pancreatic adenocarcinoma,
which is the most common and devastating in all types of pancreatic cancer.
According to the Union for International Cancer Control classification criteria,
patients with pancreatic cancer can be divided into four main stages, including stage
I, II, III and IV[2]. The overall five-year survival rate of the pancreas is less than 5% and
the median survival period is six months after diagnosis, which is the lowest survival
rate among all types of cancers [3,4] . Early diagnosis of biomarkers and effective
treatments can help us effectively conduct pancreatic cancer research.
Similar to the tumor progression, organ development can also be divided into some
stages in a time-dependent manner[5]. Moreover, the development is strictly controlled
by multiple signaling pathways and transcription factors[6]. Some researchers believe
that cancer is the problem of developmental biology. It has been reported that serval
genes and pathways affected the normal or malignant transformed pancreas
development[7]. Pancreatic and duodenal homeobox 1 (PDX1), which is exclusively
expressed in the pancreas, is essential for pancreas development. Recently research
shows that dysfunction of PDX1 also promotes pancreatic cancer development and
progression[8,9].
We therefore investigated the relationship between pancreas development and
pancreatic cancer progression by analyzing two datasets related with pancreas
development and six datasets related with pancreatic cancer. Through bioinformatics
analysis, we established differentially gene expression profiles and multiple patterns
that were consistent/inverse in the development-cancer patterns. Moreover, we found
that there was significant negative correlation between inverse development and
cancer. Of note, we identified 17 metabolic sub-pathways that were highly related
with pancreatic cancer development.

MATERIALS AND METHODS
Pancreas development datasets
WJG
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To further understand the pancreas development, we analyzed two databases
(accession: GSE42094, GSE96697), which obtained from the Gene Expression Omnibus
(GEO) database. 16 samples in 6 development stages data were obtained from
GSE42094, including undifferentiated human embryonic stem cells, stage 1 (S1), S2,
S3, S4, and S5. In the GSE96697 database, according to the glycoprotein 2 (GP2) and
CDH1 interpretation, we classified the 7-weeks pancreas development data into three
stages, including an early, middle and late stage. We established that high
interpretation of GP2 was early stage, while low interpretation was the middle stage.
Additionally, CDH1 low interpretation of CDH1 was established as a late stage.

Pancreatic cancer datasets
To further understand the development and progression of pancreatic cancer, we
analyzed five pancreatic cancer datasets which obtained from TCGA
(https://portal.gdc.cancer.gov/), ICGC (https://icgc.org/) and GEO database[10-12].
All of these datasets contained five or six clinical stages and available clinical
information. The accession numbers in GEO database were GSE62452, GSE79668, and
GSE102238. Detail information of the datasets was listed in Table 1.

Metabolite highly related to PACA
According to the previous studies, we established the differentially abundant
metabolites and converted them to KEGG compound IDs[13-16]. These metabolites were
obtained from the differentially abundant between control and pancreatic cancer. A
total of 60 pancreatic cancer-associated differentially abundant metabolites were
established.

Identification of differentially expressed genes in time-course datasets
We found the gene expression profile with significant differences between
experimental groups in time course datasets using maSigPro approach. MaSigPro
were applied to establish experimental groups using the dummy variables with a
two-regression step, and it is an R package for significance analysis time-course
microarray experiments. Briefly, after adjust, a global-scale regression model with all
the defined variables, differently expressed genes was established. We applied a
variable selection strategy to investigate the virtual difference between groups to
establish the different profiles. According to the patient clinical stages, we could
establish the pancreatic cancer interpretation profiles as “time-series” datasets. We
selected 0.05 as false discovery rate (FDR) significance threshold for the analysis in
this study without a special request. In GSE96697 dataset, due to the fewer
development stage, we used ANOVA method to get differentially expressed genes
(DEGs).

Identification of gene cluster with consistent expression patterns
To the investigation of the pancreas development and pancreatic cancer development
and progression associated interpretation patterns, we performed an initial screening
on the interpretation matrix of DEGs. We pre-processed the DEGs using a selforganizing map (SOM) strategy and performed the pattern recognition using the
singular value decomposition (SVD) strategy. We conducted a comprehensive SOMSVD analysis under the guidance of as previous described (paper). Briefly, the
analysis could conclude into three steps. Initially, we conducted the SOM
transformation. Secondly, SOM output was decomposed using SVD strategy. FDR,
which is used for significant neuron assessment, is set at 0.10 to select the pancreas
development and pancreatic cancer progression pattern genes. The identified genes
were analyzed using component plane presentation-integrated SOM for gene
clustering. The highly similar expression pattern clusters were used for pancreas
development and pancreatic cancer progression integrative analysis.

Function for Geneset enrichment analysis
In our study, we annotated the identified interpretation patterns using the Database
for Annotation, Visualization and Integrated Discovery, which are comprehensive
sets of functional annotation tools. The identified interpretation patterns were
clustered into more than 40 Gene Ontology-Biological Process (GO-BP) terms. R
package iSubpathwayMiner was applied for subpathway enrichment analysis.

Comparison of gene expression pattern between development and cancer
We identified the up-regulated interpretation patterns and down-regulated
interpretation patterns in the pancreas development as dev-Up and dev-Dw. To
analyze the associations between pancreas development and pancreatic progression,
we use the hypergeometric test in our study, as previously described[17]. Briefly, we
compared the dev-Up vs can-Up, dev-Up vs can-Dw, dev-Dw vs can-Up and dev-Dw

WJG

https://www.wjgnet.com

4729

August 28, 2019

Volume 25

Issue 32

Zang HL et al. Inverse expression patterns in pancreas cancer

Table 1 Information of the pancreatic cancer datasets
Dataset name

TCGA

GSE62452

PACA-AU (ICGC)

PACA-CA (ICGC)

GSE79670

GSE102238

Histological type
Samples

PDAC

PDAC

PDAC

PDAC

PDAC

PDAC

145

69

89

202

50

48

Gender Female, Male

68, 77

31, 38

41, 48

94, 108

19, 31

21, 27

StageI (IA, IB)

3, 9

0, 4

0, 6

0, 11

3, 6

0, 8

StageII (IIA, IIB)

23, 104

10, 36

20, 47

28, 155

4, 31

19, 15

StageIII

3

13

9

5

6

3

StageIV

3

6

7

3

0

3

Platform

RNA-seq

Affymetrix

RNA-seq

RNA-seq

RNA-seq

Agilent

PDAC: Pancreatic adenocarcinoma.

vs can-Up to generated the development and cancer dataset pairs. Moreover, we
considered that P < 0.05 was the significant correlation between pancreas
development and pancreatic cancer progression. The p-value was calculated
according to the following formula:
In this formula, N-development and N-cancer indicate the number of pancreas
development and pancreatic cancer regulation genes. M indicates the whole genome
number, while k indicates the number of the common gene.

RESULTS
Identification of genes differentially expressed in pancreas development
To investigate the transcriptional pattern during pancreas development, we
interrogated the interpretation patterns in GSE42094, GSE96697, which are the
datasets of pancreas development. Using the maSigPro method, we identified 3069
DEGs at different time points of pancreas development in GSE42094 dataset. We then
employed SOM-SVD strategy to select the topology-preserving DEGs, according to
the interpretation matrices (Figure 1A). Reciprocally, the selected genes in a topologypreserving selection further confirmed the alteration in “time-series” processes. The
entire genes were automatically selected in this method. Then, the matrices with 1257
genes, which obtained from SOM-SVD analysis, were clustered into four gene clusters
(cluster 1-4). As shown in Figure 1A, the cluster 2 and cluster 4 contained genes that
were transiently upregulated in the early stage of development, then decreased
gradually along with development. We therefore named these gene sets as continuous
down-regulated expression patterns. In contrast, genes with low expression level and
were increased gradually in the latter stage of development, which were observed in
cluster 1 and cluster 3. They were thus identified as continuously up-regulated
expression patterns.
For the GSE96697 data set, we used the ANOVA method to analyze the expression
data set and identified 3078 differential expressed genes. The K-means clustering
method was used to establish patterns of interpretation of DEG sets, and we
established six clusters. Similar to the previous continuous adjustment pattern
recognition, we found that cluster 4 and cluster 6 are the interpretation modes of
down-regulation, and cluster 2 is the interpretation mode of up-regulation (Figure 2).
From this analysis, we found that 641 and 616 genes in the GSE42094 and GSE96697
data sets were continuously up-regulated, while 1059 and 1052 genes were
continuously down-regulated. To investigate the biological characteristics of genes
related with pancreatic development, functional enrichment analysis was used to
aggregate genes in a consistent up- or down-regulation model. We found that ''lipid
digestion' and ''cholesterol homeostasis'' were enriched during pancreas development
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Figure 1

Figure 1 Continuous differential expression patterns in pancreas development. A: Clustering of human pancreas development genes. In the heat map, green
indicates down-regulated, and red indicates up-regulated. In the line graphs, lines represent the tendency of the cluster changes; B: Gene Ontology-Biological Process
annotations of the continuously up- and down-regulated genes.

and continued to up-regulate the mode of interpretation. "Cell proliferation," "mitotic
nuclear division" is annotated in an interpretive pattern that is continuously downregulated (Figure 1B).

Exploration of genes that continuously regulated in pancreatic cancer progression
To measure the status of genes related with pancreas development in the progression
of pancreatic cancer, we analyzed six pancreatic cancer data sets described in
Materials and Methods. We considered each clinical stage of pancreatic cancer as the
point in time to determine progression patterns, similar to pancreatic developmental
analysis. Thus, we can determine the various interpretation patterns in these
pancreatic cancer data sets (Figure 3A). Comparative analysis was used to study the
mode of interpretation of continuous regulation between pancreatic development and
pancreatic cancer progression. We established the interpretation mode of the upregulation of the tumor and the interpretation mode of the down-regulation according
to the following criteria. Exceeding [(n-1)/ 2 + 1] the interpretation level of the
adjacent stage changes with the same trend, n repeats the number of stages in each
data set. The absolute slope is more significant than 0.05. We established six gene
clusters in the up-regulated pattern and six of the down-regulated patterns (Figure
3B).

Comparative analysis of gene expression between pancreas development and
pancreatic cancer progression
To investigate the relationship between pancreatic development and pancreatic cancer
progression, we performed a hypergeometric test. As shown in Figure 4A, retropancreatic development and pancreatic cancer patterns, including dev-Up vs can-Dw

WJG

https://www.wjgnet.com

4731

August 28, 2019

Volume 25

Issue 32

Zang HL et al. Inverse expression patterns in pancreas cancer
Figure 2

Figure 2 The expression patterns identified from GSE96697. Among these results, up- and downregulated
patterns (red, green color labeled) were defined and further analyzed in our study.

and dev-Dw vs can-Up. On the other hand, we found a weak relationship between
inconsistent development and cancer patterns. Specifically, we did not find any
significant correlation between any two dev-Dw and can-Dw datasets. The inverse
interpretation patterns were clustered into GO-BP terms to analyze the biological
function, including dev-Up vs can-Dw and Dev-Dw vs can-Up patterns (Figure 4B).
The results showed that 141 genes with dev-Up vs can-Dw were mainly associated
with immune-related BP terms, including ‘‘T Cell Proliferation” and ‘‘Innate Immune
Response In Mucosa’’. Furthermore, 202 genes with dev-Dw vs can-Up were
exclusively involved in proliferation-related BP terms, including “Cell Division” and
‘‘DNA Replication Initiation’’. Collectively, cell proliferation activity, as one of the
essential characteristics in the malignant tumor, was gradually enhanced along with
cancer progression, which was consistent with previous studies.

Identification of Metabolic Sub-pathways Associated with pancreatic cancer
A total of 343 genes were established in the inverse interpretation patterns. To further
establish pancreatic cancer associated with metabolic subpathways, we found 60
unique differentially abundant metabolites, which might be associated with
pancreatic cancer progression. After integrating the analysis of 343 genes and 60
metabolites, Sub-pathway-GM strategy was employed to establish the critical,
abnormal regions were identified in each metabolic pathway. Subsequently, we set
FDR < 0.01 as a threshold for further analysis of 343 genes and 60 differential
metabolite pathways and identified 17 significant metabolic sub-avenues (Table 2).
Among these established sub-pathways, the most significant was
"Glycerophospholipid metabolism" (path:00564_1) which was critical for lipid
metabolism. Our data thus demonstrate that activation of metabolite pathways,
especially lipid metabolism, are crucial for pancreatic cancer development.

DISCUSSION
Accumulative studies indicate that metabolism is substantial for cancer initiation and
progression. Alterations of gene-related with metabolism in tumors provide increased
energy for cancer cell proliferation even under nutritional deficient or hypoxia
condition[18]. Integrative analysis of metabolic pathway and metabolites facilitates us
to better understanding of the underlying mechanism and potential drug-targets of
pancreatic cancer[13,19].
Following analysis of the pancreas development database and pancreatic cancer
database, we established the 202 genes with dev-Dw and can-Up, which were mainly
associated with cell proliferation. Consistent to previous studies, our results confirm
that the uncontrolled proliferative activity of cancer cell is the most remarkable
hallmarks of carcinogenesis, increased along with tumor progression[22]. Conversely,
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Figure 3 The expression patterns identified from six pancreatic cancer datasets. A: Among these results, up- and downregulated patterns (red, blue color
labeled) were defined and further analyzed in our study; B: Pie diagram showed the up- and down-regulation genes in each pancreatic cancer dataset.

the proliferative capacity is decreased along with normal pancreas development[20-22].
DNA replication is occurred accompanied by cell proliferation. Due to the infinite
hyperplasia of cancer cell, the DNA replication is continuously up-regulated in
pancreatic cancer [23,24] . Due to the limited proliferation of healthy organs, DNA
replication continuously downregulates pancreatic development[25]. We established
141 genes with dev-Up, can-Dw, including ‘‘T Cell Proliferation” and ‘‘Innate
Immune Response In Mucosa''. As a dynamic process, the carcinogenesis, associated
with immunoediting[26]. Along with cancer progressed, the host immunosurveillance
were suppressed, which in turn led to cancer immune escape. Interestingly, though
analysis of metabolism pathways, we found that genes related with steroid hormone
biosynthesis were dysregulated during cancer development. Steroid can elicits
immunosuppressive effects and restricts T cell-mediated cancer eradication[27]. We
therefore hypothesized that enhanced steroid production were the primarily cause for
cancer immunoediting.
After analysis of the pancreas development database and pancreatic cancer
database, we established that Glycerophospholipid metabolism, as an essential
subpathway in lipid metabolism, was the most significant sub-pathway. Many pieces
of research have been shown that lipid metabolism was strongly linked with pancreas
cancer. The pancreatic lipase, as a lipolytic enzyme, was thought to be one of the
predictors for prognosis and cancer-specific mortality in pancreas cancer[13]. Pancreatic
lipase 1 and 2 is a significant lipase for lipid hydrolysis in pancreatic cancer patients,
which is significantly reduced compared to healthy controls. Additionally, the
inversed expressed genes and metabolites in the glycerophospholipid metabolism are
associated with pancreatic cancer. SLC44A4, closely associated with acetylcholine
synthesis and transport, was markedly upregulated in advanced and undifferentiated
epithelial tumors, especially in prostate and pancreatic cancer[28,29]. Choline could
decrease the risk of developing pancreatic cancer [ 2 9 ] . Besides, choline and
phosphocholine have been reported to be associated with other cancers, including
breast cancer, ovarian tumor[30-31]. Some researchers believe that increased choline and
phosphocholine are the critical aspects of tumor metabolism and tumor cell
migration[32]. Besides lipid metabolism, recent studies also reveal that activation of
glycolysis and citrate cycle pathway promotes cancer development[33].
Above all, here we identified a series of gene related with metabolism via
bioinformatics analysis, which are crucial for cancer development. We believe that our
findings may provide potential targets for the treatment or prognosis of pancreatic
cancer.
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Table 2 17 significant metabolic subpathways in pancreatic cancer
Pathway ID

Pathway name

Ann molecule ratio

Ann bg ratio

P value

FDR

path:00564_1

Glycerophospholipid metabolism

9/378

47/25051

3.03E-08

5.15E-07

path:00330_1

Arginine and proline metabolism

5/378

18/25051

5.55E-06

4.72E-05

path:00020_1

Citrate cycle (TCA cycle)

3/378

9/25051

0.000267613

0.001516472

path:00630_1

Glyoxylate and dicarboxylate metabolism

3/378

11/25051

0.000513985

0.002184435

path:00140_4

Steroid hormone biosynthesis

4/378

32/25051

0.001313707

0.003783719

path:00430_1

Taurine and hypotaurine metabolism

2/378

4/25051

0.00133543

0.003783719

path:00061_3

Fatty acid biosynthesis

2/378

5/25051

0.002203499

0.004682436

path:00650_1

Butanoate metabolism

2/378

5/25051

0.002203499

0.004682436

path:00565_3

Ether lipid metabolism

3/378

21/25051

0.003704522

0.00699743

path:00260_2

Glycine, serine and threonine metabolism

2/378

7/25051

0.004535597

0.007455604

path:00140_7

Steroid hormone biosynthesis

3/378

23/25051

0.004824214

0.007455604

path:00230_1

Purine metabolism

4/378

58/25051

0.011412618

0.016167876

path:00480_1

Glutathione metabolism

3/378

38/25051

0.019466435

0.025456107

path:00230_2

Purine metabolism

3/378

43/25051

0.026957207

0.032733751

path:00071_1

Fatty acid metabolism

2/378

19/25051

0.032785866

0.037157315

path:00240_1

Pyrimidine metabolism

2/378

48/25051

0.163441722

0.17365683

path:00310_1

Lysine degradation

1/378

21/25051

0.27342756

0.27342756

FDR: False discovery rate.

Figure 4

Figure 4 Integrated analysis of expression patterns in pancreas development and pancreatic cancer progression. A: Comparison of interpretation patterns
between pancreas development and cancer progression. Color in each cell indicated the p-value; B: Gene Ontology-Biological Process annotations of the inverse
interpretation patterns, including dev-up vs can-dw and dev-dw vs can-up.
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ARTICLE HIGHLIGHTS
Research background
Pancreatic diseases remain as one of the most feared and clinically challenging diseases to treat
despite continual improvements in therapies.

Research motivation
To develop agents into a targeted drug for explicitly killing cancer cells.

Research objectives
To explore the molecular interpretation patterns of pancreas development and cancer
progression.

Research methods
This study used the ANOVA method, self-organizing map-singular value decomposition
analysis, enrichment analysis, and hypergeometric test.

Research results
The results investigate continuously dysregulated interpretation patterns in pancreas
development and pancreatic cancer.

Research conclusions
Integrative analysis of continuously dysregulated interpretation patterns to establish the inverse
interpretation in metabolites and gene levels. Through integrating the genes with metabolites,
some key abnormal regions of metabolic pathways have been established.

Research perspectives
With the increase of human disease database, a larger-scale integrative analysis is needed for the
correlation with pancreas development and cancer. We believe the more convince underlying
mechanism and potential drug development targets could be supposed by the larger-scale
development and integrative cancer analysis in further. Also, this method could be used for
other diseases investigation.
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Abstract
BACKGROUND
Severe acute pancreatitis (SAP) is a common condition in the intensive care unit
(ICU) and has a high mortality. Early evaluation of the severity and prognosis is
very important for SAP therapy. Recently, red blood cell distribution (RDW) was
associated with mortality of sepsis patients and could be used as a predictor of
prognosis. Similarly, RDW may be associated with the prognosis of SAP patients
and be used as a prognostic indicator for SAP patients.
AIM
To investigate the prognostic value of RDW for SAP patients.
METHODS
We retrospectively enrolled SAP patients admitted to the ICU of the First
Affiliated Hospital of China Medical University from June 2015 to June 2017.
According to the prognosis at 90 d, SAP patients were divided into a survival
group and a non-survival group. RDW was extracted from a routine blood test.
Demographic parameters and RDW were recorded and compared between the
two groups. The receiver operator characteristic (ROC) curve was constructed
and Cox regression analysis was performed to investigate the prognostic value of
RDW for SAP patients.
RESULTS
In this retrospective cohort study, 42 SAP patients were enrolled, of whom 22
survived (survival group) and 20 died (non-survival group). The baseline
parameters were comparable between the two groups. The coefficient of variation
of RDW (RDW-CV), standard deviation of RDW (RDW-SD), Acute Physiology
and Chronic Health Evaluation II (APACHE II) score, and Sequential Organ
Failure Assessment (SOFA) score were significantly higher in the non-survival
group than in the survival group (P < 0.05). The RDW-CV and RDW-SD were
significantly correlated with the APACHE II score and SOFA score, respectively.
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The areas under the ROC curves (AUCs) of RDW-CV and RDW-SD were all
greater than those of the APACHE II score and SOFA score, among which, the
AUC of RDW-SD was the greatest. The results demonstrated that RDW had
better prognostic value for predicting the mortality of SAP patients. When the
RDW-SD was greater than 45.5, the sensitivity for predicting prognosis was
77.8% and the specificity was 70.8%. Both RDW-CV and RDW-SD could be used
as independent risk factors to predict the mortality of SAP patients in
multivariate logistic regression analysis and univariate Cox proportional hazards
regression analysis, similar to the APACHE II and SOFA scores.
CONCLUSION
The RDW is greater in the non-surviving SAP patients than in the surviving
patients. RDW is significantly correlated with the APACHE II and SOFA scores.
RDW has better prognostic value for SAP patients than the APACHE II and
SOFA scores and could easily be used by clinicians for the treatment of SAP
patients.
Key words: Red blood cell distribution width; Severe acute pancreatitis; Prognosis; Acute
Physiology and Chronic Health Evaluation II score; Sequential Organ Failure Assessment
score
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our study aimed to investigate the prognostic value of red blood cell
distribution (RDW) for severe acute pancreatitis (SAP) patients. We retrospectively
enrolled 42 SAP patients admitted to the intensive care unit in two years. The results
suggested that RDW is greater in the non-surviving SAP patients than in the surviving
patients. RDW is significantly correlated with the Acute Physiology and Chronic Health
Evaluation II (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores.
RDW has better prognostic value for SAP patients than the APACHE II and SOFA
scores and could easily be used by clinicians for the treatment of SAP patients.

