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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,
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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 person-
centered 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
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3838

INTRODUCTION
The term microbiota usually refers to the community of different microorganisms
populating specific  ecological  niches within the human body (e.g.,  in the gastro-
enterological 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 -gut-
brain 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 cancer-
related 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, non-
alcoholic 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
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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 patient-
targeted approach. From a surgical standpoint, the armamentarium available has
been  increasing  with  examples  such  as  hepatic  resection,  microwave  or
radiofrequency  ablation,  transarterial  chemoembolization,  irreversible  electro-
poration, 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.
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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 failure-
from 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
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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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E-Editor: Ma YJ 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.
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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 wide-
reaching 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 Network-
Extension 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  reim-
bursement.

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 smartphone-
based  Stroop  test  has  been  validated  for  the  diagnosis  of  covert  hepatic  ence-
phalopathy[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
between the patient and a specialty
provider during the treatment course

Of 45 treated patients, 42 (93.3%)
achieved SVR

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
Veterans Health Administration (VA)
system receiving ECHO visits (n =
513) compared to all patients in the
VHA with liver disease (n = 62237)

Virtual Consultations (through the
VA SCAN-ECHO Project) compared
to usual care

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
tablets with wireless devices to
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)

Remote monitoring with telehealth
based early intervention

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
= 20)

Telehealth home monitoring (vital
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, gastro-
enterologists 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 cost-
effective 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 in-
person[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 EUS-
guided 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 EC-
LAMS 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.

Citation: Anderloni A, Troncone E, Fugazza A, Cappello A, Blanco GDV, Monteleone G,
Repici A. Lumen-apposing metal stents for malignant biliary obstruction: Is this the ultimate
horizon of our experience? World J Gastroenterol 2019; 25(29): 3857-3869
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3857.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3857

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 over-
the-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 EUS-
BD. 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 ex-
vivo 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” non-
specific 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 3-
7). 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 [48].  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]. EUS-
CD 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. EUS-
guided 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 multi-
step 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

Jacques et al[55] 1.9% (1/52) 1.9% (1/52) 13.5% (7/52) 11.5% (6/52) 0

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 choledocho-
duodenostomy 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 small-
molecule 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 c-
MET 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
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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
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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
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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  chemo-
therapeutic  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 sorafenib-
treated 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: Fms-
related 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 dose-
expansion 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 pre-
treated 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, active-
controlled 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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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 ATP-
binding 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  poly-
morphisms. 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 life-
prolonging 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  poly-
morphisms 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 steady-
state 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 co-
administered 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 inter-
individual 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 rs2280789-
GG 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
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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 [65-69].  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 EXEL-
1644 (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 protein-
binding 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  P-
glycoprotein[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 C0  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  pem-
brolizumab, 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 single-
nucleotide 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. Next-
generation 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 N-
acetylation,  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 keto-
metabolite (M8), and together with UGT1A9, involved in the glucuronidation of M4
and M5[147]. Finally, the alcohol dehydrogenase isoform 4, through a sequential keto-
metabolite 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 METIV-
HCC (NCT02029157) and the JET-HCC (NCT01755767), were conducted to determine
if tivantinib is effective as a second-line treatment MET in patients with diagnostic-
high 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

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29

De Mattia E et al. Pharmacogenetic markers of HCC therapy outcome

3889



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

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 293897

https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v25.i29.3897
http://orcid.org/0000-0001-8295-7508
http://orcid.org/0000-0001-5124-4353
http://orcid.org/0000-0002-8256-8251
http://orcid.org/0000-0003-1943-3511
http://orcid.org/0000-0002-8601-3966
http://orcid.org/0000-0003-2882-9905
http://orcid.org/0000-0001-5816-2166
http://orcid.org/0000-0003-3455-8718
http://orcid.org/0000-0002-2708-0042
http://orcid.org/0000-0002-2612-5616
http://orcid.org/0000-0001-9072-2303
mailto:massimo.colombo@humanitas.it


Sciences, Janssen, Merck, Roche,
Mylan, and Boehringer Ingelheim.
Nersesov AV supports research at
Janssen, Merck, AbbVie, Abbott,
and Sanofi. Nersesov AV is a part
of the speaker’s bureau at Abbott,
AbbVie, Bayer, Gilead Sciences,
Janssen, Merck, Roche, and Sanofi
and is a board member/advisory
panel at Abbott, AbbVie, Gilead
Sciences, Janssen, Merck, Roche,
and Mylan. Ravishankar AC and
Hadigal S are employees at Mylan
Pharmaceuticals Private Limited.
The remaining authors have no
conflict of interests.