Citation: Zhang FX, Li ZL, Zhang ZD, Ma XC. Prognostic value of red blood cell distribution
width for severe acute pancreatitis. World J Gastroenterol 2019; 25(32): 4739-4748
URL: https://www.wjgnet.com/1007-9327/full/v25/i32/4739.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i32.4739

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory process of the pancreas that often leads to
local and systemic complications[1]. It is also the most common pancreatic disease
worldwide[2]. According to the 2012 revised Atlanta classification for AP, severe AP
(SAP) has been redefined as AP with persistent organ failure (organ failure lasting for
more than 48 hours), whose mortality rate is between 20%-50%[3,4]. There are two
phases during AP; systemic inflammatory response syndrome and the resultant organ
failure dominate the early phase. There are currently no effective drugs available to
treat AP, and thus most care is supportive [1] . Thus, rapid assessment of disease
severity and the evaluation of prognosis are pivotal to determine therapeutic
strategies as effective treatment could significantly decrease mortality in patients with
SAP[5].
The red blood cell distribution width (RDW) is a part of the routine complete blood
count and can easily be obtained by clinicians. RDW is a means of evaluating the
variability in the size of erythrocytes and has been used widely in the differential
diagnosis of anemia[6]. Recently, RDW was shown to be associated with inflammatory
reactions and has been used as a prognostic biomarker in hypertension[7], coronary
disease[8,9], stroke[10], pulmonary hypertension[11], and acute kidney injury[12]. RDW was
further demonstrated to be an independent predictor of in-hospital mortality in
elderly patients with sepsis[13]. For patients with AP, RDW was shown to be positively
associated with AP severity, and is likely a useful predictive parameter for AP
severity[14]. However, it is not yet clear whether RDW is associated with the prognosis
of SAP patients or whether it can be used as a prognostic indicator for SAP patients.
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The main aim of our study was to examine the difference in RDW between the
surviving and non-surviving SAP patients and to evaluate the prognostic value of
RDW for SAP patients.

MATERIALS AND METHODS
Patients
This retrospective cohort study enrolled 42 patients diagnosed with SAP who were
admitted to the intensive care unit (ICU) of the First Affiliated Hospital of China
Medical University from June 2015 to June 2017. Patients were diagnosed as having
AP by meeting two out of the following three criteria: (1) Typical clinical symptoms
with consistent abdominal pain; (2) Serum amylase and/or lipase greater than 3 times
the upper limit of normal; (3) Characteristic findings from abdominal
ultrasonography and/or computed tomography. Based on the 2012 revised Atlanta
classification criteria, SAP was defined as AP with persistent single or multiple organ
failure which lasted at least 48 hours, or a Marshall score greater than 2[3].
The exclusion criteria included any of the following: (1) The time from abdominal
pain onset to hospital admission ≥ 72 h; (2) Age younger than 18 years; (3) Pancreatitis
induced by trauma; (4) Chronic pancreatitis; (5) Unavailable laboratory measurements
or medical records; (6) Patients with anemia; (7) Advanced malignant tumors or
malignant tumors with chemotherapy and radiotherapy; (8) Pregnancy; and (9)
Expected stay in ICU shorter than 24 h. The study was conducted according to the
principles of the Declaration of Helsinki. Informed consent from individual patients
was not obtained since all data were retrieved retrospectively from the laboratory test
information system without additional blood samples or laboratory analysis.

Records and assays
Laboratory data were obtained from the blood screening test at ICU admission,
including RDW, C reactive protein (CRP), white blood cells, serum albumin, serum
calcium, platelet distribution width (PDW), and neutrophil to lymphocyte ratio
(NLR). RDW was implied as RDW-CV (coefficient of variation of RDW) and RDW-SD
(standard deviation of RDW), respectively, both of which are indicators of
inhomogeneity of red blood cells. The electronic medical records and paper charts of
all enrolled SAP patients were reviewed for information on demographics,
physiologic variables, and disease severity, including the Acute Physiology and
Chronic Health Evaluation II (APACHE II) score, Sequential Organ Failure
Assessment (SOFA) score, and length of stay in the ICU (LOS-ICU). The prognosis at
90 d of all enrolled SAP patients was recorded. According to the prognosis at 90 d, the
patients were divided into a survival group and a non-survival group. The RDW
value was compared between the two groups. We used receiver operator
characteristic (ROC) curves and Cox regression analysis to verify the prognostic value
of RDW for SAP patients.

Statistical analysis
Continuous variables are presented as the mean and standard derivation. Categorical
data are reported as number (frequency). Student’s t-test and Mann-Whitney U test
were used to evaluate the difference in baseline characteristics between the two
groups. Multiple group comparisons were performed using the Chi-square test for
categorical variables and the Kruskal-Wallis test for continuous data. ROC curves
were constructed to evaluate the prognostic value of different parameters in
predicting prognosis. Multivariate logistic regression analysis and univariate Cox
proportional hazards regression analysis were used to evaluate the risk factors for
predicting mortality in SAP patients. Hazard ratios and 95% confidence intervals are
presented. A P-value < 0.05 was considered statistically significant. Statistical analyses
were performed using SPSS version 24.0 software package (SPSS Inc, Chicago IL,
United States).

RESULTS
Clinical characteristics of the study population
Forty-two SAP patients were enrolled in this retrospective cohort study. The clinical
characteristics of these patients are summarized in Table 1. According to the
prognosis at 90 d, the patients were divided into a survival group (n = 22) and a nonsurvival group (n = 20). There was no difference in gender, age, or BMI between the
two groups, suggesting baseline comparability (Table 2). There was also no difference
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in PDW, CRP, NLR, or LOS-ICU between the two groups. The RDW-CV, RDW-SD,
APACHE II score, and SOFA score were significantly greater in the non-survival
group than in the survival group (P < 0.05).

Correlation analysis
We performed an analysis to examine the correlation of RDW-CV and RDW-SD with
the APACHE II and SOFA scores. The results showed that RDW-CV and RDW-SD
were significantly correlated with the APACHE II and SOFA scores (Table 3).

ROC curves of RDW and other parameters for predicting SAP mortality
According to the prognosis of SAP patients at 90 d, we constructed different ROC
curves for RDW-CV, RDW-SD, APACHE II score, and SOFA score to examine their
clinical value for predicting prognosis of SAP patients. We found that the areas under
the curves (AUCs) of RDW-CV and RDW-SD were all significantly larger than those
of the APACHE II and SOFA scores (Table 4, Figure 1), with the RDW-SD being the
greatest. Our results suggested that RDW was superior to both the APACHE II score
and SOFA score in predicting the prognosis of SAP patients. The cutoff value for
RDW-CV was 13.55, with an 83.3% sensitivity and 66.7% specificity (Table 5). When
the RDW-SD was greater than 45.5, the sensitivity of predicting mortality for SAP
patients was 77.8%, while the specificity was 70.8% (Table 5).

Regression analysis
To further investigate the prognostic value of RDW for SAP patients, we performed
multivariate logistic regression analysis and univariate Cox proportional hazards
regression analysis to determine whether RDW could be used as an independent risk
factor to predict mortality. The results from both regression analyses showed that
RDW-CV and RDW-SD could be used as independent risk factors to predict the
prognosis of SAP patients, similar to the APACHE II score and SOFA score (Table 6
and 7).

DISCUSSION
In this retrospective cohort study, we found that RDW, which was assessed as RDWCV and RDW-SD, was significantly elevated in non-surviving SAP patients. A similar
elevation was seen in both the APACHE II score and SOFA score. RDW-CV and
RDW-SD were significantly correlated with the APACHE II score and SOFA score.
The AUCs of RDW-CV and RDW-SD were greater than those of the APACHE II score
and SOFA score, with RDW-SD being the greatest. We also found that RDW-CV and
RDW-SD could be used as independent risk factors to predict the prognosis of SAP
patients via both the multivariate logistic regression analysis and univariate Cox
proportional hazards regression analysis, similar to the APACHE II score and SOFA
score. These results suggested that RDW has superior predictive value for the
prognosis of SAP patients.
AP is the most common pancreatic disease worldwide, and SAP has a very high
mortality[2-4]. Although early diagnosis and management of SAP patients remain very
important, early evaluation of the severity and prognosis has equal significance for
SAP patients. Thus, clinicians could rapidly recognize SAP patients with high
mortality risk and provide more active therapy in order to save their lives. In our
study, we found that the RDW had a greater ROC AUC vs either the APACHE II or
SOFA score in predicting the prognosis of SAP patients, suggesting that RDW may
have better prognostic value for SAP patients.
RDW is a parameter that reflects the heterogeneity of red blood cells measured
with an automated blood cell analyzer and is routinely performed as part of a
complete blood count[14]. The RDW level can be easily obtained and is an inexpensive
measure. It is often expressed as RDW-CV and RDW-SD, but the latter has better
sensitivity and is less affected by other factors[15]. Higher RDW levels indicate greater
variation in the size of red blood cells, which could be used for the differential
diagnosis of nutritional deficiency-related anemia due to iron, folic acid, and vitamin
B12 deficiency [16] . Recently, studies have showed that RDW is associated with
inflammatory reactions and can predict the severity and prognosis of many diseases
including cardiovascular diseases [17] , chronic obstructive pulmonary disease [18] ,
pulmonary hypertension[11], rheumatoid arthritis[19], and malignancy[20]. Higher RDW
was also associated with poorer outcome in severe sepsis and septic shock[21], and allcause mortality in critically ill patients[22]. Previous studies demonstrated that RDW
was associated with pro-inflammatory cytokines[23], tumor necrosis factor alpha[24], and
oxidative stress reactions[25]. The inflammatory response alters the half-life of red
blood cells, erythropoiesis, disorders of iron metabolism, and increases hemolysis,
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Table 1 Characteristics of enrolled patients
Characteristic

Number

Total number of enrolled patients

42

Age (mean ± SD, yr)

47.15 ± 15.91

Gender, n (%)
Male

27 (64.29)

Female

15 (35.71)

BMI

26.67 ± 4.30

Etiology of SAP
Biliary tract disease

20

Alcoholism

8

Hypertriglyceridemia

7

Drug-induced

0

Others

7

Number of failed organs
1

12

2

9

≥3

7

Mortality at 90 d, n (%)

18 (42.86)

BMI: Body mass index; SAP: Severe acute pancreatitis.

which results in impaired hematopoiesis and increases RBC size heterogeneity. Thus,
RDW could be used as a nonspecific inflammatory indicator[26]. During sepsis, the
inflammatory cytokines induced by pathogen associated molecular patterns could
directly induce red blood cell injury, disturb the iron steady state, induce bone
marrow suppression, and downregulate the expression of the erythropoietin receptor,
all of which could lead to the elevation of RDW during sepsis[27].
AP is an inflammatory event of the pancreas. Excessive and uncontrolled systemic
inflammatory reactions are key to the pathogenesis of SAP and related multiple organ
dysfunction during the course of SAP. Therefore, as an inflammatory indicator, the
level of RDW should theoretically increase in SAP and should have predictive value
for both disease severity and mortality in SAP patients. Zhang et al[14] confirmed that
RDW was positively associated with AP severity and was a useful predictive
parameter for AP severity at the early admission stage. Wang et al[13] demonstrated
that for each 1% increase in the RDW level, the mortality rate of elderly septic patients
increased by 18%. Our results further confirmed that RDW was greater in the nonsurviving SAP patients than in the surviving patients, and had better prognostic value
for SAP patients than either the APACHE II score or the SOFA score. Therefore,
clinicians could rapidly recognize those SAP patients with a higher risk for mortality
when their RDW level was increased. More active therapy could then be promptly
given in order to save their lives.
The APACHE II score and SOFA score are both commonly used for mortality
prediction in critically ill patients[28]. They are comprised of many routine variables
and their calculation usually requires at least 24 hours. To some extent, they are more
complicated and cannot be obtained as easily as RDW. Studies have shown that the
prognostic value of RDW for patients with septic shock was better than the APACHE
II score and the SOFA score[29]. RDW was also confirmed to be an independent risk
factor for mortality in septic neonates, and the effectiveness of mortality prediction
was superior than that of the SOFA score[30]. In our study, the AUC of RDW was
greater than those of the APACHE II score and SOFA score, and both RDW-CV and
RDW-SD were independent risk factors for predicting the prognosis of SAP patients
in the regression analysis. The prognostic value of RDW was superior to that of either
the APACHE II score or the SOFA score. Our results are similar to previous studies
and further verified that RDW could predict the prognosis of critically ill patients.
Therefore, RDW is an easily obtained, inexpensive, and useful indicator that should
be widely used in ICU practice.
There are some limitations to our study. First, this is a retrospective study executed
in a single center. Second, the study sample is small. Third, we did not perform a
prospective validation study to further confirm the prognostic value of RDW for SAP
patients. Fourth, we only examined the prognostic value of RDW in SAP patients.
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Table 2 Demographic parameters between the survival and non-survival groups
Demographic parameter

Survival group

Non-survival group

Number

22

20

Age (yr)

50.50 ± 17.78

44.33 ± 13.28

0.206

Gender

Male (12): female (10)

Male (15): female (5)

0.720

BMI (kg/m )

26.72 ± 4.61

26.59 ± 3.96

0.924

LOS-ICU (d)

7.71 ± 6.64

11.22 ± 14.40

0.347

RDW-CV (%)

13.59 ± 0.88

15.09 ± 1.63

0.002

RDW-SD (fL)

43.96 ± 3.11

49.94 ± 5.51

0.000

PDW (fL)

14.72 ± 3.35

14.95 ± 3.76

0.842

CRP (mg/L)

212.10 ± 107.04

212.19 ± 144.97

0.998

NLR

14.05 ± 10.13

9.92 ± 4.53

0.085

Serum calcium

1.64 ± 0.27

1.77 ± 0.45

0.253

APACHE II

12.42 ± 4.27

15.67 ± 5.70

0.041

SOFA

4.83 ± 2.65

7.94 ± 2.99

0.001

2

P-value

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red
blood cell distribution width; APACHE II: Acute Physiology and Chronic Health Evaluation II score; SOFA:
Sequential Organ Failure Assessment score; BMI: Body mass index; LOS-ICU: Length of stay in the intensive
care unit; NLR: Neutrophil to lymphocyte ratio; CRP: C reactive protein; PDW: Platelet distribution width.

Whether RDW has a similar prognostic value in mild AP and moderate-severe AP
patients remains to be examined. Therefore, we expect that large prospective
randomized controlled trials will further verify our results.
In conclusion, we have found that the RDW is significantly greater in the nonsurviving SAP patients than in the surviving patients. RDW is significantly associated
with both the APACHE II score and the SOFA score. The ROC AUC for mortality
prediction by RDW is greater than those of the APACHE II score and the SOFA score.
Both RDW-CV and RDW-SD are independent risk factors that are predictive of
mortality in SAP patients. RDW has better prognostic value for SAP patients than
either the APACHE II score or the SOFA score. Clinicians could use RDW as a
valuable indicator for early recognition of SAP patients with higher mortality risk and
promptly provide more active therapies to save more lives.
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Table 3 Correlation of red blood cell distribution width with Acute Physiology and Chronic Health Evaluation II score and Sequential
Organ Failure Assessment score
RDW-CV

RDW-SD

Variable
r

P-value

r

P-value

APACHE II

0.504

0.001

0.434

0.004

SOFA

0.414

0.006

0.380

0.012

Mortality

0.504

0.001

0.490

0.001

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width; APACHE II:
Acute Physiology and Chronic Health Evaluation II score; SOFA: Sequential Organ Failure Assessment score.

Table 4 Parameters of receiver operating characteristic curves
95% confidence interval
Parameter

AUC

SD

P-value
Lower limit

Upper limit

RDW-CV

0.797

0.069

0.001b

0.662

0.933

RDW-SD

0.811

0.071

0.001d

0.673

0.950

APACHE II

0.677

0.089

0.052

0.504

0.851

0.646

0.924

SOFA

0.785

f

0.071

0.002

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width; APACHE II:
Acute Physiology and Chronic Health Evaluation II score; SOFA: Sequential Organ Failure Assessment score; AUC: Area under the curve.
b
P < 0.05,
d
P < 0.01,
f
P < 0.05.

Table 5 Cut-off values for red blood cell distribution width

RDW-CV

RDW-SD

Parameter

Sensitivity

Specificity

Youden index

13.45

0.889

0.625

0.514

13.55

0.833

0.667

0.500

13.35

0.889

0.583

0.472

13.65

0.778

0.667

0.445

50.5

0.556

1

0.556

51.5

0.5

1

0.500

45.5

0.778

0.708

0.486

49.5

0.556

0.917

0.473

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width.

Table 6 Independent predictors of severe acute pancreatitis in a multivariate logistic regression analysis
Variable

Multivariate OR (95%CI)

P-value

RDW-CV

3.283 (1.503-7.174)

0.003

RDW-SD

1.368 (1.120-1.670)

0.002

APACHE II

1.172 (1.017-1.351)

0.028

SOFA

1.682 (1.212-2.332)

0.002

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width; APACHE II:
Acute Physiology and Chronic Health Evaluation II score; SOFA: Sequential Organ Failure Assessment score; AUC: Area under the curve; OR: Odds ratio
CI: Confidence interval.
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Table 7 Univariate Cox proportional hazards regression analysis (P = 0.001 for trend)
Variable

Multivariate OR (95%CI)

P-value

RDW-CV

1.615 (1.258-2.072)

0.000

RDW-SD

1.166 (1.077-1.261)

0.000

RDW-CV and RDW-SD

1.005 (1.003-1.008)

0.000

APACHE II

1.151 (1.048-1.264)

0.003

SOFA

1.363 (1.175-1.582)

0.000

RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width; APACHE II:
Acute Physiology and Chronic Health Evaluation II score; SOFA: Sequential Organ Failure Assessment score; AUC: Area under the curve; OR: Odds ratio
CI: Confidence interval.

Figure 1

Figure 1 Receiver operating characteristic curve analysis of the prediction of SAP by coefficient of variation of red blood cell distribution width, standard
deviation of red blood cell distribution width, Acute Physiology and Chronic Health Evaluation II score, and Sequential Organ Failure Assessment score.
RDW-CV: Coefficient of variation of red blood cell distribution width; RDW-SD: Standard deviation of red blood cell distribution width; APACHE II: Acute Physiology
and Chronic Health Evaluation II score; SOFA: Sequential Organ Failure Assessment score; ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Severe acute pancreatitis (SAP) is a common acute and severe clinical disease. There are a large
number of inflammatory mediators and cytokines released, which cause systemic inflammatory
response, accompanied by continuous multiple organ dysfunction, such as intestinal dysfunction
and metabolic dysfunction. Therefore, it is important to evaluate the prognostic factors for SAP.
Red cell distribution width (RDW) is an indicator of erythrocyte variability in the blood
circulation, and can reflect the difference in red blood cell size and the dispersion degree of red
blood cell volume. At present, it is not yet clear whether RDW is associated with the prognosis of
SAP patients or whether it can be used as a prognostic indicator for SAP patients.

Research motivation
Timely and effective judgment of the condition of SAP patients is of great value for the treatment
of those patients. RDW may be related to the severity of SAP. Our study aimed to investigate the
prognostic value of RDW for SAP patients.

Research objectives
The main aim of our study was to examine the difference of RDW between the surviving SAP
patients and non-surviving SAP patients and evaluate the prognostic value of RDW for SAP
patients.
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Research methods
We retrospectively enrolled SAP patients admitted to intensive care unit for two years.
According to the prognosis at 90 d, the SAP patients were divided into a survival group and a
non-survival group. The RDW was extracted from a routine blood test. The demographic
parameters and RDW were recorded and compared between the two groups. The receiver
operator characteristic (ROC) was constructed and the Cox regression analysis was done to
investigate the prognostic value of RDW for SAP patients.

Research results
Of 42 SAP patients enrolled in this retrospective cohort study, 22 survived (survival group) and
20 died (non-survival group). The baseline parameters were comparable between the two
groups. The coefficient of variation of RDW (RDW-CV), standard deviation of RDW (RDW-SD),
Physiology and Chronic Health Evaluation II (APACHE II) score, and Sequential Organ Failure
Assessment (SOFA) scores were significantly higher in the non-survival group than in the
survival group (P < 0.05). The RDW-CV and RDW-SD were significantly correlated with the
APACHE II score and SOFA score, respectively. The areas of the ROC curves (AUCs) of RDWCV and RDW-SD were all larger than those of APACHE II score and SOFA score, among which
the AUC of RDW-SD was the largest one. The results demonstrated that RDW had the better
prognostic value for predicting the mortality of SAP patients. When the RDW-SD was higher
than 45.5, the sensitivity of predicting prognosis was 77.8% and the specificity was 70.8%. Both
RDW-CV and RDW-SD could be used as independent risk factors for predicting mortality of
SAP patients in multivariate logistic regression analysis and univariate Cox proportional hazards
regression analysis, similar to the APACHE II score and SOFA score.

Research conclusions
The RDW is higher in the non-surviving SAP patients than that in the surviving patients. RDW
has better prognostic value for SAP patients than APACHE II and SOFA scores, and it could be
easily used for clinicians in treating SAP patients. RDW has superior value in predicting the
prognosis of SAP patients. RDW is associated with inflammatory reactions and can predict
severity and prognosis of many diseases including cardiovascular diseases, chronic obstructive
pulmonary disease, pulmonary hypertension, rheumatoid arthritis, and malignancy. Higher
RDW is also associated with poorer outcome in severe sepsis and septic shock. RDW may be
associated with mortality of SAP patients and could be used as a predictor of prognosis.
Clinicians could rapidly recognize those SAP patients with higher risk for mortality when the
RDW level is increased. More active therapy could be given promptly to those patients in order
to save their lives.

Research perspectives
This is a retrospective study executed in a single center and the sample of our study is small. We
expect large prospective randomized controlled trials to further verify our results. And we
would perform a prospective validation study to further confirm the prognostic value of RDW
for SAP patients.
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Abstract
BACKGROUND
Liver cancer is the sixth most commonly diagnosed cancer and the fourth leading
cause of cancer death worldwide. Socioeconomic development, indicated by the
Human Development Index (HDI), is closely interconnected with public health.
But the manner in which social development and medical advances influenced
liver cancer patients in the past decade is still unknown.
AIM
To investigate the influence of HDI on clinical outcomes for patients with existing
liver cancer from 2008 to 2018.
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database 2018 and 2008; (2) HDI:
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METHODS
The HDI values were obtained from the United Nations Development
Programme, the age-standardized incidence and mortality rates of liver cancer
were obtained from the GLOBOCAN database to calculate the mortality-toincidence ratio, and the estimated 5-year net survival of patients with liver cancer
was provided by the CONCORD-3 program. We then explored the association of
mortality-to-incidence ratio and survival with HDI, with a focus on geographic
variability across countries as well as temporal heterogeneity over the past
decade.
RESULTS
From 2008 to 2018, the epidemiology of liver cancer had changed across
countries. Liver cancer mortality-to-incidence ratios were negatively correlated
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and showed good fit with a modified “dose-to-inhibition response” pattern with
HDI (r = -0.548, P < 0.0001 for 2018; r = -0.617, P < 0.0001 for 2008). Cancer
survival was positively associated with HDI (r = 0.408, P < 0.01) and negatively
associated with mortality-to-incidence ratio (r = -0.346, P < 0.05), solidly
confirming the interrelation among liver cancer outcome indicators and
socioeconomic factors. Notably, in the past decade, the HDI values in most
countries have increased alongside a decreasing tendency of liver cancer
mortality-to-incidence ratios (P < 0.0001), and survival outcomes have
simultaneously improved (P < 0.001), with significant disparities across countries.
CONCLUSION
Socioeconomic factors have a significant influence on cancer outcomes. HDI
values have increased along with improved cancer outcomes, with significant
disparities among countries.
Key words: Liver cancer; Human Development Index; Incidence; Mortality; Survival
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Core tip: This study identified the interrelation of area-specific development and liver
cancer outcomes. We verified that the Human Development Index (HDI) correlated
negatively with mortality-to-incidence ratio and positively with survival rates of liver
cancer in a “dose-to-inhibition response” pattern. Analyzing epidemiological data of
liver cancer from 2008 to 2018, it was found that HDI in most countries has increased,
and the liver cancer outcomes have improved. Our findings provide strong evidence of
healthcare disparities related to socioeconomic factors, and we provide a substantial
summary of the development of liver cancer health care in the last decade.
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INTRODUCTION
Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the
fourth leading cause of cancer death worldwide, which has drawn widespread
attention because of its high complexity, heterogeneity, mortality, and disability; it is
therefore regarded as the devil of cancer[1,2]. Apart from the traditional approaches to
treatment, such as surgical resection, transarterial chemoembolization, and targeted
agents, treatment strategies against liver cancer have developed rapidly in recent
years. However, given its high malignant potential, frequent drug resistance, and
systemic side effects, liver cancer still lacks an ideal radical therapeutic regimen. The
prognosis of liver cancer lags far behind that of other types of carcinoma, such as
mutation-positive lung cancer and breast cancer[3-5].
Socioeconomic development is closely interconnected with public health[6]. The
rapid development of socioeconomic condition and cancer health care would
absolutely influence the clinical outcomes of liver cancer, but neither the manner in
which social development and medical advances have benefited liver cancer patients
nor the degree of the impact through the past decade has been clarified yet. The
Human Development Index (HDI) is a composite index focusing on three basic
dimensions of socioeconomic development: Life expectancy, years of schooling, and
gross national income per capita[7]. The liver cancer outcomes such as incidence and
mortality could be influenced by a series of risk factors such as hepatitis virus
infection (hepatitis B virus, hepatitis C virus, or hepatitis D virus) and its vaccine
control, aflatoxin exposure, as well as alcohol abuse. However, the clinical outcomes
of existing liver cancer patients, interpreted as the mortality-to-incidence ratio (MIR)
or 5-year net survival, might have a strong relationship with socioeconomic factors.
Multiple studies have demonstrated that global cancer disparities are related to
socioeconomic status according to the HDI[8-10].
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Several databases have provided reliable estimates of cancer outcomes. The
GLOBOCAN 2018 database contains high-quality registry data of cancer incidence
and mortality at the national level[1]. The CONCORD-3 program, with the largest and
most up-to-date cancer survival database, established cumulative surveillance for
cancer survival for 37.5 million patients during the 2000-2014 period [11] . These
databases provide a fundamental basis for studies of liver cancer outcomes. In this
study, we aimed to determine the influence of HDI values on liver cancer outcomes,
including MIR and survival, with a focus on the global transition of HDI values and
liver cancer outcomes from 2008 to 2018.

MATERIALS AND METHODS
Data sources
HDI data for United Nations members in the 2008-2018 period were available in the
United Nations Development Programme (UNDP) database (http://hdr.undp.org/
en/statistics). The UNDP divided countries into four subgroups according to HDI
levels[7].
National incidence and mortality estimates for liver cancer in 186 countries in 2018
were originally obtained from the GLOBOCAN 2018 database (http://gco.iarc.fr)[12]
and were maintained by the International Agency for Research on Cancer, and data of
184 countries in 2008 were originally collected from GLOBOCAN 2008[8]. Estimates for
both rates were calculated according to the world standard population, presented as
age-standardized rates per 100000 person-years[1,13].
The estimated 5-year net survival for patients with liver cancer in the 2000-2014
period was collected from the CONCORD-3 report[11]. The net survival represents the
cumulative probability of surviving for up to a given length of time since diagnosis
(e.g., 5 years) after corrections are made for other causes of death. The survival
estimates were age-standardized with the International Cancer Survival Standard
weights[11].

Statistical analysis
Cancer MIRs were calculated from the obtained incidence and mortality rates.
Extreme values (0, 1, or > 1) were considered abnormal and were excluded from the
analysis. Then, MIR values were analyzed with their corresponding HDIs in 2008 and
2018 via correlation analysis and nonlinear regression. Correlation was established
with a significant P-value in the nonparametric Spearman correlation test. Nonlinear
regression was based on a modified “dose-to-response” model using the formula:
MIR = 1/[1 + 10(HDI50-HDI) × Slope]
Where HDI50 refers to the half-maximal controlled HDI (equivalent to the HDI
value at half-maximal MIR) and slope is a parameter indicating the steepness of the
fitted curve[8].
MIRs within the four HDI groups were compared via one-way ANOVA followed
by Tukey-Kramer post hoc tests. The correlation analysis was also applied to the HDIto-survival and survival-to-MIR patterns. The extremely unreliable net survival
values (e.g., 0% of Malta and 40.0% of Jordan in 2018; 27.1% of South Africa, 39.0% of
Costa Rica, and 71.5% of Jordan in 2008) were excluded. Comparisons of the agestandardized incidence, mortality, calculated MIR, and survival between 2008 and
2018 were based on weighted Chi-square test. A P-value less than 0.05 was considered
statistically significant. Statistical analysis and plotting were performed using Prism 7
(GraphPad, San Diego, CA, United States) and SPSS 25 (IBM Corporation, Armonk,
New York, NY, United States).
Geographical maps showing the gradient distribution of HDI values, incidence,
mortality, calculated MIR, and survival were edited using TileMill (a GitHub project
maintained by MapBox, Washington, DC, United States), with map data sources from
the Natural Earth database rendered by the Mapnik Library (https://mapnik.org/).

RESULTS
Global distribution of HDI values and liver cancer epidemiology
In the analysis, we included 174 countries with data available in both the 2018
GLOBOCAN database (186 countries) and HDI values (189 countries). Countries were
classified into groups according to the four HDI tiers (very high, high, medium, and
low) reported by the UNDP (Figure 1A). The distributions of national liver cancer
incidence and mortality, reported by GOLOBOCAN 2018, were portrayed in the form
of world maps (Figure 1B and C). In 2018, liver cancer caused annual age-
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standardized incidence and mortality rates of, respectively, 9.3 and 8.5 per 100000
population [1] . Overall, the incidence rates of liver cancer were 2-fold greater in
developed countries[1]. However, unlike in other sites, the highest rates were observed
mainly in lower-HDI settings, especially in Africa and Southeast Asia (Figure 1B). The
top 10 countries with the highest incidence of liver cancer were Mongolia, Egypt,
Gambia, Vietnam, Lao PDR, Cambodia, Guinea, Thailand, China, and Korea. Notably,
the incidence in Mongolia far exceeded that of other countries, with an estimated rate
of 4-fold those in China and Korea.
Sixty-four countries had data available on the incidence, mortality, and MIR in both
2008 and 2018 for time-dependent comparisons. The incidence rates have declined
substantially in the majority of countries with a high liver cancer burden[1,14,15]. The top
10 countries with the greatest decrease in incidence were Thailand, Honduras, China,
Korea, South Africa, Japan, Guinea, Greece, and Qatar. Interestingly, the incidence
increased in many high-HDI countries considered to be at low risk for liver
cancer[1,15,16], such as Portugal, the United States, New Zealand, Australia, Singapore,
the United Kingdom, Turkey, and France (Table 1). Age-standardized mortality rates
showed similar distributions and temporal transitions to incidence rates (Figure 1C,
Table 1). Due to disparities in the epidemiological changes in liver cancer, comparisons of the global incidence or mortality between 2008 and 2018 did not show any
evident variance (Supplementary Figure S1A and S1B).

Association between national HDI values and liver cancer MIRs
Similar to results in 2008, the liver cancer MIRs varied across countries in 2018. The
global MIR in 2018 was 0.914. The available MIRs ranged from 0.490 (Samoa) to 0.995
(Thailand) after the exclusion of extreme values in 2018 (62 countries were out of
limit: 0, 1, or > 1) (Figure 1D). The lowest MIRs were achieved mainly in highly
developed regions, such as New Zealand, Luxembourg, Korea, Japan, and the United
States (Table 1).
As the level of national HDI increased, the corresponding liver cancer MIR was
relatively lower. The country-specific MIR of liver cancer was negatively correlated
with national HDI in both 2018 and 2008 (r = -0.548, P < 0.0001 for 2018; r = -0.617, P <
0.0001 for 2008). The nonlinear regression analysis verified a “dose-to-response”
inhibitory effect between HDI values and MIRs (Figure 2A and B).
We then classified the included countries into four-tier HDI subgroups, and liver
cancer MIRs differed among the groups (P < 0.0001, one-way ANOVA). For the 2018
data, the mean MIR in very-high-HDI countries (0.835) was significantly lower than
that in high- (0.906), medium- (0.954), or low- (0.949) HDI countries (P < 0.001,
Tukey's post hoc test; Figure 2E). For the 2008 data, similar results were obtained (P <
0.001, very-high-HDI vs other subgroups, Tukey's test; Figure 2E), indicating
persistent disparities associated with HDI levels.

Transition of MIR from 2008 to 2018
From 2008 to 2018, the HDIs for majority countries have increased more than 1%. The
global MIR of liver cancer declined significantly in the last decade (Figure 2C).
Among 64 countries with usable data in both years, the MIR increased in 16 countries
and decreased in the other 48 countries (Table 1). Liver cancer MIRs in five countries
(Luxembourg, Libya, France, Czech Republic, and Uzbekistan), all of which were in
high- or very-high-HDI areas, decreased more than 15% (Table 1). In contrast, no
countries showed an increase of more than 15%. To illustrate the MIR transition,
national HDIs and MIRs in 2018 and 2008 are plotted together, showing similar
distributions. Notably, there is an obvious difference in that the linear regression line
has shifted to the lower-left direction from 2008 to 2018, implying that the integral
HDI values increased along with the decline in MIRs (Figure 2D). Furthermore,
within each specific HDI level, the MIRs in 2018 had an obvious decreasing tendency
in comparison to the 2008 data, though not significant for all HDI categories (P = 0.007
for the low-, P = 0.09 for the medium-, P < 0.001 for the high-, and P = 0.18 for the
very-high-HDI group, paired t-test; Figure 2E).

Differences and transitions in regional cancer epidemiology
The incidence and mortality rates, as well as the MIRs of liver cancer, also varied
among different continents. Asia was continuously top-ranked in susceptibility to
liver cancer and mortality rates. Although the incidence and mortality rates in Asia
nearly halved in 10 years (incidence: 11.4 in 2018, 21.6 in 2008; mortality: 10.5 in 2018,
19.5 in 2008), the continental MIRs had no obvious fluctuation. Latin America and the
Caribbean had the lowest liver cancer burden (incidence: 5.0 in 2018, 5.8 in 2008;
mortality: 4.7 in 2018, 5.9 in 2008). Africa had the highest MIRs (0.99 in 2018, 1.01 in
2008) of liver cancer worldwide. Oceania and North America had MIR results
significantly lower than those in other regions (0.84 for Oceania and 0.73 for North
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Figure 1 Worldwide distribution of Human Development Index and liver cancer burden in 2018. A total of 174 countries were classified into four tiers according
to different levels of the following: A: Human Development Index (green); B: Age-standardized incidence (blue); C: Age-standardized mortality (red) rates per 100000
population, indicated in a gradient color scale; D: Calculated mortality-to-incidence ratio results, indicated in purple-gradient colors. Countries with data unavailable
(light gray) or unreliable (dark gray) are denoted. HDI: Human Development Index.

America). The change in MIR over 10 years was most evident in Europe, which had
an 8% reduction (MIR = 0.86 in 2018; MIR = 0.94 in 2008). Among the top five
countries with the greatest MIR declines in the world (Table 1), three (Luxemburg,
France, and Czech Republic) were located in Europe (Figure 2F).

The transition of 5-year survival for patients with liver cancer
The 5-year net survivals for those with liver cancer were available from 61 countries,
with 52 countries remaining after the exclusion of extreme values and the
establishment of matches with available HDI values (Figure 3A). For patients
diagnosed with liver cancer during 2010-2014, the best survival occurred in Southeast
Asia. The top three countries with the best survival were Japan (30.1%), Korea
(27.2%), and Singapore (27.2%). In contrast, poor survival was observed in Chile
(3.7%) and Estonia (4.2%). Forty-eight countries had data available both in 2008 and
2018 (Table 2). The survival rates generally increased (P < 0.001) (Figure 3B). Survival
outcomes increased by over 10% during the 10-year period in five countries, namely,
Qatar (+20.1%), Korea (+11.9%), Singapore (+11.5%), Norway (+10.8%), and Iceland
(+10.4%) (Table 2).
We also investigated the association between survival rates and HDI. There was a
positive correlation between the survival, as estimated according to patients
diagnosed in 2010-2014, and HDI values in 2018 (r = 0.408, P = 0.0027; Figure 3C).
Furthermore, the MIR and survival were also negatively correlated (r = -0.346, P =
0.0278) (Figure 3D).

DISCUSSION
HDI is regarded as the gold standard for the comparison of development, quantified
by the composite measures of health, education, and economy [7] . HDI has been
demonstrated by multiple studies as an important parameter interconnected with
public health[8-10]. Being reported by UNDP every year, HDI is also easy to obtain for
measuring and comparing. MIR and 5-year net survival both represent clinical
outcomes of existing liver cancer. MIR may serve as an indicator of cancer health care
efficacy by indirectly measuring true biological differences in attributes such as
screening, diagnostic modality, treatment, and follow-up[8,10,14]. Five-year net survival
is a more direct indicator of the effectiveness of cancer treatment and has been labeled
with more importance, since the cancer patients who survive for a considerable time
span can, in a way, be considered cured[11,17]. Our present study showed that the HDI
values increased along with the corresponding decline in MIRs and improvement in
survival, with significant disparities among countries.