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

Manuscript source: Unsolicited
manuscript

Received: March 23, 2019
Peer-review started: March 25, 2019
First decision: April 11, 2019
Revised: June 4, 2019
Accepted: June 8, 2019
Article in press: June 6, 2019
Published online: August 7, 2019

P-Reviewer: Cheungpasitporn W,
Farshadpour F, Goral V, Rezaee-
Zavareh MS, Tabll AA, Yang SS
S-Editor: Ma RY
L-Editor: Filipodia
E-Editor: Ma YJ

epidemiological data, multiple socio-economic barriers, and the lack of region-
specific 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

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

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 socio-
economic 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.

Citation: Colombo MG, Musabaev EI, Ismailov UY, Zaytsev IA, Nersesov AV, Anastasiy IA,
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DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3897

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 HCV-
positive 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 immu-
noassays[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 drug-
drug  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 co-
infection. 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 drug-
drug 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 GT1-
infected 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 ledipasvir-
sofosbuvir + 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 meta-
analyses 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 treatment-
naïve 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  treatment-
experienced 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

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29

Colombo MG et al. Ukraine and CIS HCV treatment consensus

3903



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  GT2-
infected 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 treatment-
experienced 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 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)

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.

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 GT3-
infected 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 co-
infected 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 GT3-
infected 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 large-
scale 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 sofosbuvir-
ribavirin 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  treatment-
experienced 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 GT4-
infected 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 meta-
analyses, 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 treatment-
naïve and noncirrhotic HCV GT4-infected patients (n = 45) (SVR12: 97.8%)[160]. Studies
evaluating the efficacy of sofosbuvir + ledipasvir + ribavirin regimen in HCV GT4-
infected 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 (treatment-
experienced 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 GT4-
infected 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 (sofosbuvir-
experienced 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 GT5-
infected 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 (treatment-
experienced 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: Alpha-
fetoprotein; 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  first-
generation 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 evidence-
based  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 lymphocyte-
associated 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.
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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 (PD-
L1) 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,  5-
fluorouracil, 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.
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Table 1  Selected trials on immunotherapy in mismatch repair-deficient/microsatellite-instability metastatic colorectal cancer

Setting Clinical trial Drugs and regimen n ORR PFS rate at 12 mo Median PFS, mo OS rate at 12 mo

Neoadjuvant
[18]

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%

CM-142[15] Nivolumab (3) + Ipilimumab (1/3
wk)

119 55% 71% NR 85%

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/MSI-
status [20].  Recently,  a  randomized  trial  comparing  best  supportive  care  +/-
durvalumab and tremelimumab in 180 patients, excluding patients with known MSI-
H 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-

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29

Tintelnot J et al. Immunotherapy in colorectal cancer

3923



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: 0.77-
1.20), 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 5-
fluorouracil, 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 3-
4 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) [44].  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 anti-
tumor 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. Tumor-
associated 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 ERBB2-
specific 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 CEA-
specific 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 ever-
improving 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  VEGF-
antibodies, 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.
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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 non-
cirrhotics [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 time-
association 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 HCC-
liver 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 12-
fold 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 NAFLD-
related 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  hepatitis-
associated HCC (1-year mortality: NAFLD-61.2%, HCV-51.3%, HBV-43.7%). NAFLD-
HCC 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].
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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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Abstract
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 anti-
tumor activity can be increased using cell lysates derived from an honokiol-
treated 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 DC-
based 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
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URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3941.htm
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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, anti-
oxidant, 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 damage-
associated 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 immu-
notherapy[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 antibody-
FITC (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 time-
dependent 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 dose-
dependent 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 honokiol-
treated  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 viverrini-
associated 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 [18 ,19 ].  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 viverrini-
associated  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.  DAMPs-
associated 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-γ-
producing 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.