WJG

https://www.wjgnet.com

4754

August 28, 2019

Volume 25

Issue 32

Shao SY et al. Liver cancer outcomes associated with HDI

Table 1 Comparisons of Human Development Index and age-standardized incidence rates, mortality rates, and mortality-to-incidence
values for liver cancer between 2008 and 2018
2008

2018

Transitions in a decade

Country

HDI

ASI

ASM

MIR

HDI

ASI

ASM

MIR

ΔHDI

ΔASI

ΔASM

ΔMIR

Argentina

0.786

3.4

3.2

0.958

0.825

3.6

3.2

0.889

0.039

0.24

-0.02

-0.069

Australia

0.924

3.5

2.7

0.764

0.939

5.7

4.8

0.842

0.015

2.23

2.15

0.078

Austria

0.876

5.1

4.4

0.856

0.908

5.4

4.3

0.796

0.032

0.32

-0.05

-0.060

Bahrain

0.806

4.7

4.7

0.994

0.846

3.4

3.3

0.971

0.040

-1.29

-1.36

-0.023

Bangladesh

0.484

3.8

3.8

0.992

0.608

2.2

2

0.909

0.124

-1.6

-1.77

-0.083

Botswana

0.624

2.8

2.7

0.964

0.717

3.9

3.8

0.974

0.093

1.12

1.12

0.010

Brazil

0.705

4.9

4.8

0.973

0.759

4.7

4.4

0.936

0.054

-0.19

-0.36

-0.037

Canada

0.903

3.3

2.9

0.870

0.926

5.3

4.5

0.849

0.023

1.98

1.61

-0.021

Chile

0.796

4.5

4.4

0.962

0.843

5.4

4.9

0.907

0.047

0.88

0.55

-0.055

China

0.665

25.7

23.7

0.922

0.752

18.3

17.1

0.934

0.087

-7.37

-6.58

0.012

Costa Rica

0.737

5.4

5.2

0.972

0.794

6.3

5.6

0.889

0.057

0.92

0.37

-0.083

Cuba

0.767

4.2

4.1

0.969

0.777

3.8

3.3

0.868

0.010

-0.38

-0.75

-0.100

Czech Republic

0.864

4.3

3.9

0.915

0.888

4.2

3.2

0.762

0.024

-0.06

-0.7

-0.154

Denmark

0.891

3.1

2.8

0.907

0.929

4.9

4.2

0.857

0.038

1.77

1.36

-0.050

Dominican Republic

0.677

8.7

8.2

0.948

0.736

6.5

5.8

0.892

0.059

-2.18

-2.43

-0.056

Egypt

0.633

9.3

9.1

0.981

0.696

32.2

31.8

0.988

0.063

22.95

22.73

0.007

El Salvador

0.668

5.2

5.2

0.992

0.674

6.7

6.5

0.970

0.006

1.47

1.31

-0.022

Fiji

0.684

6.9

6.7

0.965

0.741

8.3

8.2

0.988

0.057

1.4

1.54

0.023

France (metropolitan)

0.879

6.0

5.8

0.962

0.901

7.8

6.3

0.808

0.022

1.81

0.54

-0.154

Georgia

0.722

5.8

5.5

0.958

0.780

5.4

5.2

0.963

0.058

-0.37

-0.33

0.005

Germany

0.902

4.0

3.4

0.831

0.936

4.2

3.8

0.905

0.034

0.17

0.45

0.073

Greece

0.862

8.4

5.7

0.684

0.870

5.7

4.5

0.789

0.008

-2.65

-1.21

0.106

Guatemala

0.568

15.7

15.6

0.991

0.650

14.9

14.5

0.973

0.082

-0.84

-1.1

-0.018

Guinea

0.34

25.3

25.1

0.992

0.459

21.8

19.5

0.894

0.119

-3.49

-5.58

-0.097

Haiti

0.445

7.1

7.0

0.976

0.498

8.1

7.8

0.963

0.053

0.98

0.85

-0.013

Honduras

0.619

14.3

14.2

0.994

0.617

5.7

5.4

0.947

-0.002

-8.6

-8.81

-0.046

India

0.527

2.2

2.0

0.927

0.640

2.2

2

0.909

0.113

0.01

-0.03

-0.018

Indonesia

0.598

6.7

6.6

0.976

0.694

7.6

7.5

0.987

0.096

0.89

0.95

0.011

Italy

0.871

8.6

6.6

0.772

0.880

7.9

5.7

0.722

0.009

-0.69

-0.93

-0.050

Japan

0.896

11.2

9.2

0.815

0.909

7.6

5.4

0.711

0.013

-3.64

-3.76

-0.104

Kazakhstan

0.729

7.3

7.3

0.999

0.800

5.6

5

0.893

0.071

-1.73

-2.32

-0.106

Korea, Republic of

0.886

23.5

17.0

0.726

0.903

17.3

11.8

0.682

0.017

-6.17

-5.23

-0.044

Kyrgyzstan

0.611

8.2

8.2

0.993

0.672

9.5

8.7

0.916

0.061

1.27

0.53

-0.077

Libya

0.759

3.4

3.3

0.976

0.706

4.1

3.3

0.805

-0.053

0.75

0.0

-0.171

Lithuania

0.806

2.5

2.4

0.955

0.858

3.8

3.3

0.868

0.052

1.3

0.94

-0.087

Luxembourg

0.867

6.6

5.8

0.875

0.904

6.5

4.4

0.677

0.037

-0.1

-1.4

-0.198

Mexico

0.761

6.3

6.2

0.998

0.774

5.4

5.1

0.944

0.013

-0.85

-1.14

-0.054

Mongolia

0.641

94.4

79.9

0.847

0.741

93.7

75.4

0.805

0.100

-0.7

-4.51

-0.042

Nepal

0.443

1.4

1.4

0.964

0.574

1.1

1

0.909

0.131

-0.3

-0.35

-0.055

New Zealand

0.904

3.5

2.6

0.733

0.917

5.8

3.9

0.672

0.013

2.32

1.35

-0.060

Nicaragua

0.583

8.9

8.9

0.994

0.658

10.5

9.9

0.943

0.075

1.58

1.03

-0.052

Norway

0.941

1.8

1.3

0.714

0.953

3.4

2.9

0.853

0.012

1.58

1.6

0.139

Pakistan

0.495

2.5

2.5

0.988

0.562

3.1

3

0.968

0.067

0.6

0.53

-0.020

Panama

0.758

4.0

4.0

0.988

0.789

4.8

4.6

0.958

0.031

0.76

0.61

-0.029

Peru

0.712

7.2

7.2

0.990

0.750

6.6

6.3

0.955

0.038

-0.63

-0.86

-0.036

Philippines

0.635

10.6

10.0

0.940

0.699

11.5

11.4

0.991

0.064

0.91

1.45

0.052

Portugal

0.802

2.2

2.1

0.955

0.847

5.4

5.2

0.963

0.045

3.2

3.1

0.008

Qatar

0.825

6.5

6.5

0.994

0.856

4.1

4

0.976

0.031

-2.42

-2.48

-0.018

Saudi Arabia

0.76

3.6

3.6

0.975

0.853

4.5

4.2

0.933

0.093

0.86

0.65

-0.042

Singapore

0.855

10.2

9.0

0.890

0.932

12.3

11.4

0.927

0.077

2.15

2.37

0.037
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Slovenia

0.875

4.7

4.6

0.972

0.896

5.8

5

0.862

0.021

1.08

0.41

-0.110

South African Republic

0.608

9.5

9.4

0.986

0.699

5

4.8

0.960

0.091

-4.54

-4.61

-0.026

Spain

0.871

5.8

4.6

0.797

0.891

6.5

4.7

0.723

0.020

0.68

0.06

-0.074

Sri Lanka

0.676

1.6

1.5

0.956

0.770

2.7

2.2

0.815

0.094

1.12

0.69

-0.141

Sudan

0.399

3.9

3.9

0.992

0.502

3.8

3.7

0.974

0.103

-0.12

-0.19

-0.019

Switzerland

0.892

4.9

3.8

0.784

0.944

4.8

4.1

0.854

0.052

-0.05

0.3

0.071

Tajikistan

0.597

4.9

4.9

0.992

0.650

4.7

4.4

0.936

0.053

-0.22

-0.48

-0.056

Thailand

0.672

29.7

25.4

0.856

0.755

21

20.9

0.995

0.083

-8.67

-4.51

0.139

Turkey

0.691

2.5

2.4

0.968

0.791

4.5

4.4

0.978

0.100

2.01

1.99

0.010

Turkmenistan

0.671

7.4

7.3

0.980

0.706

6

5.6

0.933

0.035

-1.43

-1.68

-0.046

United Kingdom

0.86

3.0

2.6

0.882

0.922

5.1

4

0.784

0.062

2.14

1.39

-0.097

United States of America

0.907

4.5

3.6

0.799

0.924

6.8

4.9

0.721

0.017

2.33

1.33

-0.078

Uzbekistan

0.624

4.8

4.7

0.992

0.710

5.6

4.7

0.839

0.086

0.82

-0.04

-0.152

Venezuela

0.73

3.7

3.7

0.992

0.761

3.6

3.5

0.972

0.031

-0.11

-0.18

-0.020

A total of 64 countries with age-standardized incidence rate, age-standardized mortality rate, and age-standardized mortality-to-incidence ratio available
in both years. HDI: Human Development Index; ASI: Age-standardized incidence rate; ASM: Age-standardized mortality rate; MIR: Age-standardized
mortality-to-incidence ratio.

At the very beginning, we took a quick look at the incidence of liver cancer and
found that it distributed unequally. An interesting and predictable finding is that liver
cancer incidence decreased in high-risk countries but increased in low-risk areas from
2008 to 2018. First, there are distinct predisposing factors in geographically
heterogeneous regions. In high-risk areas such as China and Western and Eastern subSaharan Africa, the key determinants are chronic hepatitis B infection and aflatoxin
exposure, whereas in Japan and Egypt, hepatitis C infection is likely the predominant
cause[1,15]. In Mongolia, dual and triple hepatitis infections are highly prevalent, with
heavy alcohol consumption also contributing to the incidence [18-22] . Second, the
development of preventive strategies against liver cancer contributes to the reduction
in incidence in high-risk countries with specific risk factors. The popularization of the
hepatitis vaccine has significantly lowered the incidence in countries at high risk for
hepatitis-associated liver cancer, which are mostly located in Southeast Asia and subSaharan Africa [1,23] , and this benefit continues to grow. Recent developments in
antivirus medication also effectively prevent the occurrence of a considerable number
of liver cancer cases[24]. Approaches against other carcinogenesis-related factors, such
as reductions in aflatoxin exposure and the prevention of unsafe transfusions and
contaminated needle use, have also been available in high-risk countries, with a few
exceptions, such as Egypt[1,15,16]. Third, the cohort effect of high hepatitis C exposure in
the 1970s and the rising prevalence of obesity, type 2 diabetes, and nonalcoholic fatty
liver disease, contribute to the observed growing incidence in some high-HDI, lowrisk countries[25]. A recent study aiming to project future liver cancer epidemiology
showed results consistent with our conclusions, predicting incidence increases in
Norway, the United States, Canada, Switzerland, and Germany and significant
decreases in China, Japan, Singapore, and parts of Europe until 2030[26]. Currently,
available approaches include continuous control of aflatoxin exposure, complete
rollout of the hepatitis B vaccination, blood supply protection, safe medical injection
practices, discouragement of heavy alcohol intake, and new primary prevention
strategies for obesity.
A universally high fatality leads to smaller differences in mortality related to liver
cancer between developed and developing economies. To clarify the socioeconomicassociated treatment efficacies and clinical outcomes, we further examined forms of
cancer MIR and survival. Based on our previous study, we demonstrated an inverse
correlation of MIR [8] and a positive association between survival and HDI. The
correlation is primarily caused by national inequalities in health care, which has been
regarded as a major contributing factor to treatment effectiveness. A lethal disease
such as liver cancer requires more advanced health care, with higher-quality care
more readily available in highly developed areas. Other factors, such as economic
status, diet and tobacco use, and awareness of one’s own health and disease
prevention, all of which are influenced by the HDI, also contribute to the countryspecific cancer MIR and survival. Taken together, patients in countries with higher
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Figure 2

Figure 2 Correlation between Human Development Index and mortality-to-incidence ratio and its transition from 2008 to 2018. The correlation of liver cancer
mortality-to-incidence ratios (MIRs) with national Human Development Indexes (HDIs) with the best-fit lines by modified nonlinear regression (“dose-to-response”
model) in A: 2018 (slope = -1.868, HDI50 = 1.27, R2 = 0.261); B: 2008 (slope = -4.989, HDI50 = 1.03, R2 = 0.592); C: Significant reduction in overall MIRs in 64
overlapping countries from 2008 (orange) to 2018 (red). aP < 0.0001, Weighted Chi-square test; D: Transition of the correlation patterns of liver cancer MIR with
national HDI from 2008 (orange, r = -0.617, P < 0.0001) to 2018 (red, r = -0.548, P < 0.0001), showing a declining tendency of MIRs within the decade; E: MIRs of
liver cancer in the four HDI groups, with significant differences among the very high, high, medium, and low groups (indicated in green-gradient colors) and a
decreasing tendency in each specific group between 2008 (orange) and 2018 (red). bP < 0.001, vs very-high-HDI countries in 2018, one-way ANOVA followed by
Tukey-Kramer post hoc test. The statistical significance among countries in 2008 is not indicated. cP < 0.001, 2008 vs 2018 in the low-HDI group; dP < 0.0001, 2008
vs 2018 in the high-HDI group, paired t-test; F: Regional age-standardized mortality (gray) and incidence (white plus gray) rates per 100000 individuals for liver cancer
in 2018 (on the left) and 2008 (on the right), with MIR values denoted. HDI: Human Development Index; MIR: Mortality-to-incidence ratio.

HDIs have better cancer outcomes. Certain countries, such as New Zealand, Japan,
and Korea, have achieved high survival and low MIR with comprehensive
interventional approaches over the last decade[27-29]. Effective approaches include the
promotion of aggressive clinical guidelines, the development of sophisticated
technology, the continual improvement of socioeconomic status, and an advanced
system for practice and communication[27-29].
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Table 2 Distribution of Human Development Index and 5-year net survival values for patients
with liver cancer from 2008 to 2018
2008

2018

Transitions in a decade

Country

HDI

Survival

HDI

Survival

ΔHDI

Δsurvival

Algeria

0.686

6.2

0.754

13.5

0.068

7.3

Argentina

0.786

14.1

0.825

12.6

0.039

-1.5

Australia

0.924

14.2

0.939

19.2

0.015

5

Austria

0.876

11.2

0.908

14.8

0.032

3.6

Belgium

0.882

21.3

0.916

20.7

0.034

-0.6

Brazil

0.705

15.4

0.759

11.2

0.054

-4.2

Bulgaria

0.765

4

0.813

6.5

0.048

2.5

Canada

0.903

17.4

0.926

18.7

0.023

1.3

Chile

0.796

3.6

0.843

3.7

0.047

0.1

China

0.665

11.7

0.752

14.1

0.087

2.4

Colombia

0.697

4.8

0.747

5.2

0.050

0.4

Croatia

0.795

9.2

0.831

9.3

0.036

0.1

Cyprus

0.827

8.4

0.869

10.6

0.042

2.2

Czech Republic

0.864

3

0.888

6.7

0.024

3.7

Denmark

0.891

4.4

0.929

7.5

0.038

3.1

Ecuador

0.714

8.1

0.752

5.9

0.038

-2.2

Estonia

0.832

5.5

0.871

4.2

0.039

-1.3

Finland

0.883

7.1

0.920

10.4

0.037

3.3

France (metropolitan)

0.879

14

0.901

18.3

0.022

4.3

Germany

0.902

12.5

0.936

13

0.034

0.5

Iceland

0.895

3.9

0.935

14.3

0.040

10.4

India

0.527

2.4

0.640

6.3

0.113

3.9

Ireland

0.909

11.6

0.938

14.2

0.029

2.6

Israel

0.882

15.1

0.903

18.9

0.021

3.8

Italy

0.871

15.9

0.880

20.3

0.009

4.4

Japan

0.896

25.7

0.909

30.1

0.013

4.4

Korea, Republic of

0.886

15.3

0.903

27.2

0.017

11.9

Kuwait

0.757

11.4

0.803

18.6

0.046

7.2

Latvia

0.803

12

0.847

12.9

0.044

0.9

Lithuania

0.806

7.9

0.858

8

0.052

0.1

Malta

0.829

4.2

0.802

9.6

-0.027

5.4

New Zealand

0.904

12.4

0.917

19

0.013

6.6

Norway

0.941

7.9

0.953

18.7

0.012

10.8

Poland

0.804

9.5

0.865

10.8

0.061

1.3

Portugal

0.802

13.6

0.847

18.7

0.045

5.1

Qatar

0.825

7.1

0.856

27.2

0.031

20.1

Russian Federation

0.748

7.4

0.816

6.3

0.068

-1.1

Singapore

0.855

13.2

0.932

24.7

0.077

11.5

Slovakia

0.831

5.6

0.855

7.6

0.024

2

Slovenia

0.875

3.8

0.896

7.4

0.021

3.6

Spain

0.871

14.4

0.891

17.3

0.020

2.9

Sweden

0.9

7.8

0.933

16.6

0.033

8.8

Switzerland

0.892

12.2

0.944

15.4

0.052

3.2

Thailand

0.672

7.7

0.755

6.9

0.083

-0.8

The Netherlands

0.904

10.1

0.931

15.8

0.027

5.7

Turkey

0.691

20.1

0.791

15.9

0.100

-4.2

United Kingdom

0.86

7.1

0.922

13

0.062

5.9

United States of America

0.907

12.5

0.924

17.4

0.017

4.9

A total of 48 countries with survival rates available in both years. HDI: Human Development Index.
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Figure 3

Figure 3 Distributions of liver cancer survival and its correlation with Human Development Index values and mortality-to-incidence ratio. A: Distribution of
regional estimated 5-year net survival for patients with liver cancer in 2018, indicated in blue-gradient colors; B: Comparisons of worldwide liver cancer survival
between 2008 and 2018. aP < 0.001, 2018 (sky blue) vs 2008 (dark blue); C: A positive correlation pattern between the survival of the patients diagnosed in 20102014 and the Human Development Index value in 2018 (r = 0.408, P = 0.0027); D: Correlation between national mortality-to-incidence ratio and liver cancer survival in
2018 (r = -0.346, P = 0.0278). HDI: Human Development Index; MIR: Mortality-to-incidence ratio.

Analyzing time-dependent trends allows for the identification of successful
strategies as well as concerning patterns. Scientific advances have resulted in rapidly
growing medical technology and treatment strategies for liver cancer. The rapid
development of laparoscopic and robotic surgery, especially the da Vinci Surgical
System (Intuitive Surgical, Sunnyvale, CA, United States), has offered a less invasive
approach while ensuring oncological remission and expected survival[30]. Combination
therapy of the classic targeted agents, such as sorafenib, with transarterial chemoembolization[31], percutaneous radiofrequency, or microwave ablation[32-34] has
shown promising therapeutic effects [35] . Meanwhile, novel approaches have also
emerged as powerful methods against tumor progression, relapse, and metastasis;
these approaches include the following: Nucleotide-based regulation via nanoparticlemediated drug delivery; various immune checkpoint blockades targeting cytotoxic Tlymphocyte-associated protein 4, programmed cell death protein 1 (PD-1) or its ligand
PD-L1; and even cancer vaccines [36-39] . Comprehensive integration has promoted
heightened awareness, preventive measures, earlier detection, and better patient care.
However, there is still no radical therapeutic regimen for liver cancer. Heterogeneity
in the pathogenesis and biological behavior of liver cancer has led to drawbacks of
new systemic agents [40] . Furthermore, advances in immunotherapy and robotic
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surgery, though promising, are not feasible or affordable for generalized application
in settings with limited health care resources[39]. Although issues concerning health
care disparities have aroused much public interest in reducing the gaps among
populations, several developed countries have even tried to eliminate health
inequalities; however, the effect is limited, and lower-HDI countries have not yet been
able to close the gap between their cancer outcomes and those of other countries[41-43].
The current availability of essential technology and resources for prevention, early
detection, effective treatment, and palliative care is still sparse[9,44,45].
There are some limitations to our study. A few countries with the highest
transitions in survival and MIR had contradictory values for these indicators (e.g.,
Δsurvival = +10.8%, ΔMIR = +13.9% in Norway), indicating the potential for conflicts
in the estimated data from the GLOBOCAN and CONCORD programs. First, there
was a discrepancy between countries with available MIR data or survival rates.
Second, the MIR estimates provide a valuable assessment of cancer outcomes but are
not intended to serve as a substitute for continuous approaches to authoritative data
recording, such as high-quality population-based cancer registries and vital
registration systems[1,15]. Third, the present lack of high-quality local data in many
transitioning countries directly influenced the robustness of the included estimates.
For example, in survival data from Jordan, linkage with the national death index has
been insufficient because only approximately 70% of deaths are certified [11] .
Furthermore, as described by CONCORD-3, estimates of liver cancer are flagged as
less reliable than those of other cancers because of the exclusion of higher proportions
of death-certificate-only registrations[11].
In conclusion, HDI values are significantly correlated with liver cancer outcomes.
Even with successful prevention strategy measures, cases of liver cancer are likely to
increase over the next several decades owing to population aging and growth. Such
disparities in cancer health care should compel us to exert greater effort in improving
socioeconomic conditions in less developed countries and territories. Given the
dismal prognosis of liver cancer, research on new and available approaches against
liver cancer is urgently needed.

ARTICLE HIGHLIGHTS
Research background
Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the fourth leading
cause of cancer death worldwide. Novel treatment strategies against liver cancer have been
developed rapidly recent years. Given its high malignant potential, liver cancer burden is still a
serious public health problem over the past decade.

Research motivation
Socioeconomic development is closely interconnected with public health. However, little is
known about healthcare disparities in individuals suffering from liver cancer. Furthermore, the
manner in which social development and medical advances influenced liver cancer patients in
the past decade is waiting to be clarified.

Research objectives
To investigate the influence of national Human Development Index (HDI) on mortality-toincidence ratio (MIR) and 5-year net survival of patients with existing liver cancer, and transition
in liver cancer epidemiology from 2008 to 2018.

Research methods
We explored the association of MIR and survival of liver cancer with corresponding HDI via
correlation analysis and nonlinear regression. Specifically, nonlinear regression was based on a
modified “dose-to-inhibition response” model. We further investigated cancer geographic
variability across continents and countries, among which MIRs within the four-tier HDI groups
were compared via one-way ANOVA followed by Tukey-Kramer post hoc tests. Then we
focused on temporal heterogeneity over the past decade, and comparisons of the incidence,
mortality, calculated MIR, and survival between 2008 and 2018 were based on Weighted Chisquare test. A P-value less than 0.05 was considered statistically significant.

Research results
Liver cancer MIRs were negatively correlated and showed good fit with a modified “dose-toinhibition response” pattern with HDI (P < 0.0001). Cancer survival was positively associated
with HDI (P < 0.01) and negatively associated with MIR (P < 0.05), solidly confirming the
interrelation among liver cancer outcome indicators and socioeconomic factors. Also, liver cancer
MIRs of 4-tier HDI subgroups differed from each other. Notably, in the past decade, as the levels
of national HDI in most countries have increased, the corresponding liver cancer MIR was
relatively lower (P < 0.0001) and survival has simultaneously improved (P < 0.001), with longexisting region- or country-specific disparities.
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Research conclusions
This study is the first to explore the exact relationship between the epidemiology of liver cancer
and socioeconomic development in a long time scale. We showed the association between MIR
and survival of liver cancer and area-specific HDI. Moreover, HDI values have increased along
with improved liver cancer outcomes over the last decade, with significant disparities among
countries. Our findings provide strong evidence of healthcare disparities related to
socioeconomic factors, and we provide a substantial summary of the development of liver cancer
health care in the last decade.