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29

Jiraviriyakul A et al. Effector T lymphocyte against cholangiocarcinoma

3951



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 C-
kit (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; C-
kit

©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.

Citation: Yu ZC, Cen YX, Wu BH, Wei C, Xiong F, Li DF, Liu TT, Luo MH, Guo LL, Li
YX, Wang LS, Wang JY, Yao J. Berberine prevents stress-induced gut inflammation and
visceral hypersensitivity and reduces intestinal motility in rats. World J Gastroenterol 2019;
25(29): 3956-3971
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3956.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3956

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-psycho-
neuroendocrine-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  pressure-
dependent 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-aBDNFTrkbC-
kitRat 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) DNA-
binding 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  hyper-
sensitivity[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]. High-
dose 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 C-
kit, 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 cross-
resistance 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 qRT-
PCR. 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 classically-
defined 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 SPINT1-
AS1 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  β1-
mediated  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  centri-
fugations 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 (RT-
qPCR)
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 P value

Age in yr 0. 956

≥ 60 54 0.678 ± 0.013

< 60 72 0.679± 0.043

Gender 0.400

Male 85 0.665 ± 0.032

Female 41 0.696 ± 0.038

Tumor site 0.843

Colon 58 0.671 ± 0.044

Rectum 68 0.676 ± 0.032

Tumor size in cm 0.001

≥ 5 43 0.748 ± 0.031

< 5 83 0.567 ± 0.039

pT, TNM 0.098

T1+T2 93 0.617 ± 0.025

T3+T4 33 0.693 ± 0.019

Lymph node metastasis 0.236

Positive 71 0.717 ± 0.046

Negative 55 0.662 ± 0.034

Clinical stage, TNM

III 72 0.867 ± 0.049 0.001

I+II 54 0.562 ± 0.018

Pathological differentiation

Well/moderate 59 0.665 ± 0.050 0.322

Poor 67 0.710 ± 0.032

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 (HCT-
116 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 = 0.063-
0.480, 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

Tissue samples, n = 42
Serum samples

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)

Gender

Male 27 85 33

Female 15 41 15

Tumor site

Colon 17 58

Rectum 25 68

Tumor size in cm

≥ 5 12 43

< 5 30 83

pT, TNM

T1+T2 33 93

T3+T4 9 33

Lymph node metastasis

Positive 18 71

Negative 22 55

Clinical stage, TNM

III 13 72

I+II 29 54

Pathological differentiation 26 59

Well/moderate Poor 16 67

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 miR-
9-5p/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 Kaplan-
Meier 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  down-
regulated in CRC, and regulates cell function by targeting ADAR1 in CRC.
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Table 3  Univariate and multivariate survival analysis

Variables
Univariate analysis Multivariate analysis

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 marked-
severe 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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plasma DNA (R2 = 0.597, P < 0.01) levels. The areas 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.

CONCLUSION
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.

Key words: Liquid biopsy; plasma DNA; Hepatitis B; Alanine aminotransferase; Duplex
real-time quantitative polymerase chain reaction

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

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.

Citation: Xia WY, Gao L, Dai EH, Chen D, Xie EF, Yang L, Zhang SC, Zhang BF, Xu J, Pan
SY. Liquid biopsy for non-invasive assessment of liver injury in hepatitis B patients. World J
Gastroenterol 2019; 25(29): 3985-3995
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3985.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3985

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

WJG https://www.wjgnet.com August 7, 2019 Volume 25 Issue 29

Xia WY et al. Liquid biopsy for liver injury

3987



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 marked-
severe  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 Number
of cases

Serum
ALT
(U/L)

P Bilirubin
(μM) P

Plasma
DNA
(ng/mL)

P
HBV
DNA
(IU/mL)

P
Serum
AST
(U/L)

P Albumin
(g/L) P

Healthy
controls

350 19.1
(15.1)

25.5
(17.6)

0.0 (0.0) 16.4
(14.3)

46.0
(22.2)

Sex < 0.01 0.865 < 0.01 --- < 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)

Age (yr) 0.819 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)