Research perspectives
The great disparities in cancer health care should compel us to exert greater effort in improving
socioeconomic conditions in less developed countries and territories. Even the clinical outcomes
of liver cancer have improved in the past decade, it still lacks an ideal radical therapeutic
regimen. Given the dismal prognosis of liver cancer, research on new and available approaches
against liver cancer is urgently needed in the future.
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Abstract
BACKGROUND
Non-invasive evaluation for liver fibrosis is clinically important, especially in
patients with undetectable hepatitis B virus (HBV) DNA treated with nucleoside
analogs.

https://www.wjgnet.com

4764

August 28, 2019

Volume 25

Issue 32

Chang XJ et al. On-treatment monitoring of liver fibrosis
Special Clinical Application
Research and Translational Grants,
No. Z151100004015221.

Institutional review board
statement: This manuscript was
approved by the institutional
review board.

Clinical trial registration statement:
The clinical trial have been
registered (NCT01965418).

Informed consent statement: All
patients signed informed consent
statement.

Conflict-of-interest statement:
Authors disclose no any conflict of
interest.

Data sharing statement: No
additional data are available.

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/

AIM
To clarify the monitoring power of hepatitis B core-related antigen (HBcrAg) for
hepatic histologic changes in patients with chronic hepatitis B (CHB) treated with
entecavir.
METHODS
This prospective multicenter study used multiple ordinal and multivariate
logistics regression analysis to assess variables associated with Ishak fibrosis
score and regression for fibrosis regression, respectively, in 403 CHB patients,
including 374 with entecavir for 72 weeks (291 underwent paired liver biopsy)
and 29 as controls.
RESULTS
Level of HBcrAg correlated negatively with liver fibrosis staging (γ = -0.357, P <
0.001) in hepatitis B e antigen (HBeAg)-positive patients, and positively with liver
fibrosis staging in HBeAg-negative patients. Higher HBcrAg concentration was
associated with younger age, HBeAg positive status, high HBV DNA loads, high
level of hepatitis B surface antigen (HBsAg) and higher necroinflammation, but
not with HBV genotype. Serum concentration of HBcrAg, basal core
promoter/precore (BCP/PC) mutant, quantitation of HBsAg (qHBsAg) and
platelet counts were independently associated with Ishak fibrosis score on
multiple ordinal regression. HBV DNA was undetectable in 88.37% of patients
treated with entecavir at week 72, while their level of HBcrAg was still detectable.
A greater reduction in post-treatment HBcrAg concentration was associated with
the regression of hepatic fibrosis and histological improvement. HBcrAg
concentration > 6.33 log IU/mL at baseline and logarithmic reduction > 1.03 log
IU/mL at week 72 were associated with a higher chance of regression of liver
fibrosis and histological improvement, respectively.
CONCLUSION
HBcrAg level is associated with liver fibrosis progression. HBcrAg is an excellent
monitor of hepatic histological changes, especially in CHB patients treated with
nucleoside analogs.
Key words: Hepatitis B core-related antigen; Liver fibrosis; Cirrhosis; On-treatment
monitoring
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Core tip: Hepatitis B core-related antigen (HBcrAg) is an excellent monitor of hepatic
histological changes, especially in patients with chronic hepatitis B treated with
nucleoside analogs. Baseline HBcrAg level and logarithmic reduction of HBcrAg at
week 72 of treatment can predict and monitor the chance of achieving regression of liver
fibrosis and histological improvement.
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INTRODUCTION
Chronic hepatitis B (CHB) causes liver injury that can progress to cirrhosis, result in
hepatocellular carcinoma (HCC), liver failure, and death [1,2] . Early and accurate
diagnosis of hepatic fibrosis/cirrhosis is particularly important for appropriate
management and monitoring of CHB, and preventing cirrhosis-related morbidity and
mortality[3].
Liver biopsy remains the gold standard for fibrosis stage clinically. But,
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invasiveness, poor acceptance, sampling variability, and complications limit its wide
application , and it is unsuitable to dynamically observe liver fibrosis progression[4].
Several non-invasive models have been developed to stage liver fibrosis, including
FibroTest[5], aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio[6],
AST to platelet index[7], fibrosis index based on 4 factors (FIB-4)[8] and Hepascore[9].
Liver stiffness measurement with FibroScan® (LSM-FS) is a better predictor than
serum biomarkers for advanced liver fibrosis and cirrhosis in patients with CHB[10].
However, among patients with intermediate LSM-FS measurements, the accuracy of
hepatic fibrosis staging is lower[11,12]. Although these non-invasive methods are simple
and available for those with chronic HCV infection[10,13,14], inconsistent results have
been reported[15], and some predictive models designed especially for CHB patients
have some limitations[15-17], and few of them have been widely validated.
Hepatitis B core-related antigen (HBcrAg)[18-20], a new biomarker of HBV infection,
consist of hepatitis B core antigen (HBcAg) and hepatitis B e antigen (HBeAg); they
are products of the precore/core gene and have the first 149 amino acids of HBcAg in
common.
Serum concentration of HBcrAg is correlated with intrahepatic levels of covalently
closed circular DNA[21,22]. HBcrAg is a valuable marker to guide cessation of antivirus
and assess CHB related hepatic disease[23]. HBcrAg is a useful predictor of necroinflammation and fibrosis in HBeAg-positive or -negative patients[23,24]. However,
those studies were not ideal. For example, no patient underwent paired liver biopsy;
the adequacy criteria for liver biopsy were sub-optimal and developed by
retrospective data, assessing patients who met the eligibility criteria; and there was a
lack of multicenter and external validation. Therefore, non-invasive markers are
needed to assess liver fibrosis and antiviral effectiveness in CHB patients.
The aim of the present study was to develop serum HBcrAg as a simple novel
biomarker referencing to central histologic stage of fibrosis by liver biopsy, to monitor
liver fibrosis in patients with CHB, and evaluate treatment-related changes in hepatic
histology.

MATERIALS AND METHODS
Study design, inclusion and patients
This was a multicenter prospective sub-study of our ongoing clinical trial of
regression of HBV-related liver fibrosis in China (NCT01965418)[25]. The study meets
the requirements of the Declaration of Helsinki, the protocol was approved by the
ethics committee of each participating institution, and written informed consent was
obtained from all patients. Patients were prospectively recruited from Beijing 302nd
Hospital, the First Affiliated Hospital of Wenzhou Medical University, the First
Affiliated Hospital of Zhengzhou University, and Fuzhou Infectious Diseases
Hospital. Patients who met the following inclusion criteria were enrolled: (1) Men or
women aged 18-65 years, positive HBsAg for at least 6 mo; (2) As for HBeAg-positive
CHB, HBV DNA ≥ 20000 IU/mL and ALT ≥ 2 × upper normal limit, as for HBeAgnegative CHB, HBV DNA ≥ 2000 IU/mL and ALT ≥ 2 × upper normal limit, or
clinically compensated cirrhosis with detectable serum HBV DNA regardless of
HBeAg status and the ALT level at screening before liver biopsy[12,26]; (3) A baseline
liver-biopsy specimen obtained showing an Ishak fibrosis score stage ≥ 3 within 4 wk
before enrollment; and (4) Nucleos(t)ide analogues treatment naïve or anti-fibrotic
therapy within 6 mo before enrollment. The exclusion criteria included: (1) Coinfection with other virus hepatitis or chronic liver diseases; (2) Liver biopsy was
inadequate for grading and/or staging; (3) One more variables were missing; and (4)
Decompensated cirrhosis or history of any concurrent malignancy.

Histological staging and grading of liver biopsy
All patients were required for follow-up liver biopsy at treatment week 72.
Ultrasound-guided liver biopsy was performed according to a standard protocol[27]. A
Quick-cut needle or Menghini needle, 16 G (Allegiance Corporation, McGaw Park, IL,
United States), was used for biopsy, and a minimal 2.0-cm length of liver tissue with
at least 11 portal tracts was obtained for pathological evaluation[27]. All liver biopsies
were reviewed in a central pathology laboratory by two liver pathologists blinded to
treatment assignment and time of biopsy. Biopsies with inconsistent reports were rereviewed by both pathologists together to reach a consensus. Histological assessment
included: (1) Fibrosis stage evaluated by the Ishak modified histological activity index
grading scale (0 indicates no fibrosis and ≥ 5 indicates cirrhosis) [28] ; and (2)
Inflammatory activity assessed by the Knodell scoring system (≤ 3 indicates mild or
no necro-inflammation, ≥ 10 indicates severe necro-inflammation)[29].
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Laboratory tests and blood measurements
Fasting blood samples were collected on the day of biopsy and and served for
immediate use (10 mL fresh blood), except for serum hyaluronic acid (HA) etc. that
was measured on frozen samples (5 mL serum stored at -80 °C). Blood analysis was
performed using standard methodologies. Serum biochemical parameters included
total bilirubin, indirect bilirubin, ALT, AST, gamma glutamyl transpeptidase, alkaline
phosphatase, albumin, blood urea nitrogen, creatinine, α-fetoprotein, prothrombin
time, triglycerides, total cholesterol, low-density lipoprotein and high-density
lipoprotein, apolipoprotein A1, haptoglobin, HA, propeptide of type III procollagen
(PIIINP) and α2-macroglobulin. All parameters were measured using standard
methodologies.
Markers of HBV included HBsAg, HB surface antibody (HBsAb), HBeAg, HB e
antibody (HBeAb), HB core antibody (HBcAb) (Abbott, Shanghai, China), and serum
HBcrAg was measured using a CLEIA Lumipulse G1200 automated analyzer
(Fujirebio Inc., Tokyo, Japan). The reagents were provided by Fujirebio Inc., lot
number: SAX5031 (Japan). The lower and upper detection limits were 1 kU/mL and
10000 kU/mL, respectively. If the serum exceeded the upper detection limit, it was
diluted 10 times and retested. α2-Macroglobulin, haptoglobin and apolipoprotein A1
were measured by immunonephelometry using a BN ProsPec analyser (Siemens
diagnostics, Deerfield, IL, United States). Serum HA concentration (Lumino Analyzer
and Maglumi Reagent; STRATEC Biomedical Systems AG, Berlin, Germany). PIIINP
was analyzed using kits produced by Elabscience (Beijing, China). Markers of HBV
included HBsAg, HBsAb, HBeAg, HBeAb and HBcAb (Abbott, Shanghai, China), and
quantitation of HBsAg (qHBsAg) was detected at the central laboratory using the
Abbott Architect Assay (Abbott Laboratories, Abbott Park, IL, United States). HBV
DNA levels were determined using the COBAS Taq Man assay (Roche Molecular
Systems, Branchburg, NJ, United States) at Beijing 302 Hospital with the detection
limit of 20 IU/mL.

Complete genome sequencing for hepatitis B virus
Viral DNA was extracted from samples of 100 μL serum. Complete HBV genomes
were amplified and sequenced as previously described[30]. The direct sequencing was
performed using an ABI 3730xl DNA Analyzer (Applied Biosystems, Foster City, CA,
United States). HBV genomic sequences were deposited in GenBank under accession
numbers MK171258 - MK171652 for those from CHB patient.

Statistical analysis
Data analysis was performed using SAS version 9.4 (SAS Institute Inc., Cary, NC,
United States). Categorical data were expressed as numbers (percentages) and
continuous variables as either mean or median. Comparisons between groups were
conducted by Student’s t-test (variance homogeneity), Satterthwaite test (variance not
homogeneity) or Wilcoxon rank sum test (variance not symmetric) for continuous
variables and the χ2 test for categorical variables. For efficacy evaluations based on
categorical variables, the Cochran-Mantel-Haenszel test was applied to test the central
effect, when the Breslow-Day test showed there was no significant central effect (P >
0.05). The χ2 test was directly applied to the classification data. To evaluate which
variables were associated with Ishak fibrosis score and histological improvement in
our cohort, we performed multiple ordinal logistic regression, and the variables are
presented as odds ratios (ORs) with 95% confidence intervals (CIs). Statistical
significance was assessed at the 0.05 level, and defined as two-sided P < 0.05.

RESULTS
Patient characteristics and serum concentration of HBcrAg
Four hundred and ninety-two CHB patients were screened for eligibility, of whom
390 patients with Ishak fibrosis score ≥ 3 underwent randomization and 39 with Ishak
fibrosis score ≤ 2 served as observed controls. A total of 403 (374 randomized and 29
observed controls) patients finished a 72-wk follow-up and 291/403 (72.2%)
underwent a second liver biopsy. Finally, 320 patients (291 with paired liver biopsies
and 29 observed controls) were included in the statistical analysis (Figure 1). The
baseline characteristics of the study population are summarized in Table 1. The two
groups showed comparable baseline characteristics, while the HBeAg-positive
patients had a higher median HBcrAg concentration (8.0 log10 IU/mL vs 4.9 log10
IU/mL; P < 0.001), HBV DNA (7.5 log10 IU/mL vs 4.9 log10 IU/mL; P < 0.001),
qHBsAg (3.9 log10 IU/mL vs 3.3 log10 IU/mL; P < 0.001) than the HBeAg-negative
patients had. HBeAg-positive patients were younger, with low α2-Macroglobulin

WJG

https://www.wjgnet.com

4767

August 28, 2019

Volume 25

Issue 32

Chang XJ et al. On-treatment monitoring of liver fibrosis

concentration compared to HBeAg-negative patients (both P < 0.001). The baseline
proportion of patients with genotype C in HBeAg-poitive group was higher (75% vs
60%, P = 0.038). In HBeAg-positive patients, 14 had S1/2 (8.5%), 48 S3 (29.3%), 36 S4
(22%), 31 S5 (19%), and 35 S6 (21%) fibrosis. HBcrAg was significantly negatively
correlated with liver fibrosis staging (γ = -0.357, P < 0.001, Table 1 and Figure 2), with
median concentrations of 8.8, 8.6, 8.1, 7.2 and 6.8 log10 IU/mL for S1/2, S3, S4, S5 and
S6, respectively. However, In HBeAg-negative patients, 15 patients had S1/2 (9.6%),
36 S3 (23%), 27 S4 (17%), 34 S5 (22%) and 44 S6 (28%) fibrosis. Level of HBcrAg was
significantly positively correlated with liver fibrosis staging (γ = 0.317, P < 0.001,
Table 1 and Figure 2), with median concentrations of 3.6, 4.4, 5.0, 5.3 and 5.7 log10
IU/mL for S1/2, S3, S4, S5 and S6, respectively.

Relationship between serum concentration of HBcrAg and other markers
According to the median serum concentration of HBcrAg [6.33 log10 IU/mL,
interquartile range (IQR): 4.80-8.18], these 320 cases were divided into two groups:
those with low concentration of HBcrAg (≤ 6.33 log10 IU/mL) and those with high
concentration (> 6.33 log10 IU/mL). A higher serum concentration of HBcrAg was
significantly associated with younger age, HBeAg positivity, high HBVDNA load,
high level of qHBsAg, higher necroinflammation, elevated level of ALT and AST, but
not with HBV genotype (Table 2).

Effects of HBV BCP/PC/C mutations on serum concentration of HBcrAg
A hierarchical clustering analysis was performed on complete genome sequencing for
HBV according to the median of serum HBcrAg concentration (6.33 log IU/mL, IQR:
4.80-8.18). The 320 cases were divided into two distinct subclasses, cluster1 (> 6.33 log
IU/mL as high serum concentration of HBcrAg) and cluster 2 (≤ 6.33 log IU/mL as
low serum concentration of HBcrAg) (Figure 3A). Compared to cluster 1, cluster 2 had
a higher proportion of HBV BCP/PC/C mutations, such as T1753G/C/A (33.8% vs
11.3%, P < 0.001), G1762T (77.5% vs 57.5%, P = 0.001), G1764A (78.1% vs 60.0%, P =
0.002), C1766T (15.0% vs 4.4%, P = 0.006), A1846T/C (38.1% vs 10.0%, P < 0.001),
G1896A (60.0% vs 26.3%, P < 0.001) and G1899A (21.9% vs 4.4%, P < 0.001) (Figure 3B).
At these loci, patients with non-mutations had significantly higher concentration of
HBcrAg than patients with mutations had (Figure 3C). The patients with BCP nonmutation had significant higher serum concentration of HBcrAg than that of those
with BCP mutation at baseline (8.33 log IU/mL, IQR: 6.07-8.73 vs 6.14 log IU/mL,
IQR: 5.0-7.63, P < 0.001, Figure 3D). At week 72, no significant differences in the serum
concentration of HBcrAg (BCP non-mutation, 5.63 log IU/mL, IQR: 4.30-7.63 vs BCP
mutation, 5.27 log IU/mL, IQR: 4.20-6.25, P = 0.061, Figure 3D), but the median
decline of HBcrAg level was higher in BCP non-mutation patients compared with
BCP mutation patients (-1.19 vs -0.87 log IU/mL, P = 0.041, Figure 3D).

Variables associated with Ishak fibrosis score
We performed multiple ordinal regression analysis to determine which factors were
associated with significant fibrosis to cirrhosis (S3-S6; Figure 4). The presence of
G1764A mutation showed the strongest independent association with S3-6 fibrosis
(OR = 2.28, 95%CI: 1.204-4.317, P = 0.011). Significant fibrosis was also associated with
qHBsAg (OR = 0.445, 95%CI: 0.223-0.890, P = 0.022), baseline serum concentration of
HBcrAg (OR = 0.420, 95%CI: 0.206-0.875, P = 0.017), platelet counts (OR = 0.412,
95%CI: 0.228-0.745, P = 0.003) and cholinesterase (OR = 0.369, 95%CI: 0.205-0.663, P =
0.001).

Effects of HBcrAg kinetics on regression of liver fibrosis and histological
improvement
Of the 425 patients, 403 patients completed week 72 of follow-up. Two hundred and
ninety-one patients had the second liver biopsy. HBV DNA was undetectable by PCR
in 88.37% of patients treated with entecavir for 72 weeks, while HBcrAg was still
detectable. The incidence of regression of fibrosis was 57.5% in patients with high
baseline HBcrAg (> 6.33 log IU/mL) and low concentration of HBcrAg (40.6%, P =
0.004; Figure 5A and B). There were 50 (17.2%, 50/291) patients with liver fibrosis
progression, included 27 HBeAg negative and 23 HBeAg positive after 72 weeks of
entecavir therapy. Compared with baseline, the proportion of increased serum
concentration of HBcrAg in HBeAg-negative patients was significantly higher than
that in HBeAg-positive patients (77%, 19/27 vs 30%, 7/23; P = 0.005). The median
logarithmic reduction of HBcrAg concentration was higher in those with regression of
liver fibrosis (n = 134), compared with those with no regression of fibrosis (n = 147; 1.2 vs --0.8 log IU/mL, P = 0.042; Figure 5C). Compared to those with no histological
improvement, the patients with histological improvement had significantly greater
median logarithmic reduction of HBcrAg concentration (-1.2 log IU/mL vs -0.6 log
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Table 1 Demographic and characteristics, n (%)
Variables

HBeAg-positive(n = 164)

HBeAg-negative(n = 156)

P value

Age (median, IQR) (yr)

39 (14)

45 (11)

< 0.001

Male

117 (71)

100 (64)

0.166

Platelet counts (Median, IQR) (109/L)

165.5 (84)

160 (83)

0.074

Prothrombin time (Median, IQR) (s)

12.1 (2.3)

12.1 (2.5)

0.574

Alanine transaminase (Median, IQR) (IU/L)

60.5 (87)

43 (54)

0.041

Aspartate aminotransferase (Median, IQR) (IU/L)

46.5 (49)

35 (39)

0.144

Alkaline phosphatase (Median, IQR) (U/L)

81 (33)

77.5 (39)

0.687

γ-glutamyltransferase (Median, IQR) (U/L)

37 (59)

31 (36)

0.134

Albumin (Median, IQR) (g/L)

42.0 (6.4)

43.0 (5.9)

0.014

Globulin (Median, IQR) (g/L)

30.5 (6.2)

30.1 (6.1)

0,239

Cholinesterase (Median, IQR) (U/L)

6547 (2148)

7113.5 (2621)

0.029

Adenosine deaminase (Median, IQR) (U/L)

16.0(9.9)

15.8 (10.6)

0.787

Haptoglobin (Median, IQR) (g/L)

384 (518)

401.5 (495)

0.339

α2-Macroglobulin (Median, IQR) (μg/mL)

2080 (900)

2555 (905)

<0.001

Hyaluronic acid (Median, IQR) (μg/L)

74 (66)

60 (71)

0.391

Propeptide of type III procollagen (Median, IQR) (μg/L)

8 (5)

7 (3)

0.375

α-Fetoprotein (Median, IQR) (ng/mL)

5.1 (9.2)

4.3 (5.8)

0.581

Spleen thickness (Median, IQR) (mm)

35 (7)

35 (6)

0.562

Spleen length (Median, IQR) (mm)

107 (20)

110.5 (19)

0.373

HBVDNA (Median, IQR) (log IU/mL)

7.5 (2.1)

4.9 (1.8)

< 0.001

quantitative of HBsAg (Median, IQR) (log IU/mL)

3.9 (1.1)

3.3 (0.7)

< 0.001

HBcrAg (Median, IQR) (log IU/mL)

8.0 (2.0)

4.9 (2.3)

< 0.001

0.038

Genotype
B

28 (17)

38 (24)

C

123 (75)

93 (60)

BCP/PC/C mutation
T1753C/A/G

24 (14.6)

48 (31)

0.002

T1754G

2 (1.2)

12 (7.7)

0.061

T1758C

15 (9.1)

5 (3.2)

0.135

A1762T

102 (62.1)

113 (72.4)

0.083

G1764A

102 (62.1)

119 (76.3)

0.019

C1766T

16 (9.8)

14 (8.9)

0.789

A1846T/C

15 (9.1)

62 (39.7)

< 0.001

G1862T

5 (3.0)

10 (6.4)

0.377

G1896A

32 (19.7)

106 (67.9)

< 0.001

G1899A

6 (3.7)

36 (23.1)

< 0.001

C1913A/G

21 (12.90

19 (12.2)

0.909

Ishak Fibrosis Score (mean ± SD)

4.3 ± 1.2

4.7 ± 1.2

0.006

S1+ S2

14 (8.5)

15 (9.6)

0.406

S3

48 (29.3)

36 (23.1)

S4

36 (22.0)

27 (17.3)

S5

31 (18.9)

34 (21.8)

S6

35 (21.3)

44 (28.2)

Knodell necroinflammation (mean ± SD)

6.8 ± 2.7

6.0 ± 3.0

0.013

0-3

21 (13)

36 (23)

0.046

4-6

52 (32%)

52 (33)

7-9

68 (41)

46 (30)

10-14

23 (14)

22 (14)

IQR: Interquartile range; BCP: Basal core promoter; PC: Precore; C: Core.

IU/mL, P = 0.001; Figure 5D).
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Figure 1

Figure 1 Flow chart of study population. ETV: Entecavir; PLC: Placebo; RGT: Biejia-ruangan tablet; HCC: Hepatocellular carcinoma.

Variables related to regression of liver fibrosis and histological improvement
We performed multiple ordinal regression analysis to determine which variables were
associated with regression of liver fibrosis (Figure 6). Baseline serum concentration
HBcrAg > 6.33 log IU/mL showed the strongest independent association with
regression of liver fibrosis (OR = 0.50, 95%CI: 0.264-0.945, P = 0.033). Regression of
liver fibrosis was also associated with platelet counts > 191 × 109/L (OR = 0.389,
95%CI: 0.206-0.735, P = 0.004) and age < 50 years (OR = 0.166, 95%CI: 0.030-0.923, P =
0.04). However, cholinesterase > 5937 U/L had the strongest independent association
with histological improvement (OR = 2.206, 95%CI: 1.188-4.096, P = 0.012).
Histological improvement was also found to be associated with 1 HBcrAg level
(median logarithmic reduction of HBcrAg from baseline) > 1.03 log IU/mL (OR =
0.483, 95%CI: 0.269-0.869, P = 0.015), prothrombin time > 12.7 s (OR = 0.448, 95%CI:
0.240-0.837, P = 0.012), HBV DNA > 6.76 log IU/mL (OR = 0.426, 95%CI: 0.235-0.772, P
= 0.005) and platelet count > 191 × 109/L (OR = 0.311, 95%CI: 0.161-0.600, P = 0.001).

DISCUSSION
Few studies have investigated the association between serum concentration of
HBcrAg and the pathological status of liver tissues until recently[23,31,32], especially the
kinetics of serum HBcrAg and treatment-related changes in hepatic histology. In the
present study, we intend to analyze the kinetics of serum HBcrAg in treatment-naïve
CHB patients receiving nucleos(t)ide analogues and to identify on-treatment
predictors of regression of liver fibrosis as a treatment end-point. This has not been
investigated before and our results have generated clinically useful thresholds, which
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Figure 2

Figure 2 Correlations of hepatitis B core-related antigen with Ishak fibrosis score and Knodell necroflammation score in hepatitis B e antigen-positive (A
and C) (n=164) and hepatitis B e antigen-negative (B and D) (n=156) patients. Error bars, interquartile range; expression of measurement units: Hepatitis B corerelated antigen, log10 kU/mL. HBcrAg: Hepatitis B core-related antigen.

further demonstrate the value of serum HBcrAg in management of patients with
CHB, especially with long-term NAs. The main strengths of this study were: (1) The
size, prospective, multicenter design and 291 patients underwent paired liver biopsy;
(2) The nature of study population was relatively homogeneous (i.e., covering a full
spectrum of fibrosis stage); (3) Central pathological analysis was performed to unify
the stage of liver fibrosis; and (4) Except for cirrhosis as an observed endpoint,
significant and advanced fibrosis was evaluated to prevent spectrum bias.
The distribution of serum HBcrAg level was higher in HBeAg-positive than
HBeAg-negative patients. Our data showed that serum HBcrAg level was
significantly associated with younger age, HBeAg positivity, higher HBV-DNA titers,
and high qHBsAg level, but not HBV genotypes. As noted earlier, the HBV genotype
might depend on the biogeography, and not be affected by any host or viral proteins,
but can influence the progression of liver disease[33-35]. Our results confirmed that there
was no independent association between HBV genotype and serum HBcrAg level,
indicating that HBV-triggered liver injury is mediated by host immune response to
viral proteins[33]. Interestingly, we found that patients with BCP/PC mutation had a
significantly lower serum concentration of HBcrAg when compared with their wildtype counterparts. Furthermore, after treated with entecavir for 72 wk, the decline of
HBcrAg level in patients with BCP mutation was significantly less than that of
patients with BCP non-mutation. BCP mutation, which down-regulate HBeAg
production, have been reported to be associated with advanced liver disease [36].
Therefore, selection of BCP/PC mutants can affect the HBcrAg level and explain
changes of the HBcrAg level. Indeed, patients with BCP/PC mutants whose the
decline of serum HBcrAg level less after treated by entecavir had a lower proportion
of the regression of liver fibrosis. More importantly, the present study showed that
the risk of having significant fibrosis (stage ≥ 3) at a specific point in time was
independently associated with the presence of BCP mutation (2.28-fold increase),
qHBsAg (0.445-fold increase), baseline serum concentration of HBcrAg (0.420-fold
increase), platelet counts (0.412-fold increase) and cholinesterase level (0.369-fold
increase). Notably, the finding that BCP mutation was independently associated with
liver fibrosis progression suggests that serum HBcrAg level reflects CHB disease
activity in the liver and can monitor treatment-related changes in hepatic histology.
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Table 2 Serum hepatitis B core-related antigen level and clinical characteristics, n (%)
Variables

HBcrAg-high (n = 160)

HBcrAg-low (n = 160)

P value

Age (Median, IQR) (yr)

39 (15)

44 (12)

< 0.001

Male

110 (69)

107 (67)

0.720

Platelet counts (Median, IQR) (109/L)

169 (84)

159.5 (78)

0.066

Prothrombin time (Median, IQR) (s)

12.1 (2.6)

12.0 (2.2)

0.966

Alanine transaminase (Median, IQR) (IU/L)

67 (84)

41 (48)

0.020

Aspartate aminotransferase (Median, IQR) (IU/L)

49 (48)

34 (32)

0.013

Alkaline phosphatase (Median, IQR) (U/L)

81 (33)

77 (37)

0.454

γ-glutamyltransferase (Median, IQR) (U/L)

35 (60)

33 (36)

0.135

Albumin (Median, IQR) (g/L)

42.0 (6.4)

43.0 (5.3)

0.032

Globulin (Median, IQR) (g/L)

30.6 (7.0)

29.0 (5.8)

0.003

Cholinesterase (Median, IQR) (U/L)

6438 (2265)

7133.5 (2327)

0.065

Adenosine deaminase (Median, IQR) (U/L)

16.4 (10.0)

15.2 (9.2)

0.582

Haptoglobin (Median, IQR) (g/L)

384 (515)

391.5 (486.5)

0.664

α2-Macroglobulin (Median, IQR) (μg/mL)

2200 (960)

2480 (990)

0.003

Hyaluronic acid (Median, IQR) (μg/L)

74 (66.0)

63.5 (72.0)

0.787

Propeptide of type III procollagen (Median, IQR) (μg/L)

6438 (5.0)

7 (3.0)

0.434

α-Fetoprotein (Median, IQR) (ng/mL)

5.0 (9.1)

4.7 (6.5)

0.597

Spleen thickness (Median, IQR) (mm)

35 (7.0)

35 (5.0)

0.239

Spleen length (Median, IQR) (mm)

109 (21.0)

109 (18.0)

0.410

HBVDNA (Median, IQR) (log IU/mL)

7.5 (2.0)

4.9 (1.8)

< 0.001

quantitative of HBsAg (Median, IQR) (log IU/mL)

3.9 (1.2)

3.3 (0.7)

< 0.001

B

35 (22)

31 (19)

0.971

C

114 (71)

102 (64)

T1753C/A/G

18 (11.3)

54 (33.8)

< 0.001

T1754G

5 (3.1%)

8 (5.0)

0.602

T1758C

11 (6.9)

10 (6.3)

0.792

A1762T

92 (57.5)

124 (77.5)

0.001

G1764A

96 (60.0)

125 (78.1)

0.002

C1766T

7 (4.4)

24 (15.0)

0.006

A1846T/C

16 (10.0)

61 (38.1)

< 0.001

G1862T

5 (3.1)

10 (6.3%)

0.256

G1896A

42 (26.3)

96 (60.0)

< 0.001

G1899A

7 (4.4)

35 (21.9)

< 0.001

C1913A/G

18 (11.3)

22 (13.8)

0.577

HBeAg-positive

131 (79.9)

33 (21.2)

< 0.001

Ishak Fibrosis Score (mean ± SD)

4.2 ± 1.1

4.8 ± 1.1

< 0.001

Knodell Necroinflammation Score (mean ± SD)

6.9 ± 2.7

5.8 ± 2.9

0.001

Genotype

BCP/PC/C mutation

According to the median of baseline serum hepatitis B core-related antigen (HBcrAg) level (6.33 log10 IU/mL, interquartile range: 4.80-8.18), those ≤ 6.33
log10 IU/mL as HBcrAg-low, those > 6.33 log10 IU/mL as HBcrAg-high. IQR: Interquartile range; HBcrAg: Hepatitis B core-related antigen; BCP: Basal
core promoter; PC: Precore; C: Core.

Whether the on-treatment monitoring of liver fibrosis with serum HBcrAg levels is
unknown[19,23,37]. In our study, the serum of HBcrAg level was significantly higher in
treatment-naïve HBeAg-positive patients compared to treatment-naïve HBeAgnegative patients, due to the fact that HBeAg production (one of the components of
HBcrAg) was declined after HBeAg seroconversion[38]. More importantly, the serum of
HBcrAg level showed a strong negative correlation with liver fibrosis staging in
treatment-naïve HBeAg-positive individuals, and positive correlation with that in
treatment-naïve HBeAg-negative individuals[23], extended our current knowledge and
suggested that the serum of HBcrAg level may be able to differentiate between
chronic infection and chronic hepatitis [19] . We also found that HBV DNA was
undetectable by PCR in 88.37% of patients treated with entecavir for 72 wk, while
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Figure 3

Figure 3 Hepatitis B virus basal core promoter/precore/core mutations and serum concentration of hepatitis B core-related antigen. A: Heat-map showing
semi-supervised clustering of chronic hepatitis B (CHB) baseline hepatitis B core-related antigen (HBcrAg) level (X axis) between the basal core
promoter/precure/core (BCP/PC/C) mutant (Y axis). According to the median of HBcrAg level, patients were divided into the low HBcrAg level (blue) and high HBcrAg
level (yellow). Red color represents values higher than 2 standard deviations (SD) and blue color represents values lower than 2 SD from the mean value for each
variable. B: Proportion of BCP/PC mutant in patients with low HBcrAg level (black bar) and high HBcrAg level (gray bar). C: HBcrAg level in patients with BCP/PC
mutant (open box) and BCP/PC non-mutant (solid circle). D: Logarithmic reduction of HBcrAg in patients with BCP non-mutant (grey box) and BCP mutant (white box).
BCP: Basal core promoter; PC: Precore; C: Core; CHB: Chronic hepatitis B; HBcrAg: Hepatitis B core-related antigen. Statistical significance is expressed as aP <
0.05, bP < 0.01 (P > 0.05 usually does not need to be denoted).
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Figure 4

Figure 4 Variables associated with hepatic fibrosis. Odds of Ishak fibrosis score 3-6 by multiple ordinal logistic regression for the whole patient. HBcrAg: Hepatitis
B core-related antigen; OR: Odds rate; CI: Confidence interval.

HBcrAg was still detectable. Since nucleos(t)ide analogues have no direct inhibitory
action on the transcription and translation of viral mRNA[31,39], HBcrAg continues to be
produced in spite of adequate suppression of viral DNA synthesis. The present study
demonstrated that patients with high baseline serum concentration of HBcrAg
resulted in a significantly higher regression rate of fibrosis/cirrhosis. Moreover,
patients with significantly declined in HBcrAg level were more likely to have a
significantly higher regression rate of liver fibrosis and better histologic improvement
after treatment week 72. Hence, in nucleos(t)ide analogues treated patients whose
HBV DNA has become undetectable by PCR, the use of HBcrAg measurement would
be particularly useful for monitoring hepatic histological changes, especially in
HBeAg-negative CHB.
It should be noted that our study had some limitations. Although the serum
concentration of HBcrAg for noninvasive evaluation of treatment-related changes in
hepatic histology was demonstrated after 72 wk treatment with entecavir, longer
observation would yield additional value in confirming its prediction of HCC
development. As the current study is ongoing, we will be able to provide further
update in the near future.
In conclusion, in CHB patients treated by entecavir with paired liver biopsy, serum
HBcrAg levels are associated with liver fibrosis progression. In NA-treated patients
whose HBV DNA has become undetectable by PCR, HBcrAg measurement would be
particularly useful for monitoring hepatic histological changes, especially in HBeAgnegative CHB.
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Figure 5

Figure 5 Hepatitis B core-related antigen kinetics and regression of liver fibrosis and histological improvement. After entecavir therapy for 72 wk, regression
of liver fibrosis in patients with low (A) and high (B) concentration of HBcrAg according to median baseline serum concentration of HBcrAg (6.33 log10 IU/mL, IQR:
4.80-8.18).Ishake fibrosis score decline is shown by blue, and increased is shown by red. C: 1HBcrAg as a median logarithmic reduction of HBcrAg from baseline in
patients with regression of liver fibrosis (grey box) and non-regression (black box); and D: With the histological improvement (grey box) and non-improvement (black
box). 1HBcrAg was defined as the baseline levels of HBcrAg minus week 72. Statistical significance is expressed as aP < 0.05, bP < 0.01 (P > 0.05 usually does not
need to be denoted). HBcrAg: Hepatitis B core-related antigen; IQR: Interquartile range; OR: Odds rate.
Figure 6

Figure 6 Variables associated with regression of liver fibrosis and histological improvement. Odds of presence of the regression of liver fibrosis (upper) and
histological improvement (down) by multiple ordinal logistic regression for the whole cohort of patients.
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ARTICLE HIGHLIGHTS
Research background
Cirrhosis can lead to hepatocellular carcinoma, liver failure, even death. Early and accurate
diagnosis of hepatic fibrosis/cirrhosis is pretty important for managing chronic hepatitis B
(CHB) patients and preventing cirrhosis-related morbidity and mortality. Liver biopsy as the
gold standard for fibrosis stage is invasive, poor acceptive, those limit its wide application. Many
models for fibrosis stage have some limitations and few of them have been validated.

Research motivation
Some studies have reported that hepatitis B core-related antigen (HBcrAg) is closely related with
liver fibrosis stage in CHB patients. However, whether HBcrAg can be a potential biomarker for
assessing liver fibrosis stage and monitoring the change of liver histology after antivirus is
unknown.

Research objectives
In this study, we aimed to evaluate the value of serum HBcrAg level in liver fibrosis stage and
changes of liver histology after nucleos(t)ide analogues treated . If clarified, the liver fibrosis
stage and fibrosis regression could be assessed and monitored by a non-invasive biomarker,
serum HBcrAg level, without liver biopsy.

Research methods
Base on a prospective multicenter study, multiple ordinal regression analysis was used to screen
variables associated with Ishak fibrosis score in 403 CHB patients, including 374 with entecavir
for 72 wk (291 underwent paired liver biopsy) and 29 as controls. Multivariate regression
analysis was used to explore key factors associated with fibrosis regression and histological
improvement.

Research results
Serum HBcrAg level, basal core promoter/precore (BCP/PC) mutant, qHBsAg and platelet
counts were independently associated with fibrosis staging on multiple ordinal regression.
HBcrAg concentration > 6.33 log IU/mL at baseline and its logarithmic reduction > 1.03 log
IU/mL at week 72 were associated with a higher chance of regression of liver fibrosis and
histological improvement, respectively.

Research conclusions
Serum HBcrAg level can assess liver fibrosis staging and monitor changes of liver histology,
especially in CHB patients treated with nucleoside analogs.

Research perspectives
This study strongly suggests HBcrAg is an excellent non-invasive biomarker for assessing liver
fibrosis staging and monitoring changes of liver histology. In order to more accurately assess
liver fibrosis staging and predict fibrosis regression, the model including HBcrAg should be
established in further research.
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Abstract
BACKGROUND
Liver cirrhosis is a chronic hepatic disease which is associated with
cardiovascular abnormalities. Hyperdynamic circulation in liver cirrhosis causes
functional and structural cardiac alterations. The prevalence of left ventricle
diastolic dysfunction (LVDD) in cirrhotic patients ranges from 25.7% to as high as
81.4% as reported in different studies. In several studies the severity of diastolic
dysfunction (DD) correlated with a degree of liver failure and the rate of
dysfunction was higher in patients with decompensated cirrhosis compared with
compensated. Future directions of comprehensive assessment of cardiac function
in cirrhotic patients might provide a better prognosis for these patients.
AIM
To clarify the correlation between the severity of liver cirrhosis and left ventricle
diastolic dysfunction in the existing literature.
METHODS
Through January and February of 2019 at Vilnius University we conducted a
systematic review of the global existing literature on the prevalence of left
ventricle diastolic dysfunction in patients with liver cirrhosis. We searched for
articles in PubMed, Medline and Web of science databases. Articles were selected
by using adequate inclusion and exclusion criteria. Our interest was the outcome
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of likely correlation between the severity of cirrhosis [evaluated by Child-Pugh
classes, Model For End-Stage Liver Disease (MELD) scores] and left ventricle
diastolic dysfunction [classified according to American Society of
Echocardiography (ASE) guidelines (2009, 2016)], as well as relative risk of
dysfunction in cirrhotic patients. Subgroup analyses were performed to evaluate
the ratio and grades of left ventricle diastolic dysfunction with respect to cirrhosis
severity.