HBsAb 0.263 0.439 0.060 --- 0.549 0.884

Nega-
tive

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)

Drink-
ing
history

< 0.01 0.002 0.000 --- 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-
tis B
patients

313 103.3
(118.5)

< 0.011 85.6
(77.2)

0.0001 132.9
(253.7)

< 0.011 6.1 (2.9) < 0.011 97.0
(101.6)

< 0.011 42.7
(31.2)

< 0.011

Sex 0.972 0.606 0.772 0.149 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)

Age (yr) 0.011 0.221 0.312 < 0.01 0.831 0.591

< 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)

HBeAg 0.236 0.173 0.833 < 0.01 0.742 0.070

Nega-
tive

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)

Drink-
ing
history

0.487 0.577 0.574 0.200 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)

1Compared 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 well-
equipped 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 Number
of cases

Serum
ALT
(U/L)

P Bilirubin
(μM) P

Plasma
DNA
(ng/mL)

P
HBV
DNA
(IU/mL)

P
Serum
AST
(U/L)

P Albumin
(g/L) P

Healthy
controls

350 19.1
(15.1)

25.5
(17.6)

0.0 (0.0) 16.4
(14.3)

46.0
(22.2)

Acute
HBV
infec-
tion

50 213.8
(355.9)

121.6
(207.0)

336.8
(179.5)

5.5 (2.4) 197.6
(312.5)

45.4
(24.6)

Chronic
HBV
infec-
tion

263 88.3
(98.0)

< 0.011 73.9
(88.3)

< 0.011 106.4
(174.1)

< 0.011 6.2 (2.9) 0.059* 90.6
(93.7)

< 0.011 40.2
(41.3)

0.0041

Inflam
-mation

< 0.01 < 0.01 < 0.01 0.893 < 0.01 0.444

Mild 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-
te

70 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 42 99.9
(148.0)

228
(254.9)

862.5
(1213.6)

6.8 (2.8) 91.7
(135.1)

39.8
(33.2)

Fibrosis 0.552 0.015 < 0.01 0.060 0.121 0.606

No
cirrhosis

212 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)

Cirrho-
sis
(Stage 4)

51 91.4
(73.5)

92.0
(99.4)

73.1
(44.8)

5.7 (2.1) 91.9
(94.5)

39.9
(43.8)

1Compared 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 marked-
severe 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. Cell-
free 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.

Key words: Early gastric cancer; Endoscopic submucosal dissection; Laparoscopic
gastrectomy; Residual cancer; Lymph node metastasis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

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.

Citation: Tian YT, Ma FH, Wang GQ, Zhang YM, Dou LZ, Xie YB, Zhong YX, Chen YT,
Xu Q, Zhao DB. Additional laparoscopic gastrectomy after noncurative endoscopic
submucosal dissection for early gastric cancer: A single-center experience. World J
Gastroenterol 2019; 25(29): 3996-4006
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3996.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3996

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.  Undi-
fferentiated 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

Characteristic
All patients (n = 45)

Number Percent

Age (yr) 58.24 ± 9.3

Gender

Male 34 75.6

Female 11 24.4

Abdominal operation history

Yes 8 17.8

No 37 82.2

ASA score

I-II 34 75.6

III-IV 11 24.4

Comorbidity

Any comorbidity 15 33.3

Hypertension 10 22.2

Diabetes 5 10.5

Coronary artery disease 2 11.1

Others 4 8.9

Surgical indication

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

RC

Yes 10 22.2

No 35 77.8

LNM

Yes 5 11.1

No 40 88.9

Depth of invasion

T1a 9 20.0

T1b SM1 5 11.1

T1b SM2 26 57.8

T2 2 4.4

T3 3 6.7

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 (%)

Characteristic
Residual cancer

P-value
Yes (n = 10) No (n = 35)

Location 1.000

Upper third 4 (23.5) 13 (76.5)

Middle third 2 (18.2) 9 (81.8)

Lower third 4 (23.5) 13 (76.5)

Macroscopic appearance 0.694

Elevated type 1 (25.0) 3 (75.0)

Surface type 9 (23.1) 30 (76.9)

Depressed type 0 (0) 2 (100)

Tumor size 0.720

< 3 cm 5 (19.2) 21 (80.8)

≥ 3 cm 5 (26.3) 14 (73.7)

Differentiation 1.000

Differentiated 7 (22.6) 24 (77.4)

Undifferentiated 3 (21.4) 11 (78.6)

Lauren type 0.722

Intestinal 4 (18.2) 18 (81.8)

Diffused/Mixed 6 (26.1) 17 (73.9)

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)

Vertical margin 0.292

Positive 8 (27.6) 21 (72.4)

Negative 2 (12.5) 14 (87.5)

Lymphovascular invasion 1.000

Yes 4 (21.1) 15 (78.9)

No 6 (23.1) 20 (76.9)

Neural invasion 0.007

Yes 6 (54.5) 5 (45.5)

No 4 (11.8) 30 (88.2)

term  survival  in  gastric  cancer [26,27].  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  de-
monstrated 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 non-
curative 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 short-
term 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 (%)

Characteristic
LNM

P-value
Yes (n = 5) No (n = 40)

Location 0.417

Upper third 3 (17.6) 14 (86.7)

Middle third 0 (0) 11 (100)

Lower third 2 (11.8) 15 (88.2)

Macroscopic appearance 0.125

Elevated type 1 (25) 3 (75)

Surface type 3 (7.7) 36 (92.3)

Depressed type 1 (50) 1 (50)

Tumor size 1.000

< 3 cm 3 (11.5) 23 (89.5)

≥ 3 cm 2 (10.5) 17 (89.5)

Differentiation 0.027

Differentiated 1 (3.2) 30 (96.8)

Undifferentiated 4 (28.6) 10 (71.4)

Lauren type 0.665

Intestinal 3 (13.6) 19 (86.4)

Diffused/Mixed 2 (8.7) 21 (91.3)

Depth of invasion 0.305

Mucosal invasion/SM1 0 (0) 14 (100)

> SM1 invasion 5 (16.1) 26 (83.9)

Horizontal margin 0.577

Positive 0 (0) 7 (100)

Negative 5 (13.2) 33 (86.8)

Vertical margin 1.000

Positive 3 (10.3) 26 (89.7)

Negative 2 (12.5) 14 (87.5)

Lymphovascular invasion 0.636

Yes 3 (15.8) 16 (84.2)

No 2 (7.7) 24 (92.3)

Neural invasion 1.000

Yes 1 (9.1) 10 (90.9)

No 4 (11.8) 30 (88.2)

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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Abstract
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.

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.

Citation: Bouché O, Ben Abdelghani M, Labourey JL, Triby S, Bensadoun RJ, Jouary T, Des
Guetz G. Management of skin toxicities during panitumumab treatment in metastatic
colorectal cancer. World J Gastroenterol 2019; 25(29): 4007-4018
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/4007.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.4007

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 anti-
cancer 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  recom-
mendations 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  fluoro-
pyrimidine-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  der-
matological 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 follow-
up 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 1-
2. 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)

Metastatic sites, n (%)

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)

If performed, BRAF genotyping

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)

Previous chemotherapy for metastatic diseaseb, n (%) 229 207 (90.4)

Total treatment duration, weeks, mean (SD)

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)

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)

aMost  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%);
bMost 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 6-
mo 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)

At least one
dermatological
toxicity, n (%)

127 (59.3) 141 (67.8) 139 (74.7) 107 (69.9) 76 (63.3) 52 (57.1) 40 (46.5)

Dermatological toxicities

Rash/acneiform
rash, n (%)

111 (51.9) 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)

Grade 3-4 10 (4.7) 7 (3.4) 8 (4.3) 2 (1.1) 4 (3.2) 1 (1.1) 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
onyxis, n (%)

6 (2.8) 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)

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)

Rash/acneiform
rash, grade 1-2,
n

101 115 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 3 8 5 4 0 3

Rash/acneiform
rash, grade 3-4,
n

10 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 [17].  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)

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)

At least one
curative
treatment, n (%)

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)

Emollients 74 (63.2) 82 (66.1) 84 (71.2) 69 (75.0) 45 (71.4) 29 (61.7) 24 (61.5)