Manuscript source: Invited

RESULTS
A total of 1149 articles and abstracts met the initial search criteria. Sixteen articles
which met the predefined eligibility criteria were included in the final analysis.
Overall, 1067 patients (out of them 723 men) with liver cirrhosis were evaluated
for left ventricle diastolic dysfunction. In our systemic analysis we have found
that 51.2% of cirrhotic patients had left ventricle diastolic dysfunction diagnosed
and the grade 1 was the most prevalent (59.2%, P < 0.001) among them, the grade
3 had been rarely diagnosed - only 5.1%. The data about the prevalence of
diastolic dysfunction in cirrhotic patients depending on Child-Pugh Classes was
available from 5 studies (365 patients overall) and only in 1 research diastolic
dysfunction was found being associated with severity of liver cirrhosis (P <
0.005). We established that diastolic dysfunction was diagnosed in 44.6% of
Child-Pugh A class patients, in 62% of Child B class and in 63.3% of Child C
patients (P = 0.028). The proportion of patients with higher diastolic dysfunction
grades increases in more severe cirrhosis presentation (P < 0.001). There was no
difference between mean MELD scores in patients with and without diastolic
dysfunction and in different diastolic dysfunction groups. In all studies diastolic
dysfunction was more frequent in patients with ascites.
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CONCLUSION
This systemic analysis suggests that left ventricle diastolic dysfunction is an
attribute of liver cirrhosis which has not received sufficient attention from
clinicians so far. Future suggestions of a comprehensive assessment of cardiac
function in cirrhotic patients might provide a better prognosis for these patients
and give hint for better understanding of the left ventricle diastolic dysfunction
pathogenesis in liver cirrhosis.
Key words: Liver cirrhosis; Left ventricle; Diastolic dysfunction; Correlation;
Echocardiography; Systematic review
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this systematic review we aimed to assess the association between left
ventricle diastolic dysfunction and the severity of liver cirrhosis, evaluated by ChildPugh classes. The proportion of patients with higher diastolic dysfunction grades
increases in more severe cirrhosis presentation (P < 0.001). These results suggest that
left ventricle diastolic dysfunction and its severity is an attribute of liver cirrhosis. Future
directions of a comprehensive assessment of cardiac function in cirrhotic patients might
provide a better prognosis to these patients and give hint for better understanding of the
left ventricle diastolic dysfunction pathogenesis in liver cirrhosis.
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INTRODUCTION
Cirrhosis is a chronic hepatic disease that typically presents in individuals aged 50-60
years [1,2] . This major health problem is one of the most common causes of death
worldwide and is associated with a wide range of cardiovascular abnormalities[3,4].
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Patients with cirrhosis typically demonstrate disturbance of circulatory system.
Hyperdynamic circulation presented in patients with liver cirrhosis causes functional
and structural cardiac alterations[5-7]. These changes induce myocardial remodelling
and left ventricle hypertrophy resulting in systolic and diastolic dysfunctions and
cardiomyopathy[8-10].
Cirrhotic cardiomyopathy is characterized by the following factors: impaired
contractile responsiveness to stress, diastolic dysfunction and electrophysiological
abnormalities without overt cardiac disease[11,12]. Although this type of liver cirrhosis
complication has been described since the 1960s, just recently it has been recognized
not only as a feature of alcoholic cardiotoxicity but as an ailment occurring in cirrhosis
of any aetiology[13].
The most common cardiac abnormality that occurs among cirrhotic patients is left
ventricular diastolic dysfunction (LVDD) related to development of myocardial
fibrosis, hypertrophy and subendothelial edema[5-7]. Diastolic dysfunction occurs
when the passive elastic traits of the myocardium are reduced due to the increased
myocardial mass and changes in the extracellular collagen[14].
According to different studies, the prevalence of LVDD in cirrhotic patients is
ranging from 25.7% to as high as 81.4%[15,16]. Evidence suggests that patients with
cirrhosis display primarily LVDD with normal systolic function at rest [1]. Diastolic
dysfunction may progress to systolic dysfunction, although this has not been directly
shown in cirrhotic patients[17-19]. In several studies severity of LVDD correlated with
the degree of liver failure [20-22] . Furthermore, the rate of LVDD was higher in
decompensated cirrhosis compared with compensated cirrhosis[23]. On the contrary,
several studies have not identified any association between severity of liver disease
and LVDD[24-26]. Therefore an attentive analysis of already performed studies on LVDD
causes and prevalence in cirrhotic patients as well as LVDD complication influence on
patients’ quality of life and their survival is needed to develop appropriate treatment
strategy. It is important to assess cardiac changes in especially those patients, who are
waiting for the liver transplantation, paracentesis or transjugular intrahepatic
portosystemic shunt (TIPSS) implantation, because cardiovascular decompensation
can be the main cause of operative failure.
The aim of our study was to conduct a systematic review of the existing literature
to collate all data about the cause, diagnosis, prognosis of LVDD in cirrhotic patients
and try to elucidate the association between severity of liver disease and LVDD with
the intention to propose measures for the therapy of cirrhotic patients with LVDD.

MATERIALS AND METHODS
Search strategy
An electronic search of the global literature on the prevalence of left ventricle diastolic
dysfunction in liver cirrhosis was performed. Articles available in PubMed, Medline
and Web of Science databases were reviewed in January and February 2019. The
period of publications collected was 1969-2019.
The Medical Subject Heading (MeSH) database was used as a terminological search
filter. The last search date was 7/3/2019. The main key phrases for searching the
articles were: “left ventricle diastolic dysfunction” and “liver cirrhosis“. These terms
were connected together to narrow our search by using a Boolean operator AND. Our
MeSH Major Topic was “Liver cirrhosis/*complications“ and the main MeSH
Subheading was “left ventricle diastolic dysfunction/*etiology, diagnosis, treatment”.
To describe diastolic dysfunction we used these terms: Left ventricle diastolic
dysfunction, cirrhotic cardiomyopathy, diastolic function of left ventricle, ventricular
dysfunction, left. The full terms used in PubMed search can be found in electronic
supplementary material.

Eligibility criteria
Studies were considered eligible if they met the following criteria: (1) Articles
published in English only; (2) Only patients with liver cirrhosis diagnosed by clinical
view, laboratory and imaging tests were included; (3) Severity of liver cirrhosis was
evaluated by using Model for End-Stage Liver Disease score, (MELD score) or/and
Child-Pugh classification A/B/C and scores.; (4) Left ventricle diastolic function was
evaluated by tissue Doppler imaging method; and (5) Left ventricle diastolic
dysfunction was defined and its grading (1, 2, 3) classified according to ASE 2009 or
2016 guidelines[27,28].
The exclusion criteria were: (1) Studies with children (< 18 years old); (2)
Retrospective studies; (3) No proper definition of left ventricle diastolic dysfunction
according to ASE guidelines (2009, 2016); (4) No grading of left ventricle diastolic
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dysfunction according to ASE guidelines (2009, 2016); (5) Only systolic function
evaluated; (6) Other causes of liver insufficiency, for example, toxic liver disease,
septicaemia; (7) No severity of cirrhosis evaluated by using MELD score and ChildPugh classification; (8) Patients who had chronic heart disease, for example, valvular
pathology, coronary heart disease, arrhythmias, as atrial fibrillation (Patients with
chronic heart disease other than cirrhotic cardiomyopathy); (9) No human
participants in the study; (10) No full article available; and (11) Article not available in
English.
Our interest was the correlation between the severity of cirrhosis and left ventricle
diastolic dysfunction, relative risk of LVDD in liver cirrhosis group.
Three investigators separately reviewed all the titles, abstracts and full articles.
Reviewers excluded irrelevant articles. The disagreement on whether to include or not
the article was solved by other two investigators. Data extraction was performed by
three investigators and reviewed for accuracy by another investigator.
Total number of patients, number of healthy controls, age, etiology of cirrhosis,
Child-Pugh scores and classification A/B/C, MELD score, the presence of ascites,
LVDD, the grading of diastolic dysfunction, the year of the LVDD guidelines used,
influence of LVDD on survival of the patients with cirrhosis were recorded. Some
studies had missing data for Child-Pugh classification, MELD scores or did not have a
healthy controls group.
The risk of bias for each study was evaluated by using ROBINS-I tool from the
Cochrane Method group at the study level[29]. All of the major domains were selected:
confounding, selection of the participants, evaluation of LVDD and grading, missing
data, selection of the reported results and measurement of outcomes[29].

Statistical analysis
This systematic review was prepared and revised according to the PRISMA 2009
Checklist[30]. Statistical evaluation was performed with R version 3.5.3 (GNU Project).
Studies meeting the inclusion criteria were tabulated. Statistically and clinically
appropriate studies were combined to estimate the LVDD prevalence and LVDD
grades’ distribution in patients with respect to cirrhosis severity.
To evaluate the overall distribution of LVDD grades in cirrhotic patients χ 2
goodness-of-fit test was applied. Pearson’s χ2 was used for comparing the distribution
of patients with and without LVDD in three Child-Pugh groups.
For analysing of LVDD grades ratio in three Child-Pugh groups and LVDD
prevalence in cirrhotics with and without ascites Pearson’s χ2 and Fisher exact tests
were used. P value < 0.05 was considered as statistically significant.

RESULTS
A total of 1149 articles and abstracts met the initial search criteria.
Out of 1149 articles 91 were selected for full text review. As many as 16 articles that
met the predefined eligibility criteria were included in the final analysis[15,16,21,22,24-26,31-39].
The process of identification, screening and eligibility is described in Figure 1.
Included studies and patients’ characteristics are shown in Table 1. Overall 1067
patients (of which 723 were men) with liver cirrhosis were evaluated for LVDD. Out
of 16 studies 9 had control group, altogether 318 control subjects included.
The risk of bias for each study is demonstrated in Table 2.

Diagnosis of LVDD
All patients and controls had echocardiography with tissue Doppler imaging
performed. Tested parameters of LVDD are shown in Table 3.
The data about LVDD, its grades and guidelines used in every study is depicted in
Table 4.
In our systemic analysis we found 51.2% of cirrhotic patients had LVDD diagnosed
and the grade 1 was the most prevalent (59.2%, P < 0.001) among them. The grade 3
had been rarely diagnosed - only in 5.1%.
In most studies controls had no cardiac dysfunction but in two studies[35,25] 4.7%
(overall 15 out of 318) controls were diagnosed with LVDD.

Link between LVDD and Child-Pugh classification parameters
In our systemic analysis the data about LVDD prevalence in cirrhotic patients
depending on Child-Pugh classes was available from 5 studies (365 patients
overall)[16,24,25,32,34] and only Bhuin et al[16] found LVDD being associated with severity of
liver cirrhosis (P < 0.005). Other four studies did not find any difference in the severity
of LVDD among Child classes[24,25,32,34].
After analysing this data we observed that LVDD was diagnosed in 44.6% (29) of
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Figure 1

Figure 1 Final articles selection.

Child-Pugh A class patients, in 62% (101) of Child B class and in 63.3% (81) of Child C
patients (P = 0.028).
Only three studies reported how many patients with different LVDD grades were
in different Child-Pugh classes[16,21,25]. Figure 2 shows that the proportion of patients
with higher LVDD grades increases in the presence of more severe cirrhosis.
In Merli et al[37] study patients were divided in two groups: Child-Pugh A-B classes
and Child-Pugh C class patients. In order not to lose the data reported in this study
we also divided all patients from other 5 studies into the same two groups and
analysed all patient data from 6 studies[16,24,25,32,34,37]. LVDD was found in 49.3% (149) of
patients of Child - Pugh A+B classes and in 59.7% (86) of Child - Pugh C class patients
(P = 0.051).
The prevalence of different LVDD grades in grouped Child-Pugh classes is shown
in Figure 3.
The difference in means of Child-Pugh scores between LVDD grades was analysed
in 5 studies [21,24,25,33,34,36] (Table 5). In two studies the considerable difference was
observed. Ruız-del-Arbol identified the substantial difference (P < 0.01) between
mean Child-Pugh scores in LVDD grade 2 and LVDD grade 0 groups[21]. In Rimbas et
al[36] study Child-Pugh scores were markedly higher in patients with liver cirrhosis of
LVDD grade 2 than in those with grades 1 and no LVDD.

Link between LVDD and MELD scores
The difference in means of MELD scores between LVDD groups and in patients
without LVDD was estimated in 8 studies[21,24,32,33,34,36,38,39] (Table 6). Two studies found
that patients from the grade 2 LVDD subgroup had a higher MELD score, compared
to patients with grade 1 LVDD and without LVDD (P < 0.01 and P < 0.005,
respectively)[21,36]. The means of MELD scores did not markedly differ in patients with
and without LVDD in remaining 6 studies[24,32,33,34,38,39].

Survival and LVDD
In the study of Lee et al[32] the survival rate was substantially lower in patients with
LVDD than in those without LVDD (31.1 mo vs 42.6 mo, P = 0.01). Patients with a
ratio of early filling velocity to early diastolic mitral annular velocity (E/e’) ≥ 10
(LVDD grade 2) had lower survival than the patients with E/e’ ratio < 10.
In Ruiz-Del-Albor study patients without LVDD had the longest and those with
grade 2 LVDD the shortest probability of survival [95% vs 39% (P < 0.01), respectively][21]. The value of the E/e’ ratio with higher sensitivity and specificity to
predict 12-mo survival was 10. Survival was significantly greater in E/e’ < 10,
compared to the E/e’ 10 group [91% and 29% (P < 0.0001), respectively][21].
On Kaplan-Meier analysis in Karagiannakis et al[33] study patients with LVDD had
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Table 1 Included studies and patients’ characteristics

Author

Study
type

Number
Gender Control,
of cases,
(male), n n
n

Etiology of cirrhosis, n
V

A

O

Means1 Child-Pugh classification, n
of ChildPugh
A
B
C
scores'

Means1
of MELD
scores'

Dadhich
et al[31]

Cross
sectional
case
control
study

40

ND

20

26

10

4

7.5 ± 1.08 4
pre-ascitic
group, 9.4
± 2.11
ascitic
group

22

Lee et
al[32]

Cohort
study

70

55

0

16

47

7

ND

18

35

Karagian Cohort
nakis et study
al[33]

45

E33

0

19

22

4

6.43 ± 1.9

26

15

3

11.5 ± 4.2

Alexopo
ulou et
al[34]

Crosssectional
observational
study

76

57

0

41

20

15

9.2 ± 2.7

11

28

37

17 ± 7

Farouk et Crossal[15]
sectional
study

35

22

16

35

ND

6

14

15

ND

Bhuin et
al[16]

Descrip70
tive study

32

0

70

ND

4

38

28

ND

Cesari et
al[35]

Case
series

117

106

46

57

60

8±2

ND

ND

ND

12 ± 5

Ru ızdelArbol, et
al[21]

Crosssectional

80

67

0

32

35

13

8±2
grade 0; 9
± 2 grade
1; 10 ± 2
grade 2;

12

30

38

15 ± 6
grade 0;
16 ± 5
grade 1;
21 ± 6
grade 2;

Rimbas
et al[36]

Crosssectional
observational
study

46

30

46

19

24

3

7±2

23

16

7

13 ± 5

Hamma
mi et
al[25]

Crosssectional
study

80

42

80

42

38

ND

24

36

20

14.2 ± 4.98

Merli et
al[37]

Crosssectional
observational
study

90

59

31

49

28

13

ND

48

26

16

11.9 ± 4.7

Merli et
al[26]

Case
series

74

44

26

41

21

12

ND

29

26

19

13 ± 5

Kazanko Crossv et al[38] sectional
observational
study

44

27

23

5

32

7

7.1 ± 2.2

20

12

8

12.3 ± 4.9

Nazar et
al[22]

100

71

0

41

46

15

with
26
LVDD 9 ±
2; no
LVDD 8 ±
2.2

39

37

15 ± 7

Devauch Descrip40
elle et
tive study
al[39]

30

0

9

24

7

ND

13

9

18

16

Somani
et al[24]

60

48

30

22

30

8

ND

8

26

26

15.2 ± 4.6
without
LVDD;14.
6 ± 4.3
with
LVDD

1067

723

318

Case
series

Crosssectional
observational
study

Total
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1

Values are expressed as mean ± standard deviation. V: Viral; A: Alcoholic; O: Other; ND: No data.

markedly worse prognosis compared to those without (P = 0.013, log rank: 5.495).
A multivariate analysis in the study of Alexopoulou et al[34] showed that age, MELD
and plasma sodium but no LVDD were predictive of death. In three other studies no
substantial difference in survival was found between patients with or without
LVDD[24,36,37].

Link between ascites and LVDD
The association of ascites and LVDD was assessed in 8 studies (Table 7)[21,22,26,31,35].
Overall 604 patients were studied and in 56.9% of those with ascites LVDD was
diagnosed (in 211 patients out of 371) while in 48.5% (113 out of 233) of patients
without ascites LVDD presented, P = 0.04451.
Dadlich et al[31] showed that the majority of the cirrhotic patients with ascites (80%)
had LVDD compared to those without ascites but the difference was not proved
statistically (P = 0.09). Ruiz-del-Arbor et al[21] in their research showed that ascites was
more frequent in LVDD grade 2 comparing with LVDD grade 1 (P < 0.025) and
normal diastolic function (P < 0.01). Alexopoulou et al[34] investigated that severe
ascites was more frequent in the group with LVDD (P = 0.016). In 2013 Merli et al[26]
noticed that LVDD was more prevalent in patients with ascites compared to those
without it (77% vs 56%; P = 0.04).

Link between LVDD and age
The older age and the presence of LVDD was assessed in 10 studies (Table 8). LVDD
was associated with an older age in 4 studies[32-35]. On the contrary, 6 studies found
that LVDD was not associated with an older age but there was no evidence of age
impact on LVDD in all these studies[21,22,24,31,38,39].

DISCUSSION
To our knowledge this is the first systematic review which summarizes the articles
demonstrating the association between the severity of liver cirrhosis and LVDD.
Numerous studies have shown changes in the diastolic function in patients with
liver cirrhosis. The prevalence of diastolic dysfunction in the articles analysed by our
systematic review ranged from 25.7% to 81.4%[15,16]. More than half of all patients
included in our review had some degree of diastolic dysfunction (51.2 %). As many as
59.2% of all patients with LVDD was grade 1 dysfunction. Similar results were
presented by Hammami et al[25] (23.8% of those who had grade 1 LVDD), by Lee et al[32]
(34 out of 44 patients with LVDD had grade 1 disorder), and by Merli et al[37] - 36
patients had LVDD and 24 out of 36 had grade 1 LVDD.
Older studies used only E/A ratio from the echocardiographic parameters to define
LVDD but this ratio is very reliable on preload, and is age-related[29,32]. With increasing
age E/A ratio normally decreases[29]. So, we did not include those publications in our
review. For subjects without history of cardiovascular disease the risk of having
diastolic dysfunction increases with age > 60 years[28,29]. Not all the studies in our
review excluded the elderly patients. Ruiz-del-arbor et al[21] excluded the patients who
were > 60 years old, Somani et al[34] also did not include in their study the patients who
were > 75 years old, Merli only applied the patients < 70 years old in order to prevent
from false positive detection of LVDD[37]. The newest studies included in our review
used TDI (tissue Doppler imaging) method to detect the mitral annulus velocities, as
E/e’ (the ratio between early mitral inflow velocity and mitral annular early diastolic
velocity)[21,28,29,32]. For example, Lee et al[32] on their research noted that E/e’ parameter
is a very relevant echocardiographic parameter for diagnosing and grading LVDD.
We think that E/A ratio alone could not be used to detect the disorder of diastolic
function.
This systematic review was performed based on our study of 47 patients with
diagnosed liver cirrhosis waiting for the liver transplantation in Vilnius University
Hospital Santaros Clinics, Lithuania [40] . It was a retrospective study about the
association between the LVDD and the severity of cirrhosis, evaluated by MELD score
and Child-Pugh classification. The data obtained was consistent with the studies
analysed in this review. Normal diastolic function was present in 20 (42.6%), first
grade dysfunction in 7 (14.9%), second grade in 18 (38.3 %) and the third grade in 2
(4.3%) cirrhotic patients. These results are similar to Cesari et al[35] research, where 28
out of 43 patients had grade 2 diastolic dysfunction, but in other studies the most
common LVDD grade was 1. For example, in Alexopoulou et al[34] study 37 (72.6%) out
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Table 2 Risk of bias assessment in each study with ROBINS-I tool

Author

Bias due to
confounding

Bias in selection
of participants
into the study

Bias in evaluation
Bias due to
of LVDD and
missing data
grading

Bias in selection
of the reported
result

Bias in
measurement of
outcomes

Dadhich et al[31]

Moderate

Low

Low

No information

Low

Low

Lee et al[32]

Moderate

Moderate

Low

No information

Low

Low

Karagiannakis et
al[33]

Moderate

Moderate

Low

Serious

Low

Low

Alexopoulou et
al[34]

Moderate

Moderate

Low

No information

Low

Low

Farouk et al[15]

Low

Low

Moderate

Low

Low

No information

Bhuin et al

[16]

Moderate

Moderate

Low

No information

Low

Low

Cesari et al[35]

Moderate

Serious

Low

Serious

Low

Low

Ru ız-del- Arbol, et Low
al[21]

Moderate

Low

No information

Low

Low

Rimbas et al[36]

Moderate

Moderate

Low

Seriuos

Moderate

Low

Hammami et al[25]

Moderate

Serious

Low

Low

Low

Moderate

Merli et al[37]

Moderate

Low

Low

Serious

Moderate

Moderate

Merli et al

[26]

Moderate

Low

Low

Serious

Low

Low

Kazankov et al[38]

Serious

Moderate

Low

Serious

No information

Serious

Nazar et al[22]

Low

Moderate

Low

Serious

No information

Moderate

No information

Low

No information

Low

No information

Low

Low

No information

Low

Low

Devauchelle et al[39] Critical
[24]

Somani et al

Low

LVDD: Left ventricle diastolic dysfunction.