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
topical
antibiotics)

51 (44.0) 47 (37.9) 35 (29.7) 29 (31.9) 20 (31.7) 16 (34.0) 13 (33.3)

Topical
antibiotics

48 (94.1) 43 (91.5) 30 (85.7) 25 (86.2) 18 (90.0) 16 (100) 13 (100)

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): 4019-
4042
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,  cardio-
pulmonary  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
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determinants  are  unclear,  development  of  PEP is  thought  to  be  based on a  pro-
inflammatory 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 criteria-
based 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  cholangio-
pancreatography  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 patient-
related 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.
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Figure 1

Figure 1  PRISMA 2009 Flow diagram describing the selection of the studies reporting prevention for post-
endoscopic 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 indome-
thacin  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 pre-
procedural 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 Year Country n Interven-
tion Design

Incidence of PEP1

P value
Study group Control (compared)

Elmunzer
et al[60]

2012 United
States

602 2 × 50-mg
indometha-
cin or 2 ×
placebo
right after
ERCP

Prospective,
multicenter,
placebo-
controlled,
double-
blind

27/295 (9.2%) [IND] 52/307 (16.9%) [Placebo] 0.005

Döbrönte et
al[65]

2014 Hungary 665 100 mg
indometha-
cin or an
placebo 10-
15 min prior
to ERCP

Prospective,
multicenter,
placebo-
controlled

20/347 (5.76%) [IND] 22/318 (6.92%) [Placebo] 0.541

Patai et
al[61]

2015 Hungary 539 100 mg
indometha-
cin or
placebo 1 h
prior to
ERCP

Prospective,
single
center,
placebo-
controlled,
double-
blind

18/270 (6.7%) [IND] 37/269 (13.8%) [Placebo] 0.406

Andrade-
Davila et
al[56]

2015 Mexico 166 100 mg of
indometha-
cin or 2.6 g
suppository
of glycerin
right after
ERCP

Prospective,
single
center,
placebo-
controlled

4/82 (4.87%) [IND] 17/84 (20.23%) [GS] 0.01

Luo et al[62] 2016 China 2600 100 mg
indometha-
cin for
unselected
patients
within 30
min prior to
ERCP or 100
mg
indometha-
cin just after
ERCP for
patients
with high
risks

Prospective,
multicenter,
single-blind

47/1297 (4%) [Universal
IND]

100/1303 (8%) [Risk-
stratified IND]

< 0.001

Levenick et
al[58]

2016 United
States

449 100 mg
indometha-
cin or
placebo
during
ERCP

Prospective,
single
center,
double-
blind,
placebo-
controlled

16/223 (7.2%) [IND] 11/226 (4.9%) [Placebo] 0.33

Hosseini et
al[63]

2016 Iran 406 100 mg
indometha-
cin two
hours before
the ERCP or
1 L of ISP
within 2 h
before ERCP
and 2 L
within 16 h
after ERCP
or
indometha-
cin and ISP
or 2 g of
glycerin in
suppositori-
es

Prospective,
single
center,
blinded
subject data

11/100
(11%) [IND]

10/100
(10%) [ISP]

0/101 (0)
[IND+ISP]

17/105
(16%) [RG]

-
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Mok et al[64] 2017 United
States

192 LR + IND,
NS + IND,
LR +
placebo or
NS +
placebo

Prospective,
single
center,
double-
blind,
placebo-
controlled

3/48 (6%)
[LR+IND]

6/48 (13%)
[NS+IND]

9/48 (19%)
[LR+Placebo
]

10/48 (21%)
[NS+Placebo
]

0.04

1The 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 peri-
procedural 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

Agent Authors Year Country n Design
Incidence of PEP1

P value
Study group Control (or

compared)

Intraduode-
nal 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]

0.47

Celecoxib Kato et al[77] 2017 Japan 170 Prospective,
single center

10/85 (11.7%) [Celecoxib] 13/85 (15.3%)
[Saline]

0.65

Raw
Rhubarb
Solution
(RRS)

Wang et al[133] 2017 China 500 Prospective,
single center

5/250 (2%) [RRS] 19/250 (7.6%)
[Water]

0.003

Nitroglyce-
rin +
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,
single center,
double-blind,
placebo-
controlled

5/224 (2.2 %) [Ketoprofen] 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%)
[StandartIVF
R]

0.016

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
-eclofenac

Lee et al[109] 2015 South Korea 216 Prospective,
multicenter,
double-blind,
placebo-
controlled

17/107 (15.8%)
[Udenafil+Aceclofenac]

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
%) [No
Somatostatin]

0.03

Concepcion-
Martin et
al[129]

2014 Spain 510 Prospective,
single-center,
placebo-
controlled,
double-blind

19/255 (7.5 %) [Somatostatin] 17/255 (6.7
%) [Placebo]

0.73

Wang et al[130] 2013 China 124 Prospective,
single-center,
placebo-
controlled

6/36 (16.7%)
[Pre-ERCP
somatostatin]

5/47 (10.6%)
[Post-ERCP
somatostatin]

6/41 (14.6%)
[Placebo]

0.715

Intramuscu-
lar
Diclofenac

Park et al[66] 2015 South Korea 343 Prospective,
single center,
double-blind,
placebo-
controlled

22/173 (12.7 %)
[Intramuscular Diclofenac]

20/170 (11.8
%) [Placebo]

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%)
[Saline]

0.017

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]

10/197 (5.1%)
[50 mg of
NM]

26/200 (13%)
[Dextrose]

< 0.0001
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Yoo et al[117] 2011 South Korea 286 Prospective,
single-center,
double-blind,
placebo
controlled

4/143 (2.8%) [NM] 13/143 (9.1%)
[Dextrose
Solution]

0.03

Choi et al[116] 2009 South Korea 704 Prospective,
single-center,
double-blind,
controlled

12/354 (3.3%) [NM] 26/350 (7.4%)
[Dextrose
Solution]

0.018

Ulinastatin +
Nafamostat

Park et al[121] 2014 South Korea 159 Prospective,
single center,
placebo-
controlled

1/53 (1.9%)
[Ulinastatin]

2/53 (3.8%)
[Nafamotat]

7/53 (13.2)
[Placebo]

0.037

Risperidone
+ Ulinastatin

Tsujino et
al[125]

2013 Japan 226 Prospective,
multicenter,
placebo-
controlled

6/113 (5.3%) [Risperidone +
Ulinastatin]

10/113 (8.8
%,)
[Ulinastatin]

0.438

Udenafil Oh et al[107] 2011 South Korea 278 Prospective,
multicenter,
double-blind,
placebo-
controlled

11/137 (8.0%) [Udenafil] 11/141 (7.8%)
[Placebo]

944

Allopurinol Abbasinazari
et al[135]

2011 Iran 74 Prospective,
single-center,
double-blind,
placebo-
controlled

3/29 (10,4%) [Allopurinol] 5/45 (11,1%)
[Placebo]

0.97

Neurokinin-
1 receptor
antagonist
(Aprepitant)

Shah et al[136] 2012 United States 73 Prospective,
single-center,
double-blind,
placebo-
controlled

7/34 (20.6%) [Aprepitant] 7/39 (17.9%)
[Placebo]

1.0

Secretin Jowell et al[96] 2011 United States 869 Prospective,
single-center,
double-blind,
placebo
controlled

36/413 (8.7%) [Secretin] 65/431
(15.1%)
[Placebo]

0.004

Epinephrine Xu et al[143] 2011 China 941 Prospective,
single-center,
placebo
controlled

9/461 (1.95%) [Epinephrine] 31/480
(6.45%)
[Saline]

0.0086

Valdecoxib
and
GlycerylTrin
itrate (GTN)

Bhatia et al[70] 2011 India 371 Prospective,
single-center,
controlled

12/121 (9.9%)
[Valdecoxib]

12/124 (9.7%)
[GTN]

13/126
(10.3%) [No
intervention]

0.986

Glyceryl
Nitrate

Nøjgaard et
al[100]

2009 Multi
Country

806 Prospective,
multicenter,
double-blind,
placebo-
controlled

18/401 (4.5%) [Glyceryl
Nitrate]