of 51 patients with LVDD had grade 1 dysfunction. In our research we did not
observe considerable difference in the severity of diastolic function among different
groups of Child A, B, and C (P = 0.536; r = -0.093) and in distribution of diastolic
dysfunction between Child-Pugh classes (P = 0.098). Hammami et al[25] did not capture
the difference in the grades of LVDD between Child-Pugh classes as well.
However, the results of our research are discordant with other studies. Bhuin et al[16]
revealed a noteworthy prevalence of LVDD between Child-Pugh classes (P = 0.0204).
Ruız-Del- Arbol et al[21] observed notable differences in means of Child-Pugh scores
and LVDD grades (P < 0.01). Also, Ruız-Del- Arbol et al[21] showed that changes in the
cardiac function were related to the severity of the liver failure defined by a higher
prevalence of hepatic encephalopathy, ascites and higher Child-Pugh and MELD
scores in patients with grade 2 LVDD than in those with normal diastolic function.
Merli et al[26] investigated that LVDD occurred more frequently in patients with the
ascites group than in the group without it (77% vs 56%; P = 0.04). Rimbas et al[36] found
that LVDD is present in all classes of Child-Pugh, not only in patients with advanced
liver cirrhosis.
We also detected a correlation between the diastolic function and MELD scores (P =
0.007; r = 0.4) in our study and there was a substantial difference in means of the
MELD scores (P = 0.004) between grades of LVDD. The difference was significant
between grades: 0 and 3 (P = 0.008), 1 and 3 (P = 0.034).
Ruız-Del- Arbol et al[21] established a notable difference in means of MELD scores
between the patients with and without LVDD (P < 0.005). On the contrary, Kazankov
et al[38] did not observe any significance of MELD scores between the groups with and
without LVDD.
Having summarized the data from the research of Lee et al[17], Alexopoulou et al[34],
Bhuin et al[16], Somani et al[24], Hammami et al[25] we observed that there is a substantial
correlation between the prevalence of LVDD in Child-Pugh classes (P = 0.028). More
cases of LVDD were detected in classes B and C comparing to class A (62% and 63.3 %
vs 44.6%). Summarizing the data from the Bhuin et al[16], Ruız-Del- Arbol et al[21] and
Hammami et al[25], we observed considerable difference (P < 0.001) between the grades
of LVDD and Child-Pugh classes. Child-Pugh classes B and C had a certain degree of
LVDD more often than Child-Pugh class A. For example, grade 1 LVDD occurred in
31.7% of Child B class, 31.4% of Child C and only in 17.5% of Child A class.
Control groups of healthy subjects were formed in 9 studies [15,24-26,31,35-38] . It is
interesting to note that in Cesari et al [25] and in Hammami et al [35] research some

WJG

https://www.wjgnet.com

4786

August 28, 2019

Volume 25

Issue 32

Stundiene I et al. Liver cirrhosis and LVDD

Table 3 Recorded echocardiographic parameters of left ventricle diastolic dysfunction
Author

DT

IVRT

Dadhich et al[31]

+

Lee et al[32]

+

Karagiannakis et al[33]

+

[34]

E

A

E/A

E/e' = E/E'

e'(E')

e'(E') medial

e'(E') lateral

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Alexopoulou et al

+

+

+

+

+

+

Farouk et al[15]

+

+

+

+

+

+

Bhuin et al[16]

+

+

+

+

+

+

Cesari et al

[35]

+

+

+

+

+

Ruız-del-Arbol et al[21]

+

+

+

+

Rimbas et al[36]

+

+

Hammami et al[25]

+

Merli et al[37]

+

Merli et al[26]

+

Kazankov et al[38]
Nazar et al[22]

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Devauchelle et al[39]
Somani et al[24]

+
+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
+

DT: Deceleration time; IVRT: Isovolumetric relaxation time; E: Mitral inflow peak early filling velocity; A: Mitral inflow late diastolic filling velocity; E/A:
Ratio of peak early filling and late diastolic filling velocities; E/e′ : Mitral valve E velocity divided by mitral annular e′ velocity; e′: Peak modal velocity in
early diastole at the leading edge of spectral waveform, average from e′ medial and e′ lateral[26,27].

controls had LVDD. Hammami et al[25] documented 8 healthy participants out of 80 to
have LVDD (6 had grade 1, and 2 had grade 3). As many as 16% of 46 controls of
Cesari et al[25,35] research had low or moderate grade of LVDD. These findings might
show the risk of bias in confounding domain.
Some of the patients from studies we reviewed were treated with β-blockers in
order to lower portal pressure[26,31,36-38]. Dadhich et al[31] investigated that 23 patients
involved in their study consumed propranolol as a treatment of portal hypertension,
and most of those patients had ascites (15 vs 8, P = 0.03). β-blockers reduce the risk of
variceal bleeding, bacterial translocation and developing of spontaneous bacterial
peritonitis[41]. In 2010 Wong et al[41] in 2010 stated that the negative effect of β-blockers
might be possible in patients with cardiac disorder due to cirrhosis and refractory
ascites. According to the window theory, using β-blockers is effective for those
patients between early cirrhosis and end-stage cirrhosis [42] . In severe end-stage
cirrhosis β-blockers have negative impact on cardiac output. The decrease in cardiac
output causes renal hypoperfusion, and hepatorenal syndrome type 2 might
develop[41]. Those patients with liver cirrhosis and refractory ascites are reliant on
cardiac output in order to maintain a sufficient arterial blood pressure[43]. Mandorfer et
al[44] in their research suspected that use of non-selective β-blockers at the time of
diagnosis of spontaneous bacterial peritonitis was related to a higher rate of
developing hepatorenal syndrome and mortality. Also, Sersté et al[45] noticed that
using propranolol was related to a higher mortality compared to those not having βblocker therapy. Garcia-Tsao et al[46] in European Association for the Study of the Liver
(EASL) Journal of Hepatology stated that non-selective β-blockers should be
discontinued in patients with liver cirrhosis who develop hypotension and any signs
of impaired organ perfusion. Kazankov et al [38] investigated that there was no
difference in cardiac and liver function among the patients treated or not treated with
β-blockers. Devauchelle et al[39] did not notice a statistically significant difference (P =
0.7) in using β-blockers between LVDD and no LVDD groups. Even if the influence of
prophylactic treatment on LVDD was not assessed in all of our chosen studies, we
think it may have had an impact on the LVDD grade.
In our review we noticed that patients with ascites had a higher tendency to
develop LVDD (P = 0.04451). The diagnosis of diastolic dysfunction in patients with
liver cirrhosis is strongly influenced by circulatory dysfunction, predominantly by
splanchnic vasodilatation, which triggers fluid retention [26,47-49,22] . Ascites affects
ventricular filling probably by the increase in intra-thoracic pressure[50]. Removal of
ascitic fluid by paracentesis changes echocardiography parameters: Reduces the A
wave velocity and increases the E/A ratio, but compared with healthy controls it still
remains abnormal[50]. Ascites is an important factor included in Child-Pugh score
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Table 4 Left ventricle diastolic dysfunction and its’ grades in analysed studies

Author

Diagnosis of
LVDD in patients, Grade 1, n
n (%)

Grade 2, n

Dadhich et al[31]

28 (70)

11

17

2009

Lee et al[32]

44 (62.8)

34

10

2009

Karagiannakis et
al[33]

17 (37.7)

9

8

2009

Alexopoulou et
al[34]

51 (67.1)

37

11

Farouk et al[15]

9 (25.7)

9

Bhuin et al

57 (81.4)

29

28

Cesari et al[35]

43 (37)

4

28

Ru ız-del- Arbol, et 37 (46.2)
al[21]

19

18

Rimbas et al[36]

22 (47.8)

12

8

2

Hammami et al[25]

41 (51.2)

19

11

11

Merli et al[37]

36 (40)

24

12

Merli et al

47 (63.5)

37

10

Kazankov et al[38]

24 (54.5)

11

12

Nazar et al[22]

58 (58)

42

16

2009

Devauchelle et al[39] 14 (35)

11

3

2009

[16]

[26]

[24]

Grade 3, n

Diagnosis of
Year of LVDD
LVDD in controls,
guidelines used
n (%)

3

2009
2009

Somani et al

18 (30)

15

3

Total

546 (51.2)

323

195

2009
11

7 (16)

2009
2009
2016

8 (10)

2016
2009
2009

1

2009

2009
28

15 (4.7)

LVDD: Left ventricle diastolic dysfunction.

calculation and not in MELD score formula. This fact might have affected the results why we detected a relation between LVDD and Child-Pugh class but not with MELD
score. We believe that fluid retention in the abdomen have an influence on the left
ventricle diastolic function.
The risk of bias for each study was evaluated by using ROBINS-I tool (Table 2)[29].
Most of the studies had bias linked with confounding and selection of the
participants. There were doubts about the inclusion and exclusion criteria (there were
studies with no decent inclusion criteria), selecting the healthy controls, which may
have had an influence on the results (no precise definition of healthy individuals,
some cases of LVDD in controls group were observed in a couple of studies); not all
studies excluded patients, who were taking β-blockers, or other medication, as
antihypertensive treatment, diuretics, which could have affected the results of
echocardiography. On the contrary, all studies perfectly fulfilled the evaluation of
LVDD and its grades. We considered a research as being at low risk of bias if all
domains were properly assured and no serious/critical bias was detected. More than
half of publications fulfilled the low risk of bias.
The limitation of our systematic review is relatively small number of patients and
the bias of confounding and selection domains. Not all the studies reviewed all
prognostic factors, which could have affected the presence of LVDD. There was
insufficient data, which also could have affected the measurement of outcomes.
Nevertheless, several studies in our review did not observe MELD scores, so we could
not assess its relation with LVDD.

CONCLUSION
Cardiac involvement in patients with liver cirrhosis seems to be clear, and there is
correlation between the severity of cirrhosis and LVDD.
Although the data of our study and published results of other studies included in
present review had limited number of participants, their systemic analysis suggests
that LVDD and its severity depends on the stage of liver cirrhosis. To our knowledge
this is the first systematic review which summarizes the investigations demonstrating
the association between the severity of liver cirrhosis and LVDD. The cardiac
assessment in patients with Child-Pugh class B and C would be useful for the
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Figure 2

Figure 2 Ratio of left ventricle diastolic dysfunction grades in different Child-Pugh classes (P < 0.001,
Fisher’s exact test).

prevention of mortality risk because of heart function impairment. Echocardiography
should be done at least once in patients‘ case history. However, larger studies are
needed for final and detailed conclusions.
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Table 5 Difference in means of Child-Pugh scores between left ventricle diastolic dysfunction grades

Author

Number of cases, n

Difference in means
of Child-Pugh scores Mean Child-Pugh
between LVDD
scores in patients
grades Yes/No/Not
without LVDD
assessed

Dadhich et al[31]

40

NA

NA

NA

-

Lee et al[32]

70

NA

NA

NA

-

Karagiannakis et al[33]

45

No

6.5 ± 2.1

6.4 ± 1.6

NS

Alexopoulou et al

76

No

9 ± 2.8

9.2 ± 2.6

NS

Farouk et al[15]

35

NA

NA

NA

-

Bhuin et al[16]

70

NA

NA

NA

-

Cesari et al[35]

117

NA

NA

NA

-

Ru ız-del- Arbol, et
al[21]

80

Yes

8 ± 2 (7-9)

10 ± 2 (9-11)

a

Rimbas et al[36]

46

Yes

7.1 ± 2

7.3 ± 2.1

a

Hammami et al

80

NA

NA

-

Merli et al[37]

90

NA

NA

NA

-

Merli et al[26]

74

NA

NA

NA

-

Kazankov et al[38]

44

No

ND

ND

NS

Nazar et al

100

NA

NA

NA

-

Devauchelle et al[39]

40

NA

NA

NA

-

Somani et al[24]

60

NA

NA

NA

-

[34]

[25]

[22]

Mean Child-Pugh
scores in patients
with LVDD

P value

P < 0.01
P < 0.01

a

LVDD grade 2 with respect to the values of LVDD grade 0. NA: Not assessed; ND: No data; NS: Not significant; LVDD: Left ventricle diastolic
dysfunction.

Table 6 The difference in means of MELD scores between with and without left ventricle diastolic dysfunction groups
Author

MELD1 score in patients with LVDD

MELD1 score in patients without LVDD

P value

Lee et al[32]

13.9 ± 5.7

14.5 ± 6.4

NS

Karagiannakis et al[33]

11 ± 3.5

11.7 ± 4.6

NS

Alexopoulou et al[34]

15.5 ± 6.5

14.3 ± 5.7

NS

[22]

Nazar et al

16 ± 8

14 ± 6

P = 0.07

Somani et al[24]

14.6 ± 4.3

15.2 ± 4.6

NS

Rimbas et al[36]

13 ± 6
[21]

3

4

13 ± 5

NS

Ru ız-del- Arbol, et al

16 ± 5 and 21 ± 6

15 ± 6

a

Kazankov et al[38]

ND

ND

ND

Devauchelle et al[39]

14 (4)2

16 (11)2

NS

P < 0.005

1

Values are expressed as mean ± standard deviation;
Values are expressed as medians (interquartile range);
3
MELD scores of grade 1 left ventricle diastolic (LVDD);
4
MELD scores of grade 2 LVDD;
a
LVDD grade 2 with respect to the values of LVDD grade 0. LVDD: Left ventricle diastolic dysfunction; ND: No data; NS: Not significant.
2
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Table 7 The presence of ascites association with left ventricle diastolic dysfunction
Author

Overall patients with
LVDD, n (%)

LVDD in patients with
ascites, n (%)

LVDD in patients without
ascites, n (%)

P value

Dadhich et al[31]

28/70

16/80

12/60

P = 0.09

Lee et al[32]

NA
[33]

Karagiannakis et al

17/37.8

9/40.9

8/34.8

NA

Alexopoulou et al[34]

51/67.1

14/93.3

37/60.7

P = 0.016

Bhuin et al[16]

47/67.1

47/67.1

0

Cesari et al[35]

37/32.7

22/28.6

15/41.7

P < 0.005

Ru ız-del- Arbol et al[21]

37/46.3

31/57.4

6/23.1

a

Farouk et al[15]

NA

P < 0.01 and bP < 0.025

[36]

Rimbas et al

NA
[25]

Hammami et al

49/61.0

25/64.1

24/58.5

NA

Merli et al[37]

NA

Merli et al[26]

P = 0.04

Kazankov et al[38]

NA

[22]

Nazar et al

58/58.0

47/63.5

11/42.3

P = 0.03

Devauchelle et al[39]

NA

Somani et al[24]

NA

a

Left ventricle diastolic dysfunction (LVDD) grade 2 with respect to values of LVDD grade 0;
LVDD grade 2 with respect to values of LVDD grade 1. LVDD: Left ventricle diastolic dysfunction; NA: Not assessed.

b

Table 8 Older age association with the presence of left ventricle diastolic dysfunction

Author

Number of cases, n

Older age association
with the presence of Age (patients without Age (patients with
LVDD, Yes/No/Not
LVDD)1
LVDD)1
assessed

Dadhich et al[31]

40

No

ND

ND

NS

Lee et al[32]

70

Yes

47.8 ± 8.0

58.2 ± 9.9

P < 0.001

Karagiannakis et al[33]

45

Yes

53.8 ± 13

62.8 ± 9

P = 0.016

Alexopoulou et al[34]

76

Yes

53.4 ± 16.5

62.4 ± 12.7

P = 0.04

Farouk et al

35

NA

NA

NA

-

Bhuin et al[16]

70

NA

NA

NA

-

Cesari et al[35]

117

Yes

ND

ND

P = 0.005

Ru ız-del- Arbol et al

80

No

ND

ND

NS

Rimbas et al[36]

46

NA

NA

NA

-

Hammami et al[25]

80

NA

NA

NA

-

Merli et al[37]

90

NA

NA

NA

-

Merli et al

[26]

74

NA

NA

NA

-

Kazankov et al[38]

44

No

ND

ND

NS

Nazar et al[22]

100

No

55 ± 10

57 ± 10

NS

Devauchelle et al[39]

40

No

57 (10)

59 (13)

NS

60

No

50.5 ± 9.9

49.5 ± 8.5

NS

[15]

[21]

[24]

Somani et al

P value

1

Values are expressed as mean ± standard deviation. LVDD: Left ventricle diastolic dysfunction; NA: Not assessed; NS: Not significant.
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Figure 3

Figure 3 Ratio of left ventricle diastolic dysfunction grades in two groups of cirrhotic patients[16,21,25,37] (P = 0.044, Pearson's Chi-squared test).

ARTICLE HIGHLIGHTS
Research background
Cardiovascular abnormalities occur in patients with liver cirrhosis. The prevalence of left
ventricle diastolic dysfunction (LVDD) in cirrhotic patients ranges from 25.7% to as high as
81.4% as reported in different studies. In several studies the severity of diastolic dysfunction
(DD) correlated with a degree of liver failure and the rate of dysfunction was higher in patients
with decompensated cirrhosis compared with compensated. It is important to assess cardiac
changes in especially those patients who are waiting for the liver transplantation, paracentesis or
transjugular intrahepatic portosystemic shunt (TIPSS) implantation, because cardiovascular
decompensation can be the main cause of operative failure.

Research motivation
Due to the lack of studies, well designed studies are necessary to determine the role of assesment
of cardiac function in cirrhotic patients. Therefore, an attentive analysis of already performed
studies on LVDD prevalence in cirrhotic patients is very important because LVDD has an
influence on patients’ quality of life and their survival, especially in patients with advanced liver
cirrhosis. Developing an appropriate treatment strategy for such patients also is the key to future
research. Future directions of comprehensive assessment of cardiac function in cirrhotic patients
might provide a better prognosis to these patients so it is an attractive field of research.

Research objectives
The aim of our study was to clarify the association between the severity of liver cirrhosis and left
ventricle diastolic dysfunction in the published studies.

Research methods
In January and February, 2019 at Vilnius University we conducted a systematic review of the
global existing literature on the prevalence of left ventricle diastolic dysfunction in patients with
liver cirrhosis. We searched for articles in PubMed, Medline and Web of science databases.
Eligibility criteria were: (1) Articles published in English only; (2) Only patients with liver
cirrhosis diagnosed by clinical view, laboratory and imaging tests were included; (3) Severity of
liver cirrhosis was evaluated by using Model for End-Stage Liver Disease score, (MELD score)
or/and Child-Pugh classification A/B/C and scores; (4) Left ventricle diastolic function was
evaluated by tissue Doppler imaging method; and (5) Left ventricle diastolic dysfunction was
defined and its grading (I, II, III) classified according to ASE guidelines issued in 2009 or 2016.
Analyses were performed to evaluate the ratio and grades of left ventricle diastolic dysfunction
with respect to cirrhosis severity.

Research results
A total of 1149 articles and abstracts met the initial search criteria. 16 articles which met the
predefined eligibility criteria were included in the final analysis. Overall, 1067 patients (out of
them 723 men) with liver cirrhosis were evaluated for left ventricle diastolic dysfunction. In our
systemic analysis we have found that 51.2% of cirrhotic patients had left ventricle diastolic
dysfunction diagnosed and the grade 1 was the most prevalent (59.2 %, P < 0.001) among them,
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the grade 3 had been rarely diagnosed - only 5.1%. The data about the prevalence of diastolic
dysfunction‘s prevalence in cirrhotic patients depending on Child-Pugh Classes was available
from 5 studies (365 patients overall) and only 1 study found diastolic dysfunction being
associated with severity of liver cirrhosis (P < 0.005). We established that diastolic dysfunction
was diagnosed in 44.6% of Child-Pugh A class patients, in 62% of Child B class and in 63.3% of
Child C patients (P = 0.028). The proportion of patients with higher diastolic dysfunction grades
increases in more severe cirrhosis presentation (P < 0.001). There was no difference between
mean MELD scores in patients with and without diastolic dysfunction. In all studies diastolic
dysfunction was more frequent in patients with ascites (P = 0.04451). The influence of
prophylactic treatment with of β-blockers on LVDD grade was not assessed in all of our chosen
studies, but we think it may have had an impact on the cardiac function.

Research conclusions
To our knowledge this is the first systematic review which summarizes the articles
demonstrating the association between the severity of liver cirrhosis and LVDD. Our review of
the existing literature allowed us to interpret the data supporting the correlation between the
severity of liver cirrhosis evaluated by Child-Pugh classification and LVDD. Several studies in
our review did not observe MELD scores, so we could not assess its‘ potential relation with
LVDD. We highly recommend cardiac assessment of patients with Child-Pugh class B and C.
Echocardiography should be done at least once in patients‘ case history, because these patients
are at high risk of mortality. However, more extensive studies are needed for final and detailed
conclusions.

Research perspectives
Future directions of comprehensive assessment of cardiac function in cirrhotic patients might
provide a better prognosis for such patients. We highly suggest that future clinical trials should
evaluate how using of β-blockers in cirrhotics affects cardiac function, especially LVDD and its
grade. In order to clarify the correlation between the severity of liver cirrhosis and LVDD and to
elucidate the pathogenetic association between liver damages and cardiac impairment, the more
large-scale prospective research is needed.
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