29/405 (7.1%)
[Placebo]

0.11

Platelet
Activating
Factor (PAF)

Sherman et
al[91]

2009 United States 600 Prospective,
multicenter,
double-blind,
placebo-
controlled

35/200
(17.5%) [PAF
1 mg/kg]

32/201
(15.9%) [PAF
5 mg/kg]

39/199
(19.6%)
[Placebo]

0.59

Interleukin-
10 (IL-10)

Sherman et
al[88]

2009 Multi
Country

305 Prospective,
multicenter,
double-blind,
placebo-
controlled

14/91 (15.4%)
[IL-10 8
µg/kg]

24/109 (22%)
[IL-10 20
µg/kg]

15/105
(14.3%)
[Placebo]

0.83 0.14

1The 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 [114]

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  pan-
creatitis[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,  placebo-
controlled 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 pro-
phylactic 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 [129]  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  transna-
salcholangiograms[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 temporary-
type 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. Per-
protocol 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  wire-
guided 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

Proce-
dure Authors Year Country n Design

Incidence of PEP1

P value
Study group Control (or compared)

Endosco-
pic
Nasobilia
-ry
Drainage
(ENBD)

Huang et
al[150]

2018 China 155 Prospec-
tive,
single
center

1/78 (1.28%) [ENBD] 8/77 (10.4%) [No ENBD] 0.018

Xu et al[145] 2015 China 218 Prospec-
tive,
single
center

0/41 (0%)
[ENBD
+EPBD]

2/34
(5.9%)
[ENBD
+EST]

5/38
(13.2%)
[Only
ENBD]

6/36(16.7
%) [EPBD]

3/39
(7.7%)
[EST]

2/30(6.7%
) [Neither]

-

Wire-
Guided
Biliary
Cannula-
tion
(WGC)

Kobayashi
et al[158]

2013 Japan 322 Prospec-
tive,
multicen-
ter,
controlled

10/163 (6.1%) [WGC] 10/159 (6.3%) [CC] 0.95

Lee et
al[161]

2009 South
Korea

300 Prospec-
tive,
single
center

3/150 (2%) [WGC] 17/150 (11.3%)) [CC] 0.001

Bassan et
al[162]

2018 Asia
Pacific
Region

707 Prospec-
tive,
multicen-
ter, single-
blinded

NA/355 (9.3%) [0.035-inch wire] NA/357 (7.8%) [0.025-inch wire] 0.51

Pancrea-
tic Stent
Place-
ment
(PSP)

Fujisawa
et al[156]

2016 Japan 200 Prospec-
tive,
single
center

2/98 (2%) [PSP 3 cm] 9/102 (8.8%) [PSP 5 cm] 0.035

Conigliaro
et al[157]

2013 Italy 40 Prospec-
tive,
multicen-
ter,
blinded

6/21 (29 %) [Immediate stent
removal]

0/19 [leaving the stent] 0.021

Lee et
al[151]

2012 South
Korea

101 Prospec-
tive,
multicen-
ter,

6/50 (12%) [3F PSP] 15/51 (29.4) [Nonstent] 0.031

Sofuni et
al[152]

2011 Japan 407 Prospec-
tive,
multicen-
ter

16/203 (7.9%) (PSP) 31/204 (15.2%) [Nonstent] 0.021

Pan et
al[153]

2011 China 40 Prospec-
tive,
single
center

4/20 (20%) [PSP] 14/20 (70%) [Nonstent] < 0.01

Ito et al[154] 2010 Japan 70 Prospec-
tive,
single
center

0/35 (0%) [PSP] 9/35 (24%) [Nonstent] < 0.01

Kawagu-
chi et
al[155]

2012 Japan 120 Prospec-
tive,
single
center

1/60 (1.7%) [PSP] 8/60 (13.3%) [Nonstent] 0.0322

Needle
Knife
Sphincter
-otomy
(NKS)

Swan et
al[164]

2013 Australia 73 Prospec-
tive,
single
center,
single
blind

8/39 (20.5%) [NKS] 6/34 (17.6%) [CSC] 1.0

1The 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 0.025-
inch 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 0.025-
inch 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 average-
risks[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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